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Preface

This handbook contains detailed design-related information pertaining to the National Semiconductor Corporation 48-
Series single-chip microcomputers and microprocessors. The material presented is at a level of detail to aid in the design
and development of systems using the 48-Series microcomputers. The information contained herein discusses the 48-
Series architecture, expansion, and instruction set. Additionally, hardware examples integrated with the required software
and data sheets of compatible devices are given.

The information contained in this handbook is accurate at the time of publication, but is subject to change without notice.

Additional copies of this or other National Semiconductor publications may be obtained from the National Semiconductor
sales office or distributor serving your locality.

© National Semiconductor Corporation
2900 Semiconductor Drive, Santa Clara, CA. 95051
(408) 737-5000/TWX (910) 339-9240

National does not assume any responsibility for use of any
circuitry described; no circuit patent licenses are implied,
and National reserves the right, at any time without notice,
to change said circuitry.







1.1
1.2
1.3

21
2.2

23

2.4

Table of Contents

Page
Chapter 1 THE 48-SERIES MICROCOMPUTERS
INTRODUGCTION Lot et et et e et e et et e it i iaees 1-1
PROGRAMMING REQUIREMEN T S . .. ittt ittt e e ettt et et eeaaannns 1-2
DEVELOPMENT SUP P O RT .ottt ittt et ettt et e ettt e et it a e e annnen 1-2
Chapter 2 THE 48-SERIES SINGLE-CHIP SYSTEM

INTRODUCTION Lottt ettt e e et e e e e et et e e e e 2-1
48-SERIES ARCHITECTURE ... oottt e e e e e e e e e 2-1
280 O 2-3
2.2.2 BrancCh LOGIC . ..ottt e e e e e e 2-3
2.2.3 Program Status WOrd ... ... e s 2-3
2.2.4  Program COUNET ...t ettt ettt ettt ettt 2-4
2.2.5 Resident ROM ... e e e e e e 2-5
2.2.6 Resident RAM ... e e 2-6
2.2.7 Internal Timer/COUNTEr .. .. it ettt et e e e 2-7
2.2.8 Timing and Control LOGIC ...ttt ettt et et e ettt et aaaiaeeaeenns 2-7
INPUT/OUTPUT SIGNAL DESCRIPTIONS . . ..ttt ettt et 2-11
231 RESEt (RESET) ...ttt it ittt e e e 2-13
2.3.2  SINGIE S P (SO ittt ittt it e e e e e 2-13
2.3.3  INEEITUPE (INT) © ettt ettt et et e et e e e e e e e e e et e e e e e 2-15
2.3.4 External Access (EA) ..., e e e e e e e 2-15
PR S T =TS]8 10 ) S PP 2-15
PR X T -1 T (O ) S PP 2-17
2.3.7 Address Latch Enable (ALE) ... ...ttt e e 2-17
2.3.8 Write Strobe (WR)
2.3.9 Read Strobe (RD)
2.3.10 Program Store Enable (PSEN) . .. ...ttt et et et e 2-18
2.3.11 Output Strobe (PROG) .ottt ittt et ettt e ettt et et e et e 2-18
2.3.12 Crystal INput (XTAL 1, XT AL Q) .ttt ittt et e ettt ettt e et ee e 2-18
2.3.183 1/0 POrts @nd BUS .. oottt e e e e e 2-18
SPECIAL FEATURES ..ttt e et et ettt et e et ettt 2-19
BATTERY CHARGING CIRCUIT .t i e e et i it 2-19

2.5

Chapter 3 EXPANDING THE 48-SERIES MICROCOMPUTERS

3.1
3.2

3.3

INTRODUGCTION Lottt ittt e e et et e et e e e e et e e e e e e
ADDING EXTERNAL ROM Lttt et e e et et et e et aeens
B.2.1  POrt 2 ReStOration . . oo e e
8.2.2 BanK-SWitChing . ..ottt e e e e e e
3.2.3 Interrupt Handling ..ottt e e e e
3.2.4 Expansion Examples .......

ADDING EXTERNAL RAM ........

INPUT/OUTPUT EXPANSION




Table of Contents (Cont'd.)

Chapter 4 THE 48-SERIES INTRUCTION SET Page

4.1 INTRODUGCTION ettt et e et et e ettt et e et et r ettt e et et 4-1
4.1.1 CoNtrol INStrUCHIONS o oottt ettt e et ettt e e 4-1
4.1.2 Data Move INStrUCHIONS . ..ottt ettt e ettt ittt aaaainaneasnaanannnnas 4-1
4.1.3 Timer/Counter INStrUCHIONS . ..ttt e e ettt it aianeeaas 4-2
4.1.4 Accumulator INSETUCHIONS L ...ttt ittt ettt et it 4-2
4.1.5 Branch Instructions
4.1.6  INpUt/OULPUL INSTTUCHIONS . .o oo i e i e 4-3
4.1.7 Register INSIrUCHIONS .. .. i i i i it e i e e e 4-3
4.1.8 Subrouting INStruCtiONS. . ...\ttt ittt e e 4-3
4.1.9 Flag InStruCHiONS L .ot e e e e 4-3
4.1.10 No Operation ........ P PN 4-3
4.1.11 INSTrUCHION St SUMMAIY .ttt ettt et e e ettt e e e et e e et et e et e 4-3

4.2 48-SERIES INSTRUCTION SET .ttt ittt ettt it e e ettt et eanens 4-8

Chapter 5 APPLICATIONS FOR THE 48-SERIES

5.1 INTRODUGCTEON L.ttt ittt ettt et et e i et i aaa i eeaas e 5-1

5.2 TIME-BASE INPU TS . ittt ittt ittt ettt e ettt e et e e e e e et i e e s 5-1

5.3 POWER-DOWN OPERATION ..\ttt ettt it ettt ettt et et e it i et ianee e 5-1
5.3.1  AC DeteCtion CirCUITS. ..ttt it i i e it e e e e et 5-1
5.3.1.1 PeaAK DetBCIOIS .\ ittt ettt e e e e e 5-1
5.3.1.2 Zero-CrosSing DeteCtOrS . ...ttt ittt it e e 5-1
5.3.1.3 Line Frequency DeteCtor .. ... e i i e e 5-2
[T T B 5 T2 0 73 C=Yox € e Y o TS N
5.3.3 Power-Fail Interrupt
L3 T S = =Y =]

. 5.3.5 Interrupt Service ROULING ... ... i i e e it 5-4

5.4 HARDWARE APPLICATIONS ..ottt e e et et e e i i i 5-4

Chapter 6 DEVELOPMENT SUPPORT

6.1 INTRODUCTION Lttt e e e e ettt e et a e 6-1
6.2 PUBLICATIONS.............. e e e ettt e a et e et sae et teiasss 6-1
B-3 TRAINING ..ottt ettt e e e 6-1
6-4 TECHNICAL SUPPORT PROGRAMS . ... i e e 6-1
6-5 STARPLEX™ DEVELOPMENT SYSTEM ... ..t i e e 6-1
6-6 IN-SYSTEM EMULAT OR ..ttt it it i e e et a e at et eeenns 6-2

Appendix A

Page
INS8048-Series Microcomputer/Microprocessor Data Sheet
INS8048/49/50; INS8035/39/40; INS8048L, INS8048-1 Series (Extended Temp) ..ot A- 3
Analog 1/0 Components
ADCO0801, ADC0802, ADC0803, ADC0804 8-Bit uP
Compatible A/D CONVEIMEIS . . .ttt ettt i e e e et e e e A-25
ADC3511/ADC3711 3 1/2-3 3/4-Digit Microprocessor
Compatible A/D CONVEIEY .. oottt e ettt e et i e A-49
Communications Components
INS2651 Programmable Communications Interface.......... ... i e A-53
INS8250 Asynchronous Communications Element. ... ... .. .. i A-65
DP7304B/DP8304B 8-Bit TRI-STATE®
Bidirectional Transceiver (Non-Inverting) ...................oooiiat, PPN A-66

vi




Appendix A (Cont'd.)

Page
Digital I/0 Components
INS8243 Input/Output EXPaNAEr ... ... e e et e e A-69
DM7131/DM8131, DM7136/DM8136
6-Bit Unified BUs ComMParalors .. ..ottt ittt et ettt e e e e et e e A-77
INS8202/8203 TRI-STATE™ Octal Buffers . ... ... e e i A-78
INS8208 8-Bit Bidirectional TransCeiver. ... ... .ttt ettt ettt A-79
INS8212 8-Bit Input/Output POrt ... o i et e e e A-80
INS8216/8226 4-Bit Bidirectional Bus TransCeIVErS .. ..ottt ittt ittt aiieees A-81
MM54C373/MM74C373 TRI-STATE® Octal D-Type Latch
MM54C374/MM74C74 TRI-STATE® Octal D-Type FIip-FIOp. ...ttt A-82
Memory Components
MM2716 16,384-Bit (2048 x 8) Erasable PROM .. ...ttt i ettt ananes A-85
MM2708 8K UV Erasable PROM ... ...ttt ettt ettt aeeeaaeens A-91
MM54C920/MM74C920 1024-Bit (256 x 4) Static RAM
MM54C921/MM74C921 1024-Bit (256 x 4) Static RAM . ...ttt e e i A-92
MM52116 (MM2316E) 16,384-Bit Read Only MemMOrY ... ...ttt e ittt ainas A-93
MM52132 32,768-Bit (4096 x 8) MAXI-ROM™ ... i i e e e e A-94
MM52164 65,536-Bit (8192 X 8) MAXI-ROM ™ L ittt ettt it et ittt ettt eeeeeenes A-95
Peripheral Control Components
INS8253 Programmable Interval Timer. ... oottt ittt eereneaeeens A-99
INS8350 Series Programmable CRT Controllers ... ...ttt ittt A-108
INS8259 Programmable Interrupt Controller ... .o ittt et e et i et aaa e aneananan A-109
Appendix B
Additional Information Sources ............. B et e e e et e et e, B-1
Ordering INfOrMAatioN ... ... ettt i e e e e B-2
The Data Bookshelf:
Tools FOr The DeSiGN ENgINEer . ..ottt ittt ettt ittt e e ittt eeaeeeenannneas B-2
List of lllustrations
Figure Title Page
2-1 48-Series Functional BIOCK Diagram . .....iuuuuutennietieneteronnueeneiieeeaineeeeennnreeeanns 2-2
2-2 48-Series ACCUMUIALOL ...ttt et e e ettt ittt e nneens 2-3
2-3 Internal Stack CoOMPOSItION . .. u .ttt ettt ittt et setiaeeenneeeranineerennns 2-4
2-4 Program Counter
2-5 48-Series ROM MemMoOry MapD . o.utititttiittieett ettt aneeeaeenasnneeneaseseensnnssnsnnnnnns
2-6 48-Series RAM MemOry Map vttt ettt teteeteaeetseeeeensneeenneneenns
2-7 Timer/Counter BIOCK Diagram . ... ....ititt ittt ettt eiii i eeent e rennnaneennnnan
2-8 Internal Clock BIOCK Di@gram ... ....uuiint ittt ittt ettt et et eeenannneaannnns
2-9 Instruction Cycle Relationships :
2-10 Timing RelationShiPs . ...ttt e e e et e e e i e,
2-11 48-Series Pin Configuration ... .. ...ttt ittt et e
2-12 48-Series Reset CirCUITS .. ..ttt ettt ettt ettt ettt ettt eaanneaannn
2-13 Single Step Timing...........coooviiian,
2-14 Address Output Lines .............oovvvn..
2-15 Single Step CirCUIt ..ot i i i e e e
2-16 Internal INterrupt StrUCtUIE ... . ittt it ettt ettt ittt eeeeeaeanennennnns
2-17 Timing for Reading Internal ROM ... ...t e e e e naes 2-17
2-18 Reading Internal ROM ... ..o i e e i e it 2-17

vii




Figure

2-19
2-20
2-21

5-5

6-1

4-6

List of Illustrations (Cont’d.)

Title Page
48-Series 1/O Port Options ...ttt e e e e 2-19
Internal Charging/Standby Circuit ... ... e 2-19
Standby Sequence TimMiNg. ... .. e 2-20

External Instruction Fetch Timing
Three-Chip Memory Expansion
Single-Chip Memory Expansion
External Read/Write Timing
External RAM Expansion
170 POrt EXPaNSION ..ot e
Port 2 Expansion Timing

INS8243 Selection Requirements

Title Page
4B-Series FEatUMeS ... i e 1-1
48-Series Compatible COMPONENTS .. ... . ..ttt ettt et e e e et 1-2
RAM and ROM Implementation .. ...ttt et e et ettt aeias 2-1
48-Series Branch Conditions .. ... ... it i i e e 2-3
Program Status Word .
Dedicated ROM AAIESSES .. ...t in e et et e e ettt et et e e et et et e e 2-5
Timing and Control Logic Signals ... ...ttt e e 2-8
Instruction Execution Timing ... ...t i i e s 2-10
48-Series Pin SUMMAIY ...ttt ittt e e e e et e ettt et e e, 2-12
Current Requirements for Standby RAM ... .. e e e e e, 2-20
170 Control SIgNalS ..ottt e e e e 3-6
48-Series Instruction Set Summary ............00 e
Symbols Used in 48-Series Instructions
48-Series Operation COOES ... ...ui ittt e i e
Register/ ACCUMUIAION .. ... . i i i e i e e e
Input/Output
BranCh o e e e e

viii




Chapter 1

The 48-Series Microcomputers

1.1 INTRODUCTION

The 48-Series microcomputers, designed using
National's proprietary XMOS process, are true single-
chip microcomputers. The devices making up this family
of microcomputers contain all of the functions on one chip
that are normally performed by multi-chip systems. The
various chips that constitute the 48-Series are similar, only
the amount of internal RAM and ROM varies. The features
contained in the 48-Series are given below. Included
within these features are several transparent improve-
ments over other similar devices.

e 8-Bit CPU
e Built-in RAM and ROM (Externally Expandable)
e 1.36 usec or 2.5 usec Cycle Times

e Built-in Oscillator and Clock (Crystal-Controlled or
External)

e 27 1/0 Lines (Expandable)

e 8-Bit Timer/Counter

e Interrupt (Schmitt-Trigger with Hysteresis)

e 96 Instructions (70% Single-Byte)

e Single-Step

e Binary and BCD Arithmetic

e B8-Level Stack

e Programmable Standby RAM

e Low Voltage Standby (2.2V min.)

® On-Chip Standby Battéry Charging
This expanded and improved 48-Series of micro-
computers offers the user greater flexibility both during
and after the development cycle. During development,
three devices containing varying amounts of RAM, but no
ROM, allow the user to develop an optimum system using
as much external EPROM as is necessary.
Once the firmware is finalized, three mask-programmable
devices, with varying amounts of RAM and ROM, can be
substituted into the final system. The ability to substitute a
single 48-Series device for multiple devices permits a low-
cost, low-power alternative to potentially expensive ap-
plications. Additionally, future increased firmware needs

are handled by simply upgrading to a device with a greater
ROM capacity.

The varying amounts of internal RAM and ROM for the 48-
Series microcomputers are given in Table 1-1.

Table 1-1. 48-Series Features

Device ROM RAM 48-Series
Common Features
INS8035( None 64 bytes| o 8-bit CPU
INS8039( None 128 bytes On-board Timing
and Control
INS8040| None 256 bytes 27 1/0 Lines
INS8048 1K bytes 64 bytes Timer/Counter
INS8049 | 2K bytes | 128 bytes Interrupt
INS8050 |4K bytes | 256 bytes| 4 Reset

Upgrading from an INS8049 to an INS8050 is a simple
matter of removing one and replacing it with the other. All
48-Series devices are notonly pin-compatible butare also
software-compatible. With the many transparent
improvements, and the option of operating a system from
1MHz to 11MHz, the 48-Series microcomputers are equal
to or better than their equivalents.

In addition to the features found within the 48-Series
microcomputers, these microcomputers are fully ex-
ternally expandable. Not only can additional external
RAM and ROM be added, but additional input/output
lines can be added as well. Expansion in all cases is via
standard memories or peripherals. With the variety
obtainable within the 48-Series, the system designer can
mix and match internal and external memory as well as
peripherals to obtain an optimum system.

The 24 1/0 ports on the 48-Series can be expanded up to
36 by adding an 1/0 expander, the INS8243, to one of the
1/0 ports. Multiple INS8243s can be bused together for
systems with larger |/O requirements. An expandingarray
of memory and peripheral products permit creation of
specific and specialized applications systems.
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A list of 48-Series compatible components is given in
Table 1-2.

Table 1-2. 48-Series Compatible Components

Device Description
Analog 1/0 Components
ADCO080X 8-Bit Differential Input A/D Converters
ADC 3511/ 3 1/2 - 3 3/4 Digit A/D Converters
ADC3711
Device Description
Communications Components
INS2651 Programmable Communications
Interface
INS8250 Asynchronous Communications
Element
DP7304B/ 8-Bit Bidirectional Transceiver
DP8304B
Device Description
- Digital 1/0 Components
INS8243 Input/Output Expander
DM7131/ 6-Bit Unified Bus Comparator
DM8131
INS8202/03 Octal Buffers
INS8208 8-Bit Bidirectional Transceiver
INS8212 8-Bit Input/Output Port
INS8216/ 4-Bit Bidirectional Bus Transceivers
INS8226
MM54C373/ Octal D-Type Latch
MM74C373
MM54C/374 Octal D-Type Flip-Flop
MM74C374
Pﬂl_iff Description
Memory Components
MM2716 2K x 8 EPROM
MM2708 1K x 8 EPROM
MM54C920/ 256 x 4 CMOS RAM
MM74C920 :
MM52116 2K x 8 ROM
MM52132 4K x 8 ROM
MM52164 8K x 8 ROM
w Description
Peripheral Control Components
INS8253 Programmable Interval Timer
INS8350 Series Programmable CRT Controllers
INS8259 Programmable Interrupt Controller

The instruction set makes the 48-Series an efficient
controller and arithmetic processor. With 96 instructions,
70% of which are one byte in length the remainder being
two bytes, efficient use is made of the system memory.
The I/0 lines can be individually set, reset, or logically
manipulated directly by the software. Additionally, a large
set of branch and table look-up instructions provide for
efficient logical operations. The internal timer/counter is
also directly controlled through dedicated instructions.

1.2 PROGRAMMING REQUIREMENTS

Following final system design, it may be necessary forthe
initial production units to be shipped with EPROMs in the
system. In order to reduce production costs to a
minimum, the EPROMs should be replaced with mask-
programmed 48-Series microcomputers. Conversion
requires the user to send National Semiconductor a copy
of the program, in paper tape or EPROM. National
commits the program to mask, and the users 48-Series
microcomputer is created. Additionally, the user-
specified mask-programmable options may be designed
into the system to create a unique, specialized controller.

Information on National's 48-Series programming
requirements is contained within the data sheet in
Appendix A.

Note: There are some programming restrictions when
using external ROM for program memory. The
AND and OR to BUS instructions will not work
with external ROM.

1.3 DEVELOPMENT SUPPORT

48-Series product development is fully supported by
National Semiconductor's STARPLEX™ Development
System. STARPLEX is a general-purpose micro-
computer/microprocessor development system with new
levels of operating simplicity. As an interactive system,
STARPLEX combines ease-of-use, through extensive use
of prompts, with all the functions normally expected of a
sophisticated development system. Included in the
STARPLEX package are a full-function keyboard with a
unique system resource keypad, a video monitor, 80
characters-per-line thermal printer, dual floppy disk
subsystem, 64K bytes of RAM, and an 8080-based CPU
board. The standard STARPLEX software package also
includes a disk operating system, assembler, debugger,
editor, linker, loader, FORTRAN, BASIC, and on-board
ROM diagnostics and utilities. A cross-assembler for the
48-Series microcomputers is also available (as well as
cross-assemblers for other microprocessors).

Two options available for STARPLEX are an in-system
emulator (ISE) and a PROM programmer personality
module. The ISE is a peripheral that permits STARPLEX
itself to substitute for the product microprocessor. The
PROM programmer module supports standard PRO-
LOG-compatible personality modules. With these aids,
the integration of system hardware and software is
considerably eased.




Chapter 2

The 48-Series Single-Chip System

2.1 INTRODUCTION

As single-chip microcomputers, the 48-Series systems
provide minimum chip implementations for controller
applications. The different devices in the family are all
functionally compatible. Each device contains a built-in
system timing, control logic, 27 I/0 lines, and differing
amounts of RAM, and ROM. The RAM and ROM built into
each device in the family is given in Table 2-1.

Table 2-1. RAM and ROM Implementation

DEVICE RAM ROM
INS8035 | 64 x8 None
INS8039 | 128 x 8 None
INS8040 | 256 x 8 None
INS8048 | 64 x8 1K x 8
INS8049 | 128 x 8 2K x 8
INS8050 | 256 x 8 4K x 8

The following sections contain descriptions of the various

functional units of the 48-Series microcomputers.

2.2 48-SERIES ARCHITECTURE

There are nine major functional blocks comprising the 48-
Series microcomputers. These blocks are in turn com-
posed of various sub-blocks. The various blocks are as
follows:

e CPU
— Instruction Register
— Arithmetic Logic Unit
— Accumulator
— Flag Register

e Branch Logic

e Resident ROM
— Program Counter

e Resident RAM
— RAM
— Registers
— Stacks
e Input/Output Ports and Bus
e Instruction Register
e Program Status Word

* Internal Timer/Counter

e On-Board Timing and Control Logic

A functional block diagram of the 48-Series micro-
computers is shown in Figure 2-1.
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2.21 CPUL

The CPU is an 8-bit unit comprised of an instruction
register, an arithmetic logic unit, an accumulator, and a
flag register. In a typical operation, data placed in the
accumulator combines with data from another source on
the internal bus. The result of the combination is then
stored in either the accumulator or a designated register.

Instruction Register: The instruction register receives
the operation code (opcode) portion of each instruction
taken from ROM. The opcode then generates specific
outputs to control each block of the CPU. The outputs
typically control the source and destination registers, as
well as the function to be performed by the arithmetic
logic unit.

Arithmetic Logic Unit: The arithmetic logic unit (ALU)
operates on the 8-bit data taken fromthe accumulator and
the bus. Operationis controlled by the instruction register
and consists of the following operations:

e Add, With or Without Carry

e AND, OR, EXOR

e Decimal Adjust

e Increment/Decrement

e Complement, Clear

e Rotate Right and Left, With or Without Carry
e Swap Nibbles

Any operation performed in the ALU that results in values
greater than eight bits, causes the carry flag to be set.

Accumulator: The accumulator is the main input port to
the ALU. All operations are performed with reference to
the accumulator. Most data transfers into the ALU from
memory or the I/0O ports pass through the accumulator.

The accumulator is a register normally used for 8-bit
operations. As such, the accumulator maintains a carry bit
immediately following bit 7. Additionally 4-bit binary-
coded decimal (BCD) operations can also be performed
by the accumulator. To support the 4-bit operations, an
auxiliary carry bit is maintained immediately following bit
3. Auxiliary carry is affected by the same logical and
arithmetic instructions that affect carry. Carry is the only
testable bit. Auxiliary carry is used only when converting
the accumulator contents from binary to BCD (using the
DAA instruction). The auxiliary carry flag bit can be
cleared by moving a zero into bit 6 of the program status
word. An illustration of the accumulatoris shownin Figure
2-2.

. 7 6 5 4 3 2 1 0
IAC

FIGURE 2-2. 48-Series Accumulator

2.2.2 Branch Logic

The branch logic within the 48-Series microcomputers
permits the user to test various internal or external status
conditions. If the selected condition is true, the branch
logic forces a jump to the address specified by the
program. The various branch condition tests are listed in
Table 2-2.

Table 2-2. 48-Series Branch Conditions

Test Logic Condition | Instruction
Interrupt™® 0 JN1
Flag 0 1 JFO
Flag 1 1 JF1
Timer Flag 1 JTF
Carry O0or1 JC, JNC
Accumulator 0 or Non-0 Jz, JINZ
Accumulator Bit Test 1 JB0-JB7
Test 0” 0or1 JT0, INTO
Test 17 0or1 JT1, INT1
Register™* Non-0 DJNZ

*External input
**Register can be tested for non-0 following a decrement

2.2.3 Program Status Word

The program status word is an 8-bit word stored in the
program status register. The register contains both status
information relating to machine operation, and the stack
pointer. The contents of the register can be read from, or
written to, the accumulator. All eight bits must be read or
written at the same time.

During subroutine calls orinterrupts, the upper four bits of
the status register are saved on the stack. The contents
may be restored to the register upon return, depending
upon the return instruction used.

The stack pointer comprises the lower three bits of the
program status word, and is an independent counter that
points to designated spaces in the internal RAM.

The stack occupies RAM locations 8 through (X'17). When
reset to zero, the stack pointer actually points tolocations
8 and 9in RAM. An interrupt or subroutine call causes the
contents of the program counter and the upper 4 bits of
the progfam status word to be stored in one of the eight
stack registers. The stack pointer is then incremented to
point to the next two locations.

Up to eight subroutines can be nested at any given time
without the stack overflowing. Since the stack pointer is a
simple up/down counter, an overflow will cause the
deepest address to be lost (the counter overflows from
111 to 000). The pointer also underflows from 000 to 111.
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Returns from subroutines decrement the stack pointer,
with the contents of the register pair restored to the pro-
gram counter and possibly the PSW. Depending upon the
return instruction used, status may also be restored.

Note: When the level of subroutine nesting isless than 8,
the unused stack locations may be used as RAM.

An illustration of internal stack composition is shown in
Figure 2-3.

The program status word contents are given in Table 2-3.

Stack Stack
Location Pointer

1

! 23

1 11
! 22

]

| 21

t 110
I 20

}

I 19 }

+ 101
! 18,
-

: 17

i 100
| 16

1

! 15

: 011
| 14

} 13 }

| 010
| 12

! 11 }

1 001
| 10

1

PSW 4-7 |PC 8-11 9
| } 000
PC4-7  !PC0-3 8

FIGURE 2-3. Internal Stack Compositon

Table 2-3. Program Status Word

Bit

Position Contents

0 Stack Pointer Bit, SO

1 Stack Pointer Bit, S1

2 Stack Pointer Bit, S2

3 Not Used. A logic 1 when read.

4* Register Bank Select Bit
0 =Bank 0
1=Bank 1

5% Flag 0 (FO). A user controliable flag that
can be complemented, cleared, or tested.

6" Auxiliary Carry. A carry from bit 3 to
bit 4 generated by an add operation. Used
only by the decimal adjust instruction.

7" Carry. A bit indicating the preceeding
operation resulted in an overflow or an
underflow.

Note: Bits 4 through 7 saved on stack during subroutine

calls or interrupts.

2.2.4 Program Counter

The program counter is an independent 12-bit counter.
For normal operation, the counter operates as a
sequential up-counter, the output of which generates
addresses for ROM. Bit 11 of the program counter is set
independently of the normal count sequence by the
memory bank-select instructions. In this manner, in-
struction fetches above or below the 2K memory
boundary are effected.

During interrupts or subroutine calls, the contents of the
program counter are stored in one of the eight selected
stack locations (for additional information, see 2.2.3 and
2.2.6).

During external program fetches, the lower eight bits of
the program counter are preset on the Bus port only
during ALE, the upper four bitsare held on Port2. The thus
addressed instruction is taken in on the Bus port when the
program store enable (PSEN) signal is active. The pro-
gram counter is reset to zero (X'000) when the reset input
(RESET) goes active.
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An illustration of the program counter is shown in Figure
2-4.

|A11lAIO,A9,A8|A7,A6|A5|A4,A3,A2|A1 1 Ao
[1 1

Conventional Program Counter
Counts from X'000 to X'7FF
Then overflows to X'000

Jump or call instructions transfer
content of DBF latch to A1
Latch set to 1 by SEL MB1
Latch set to 0 by SEL MBO

During interrupt service routine, A11
is forced to, and held to, 0.

All 12 bits are saved on the stack.

FIGURE 2-4. Program Counter

2.2.5 Resident ROM

The on-board ROM (for those devices containing ROM) is
an 8-bit, mask-programmed ROM. Addressing the data or
instructions within ROM is done by the program counter.
Data, or instructions, output from ROM are placed onto
the internal bus. ROM addressing, up toa maximum of 4K,

is done through the 12-bit program counter. The‘IN88048
and INS8049 automatically address external memory
when their internal memory boundaries of 1K and 2K,
respectively, are crossed.

There are three dedicated addresses within ROM to
provide for system initialization or branching. These three
locations are described in Table 2-4. An illustration of the
internal ROM organization is shown in Figure 2-5.

Table 2-4 Dedicated ROM Addresses

ADDRESS FUNCTION

X'000 Reset. The resetinput going low, forces the
first instruction executed to be fetched
from here.

X'003 Interrupt. The interrupt input going low
(when interrupt is enabled), forces the first
instruction of an interrupt service routine to
be fetched from here.

X'007 Timer/Counter Interrupt. The timer/
counter interrupt flag, when set (if timer/
counter interrupt is enabled), forces the
first instruction of a timer/counter service
routine to be fetched from here.

( 4095

2048

SEL MB1 (2048-4095)

2047

1024

SEL MBO (0-2047)

(1023

ADDRESS 0007 - TIMER/COUNTER
INTERRUPT VECTOR

RESIDENT ON INS8050

RESIDENT ON INS8049

RESIDENT ON INS8048
@

ADDRESS 0003 - EXTERNAL
INTERRUPT VECTOR

L ~ . 0

ADDRESS 0000

Tlo RESET VECTOR

ADDRESS

FIGURE 2-5. 48-Series ROM Memory Map 12-2




2.2.6 Resident RAM

The resident RAM data memory is arranged as 64, 128, or
256 bytes, depending upon the device. There are eight
working registers in RAM for each register bank (RBO and
RB1) selected. Register bank 0 occupies 0 through 7,
while register bank 1 occupies locations 24 through 31.
Indirect addressing to all RAM locations is implemented
through the two 8-bit pointer registers, RO and R1. The
pointer registers occupy the first two working register
locations; 0 and 1 for register bank 0, or 24 and 25 for
register bank 1.

The eight-level stack occupies the space between both
working registers; locations 8 through 23. Each level of the
stack actually occupies two memory locations. For addi-
tional information, see 2.2.3.

Register bank 1 and any unused stack locations may be
used for RAM if the register bank-select feature and all of
the stack are not used. Register bank 1 working registers

L8
s =2
R zZ8 ® POINTER
w = oz | &3 REGISTER
ez @I w
= QZ
w i =]
E 2F
Ts
POINTER
REGISTER
L L -

FIGURE 2-6. RAM Data Memory Map

may also be used as an extension of the register bank O
registers, or reserved to service interrupts. The latter
feature allows easy "saving” of register bank 0 registersby
immediately switching to register bank 1.

Through the use of register bank-switching, the two
pointer registers can be expanded to four, thereby
allowing easy access up to four working areas. The 48-
Series RAM memory map is illustrated in Figure 2-6.
Additional information concerning standby RAM op-
eration is contained in 2.4.2.

Note: Internal and external RAM are data memory only.
The 48-Series microcomputers cannot execute
programs out of internal RAM. The 48-Series
microcomputers can execute programs by
accessing external memory. If the external
access (EA) line is high, external memory may be
ROM, PROM or RAM.
255 <+
8050
USER RAM
224x 8
127
8049
USER RAM
96 x 8
63
. 8048 n
A USERRAM ~
32 32x8
<«
<
31
BANK 1 DIRECTLY
b o s e e = == = ADDRESSABLE
ALTERNATE WHEN SELECTED
24 | REGISTER AND RC P
<
23| STACK REGISTER ADDRESSED
INDIRECTLY
USER RAM BY
8 16 x 8 R1 OR RO
-
<
7 BANK 0 :
WORKING
REGISTERS
8x8
R - DIRECTLY
ADDRESSABLE
R1
RO
o -

2-6




2.2.7 Internal Timer/Counter
The 48-Series microcomputers contain an internal timer/
counter that may be operated in two modes:

e Asatimer
e As an event counter

These operating modes are independent of the CPU,
thereby providing the facility of accurate time delays
without tying up processor time.

The register for the timer/counter is an 8-bit, presettable
up-counter. The register can be loaded or read using the
MOV instructions to transfer data between the accu-
mulator and the register.

Once started, the counter will count to its maximum value
of X'FF, will overflow to X'00, and will continue counting
until stopped by eitherasystemreset orastopinstruction.

A system reset does not affect the contents of the register,
although it will stop the counter. The only method of
changing the register contentsis toload the register using
the MOV T instruction.

The counter may also be stopped using the STOP TCNT
instruction. Once stopped, the counter remains stopped
until either a start counter (STRT CNT) or start timer
(STRT T) instruction is executed.

As the counter is incremented from X'FF to X'00, the timer
overflow flag is set, and an unlatched interrupt request is
generated. The flag may be tested by the JTF instruction.
The request is honored only if EN TCNTI has been pre-
viously executed. The flag may be reset by either the JTF
instruction or the Reset input going true.

Timer interrupt requests are stored in a latch, the output of
which is ORed with the external interrupt. The timer
interrupt can be enabled or disabled independently of the
external interrupt. If the timer interrupt is enabled, an
overflow will cause a subroutine call to location 7in ROM,
where a timer or counter service routine will start. If both
an external interrupt and a timer interrupt should happen
to occur simultaneously, the external interrupt is rec-
ognized first. Control will shift to location 3 to service the
external interrupt. Since the timer interrupt is latched,
once the external interrupt service routine is completed,
control will return to the main program, at which time the
timer interrupt will take effect. This time, control will shift
to location 7 to service the timer interrupt. Once a sub-
routine call to location 7 occurs, the timer interrupt will be
reset. The interrupt can also be reset by the DIS TCNT
instruction. For additional interrupt.information, see
section 2.3.3.

Timer operation

For the timer/counter to operate as a timer, the STRT T
instruction must be executed. Once executed, the in-
struction first clears and then causes the internal clock to
pass through a divide-by-15 prescaler and a divide-by-32
prescaler. The second prescaler output increments the
timer. By presetting the timer/counter prior to executing
STRT T, accurate time-outs may be achieved.

As an example, assuming an 11MHz crystal is used, the
input is divided by 15. The resulting 733KHz signal 1s In
turn divided by 32. The final output of 22,917Hz in-
crements the counter once every 44 microseconds.

By presetting the counter and detecting overflow,
accurate timeouts between 44 microseconds and 11
milliseconds (256 counts) are possible. Timeouts longer
than 11 milliseconds are possible by accumulating under
software control, multiple overflows in one of the
registers.

For times under 44 microseconds, the timer should be
used as an event counter, with the external input taking
the place of the internal clock source. Dividing the address
latch enable signal (ALE) by three or more can serve asan
external clock. Using the timer in this mode permits “fine-
tuning” of timing delays through software looping.

Counter Operation

To operate the timer/counter as an event counter, the
STRT CNT instruction must be used. High-to-low transi-
stions on the T1 input will increment the counter. The
counter can not be incremented any more than once per
three instruction cycles. Dividing the address latch enable
signal (ALE) by three or more provides a convenient
source for this timing. The input at T1 must also remain
high for 500 nanoseconds after each transition.

A functional block diagram of the timer/counter is
illustrated in Figure 2-7.
2.2.8 Timing and Control Logic

The timing and control logic internal to the 48-Series
microcomputers permits the following:

e External stimulus to control system operation

e System communication with external memory

e Generate clock signals for internal use

The various input and output signals that constitute the
timing and control logic are listed in Table 2-5.
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INTERNAL BUS

XTAL
+15
DIVIDE-BY
32
PRESCALER
STRT T
FALLING 1Rt oNTR PRESETTABLE OVERFLOW
EDGE S———— — TIMER/COUNTER FLAG S
DETECTOR o
STOP
T CNTR
INTERRUPT
REQUEST
LATCH ‘
ENABLE INT
EXTERNAL
INTERRUPT
FIGURE 2-7. Timer/Counter Block Diagram 87-3

Table 2-5. Timing and Control Logic Signals

INPUTS

XTAL1, XTAL2 - Crystal, or
Timing Source Inputs

RESET - Initialize
'sS - Single Step
INT - Interrupt

EA - External access

OUTPUTS
RD - Read strobe
WR - Write strobe

PROG - I/0 expander strobe
PSEN -
ALE -

Program store enable

Address latch enable

Internal Clock

The internal clock circuit of the 48-Series micro-
processors accepts input from the two pins XTAL 1 and
XTAL 2. A crystal or an externally generated clock source
can be connected to these two inputs. The XTAL 1 pin
(TTL compatible) is the input to a high-gain series-
resonant circuit with a frequency range of 1 to 6MHz or 4
to 11MHz, depending upon the 48-Series part used. The
XTAL 2 pin is the output of the circuit providing feedback
to the crystal. If accurate frequency references and max-
imum speed are not required, an inductor can be used in
place of the more accurate crystal.

The external clock frequency of the oscillator is divided by
three to provide the basic clock cycle for the system. Each
clock cycle comprises a single machine-state for the
system. The basic clock cycle is available as an output at
TO0. Output is enabled by execution of the ENTO in-
struction. Output is disabled whenever the system is reset.

There are five machine cycle times that comprise a single
instruction cycle. Each of the five machine cycle times is,
in turn, comprised of a single clock cycle. The address
latch enable signal (ALE) is provided as a continual clock
output to enable the 48-Series microcomputers to
communicate with external memory. This signal is also
derived from the five basic clock cycles that comprise a
machine cycle.

A functional block diagram of the clock circuitis shownin
Figure 2-8. Note that TO is actually an input when the
system is reset. Instruction cycle timing relationships are
shown in Figure 2-9. An illustration of the basic timing
relationships between the clock output from TO and other
system signals is shown in Figure 2-10. Instruction ex-
ecution timing relationships are given in Table 2-6.
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BRANCH
LOGIC

TEST TO INPUT

XTAL 1 DIVIDE-BY o

[ THREE

STATE CLOCK OUTPUT
L{m— COUNTER

DIVIDE-BY
FIVE

CYCLE ALE

COUNTER

FIGURE 2-8. Internal Clock Block Diagram 87-4

~—————————— SINGLE MACHINE CYCLE —M8M8Mm—

cLOCK OuT
ATTO ———— T T T2 T3 T4 5 T

INPUT DECODE INSTRUCTION INPUT
INST. EXECUTION INST.
OUTPUT INC. OUTPUT
ADDRESS PROGRAM ADDRESS
COUNTER

FIGURE 2-9. Instruction Cycle Relationships

T T2 T3 T4 T5 T T2 T3

ALE I | ‘
RD or WR I ‘ l
wshon 7T
READ/WRITE // YGH ITEDANSE />< ADDRESS )@( DATA X//A
e TN e WX XTI

FIGURE 2-10. Timing Relationships 87-6
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Table 2-6. Instruction Execution Timing

INSTRUCTION BYTE 1
TYPE
T T2 T3 T4 T5

INA. P FETCH * INCREMENT - INCREMENT —
INSTRUCTION PROGRAM COUNTER TIMER

OUTLP. A FETCH INCREMENT — INCREMENT OUTPUT
INSTRUCTION PROGRAM COUNTER TIMER TO PORT

ANL P. #DATA FETCH INCREMENT — INCREMENT READ PORT
INSTRUCTION PROGRAM COUNTER TIMER

ORL P. #DATA FETCH INCREMENT — INCREMENT READ PORT
INSTRUCTION PROGRAM COUNTER TIMER

INS A, BUS FETCH INCREMENT — INCREMENT -
INSTRUCTION PROGRAM COUNTER TIMER

OUTL BUS. A FETCH INCREMENT — INCREMENT ouTPUT
INSTRUCTION PROGRAM COUNTER TIMER TO PORT

ANL BUS. #DATA FETCH INCREMENT - INCREMENT READ PORT
INSTRUCTION PROGRAM COUNTER TIMER

ORL BUS, #DATA FETCH INCREMENT - INCREMENT READ PORT
INSTRUCTION PROGRAM COUNTER TIMER

MOVX @ R. A FETCH INCREMENT OUTPUT RAM INCREMENT ouTPUT
INSTRUCTION PROGRAM COUNTER ADDRESS TIMER DATA TO RAM

MOVX A, @ R FETCH INCREMENT OUTPUT RAM INCREMENT -
INSTRUCTION PROGRAM COUNTER ADDRESS TIMER

MOVD A. P, FETCH INCREMENT OUTPUT INCREMENT -
INSTRUCTION PROGRAM COUNTER OPCODE/ADDRESS TIMER

MOVD Py, A FETCH INCREMENT ouTPUT INCREMENT QUTPUT DATA
INSTRUCTION PROGRAM COUNTER OPCODE/ADDRESS TIMER TO P2 LOWER

ANLD P. A FETCH INCREMENT OUTPUT INCREMENT OUTPUT
INSTRUCTION PROGRAM COUNTER OPCODE/ADDRESS TIMER DATA

ORLD P. A FETCH INCREMENT . ouUTPUT INCREMENT OUTPUT
INSTRUCTION PROGRAM COUNTER OPCODE/ADDRESS TIMER DATA

J (CONDITIONAL) FETCH * INCREMENT SAMPLE INCREMENT -
INSTRUCTION PROGRAM COUNTER CONDITION TIMER

STRTT FETCH INCREMENT — - START

START CNT INSTRUCTION PROGRAM COUNTER COUNTER

STOP TCNT FETCH INCREMENT — — STOP
INSTRUCTION PROGRAM COUNTER COUNTER

ENI FETCH INCREMENT — ENABLE -
INSTRUCTION PROGRAM COUNTER INTERRUPT

DIS | FETCH INCREMENT — DISABLE —
INSTRUCTION PROGRAM COUNTER INTERRUPT

ENTO CLK FETCH INCREMENT - ENABLE —
INSTRUCTION PROGRAM COUNTER CLOCK




Table 2-6.

Instruction Execution Timing (Cont'd.)

INSTRUCTION BYTE 2
TYPE
T T2 T3 T4 15
INA, P — READ PORT — -~ -
ANL P, #DATA FETCH - INCREMENT OUTPUT -
IMMEDIATE DATA PROGRAM COUNTER TO PORT
ORL P, #DATA FETCH — INCREMENT QuUTPUT -
IMMEDIATE DATA PROGRAM COUNTER TO PORT
INS A, BUS — READ PORT — — —
ANL BUS #DATA FETCH — INCREMENT OuTPUT —
IMMEDIATE DATA PROGRAM COUNTER TO PORT
ORL BUS, #DATA FETCH - INCREMENT OUTPUT —
IMMEDIATE DATA PROGRAM COUNTER TO PORT
MOVX A, @ R - READ DATA — - _
MOVD A, P, - READ — _
P2 LOWER
J (CONDITIONAL) FETCH — UPDATE _
IMMEDIATE DATA PROGRAM COUNTER
*If external ROM is being accessed, valid instruction addresses are output at this time
2.3 INPUT/OUTPUT SIGNAL DESCRIPTIONS
All pins on the 48-Series microprocessors, with the ex- To[ |1 e _/ 40 [ Vce
ception of the power and clock inputs, are input or output XTAL1[ |2 39 T1
lines. The following sections describe in some detail the XTALz.E 3 38| P27
operation of these lines. RESET |4 37 [ ] P26
Ss[1s 36 P25
An illustration of the pin configuration for the 48-Series INT |6 35[ P24
microcomputers is shown in Figure 2-11. A summary of EA [ 34 P17
the pin functions is given in Table 2-7. RD[ |8 INS8048 33 7] p16
. BEEN INS8049
PSEN[]9 32[ P15
i INS8050
WR[]10 | nssoss 31[1P14
ALE [ 1 INS8039 301 P13
DBo [ |12 INS8040 29[ P12
DB []13 28[]P1
DB2[]14 27 [1P10
DBz (] 15 26 [ ] Voo
DBs[]16 25 [] PROG
DBs [ 17 24[ P23
DBes [| 18 23[ ] P22
DBy []19 22 pP21
Vss [] 20 21[_] P20
2

FIGURE 2-11. 48-Series Pin Configuration
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Table 2-7. 48-Series Pin Summary

Pin Designation Function

1 TO0 Testable input using JTO and JNTO instructions. Clock
output once ENTO CLK instruction is executed. Restored
to an input line by reset.

2 XTAL 1 Crystal input for internal oscillator. Also input for ex-
ternal clock source.

3 XTAL 2 Crystal input for internal oscillator.

4 RESET Reset input for CPU. Active low.

5 g Single step input. Used in conjunction with ALE to single
step through program execution. Active low.

6 CINT Interrupt input. Generates an interrupt if interrupt is en-
abled. Disabled after a reset. Active low.

7 EA External Access, when taken high, forces all instruction
fetches to come from external ROM.

8 RD Read strobe. Active during bus reads. Can enable data
onto bus from external devices. Active low.

‘9 PSEN Program store enable. Active during instruction fetches
from external ROM. Active low.

10 WR Write strobe. Active during bus writes. Can strobe data
into external devices from bus. Active low.

1 ALE Address latch enable occurs once during each machine
cycle. Also useful as a clock output. The falling edge of
ALE strobes address into external RAM and ROM.

12-19 DBo-DBy Bus port. Bidirectional port wh@ can be written or read

synchronously, using WR or RD. Output can also be
statically latched.
Outputs eight low-order address bits during external in-
struction fetches. Receives addressed instruction during
PSEN. Also passes eight address and data bits from
external RAM (under control ALE, RD, and WR).

20 Vss Circuit ground.

21-24 P20-P23 Lower four bits of quasi-bidirectional Port 2. Outputs
upper four address bits during external ROM access and
data for INS8243 port expander.

25 PROG Output strobe for INS8243 I/0O expander.

26 VbD Provides an input for a standby power source for
the internal RAM. When a standby power source is con-
nected, Vcc provides a battery charging path. The amount
of internal RAM connected to Vpp is a programmable
option.

27-34 P1o-P17 Port 1, quasi-bidi;ectional.

35-38 P24-P27 Upper four bits of quasi-bidirectional Port 2.

39 T1 Testable input using JT1 and JNT1 instructions. Event
counter input once STRT CNT instruction is executed.

40 Vce Main 48-Series power source (+5V).
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2.3.1 Reset (RESET)

The reset input initializes the processor. The input is a
Schmitt trigger that has an optional internal pullup re-
sistor. An external 1-microfarad capacitor tied to this pin
assures the reset input will be low as Vcc is brought high.
If an external reset is used, the input must be held at
ground for at least 50 milliseconds after the power
supplies have stabilized. If the power and oscillator have
already stabilized, the external reset need only be negative
true for five machine cycle times. A list of internal
functions reset by this signal going low is given below:

e Program counter set to zero.

e Stack pointer set to zero.

e Memory bank 0 and reqgister bapk 0 selected.

~\ * Bussetto TRI-STATEmode, (except when EAis true)

¢ “Poris 1 and 2 to input mode. -

e Interrupts disabled (Timer/Counter and Externa;).

e Timer stopped.

e Timer flag cleared.

e FO0 and F1 cleared.

e Clock output at TO disabled; TO becomes testable

input.

Two typical reset circuits areillustrated in Figure 2-12. For
additional information, see 2.4.3.

+5V
+5V R
] R 200K RS 200K
\ RESET % J— 1« RESET %
TTL
) RESET
1uf
EXTERNAL RESET 10V
POWER-ON RESET
FIGURE 2-12. 48-Series Reset Circuits 87-7

2.3.2 Single Step (SS)

The single step input, in conjunction with the ALE strobe,
allows the processor to step through ROM, logically per-
forming one instruction at a time. If the instruction is two
cycles in length, both cycles are executed and the pro-
cessor then stops. Instruction execution can be easily
followed as the address of the next instruction to be
executed is output on both Bus and the lower 4 bits of Port
2. The Bus buffer contents are lost while the processor is
stopped. If necessary, the Bus data can be latched ex-
ternally on the leading edge of ALE and thus saved.

The single step operation is given in the following steps.
Reference should also be made to the timing chart of
Figure 2-13.

1. Single step goes low, requesting the processor to
stop.

2. The processor stopsduring the instruction fetch of the
next command. If a double-byte instruction, both
bytes are taken, following which the processor stops.
ALE goes high as an acknowledgement.

3. At this point, the address taken from the program
counter is output on both the Bus and Port 2. This
state can last indefinitely. Bus and port bit-com-
position is illustrated in Figure 2-14.

4. When single step goes high, the processor is allowed
to continue.

5. The processor acknowledges by driving ALE low.

6. In order to stop the processor at the next instruction,
SS must be driven low immediately after ALE goes
low. If SS remains high, the processor will continue to
run.

Implementation of a single-step circuit for the 48-Series
requires a minimum of components. An illustration of
such a circuit is shown in Figure 2-15. Circuit operation is
as follows:
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FIGURE 2-13. Single Step Timing

STOP

87-8
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14
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FIGURE 2-14. Address Output Lines

87-9

o SINGLE STEP

+5V
MOMENTARY L L
PUSH BUTTON = 10K 2 10k 10K

RUN |

PRE 1 PRE 2
D2
D1 D2
L_ CLK 1 alf—|—————cLKk 2

.|}

CLR 1 CLR 2

L I

DM74LS74

FIGURE 2-15. Single Step Circuit

48-SERIES

ALE

87-10
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During normal operation the preset input (PRE2) of the
DM74LS74 is held low, forcing the Q2 output high, there-
by holding SS high. As long as SS remains high, the
computer will continue to run. Switching the run/single-
step switch to the single-step position puts a logic 1 on
PRE2. As soon as ALE goes low, SS will be forced low,
causing the computer to stop. The next instruction is
executed by pressing the momentary switch. If ALE is
high, the debounce flip-flop (D1) clocks a 1 into D2. As
soon as SS goes high, the computer fetches another
instruction that brings ALE low. When ALE goes low, D2 is
cleared, SS goes low, and the computer stops. Placing the
run/single-step switch back in the run position forces a 1
to SS, allowing the computer to resume execution.

2.3.3 Interrupt (INT)

The interrupt input, when enabled, will initiate an
interrupt. This input has a Schmitt trigger input, with
hysterisis, that is active low. If the interrupts are disabled,
the TNT line can still be sampled by a conditional jump
instruction. When an interrupt is detected, a jump-to-
subroutine at location 3 (in internal ROM) occurs as soon
as the current instruction completes execution.

During interrupts, the program counter and upper four
bits of the program status word are stored on the stack.
For additional information see section 2.2.3. Control is
transferred to location 3 in ROM, which should normally
contain a jump to interrupt service routine. Once com-
pleted, the interrupt service routine should end with a
return-and-restore-status instruction (RETR).

Being a single-level interrupt, TNT is disabled while
servicing an interrupt, and is re-enabled by the RETR
instruction. Internal timer/counter interrupts are treated
in like manner. If both an external and a timer/counter
interrupt occur at the same time, the external interrupt has
priority. Additional information on timer interrupts is
given In section 2.2.8.

A simple programming trick allows the timer/counter to
function as a seccnd external interrupt, if desired. By
loading X'FF in the timer and putting the timer/counter in
the event counter mode, a logic 1-to-logic O transition at
input T1 will cause the counter to increment and overflow
creating an interrupt vector to location 7 in ROM.

Interrupts are disabled by either system reset or the
disable interrupt instructions: DIS | for an external
interrupt, DIS TCNTI for a timer/counter interrupt. The
interrupts must be enabled by the program for them to
function; ENI for an external interrupt, EN TCNTI for a
timer/counter interrupt Interrupt sampling occurs each
machine cycle during ALE. An interrupt request must be
removed before ending the interrupt service routine. If not
removed, the processor will immediately re-enter the
service routine. A selected output line from the 48-Series
microcomputers could be designated an interrupt-
acknowledge line. This line can then be activated during
the interrupt service routine to reset the requesting
interrupt.

The TNT input may also be tested by the jump-if-interrupt-
is-low instruction (JNI). If TNT is left disabled, this input
can be tested in the same manner as inputs TOand T1. An
illustration of the internal interrupt structure is shown in
Figure 2-16. Additional information is given in 2.2.8 and
3.2.2.

2.3.4 External Access (EA)

When the external access input is driven high, the
microcomputer performs all memory fetches from ex-
ternal ROM, internal ROM is disabled. Normal 48-Series
usage would have the user program stored in internal
ROM. As an example, diagnostic routines to test the
internal logic of the CPU could be contained in the
external ROM. EAshould be driven high only while RESET
is low. For the INS8035, INS8039 and INS8040, EA should
be tied to Vcc. For additional information, see 3.2.

The internal ROM may also be read, independent of the
CPU, using the EA input. The sequence for reading in-
ternal memory is as follows:

e RESET is driven to 0 volts.

e CPU is placed in the read mode by driving EA to +12
volts.

e Address to be read is placed at the BUS and Port 2
lines (P20 through P22).

e RESET goes high, at which time the addresses are
latched.

e After the addresses are latched, RESET remaining
high will cause the contents of the addressed location
to be output on the BUS lines.

Timing for reading internal ROM is shown in Figure 2-17.

An illustration of a typical read circuit is shown in Figure
2-18.

2.3.5 Test 0(TO)

Pin TO is a dual purpose pin - in one state it is a testable
input, in another state it is a clock output. Each state is
under direct software control.

After power-on reset, the TO pin is a testable input using
either the JNTO or JTO instructions. Depending upon the
state of the input, ajump to a specified address will occur.

The TO pin is designated as a clock output by the ENTO
instruction. Once designated a clock output, TO can only
be returned to the testable state by activating RESET. For
additional information, see 2.2.8.
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2.3.6 Test1(T1)

Pin T1 is also a dual purpose pin—in one state it is a
testable input, in another state it is the input to the event
counter. For each case, the input function is software
controllable. As a testable input, T1 is tested by either the
JNT1 or JT1 instructions, with a jump to a specified ad-
dress occurring if the tested state is true.

The T1 pin is designated as the event counter input by the
STRT CNT instruction. Thereafter, high-to-low transi-
tions at T1 will increment the counter. For additional
information, see 2.2.7.

2.3.7 Address Latch Enable (ALE)

The address latch enable strobes permit external latching
of the address bits present on the Bus outputs and Port 2,
bits 0 through 3. The ALE signal occurs once each
machine cycle, with the address valid on the falling edge

of ALE. The signal ALE may also be used as a clock signal
to enable or disable the single step input. Address latch
enable is used in conjunction with the program store
enable, for external fetches, and theread and write strobes
for data accesses from RAM or peripherals. For additional
information, see 2.2.8 and 2.3.2.

2.3.8 Write Strobe (WR)

The write strobe is driven low whenever the processor
performs an external Bus write operation. Data output
occurs onthe Bus port, withthe WR strobe writing the data
into external RAM. This signal operates in conjunction
with the ALE strobe during MOVX @R, A instructions. The
WR signalis also activeduringan OUTL BUS Ainstruction
where it can be used to notify a peripheral that new Bus
port data is available.




2.3.9 Read Strobe (RD)

The read strobe is driven low whenever the processor
performs an external Bus read operation. The RD strobe
enables data from external RAM, (or peripherals) onto the
Bus, at which time it is read into the accumulator. This
signal operates in conjunction with the ALE strobe during
MOVX A, @ Rr instructions. The RD signal is also active
during an INS A, BUS instruction where it can be used as
either an interrupt acknowledge or a flag to notify the
peripheral that the CPU has read the data.

2.3.10 Program Store Enable (PSEN)

The program store enable signal 1s used to fetch in-
structions for the CPU. The PSEN strobe is active only
when fetching instructions from external ROM. This
signal operates in conjunction with the ALE strobe.

2.3.11 Output Strobe (PROG)

The output strobe, PROG, is the output strobe for the
INS8243 1/0 port expander. A high-to-low transition on
PROG indicates that an address and instruction is avail-
able on Port 2, bits 0 through 3. A low-to-high transition on
PROG indicates that data is present on Port 2 for a write.
Data must be valid during the low-to-high transition for a
read.

2.3.12 Crystal Input (XTAL 1, XTAL 2)

These two pins on the 48-Series microcomputers allow
either a series-resonant device, such as a crystal or in-
ductor, or an independent clock source to connect to a
high-gain internal amplifier. XTAL 1 (pin 2) is the input to
the amplifier; XTAL 2 (pin 3) provides feedback. The
resonant frequency of the circuit is divided internally to
create the basic clock cycle as outputat TO. For additional
information, see 2.2.8 and 2.3.7.

2.3.13 1/0O Ports and Bus

There are 24 input/output lines and three test inputsin the
48-Series microcomputers. The I/O lines are organized as
three 8-bit ports. The ports can be either input, output, or
bidirectional. Ports 1 and 2 are especially versatile in that
different types of outputs may be intermixed.

Ports 1 and 2 differ from Port O (the Bus), in that they are
quasi-bidirectional, while the Bus 1s a true bidirectional
port. This means that they can be used as inputs or
outputs while being statically latched. To further explain
this, if a 1is written into any bit of Ports 1 or 2, that bit can
function as an input or a high-level output. If a 0 is written
into any of these bits, that bit can only function as a low-
level output. This type of I/O pin is better understood as an
open-drain output with a large value internal pullup
resistor connected to an input latch. Data is latched in
these ports from the CPU and will remain latched until
changed. As inputs, these ports are non-latching, and
must be read by an input instruction prior to removing the
input

The quasi-bidirectional output structure permitseachline
to serve as an input, an output, or both, even though the
outputs are statically latched.

The lower four bits of Port 2 fulfill three distinct functions:

e A quasi-bidirectional static port.
® A portion of the external ROM address.

e An expander port.

For all three functions, the outputs are driven low by an
active device, or momentarily pulled high by an active
device; then held high by a passive device.

This port may contain latched output data yet still be used
in another mode without affecting operation of either
mode. If the lower four bits of Port 2 outputs are the
address for an external instruction fetch, the previously
latched data will be temporarily removed from the output.
If needed, the data can be externally latched on the rising
edge of ALE. The address for external ROM is output and
once the instruction fetch is completed, the latched data is
restored. If Port 2 is used as a bus to an expander port,
P20-P23 will contain the value output to the INS8243
expander device. After an input from the INS8243, the port
will remain in the input mode. For either case, previously
latched data will be destroyed.

An illustration of the port structure for a standard TTL
output is shown in Figure 2-19.

Each output is pulled to Vcc through .a resistor of
moderately high impedance. This pullup provides suffi-
cient current for providing a TTL logic 1", yet can be
pulled low by a standard TTL gate output. This ability
provides for both input and output on the same pin. For
fast ‘0’ transitions, a relatively low impedance device
(=5K) is switched on momentarily when a 1is written to the
line. WhenaOis writtentotheline, alow impedance device
(=300Q2) overcomes the 5K pullup and provides TTL
current sink capability.

Note: Since the pulldbwn device is such a low 1m-
pedance, a "1” must be written to the line prior to
any input. A system reset (RESET going true)
drives all lines to a high impedance "1".

Port 1 and Port 2, when used with the ANL and ORL
instructions, provide an efficient means for handling
single-line inputs and outputs.
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The Bus port is a true bidirectional port that can be
statically latched or used synchronously. When used as a
bus, valid input or output must occur during the read or
write strobes. During external instruction fetches, the
eight low order address bits from the program counterare
preset atthis port. The fetched instruction must be present
at the input when the program strobe (PSEN) goes high.
During external RAM operations, addresses and data are
output from this portunder control of address latch enable
(ALE) and the read (RD) or write (WR) strobes. When not
being written to or read from, the Buslines areintheir high
impedance mode (unless previously latched).

As a static output port, data is written and latched using
the OUTL instruction. Data is input using the INS in-
struction. Both instructions generate pulses on the cor-
responding WR and RD output strobe lines (OUTL
generates a WR pulse; INS generates a RD pulse).

The Bus port is not bit-programmable as are the other two
ports (P1 and P2). Once written to, using an OUTL in-
struction, the bus will remain an output port until either the
device is reset or the bus is used for an external memory
access.

IL

==

-

Vee

LATCH STANDARD TTL

FIGURE 2-19. 48-Series I/0 Port Options
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2.4 SPECIAL FEATURES

All 48-Series microcomputers contain additional features
not included in other similar devices. These features are
totally transparent to the user if 48-Series micro-
computers are substituted for the other devices - there is
no adverse effect upon system operation.

These added features are:

e Schmitt trigger (with hysteresis) input for interrupt.
e Built-in battery charging circuit.

e Varying amounts of standby RAM (mask-
programmable option) can alter standby current re-
quirements.

e Mask-programmable pullup
inputs.

resistors on certain

2.5 BATTERY CHARGING CIRCUIT

The internal battery charging circuitis simply a solid-state
switch between Vcc, an internal resistor, and Vpp. During
normal operation, RESET is high, holding the switchin the
closed state, thereby providing power for the internal
RAM. The Vcc supply also provides the charging current
for the external battery.

In the event of a power failure, RESET must go low before
Vce drops below 4.5V. By going low, RESET inhibits any
RAM access and opens the internal switch. Assoon as the
switch is opened, current flow reverses and what was
originally a charging output for the batteries, becomes a
source of standby power for the internal RAM. Being an
XMOS device, the internal RAM only requires a Vpp of 2.2
volts (2 Ni-Cad cells) to sustain data. The built-in charging
circuit, and low standby voltage requirement, eliminates
the need for both an external charging circuit and five Ni-
Cad cells. Anillustration of the internal charging circuit is
shown in Figure 2-20.

A typical sequence of events leading up to astandby mode
of operation would be as follows:
e An imminent power supply failure is detected.

e An interrupt I1s generated to vector operation to a
standby service routine.

e All important data and status is stored in RAM.

e RESET goes low, inhibiting any RAM access and
places RAM on standby power.

Vee
40
| I I =
| [ —
| — —— 1 — A RESET
VoDl aaa INT |
26 wy SWITCH
| |
| |
| ; |
@ | ! 11 I
NiCad =— | |
Cells : 0-63 | 64-127 | 127-256 :
GND |
A S — 1
T F RAM_ _ |

FIGURE 2-20. Internal Charging/Standby Circuit 12-5

Power supply failure-detection is the most critical portion
of the standby operation. It is important that an imminent
failure be detected in time to save all critical data or status.

The simplest and most effective detection circuit is a
voltage comparator that monitors the DC supply. The
battery back-up can supply the reference voltage while
the scaled-down, unregulated portion of the supply pro-
vides the test voltage. Since DC regulators typically fall
out of regulation when their input approaches within 2
volts of the output, the comparator can sense this voltage
change long before the regulated output drops.
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An imminent power failure generates an interrupt causing
program operation to branch to a status-save routine. The
status-save routine places all data critical to system
operation in the standby RAM locations, thereby assuring
continuation of the main program when power is restored.

System operation is such that once an interrupt is
generated, the interrupt input is disabled until re-enabled
by the enable external interrupt (ENI) instruction. Saving
of status is thus assured while preventing multiple in-
terrupts from a fluctuating power supply.

The reset input should be driven low by the firmware to
prevent undesirable system operation during power
down. It is important that the state of the power supply be
checked again before issuing a reset to the micro-
processor. The jump-if-negative interrupt (JNI) in-
struction can recheck the interrupt input without creating
an interrupt. If the power supply only fluctuated slightly,
this test permits the program to jump around a firmware
reset and restore normal program operation. If the power
fail signal is still active at the interruptinput, the resetinput
should be driven low. An effective method is to drive

Vce

POWER-FAIL
SIGNAL

]

T

RESET low under firmware control as the final task of the
interrupt service routine. If one of the output port bits is
used to gate the interrupt into the reset input, the
microprocessor itself can drive RESET low.

Since RESET sets all ports high, an active high in-
put should be used to gate INT into RESET,
otherwise, RESET disappears immediately
following execution of the instruction that caused
it. This also means the bit must be initialized to a
zero as part of the power-on sequence.

Note:

If power is in fact removed, the next power-on reset forces
the first instruction to be fetched from location 0. There-
fore, itis the responsibility of the initialization sequence to
determine whether or not power is being applied for the
first time or being reapplied following a power loss. Ifitisa
reapplication of power, program status must be restored
and control returned to the interrupted program.

Additional information on the RESET function is given in
section 2.3.1. An illustration of typical standby sequence
timing is shown in Figure 2-21.

RESET [
]
DATA H RAM
~— SAVE —}<«——— ON
ROUTINE ! STANDBY

FIGURE 2-21. Standby Sequence Timing
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Chapter 3

Expanding The 48-Series Microcomputers

3.1 INTRODUCTION

The expansion capabilities of the 48-Series devices offer
the user great flexibility in both development and end
applications.

The 48-Series devices offer varying amounts of internal
RAM and ROM to allow simple expansion. Internal ROM
varies from none up to 4K, while internal RAM varies from
none up to 256 bytes. Additionally, three I/O ports are
standard, with one port expandable allowing much larger
systems if more than one chip is used.

Given the wide variety of 48-Series devices, development
programs can be tested, using up to 4K of external
EPROM. Once completed, the application can be mask-
programmed into a single device for use.

NOTE: AND and OR to BUS instructions will not work
with external ROM.

Depending upon how an application may grow in terms of
memory requirements, different 48-Series devices can
meet these expansion needs. If, for example, an ap-
plication program should grow beyond the standard
internal 2K ROM memory limit, the INS8050 with 4K of
ROM, may be substituted. Not only are no additional ex-
ternal memory components required, but potentially
higher power needs are eliminated.

The following sections describe in some detail the manner
in which the 48-Series microcomputers can be expanded.
Examples are given for added ROM, RAM, and /O ports.

3.2 ADDING EXTERNAL ROM
Expansion beyond the internal ROM capacity is im-
plemented through bus 1/0 operations. The boundaries at

which instruction fetches from external ROM occur are at
address 1024 for the INS8048, and 2048 for the INS8049.

ALE - I I

External memory fetches are automatic once these
boundaries are crossed. The INS8050 contains 4K of
ROM, the maximum memory the 48-Series devices can
directly address.

The expansion control signal ALE, is always present,
PSEN is present only when reading from external
memory.

The following sequence of events occurs for all in-
struction fetches from external ROM:

e The 12-bitaddressis outputfrom the program counter.
The least significant 8 bits on the bus, the most
significant 4 bits on the lower half of Port 2.

e The address latch enable (ALE) signal goes high toin-
dicate an address is output. The address is externally
latched on the falling edge of ALE.

* The program store enable (PSEN) signal goes low to
enable the external ROM. The instruction output by
ROM (onto the bus) is internally latched on the rising
edge of PSEN.

e The bus goes TRI-STATE and the processor operates
on the instruction.

An illustration of instruction fetch timing is shown in
Figure 3-1.

The external access (EA) pin, whendriven high, causesall
instruction fetches to be from external ROM. Internal
ROM is disabled. For more detailed information, see 2.3.4.

Since the INS8035, INS8039, and INS8040 have no
internal ROM, all instruction fetches are external (EA
should always be high).

PSEN

s JJ/IIIIIIIK o8 )Q/// y

/ /777

meeoance /KT XU

o X

PC 8-11

X w

FIGURE 3-1. External Instruction Fetch Timing 87-16




3.2.1 Port 2 Restoration

Although the lower four bits of Port 2 output the four most
significant address bits during the external instruction
fetches, data is output during other portions of the
machine cycle. If the information present on the quasi-
bidirectional ports must remain stable, itcan be latched on
the rising edge of ALE. For additional information, see
2.3.13.
3.2.2 Bank-Switching

Programs less than 2K in length are addressed in the
normal manner. Programs beyond the 2K addressing
range can be accessed by using the bank-select
instruction (SEL MB1) followed by a jump or call in-
struction. In this manner, the effective range of the branch
instructions is extended beyond the normal 2K range,
while preventing the user from inadvertently crossing the
2K boundary.

The bank-select instructions set a latch (DBF) to either a
logic 1 or a logic 0, depending upon the bank desired.
Once set, the latch remains set until another bank select
instruction is executed. Bit 11 of the program counter is
not incremented, as are the other bits of the program
counter. Instead, the content of the DBF latch is loaded
into bit 11 when a jump or call is executed. In this manner,
depending upon the content of the DBF latch, instruction
fetches will be from bank 0 (0 through 2047) or bank 1
(2048 through 4095). Since all twelve bits of the program
counter are saved on the stack during subroutine calls,
subroutines across the 2K boundary may be called. The
proper bank will be restored upon return, but the DBF
latch will not be altered. For additional information, see
2.2.5.

Direct memory addressing for ROM is limited to 4K by the
12-bit address, and only 256 locations of RAM are directly

addressable by the 8-bit pointer registers RO and R1.’

These limitations can be overcome by dedicating selected
1/0 lines for specific banks of memory, be it ROM or RAM.
These lines can then be logically combined with the
normal memory and I/O chip-select signals to enable the
desired bank.

If 1/0 lines are used in this sort of address space expan-
sion, the system software must maintain control over the
bank-switching, so that each time a boundary is crossed,
an 1/0 port line is first set. When bank-switching ROM,
boundary crossings should be kept to a minimum.
Jumping to subroutines across boundaries requires the

programmer keep track of the return bank when the sub-
routine is completed. A software stack should be used to
maintain the bank-switch bit. The stack can then be
‘popped’ upon completion of the subroutine to restore ex-
ecution to the proper bank.

3.2.3 Interrupt Handling

Interrupts always vector the program counter to locations
3 or 7 in the lower 2K of ROM. Bit 11 of the program
counter is forced to 0 and held there during the interrupt
service routine. Therefore, interrupt service routines must
reside solely in the lower 2K of ROM. Execution of a bank-
select instruction within an interrupt service routine will
not alter to bit 11 of the program counter, but will change
the content of the DBF latch. The end of the interrupt
service routine is signalled by the execution of the return
and restore PSW (RETR) instruction.

For additional information on interrupts, see 2.3.3, 4.1.5,
and 4.4.1.
3.24 Expansion Examples

A typical example of ROM expansion is illustrated in
Figure 3-2.

In Figure 3-2, three external EPROMs have been added to
an INS8048 for a total of 4K of ROM.

The Bus port initially outputs the lower eight external
address bits. These bits are latched in an INS8212 by ALE
for the external memory. The upper four address bits are
output on the lower four lines of Port 2. Since these
outputs are stable during the program memory fetch, they
do not have to be latched. The two upper address bits (at
P20-P21) connect directly to the upper two bits of external
memory. The remaining two port output bits are decoded
(and enabled by PSEN) to generate the required chip
select signals. The thus addressed data is output by the
EPROMSs onto the Bus and loaded internally during PSEN.

Another method of adding external ROM is shown in
Figure 3-3. For this example, a single 1K ROM has been
added to an INS8040. No chip select decoding is
necessary, PSEN selects the external ROM. All addressing
is done as described for the preceeding example of 3-2.
This example illustrates the ease which applications
programs can be developed without committing programs
to mask.
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33 ADDING EXTERNAL RAM

External RAM can be added to the 48-Series micro-
computers as easily as external ROM. Expansion is simple
and direct. External data transfers between the
accumulator and RAM are initiated by various memory
instructions. Data transfers occur over the Bus, with the
internal pointer registers, RO and R1, selecting the desired
memory location. The 256-byte page boundaries may be
crossed any number of times by bank-switching, using
any |I/O port pins as extended memory address bits. If
more than 256 bytes of external RAM are used, the
programmer will have to take special precautions when
using these bits. See 3.2.4 for additional information,

The following sequence of events occur for all external
RAM data Transfers:

e Register RO or R1 contents are output on the Bus as
address bits.

e The address latch enable (ALE) signal goes high to
indicate an address is externally latched on the trailing
edge of ALE.

e Depending upon the operation, a read (ﬁ) or write
(Wﬁ) pulse is output. Data input must be valid on the
trailing edge of RD. Data output is valid on the trailing
edge of WR.

An illustration of read and write timing is shown in Figure
3-4.

A typical example of RAM expansion is illustrated in
Figure 3-5.

For the example shown, two 256-by-4 RAMs (MM2111s)
have been added to an INS8050 to increase the RAM
capacity to 512 bytes. Using a MOVX instruction, data
from the 256 additional external memory locations can be
operated on.

As an address is output on the Bus, it is latched into the
INS8212 by ALE. Depending upon the operation to be
performed, data is transferred over the Bus during either
the RD or WR strobes. The RD strobe controls the output
disable, while the WR strobe controls the write enable
input to the memories. For additional external memory, a
chip select circuit as in Figure 3-2 may be used.

[

sus 71/ DKo XL X oot IS XK 2wt XU,

NOTE: Diagonal lines indicate HIGH
IMPEDANCE state.

FIGURE 3-4. External Read/Write Timing 87-19




INS8050

INS8212

b op CE
WR WE CEz
P29

A0-A9 =
P21

MM2114

1/0 14

ALE

MM2114
1/0 1-4 -

A8

FIGURE 3-5. External RAM Expansion 87-20

3.4 INPUT/OUTPUT EXPANSION

The INS8243, an input/output port expansion device,
increases the 1/0 capability of the 48-Series from 24 lines
to 40 lines. The INS8243 connects directly to the lower
four I/0 lines of Port 2 and serves to expand those four 1/0

lines up to 16 lines. An illustration of the INS8243 con-
nected to the INS8048 is shown in Figure 3-6. The added
four ports have their own dedicated instructions and are
addressed as ports 4 through 7. The lower three ports are
the Bus (Port 0), I/0 Port 1, and 1/0O Port 2.

20

() |/ Pao-Pa; () /0

4 BITS
48-SERIES INS8243

P50-P53 1/0

4 BITS
PROG PROG

P6o-P6a _ 1o

4 BITS
4

P20-P2: P20-P2s P70-P7; () /O

4 BITS
cs

FIGURE 3-6. I/O Port Expansion 61
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FIGURE 3-7. Port 2 Expansion Timing

Data transfer is controlled directly by the 48-Series /O
enable signal, PROG. As is shown in the output expander
timing diagram of Figure 3-7, there are two 4-bit cycles to
1/0 port selection, port control and data. These cycles
occur on the leading and trailing edge of the PROG pulse,
respectively - during the second cycle of the instruction.

The first, or port control cycle is comprised of two 2-bit
portions. Bit 0 and 1 select the port, while bits 3 and 4
determine the function. The second cycle is comprised of
the 4-bit data. A detailed breakdown of INS8243 port
selection is given in Figure 3-8.

Additional expansion ports can be added to the port
expansion ‘bus’. By using the upper four bits of Port 2 as
chip select signals, four INS8243s can be added for atotal
of 64 I/0 ports.

I3 [ I2 | Function l P | Po l Port
0 0 Read 0 0 4
0 1 Write 0 5
1 0 OR 1 0 6
1 1 AND 1 1 7

FIGURE 3-8. INS8243 Selection Requirements

x OUTPUT DATA )—'—

INPUT
DATA
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The 48-Series microcomputers are expandable beyond
simple I/O expansion. There are numerous components
that may easily attach to the bus By usingthe strobesand
test inputs, such varied devices as A/D or D/A converters,
keyboard and display controllers, or floppy disk con-
trollers can operate with the 48-Series microcomputers. A
list of 48-Series-compatible components is contained in
Chapter 6.

A hst of the various control signals used with 1/O

components is given in Table 3-1. The listed signals are
Inactive at all times other than for the given instructions

TABLE 3-1. 1/0 Control Signals

Signal Active During
RD MOVX A, @R or INS BUS
WR MOVX @R,A or OUTL BUS
PROG MOVD AP : ANLD PA;
MOVD P,A , ORLD P,A
PSEN External instruction fetches, MOVP, MOVP3
ALE Every machine cycle
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Chapter 4

The 48-Series Instruction Set

4.1 INTRODUCTION

The assembly-language instruction set for the 48-Series
microcomputers provides the following ten types of
operations:

e Control

e Data Move

e Timer/Counter
e Accumulator

e Branch

e Input/Output
e Register

e Subroutine

e Flags

e Miscellaneous

The instruction statements, when assembled, generate
object code. The object code, in turn, defines the precise
operation the 48-Series microcomputers perform.

The 48-Series instruction set contains a total of 96 in-
structions designed for ease-of-use and to be memory
efficient. The instructions are either one or two bytes in
length, with over 70% of the instructions one byte in
length. The double-byte instructions include all
immediate instructions, certain /O instructions
(excluding MOV Pp,A), and most jump instructions.

Instruction execution occurs in either one ortwo machine
cycles, with over 60% of the instructions executing in one
machine cycle. Typical execution times, when using an 11
MHz crystal, are 1.36usec and 2.72usec, for one- and two-
byte instructions, respectively.

The 48-Series microcomputers are efficient in handling
both binary and BCD arithmetic operations. Additionally,
the 48-Series can easily manipulate single-bits for control
operations, as well as supply special instructions to
handle loop counters, table-lookups and N-way branches.
4.1.1 Control Instructions

The control instructions allow the program to control
interrupts, memory bank selection, and internal clock
output.

Following initial power-on, the interrupt input ‘(INT) is
automatically disabled. The external interrupt input can
then be enabled or disabled using two of the control
instructions. Additionally, INT is disabled while an
interrupt is being processed and is re-enabled once the
interrupt routine is completed.

The four bank-selectinstructions designate which bank of
internal memory is accessed; two banks for ROM and two
for RAM. A detailed explanation of the ROM bank-selectis
given in section 3.2.1. The working register bank-select
instructions allow the programmer to substitute another
bank of registers for the one presently in use. The bank-
select instructions provide both an effective 16 working
registers and a method for saving register contents on an
interrupt or subroutine call. For the latter scheme, the user
has the option of switching or not switching banks on
interrupt. Bank-select status, as part of the program status
word, is saved on the stack during subroutine calls.
Restoration is optional, depending upon the return
instruction used. If the switch-on interrupt is used, use of
the "return and restore” status instruction tocomplete the
interrupt service routine will automatically restore the
originally selected bank.

The enable clock output instruction enables the internal
clock to pin TO. Before this instruction is used, TO is an
input testable by the JTO and JNTO instructions. The
internal clock frequency is the XTAL input frequency
divided by three. The resultant output can then be used as
a general purpose clock for the remainder of the system.

NOTE: After the enable clock output instruction has
been executed, the clock output at TO is disabled
only when RESET goes low.

41.2 Data Move Instructions

The data move instructions are the primary instructions
for moving data back and forth between the accumulator,
various registers, or system memory. Data transfers from
the registers 0-7 is direct (the instruction specifies the
source or destination register). Data transfers from
internal or external RAM is done indirectly via an address
put in either registers RO or R1 of the active bank.
Transfers to or from internal RAM take only one machine
cycle, whereas transfers to or from external RAM take two
machine cycles. Data stored in the internal ROM can also
be loaded directly into the accumulator. Additionally, data
transfers can be made directly between the accumulator
and either the internal timer/counter or the program status
register. The ability to change the contents of the program
status register provides an alternate means of restoring
status after an interrupt, or altering the stack pointer, if
necessary.

There is a Data Move instruction (XCHD A) that, working
in conjunction with the SWAP A instruction, permits easy
handling of 4-bit quantities, including BCD numbers. This
instruction exchanges the lower 4 bits of the accumulator
with the lower 4 bits of any internal RAM location. When
used, with SWAP A, this instruction makes it easy to
handle 4-bit values, including BCD numbers.
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413 Timer/Counter Instructions

The timer/counter instructions enable the on-board 8-bit
timer/counter, move data between the accumulator and
the timer/counter, and start or stop the timer/counter.

The timer/counter can be used as either a crystal-
controlled timer using the internal clock as its clock
source, or an event counter (or timer) takingits input from
the T1 input. Either application can be selected under
direct software control. The start instruction used will
determine which clock source is used

The timer/counter can be loaded or read from the
accumulator while the counter is either running or
stopped. Regardless of the timer/counter operational
mode, the stop count instruction will stop the
timer/counter. Additionally, two instructions enable or
disable the timer/counter interrupt flag for timer/counter
output
414 Accumulator Instructions

The accumulator instructions provide for adding data to
(with or without carry), or for performing logical functions
with, the accumulator. These operations of ADD, AND,
OR, XOR, or rotates are performed upon immediate data,
data memory, or the selected bank of registers Data is
moved between the accumulator and the various registers
or memory depending upon the instruction used. A
special instruction, SWAP A, allows the position of the two
4-bit nibbles in the accumulator to be swapped. This
instruction is used in conjunction with the XCHD A
instruction. See 4.1.2 for additional information.

A Decimal Adjust instruction has been included to
facilitate BCD arithmetic. This instruction corrects the
binary addition of two 2-digit BCD numbers in the
accumulator to produce the correct BCD number.

Additional accumulator operations consist of rotates right
and left (with or without carry), complement, increment,
decrement, or clear. Therotate instructions are performed
one bit at a time.

Although there is no subtract instruction in the 48-Series
instruction set, subtraction can be performed using a
simple three-byte set of instructions. The result of the
subtraction will be retained in the accumulator. The
instruction string is:

CPL A Complement the accumulator
ADD A Add the value to the accumulator
INC A Add 1 to the accumulator

The contents of the program status word can be pulled
into the accumulator for modification using the MOV A,
PSW instruction. Once modified, the new contents can be
placed into the PSW using MOV PSW, A.

Not only does this permit modification of the PSW flags,
but the stack pointer contents may also be modified. By
modifying the stack pointer, the contents of various
locations within the stack may be used by Interrupts, or
Call and Return instructions.

If a program is written that uses the contents of the stack
pointer, a MOV A, PSW instruction must be used
Following the MOV A, PSW, the accumulator contents
must be shifted left by one and two subtracted (or added,
depending upon which next location is to be looked at)
from the contents for the actual memory location within
the stack

Figure 2-3 and Table 2-3 illustrate the stack and program
status word, respectively.
4.1.5 Branch Instructions

The branch instructions allow jumps (unconditional and
conditional) throughout memory.

The unconditional jump instruction permits jumps
anywhere within the lower 2K of ROM. To jump to the
upper 2K of ROM, a bank-select instruction must precede
the jump instruction. Although the bank-select must
precede the jump, the bank switch does not occur until the
jumpisexecuted. Once abank is selected, all jumps will be
within that bank until the bank-select/jump sequence is
repeated.

The conditional jumps can test the following inputs or
machine status. If the inputs or status conditions are true,
the jump is permitted.

TO=10r0
T1=10r0
NT=0

Accumulator =0 or # 0

Accumulator bit =1

Carry =1o0r0
FO =1
F1=1

Timer Flag = 1

The conditional jumps allow branching to any address
within the current page (256 words) under execution. The
test conditions are the instantaneous values present when
the conditional jump is executed.

The decrement register and skip if not zero instruction is
useful for creating iteration counters. This instruction can
designate any one of the eight registers in the currently
selected bank to be a counter. The counter can effect a
branch to any address within the current page.

The indirect jump instruction allows vectoring programs
based upon the contents of the accumulator. The
accumulator points to a location in the current page of
ROM which contains the 8-bit jump address (also within
the current page).

42




4.1.6 Input/Output Instructions

The input/output instructions provide for data transfers
between the accumulator and the I/0 ports. The I/O ports
have latched outputs, while the inputs must be read when
input data is valid.

Additional instructions permit the ANDing or ORing of
immediate data from ROM to either the Bus, Port 1, or Port
2, with the result latched at the port. The capability to
perform logical operations directly on the ports permits
‘masks’ stored in ROM to selectively set orreset individual
bits of all three ports. Input on any given line via Ports 1
and 2 is enabled by first writing alogic 1toeachlinewhere
input is desired.

The third 1/0 port, the BUS port, is a true bi-directional
port that can be either latched or treated as a fully
synchronous, bidirectional bus. The BUS port can also
have logical operations performed directly to its outputs.
Unlike Ports 1and 2, all eight BUS lines must be treated as
either inputs or outputs at any given time. If the BUS is
being used as an I/0 port, it will be in the input mode from
the time the device is reset until an OUTL BUSA
instruction is executed. From then on, the BUS will not be
resettable as an input unless the programmer uses it for
either an external bus access or the device itself is reset.
The BUS port can operate synchronously with external
RAM using the MOVX instructions. The I/O instructions
generate either a read (RD) or write (WR) pulse,
depending upon the operation. When either RD or WR is
generated, data must be valid on the trailing edge of the
pulse. When the BUS lines are not in use, they are in the
TRI-STATE (high-impedance) mode.

The 48-Series |/O ports can be expanded from the basic
three up to seven. Expansion is via the lower four bits of
Port 2. Each of the expansion ports, 4 through 7, are 4-bit
ports that have dedicated instruction types. The
expansion port AND and OR instructions combine the
accumulator contents with the selected port rather than
with immediate data as on Ports 0 through 2.

The BUS latching instruction, OUTL BUS, is for use in
single-chip operations where BUS is not used as an
expansion port. If necessary, the OUTL BUS and MOVX
instructions can be mixed. Care must be taken though,
since data previously latched will be destroyed by
executing MOVX. The BUS lines will then be left in their
TRI-STATE (high-impedance) mode.

NOTE: The OUTL instruction should never be used in
systems with external ROM. If BUS is latched, the
next instruction, if fetched from external ROM,

may be fetched improperly.

System expansion can also be done viathe BUS port. For
expanded systems, additional 1/0O ports can be memory-
mapped, using the external RAM address space as
addressed by pointer registers RO or R1.

41.7 Register Instructions

The register instructions allow the programmer to
increment or decrement any of the enabled internal

registers. Additionally, the contents of a selected RAM
location, as selected by the contents of RO or R1, can be
directly incremented.

4.1.8 Subroutine Instructions

The subroutine instructions are used to call or return from
a designated subroutine.

Subroutines can be called from one bank to another as
long as a bank-select instruction precedes a subroutine
call. Once the subroutine in the other bank is completed,
execution will return to the bank originally sefected.
NOTE: If the original bank is not reselected following a
subroutine call to another bank, the next en-
countered jump instruction will transfer
execution to the bank containing the sub-
routine.

There are two return-from-subroutine instructions. One
restores status to the upper four bits of the program status
word, while the other does not. The return-and-restore-
status instruction also signals the end of an interrupt
service routine if one has been in progress.

419 Flag Instructions

The flag instructions allow the programmer to
complement or clear three of the four user-accessable
flags; Carry, FO, and F1. The functions of the four flags are
as follows:

e Carry - Indicates an overflow occurred during a pre-
vious accumulator operation.

e Auxillary Carry - Indicates overflow between BCD
digits when adding. Used by the decimal adjust
instruction.

e F0and F1- General purpose flags used for conditional
jump tests.

The carry flags and FO are accessible as a part of the
program status word and are stored on the stack during
subroutine calls. Restoration is optional, dependent upon
the return instruction used.

4.1.10 No Operation

This instruction does exactly what its name implies; it
performs no operation other than take up memory space
and execution time. Program execution continues with
the next instruction. No Op is a useful tool during debug
by saving ‘space’ to ‘patch-in’ additional instructions at
some later time.

4.1.11 Instruction Set Summary

Table 4-1 is a summary of the instruction set for the 48-
Series microcomputers.




Table 4-1. 48-Series Instruction Set Summary

FLAGS
MNEMONIC FUNCTION DESCRIPTION CYCLES | BYTES |C|AC|FO|F1
ACCUMULATOR
ADD A, #data (A) — (A) + data Add Immediate the specified Data to 2 2 of o
the Accumulator.
ADD A, Rr (A) — (A) + (Rn) Add contents of designated register to 1 1 ol e
forr=0-7 the Accumulator.
ADD A, @ Rr (A) = (A) + ((Rn) Add Indirect the contents the data memory 1 1 o] e
forr=0-1 location to the Accumulator
ADDC A, #data (A) “— (A) (C) + data Add Irﬁmediate with carry the specified 2 2 oo
data to the Accumulator
ADDC A, Rr (A) == (A) + (C) + (Rr) Add with carry the contents of the desig- 1 1 o| e
forr=0-7 nated register to the Accumulator.
ADDC A, @ Rr (A) == (A) +(C) + ((Rr)) Add Indirect with carry the contents of 1 1 oo
forr=0-1 data memory location to the Accumulator.
ANL A, #data (A) “— (A) AND data Logical AND specified Immediate Data 2 2
with Accumulator.
ANL A, Rr (A) = (A) AND (Rr) Logical AND contents of designated 1 1
forr=0-7 register with Accumulator.
ANL A, @ Rr (A) == (A) AND ((Rr)) Logical AND Indirect the contents of data 1 1
forr=0-1 memory with Accumulator.
CPLA (A) — NOT (A) Complement the contents of the 1 1
Accumulator.
CLR A (A) —O0 CLEAR the contents of the Accumulator. 1 1
DA A DECIMAL ADJUST the contents of the 1 1 e
Accumulator.
DEC A (A) ~— (A)-1 DECREMENT by 1 the accumulator's 1 1
contents.
INC A ' (A) — (A) +1 Increment by 1 the accumulator's contents 1 1
ORL A #data (A) = (A) OR data Logical OR specified immediate data 2 2
with Accumulator.
ORL A, Rr (A) = (A) OR (Rr) Logical OR contents of designated 1 1
forr=0-7 register with Accumulator.
ORL A, @ Rr (A) = (A) OR ((Rr)) Logical OR Indirect the contents of data 1 1
forr=0-1 memory location with Accumulator.
RLA ' (An + 1) = (An) Rotate Accumulator left by 1-bit without 1 1
forn=0-6 carry.
(AQ) *— (A7)
RLC A (An+1) *— (An); n = 0-6 Rotate Accumulator left by 1-bit through 1 1 .
(A0) — (C) carry.
(C) — (A7)
RR A (An) *— (An+1); n =0-6 Rotate Accumulator right by 1-bit without 1 1
(A7) ~— (AQ) without carry.
RRC A (An) *— (An+1); n + 0-6 Rotate Accumulator right by 1-bit 1 1 .
(A7) == (C) through carry.
(C) == (A0)
SWAP A (A4-A7) = (A0 - A3) Swap the 2, 4-bit nibbles in the 1 1
. Accumulator.
XRL A, #data (A) ~— (A) XOR data Logical XOR immediate specified data 2 2
with Accumulator
XRL A, Rr (A) = (A) XOR (Rr) Logical XOR contents of designated 1 1
forr=0-7 register with Accumulator.
XRL A, @ Rr (A) — (A) XOR ((Rr)) Logical XOR Indirect the contents of data 1 1
forr=0-1 memory location with Accumulator.
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Table 4-1. 48-Series Instruction Set Summary (Cont'd.)

FLAGS

FUNCTION DESCRIPTION CYCLES | BYTES |C|AC|FO|F1

MNEMONIC

DJNZ Rr, addr

JBb addr

JC addr

JFO addr

JFI addr

JMP addr

JMPP @ A

JNC addr

JNI addr

JNTO addr

JNT1 addr

JNZ addr

JTF addr

JTO addr

JT1 addr

JZ addr

EN |

DIS |
ENTO CLK
SEL MBO

SEL MB1

SEL RBO

SEL RB1

MOV A, #data

MOV A, Rr

MOV A, @ Rr

(Rr) “— (Rr) -1, r =0-7
if (Rr) # 0;
(PC 0-7) ~— addr

(PC 0-7) * addr 1f Bb = 1
(PC) — (PC) + 21f Bb = 0

(PC 0-7) ~—addr if C = 1
(PC) == (PC) +2if C =0

(PC 0-7) *— addr if FO = 1
(PC) == (PC) +2if FO = 0

(PC 0-7) ~— addr if F1 =1
(PC) “— (PC) +2if F1 =0

(PC 8-10) *— addr 8-10
(PC 0-7) = addr 0-7
(PC 11) — DBF

(PC 0-7) *— ((A))

(PC 0-7) *— addr if C =0
(PC) — (PC) + 2if C =1

(PC 0-7) *—addrif I =0
(PC) = (PC) +2if | = 1

(PC 0-7) *— addr if TO = 0
(PC) — (PC) +2if TO = 1

(PC 0-7) *— addr if T1 =0
(PC) = (PC) +2if T1 =1

(PC 0-7) = addrif A # 0
(PC) — (PC) +2ifA=0

(PC 0-7) ~ addr if TF = 1
(PC) = (PC) + 2if TF=0

(PC 0-7) *— addr if TO =1
(PC) = (PC) +2if TO =0

(PC 0-7) ~— addrif T1.=1
(PC) — (PC)+2if T1 =0

(PC 0-7) — addrif A=0
(PC) = (PC) + 2if A=1

(DBF) =0

(DBF) — 1

(BS) — 0

(BS) — 1

(A) *— data

(A) — (Rr);r=0-7

(A) = ((Rn);r=0-1

BRANCH

Decrement the specified register and
test contents.

Jump to specified address if Accumulator
bit is set.

Jump to specified address if carry flag
1s set.

Jump to specified address If Flag FO is
set.

Jump to specified address if Flag F11s
set.

Direct Jump to specified address within
the 2K address block.

Jump indirect to specified address pointed
to by the accumulator in current
page.

Jump to specified address If carry flag
1s low.

Jump to specified address if interrupt
is low.

Jump to specified address if Test 0 is low.

Jump to specified address if Test 1 is low.

Jump to specified address if accumulator
is non-zero.

jump to specified address if Timer Flag
is set to 1

Jump to specified address if Test 0 is a 1.

Jump to specified address if Test 1isa 1.

Jump to specified address if Accumulator
is 0.

CONTROL

Enable the External Interrupt input.
Disable the External Interrupt input.
Enable TO as the Clock Output.

Select Bank 0 (locations 0 - 2047) of
Program Memory.

Select Bank 1 (locations 2048 - 4095) of
Program Memory.

Select Bank 0 (locations 0 - 7) of Data
Memory.

Select Bank 1 (locations 24 - 31) of Data
Memory.

DATA MOVES
Move Immediate the specified data into
the Accumulator.

Move-the contents of the designated
registers into the Accumulator.

Move Indirect the contents of data memory
location into the Accumulator.
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Table 4-1. 48-Series Instruction Set Summary (Cont'd.)

FLAGS
MNEMONIC FUNCTION DESCRIPTION CYCLES | BYTES |C|AC|FO{F1
DATA MOVES (Cont'd.)
MOV A, PSW (A) — (PSW) Move contents of the Program Status 1 1
Word into the Accumulator.
MOV Rr, #data (Rr) ~— data;r=0-7 Move Immediate the specified data into 2 2
the designated register
MOV Rr, A (Rr) ~— (A);r=0-7 Move Accumulator contents into the 1 1
designated register.
MOV @ Rr, A ((Rr)) = (A);r=0-1 Move Indirect Accumulator contents 1 1
into data memory location.
MOV @ Rr, #data ((Rr)) = data;r=0-1 Move Immediate the specified data 2 2
into data memory.
MOV PSW, A (PSW) ~— (A) Move contents of Accumulator into the 1 1 oo e
Program Status Word. ’
MOVP A @ A (PCO-7) ~— (A) Move the content of program memory 2 1
(A) ~— ((PC)) location in the current page addressed by
the content of accumulator into the
accumulator.
MOVP3 A @ A (PCO-7) ~— (A) Move the content of program memory 2 1
(PC 8-10) ~— 011 location in page 3 address by the
(A) < ((PC)) content of accumulator into the
accumulator.
MOVX A, @ R (A) “~((Rr));r=0-1 Move Indirect the contents of external 2 1
data memory into the Accumulator.
MOVX @ R, A ((Rr) ~— (A;r=0-1 Move Indirect the contents of the Accumu- 2 1
lator into external data memory.
XCH A, Rr (A) = (Rrj;r=0-7 Exchange the Accumulator and 1 1
designated register’s contents.
XCH A, @ Rr (A) = ((Rr));r=0-1 Exchange Indirect contents of Accumu- 1 1
lator and location in data memory.
XCHD A, @ Rr (A0 - A3) ** (((Rr)) 0 - 3); Exchange Indirect 4-bit contents of 1 1
r=0-1 Accumulator and data memory.
TIMER COUNTER
EN TCNTI Enable Internal Interrupt Flag for Timer/ 1 1
Counter output.
DIS TCNTI Disable Internal Interrupt Flag for Timer/ 1 1
Counter output.
MOV A, T (A) — (T) Move contents of Timer/Counter into 1 1
Accumulator.
MOV T, A (M)~ (A) Move contents of Accumulator into 1 1
Timer/Counter.
STOP TCNT Stop Count for Event Counter. 1 1
STRT CNT Start Count for Event Counter. 1 1
STRT T Start Count for Timer. 1 1
INPUT/QUTPUT
ANL BUS, data (BUS) *— (BUS) AND Logical AND Immediate specified 2 2
data data with contents of BUS.
ANL Pp. data (Pp) *— (Pp) AND data; Logical AND immediate specified 2 2
p-1-2 data with designated port (1 or 2)
ANLD Pp. A (Pp) “—(Pp) AND Logical AND contents of Accumulator 2 1
(A0 - A3).p 4-7 with designated port (4 - 7)
IN A Pp (A) == (Ppip 1-2 Input data from designated port (1 - 2) 2 1
into Accumulator
INS A. BUS (A) ~— (BUS) Input strobed BUS data into Accumulator 2 1
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Table 4-1. 48-Series Instruction Set Summary (Cont'd.)

FLAGS
MNEMONIC FUNCTION DESCRIPTION CYCLES | BYTES| C|AC|FO|F1
INPUT/OUTPUT (Cont'd.)
MOVD A, Pp (A0-A3) ~— (Pp); Move contents of designated port (4 - 7) 2 1
p = 4-7 (A4-A7) ~— 0 into Accumulator.
MOVD Pp, A (Pp) —— (A0 - A3); Move contents of Accumulator to 2 1
p=4-7 designated port (4 - 7).
ORL BUS, #data (BUS) -— (BUS) OR Logical OR Immediate specified data 2 2
data with contents of BUS.
ORLD Pp, A (Pp) — (Pp) OR Logical OR contents of Accumulator 2 1
(A0 - A3); p = 4-7. with designated port (4 - 7).
ORL Pp, #data (Pp) *— (Pp) OR data; Logical OR Immediate specified data 2 2
p=1-2 with designated port (1 - 2).
QUTL BUS, A (BUS) — (A) Output contents of Accumulator onto 2 1
BUS.
OUTL Pp, A (Pp) — (A;p=1-2 Output contents of Accumulator to 1 1
designated port (1 - 2).
REGISTERS
DEC Rr (Rr) == (Rr) -1, r =0-7 Decrement by 1 contents of designated 1 1
register.
INC Rr (Rr) ~— (Rr) +1; r =0-7 Increment by 1 contents of designated 1 1
register.
INC @ Rr ((Rr)) = ((Rr)) + 15 Increment Indirect by 1 the contents of 1 1
r=0-1. data memory location.
SUBROUTINE
CALL addr ((SP)) — (PC) Call designated Subroutine 2 2
((SP)) —(PSW 4-7)
(SP) ~— (SP) +1
(PC8-10) *— addr 8-10
(PC 0-7)*— addr 0-7
(PC 11) — DBF
RET (SP) — (SP) - 1 Return from Subroutine without 2 1
(PC) *— ((SP)) restoring Program Status Word.
RETR (SP) ~— (SP) - 1 Return from Subroutine restoring 2 1 o o
(PC) ~— ((SP)) Program Status Word.
(PSW'4-7) *— ((SP))
FLAGS
CPLC (C) = NOT (C) Complement Content of carry bit. 1 1 o|
CPL FO (FO) — NOT (F0) Complement Content of Flag FO. 1 1 .
CPL F1 (F1) = NOT (F1) Complement Content of Flag F1. 1 1 .
CLR C (C) — o0 Clear content of carry bit to 0. 1 1 o
CLR FO (FO) — o0 Clear content of Flag 0 to 0. 1 1 .
CLR F1 (F1) — o0 Clear content of Flag 1 to 0. 1 1 .
MISCELLANEOUS
NOP No operation 1 1
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4.2 48-SERIES INSTRUCTION SET

The following pages contain detailed information on the
48-Series instruction set. The instructions have been
arranged alphabetically, so they may be easily located. An
illustration of the instruction set presentation i1s shown in
Figure 4-1. A summary of the instruction set 1s providedin
the INS8048-Series Data Sheet located in Appendix A.
Special symbols and notations used with the instructions
are also in the Data Sheet and listed in Table 4-2.

Mnemonic MOV AT

Operation Move timer/counter to accumulator

Op Code |Ol1|0'0 0]0|1|0]

Representation (A) ~—(T)

Description The contents of the timer/counter

are moved into the accumulator

Special
Conditions

Cycles: 1
Bytes: 2

{
{
%
Symbolic {
%
{

FIGURE 4-1. 48-Series Sample Instruction

Table 4-2. Symbols Used in 48-Series Instructions

SYMBOL DESCRIPTION

A The Accumulator
AC The Auxiliary Carry Flag

addr Program Memory Address (12 bits)
Bb Bit Designator (b = 0-7)

BS The Bank Switch

BUS The BUS Port
C Carry Flag

CLK Clock Signal

CNT Event Counter

D Nibble Designator (4 bits)

data Number or Expression (8 bits)

DBF Memory Bank Flip-Flop
Fo, F1 Flags 0, 1

| Interrupt

P “In-Page” Operation Designator

Pp Port Designator (p = 1, 2 or 4-7)
PSW Program Status Word

Rr Register Designator (r = 0, 1 or 0-7)
SP Stack Pointer

T Timer

TF Timer Flag

TABLE 4-2. Symbols Used in 48-Series

Instructions (Cont'd.)

DESCRIPTION

SYMBOL
To, T1 Testable Flags 0, 1
X External RAM
= Prefix for Immediate Data
@ Prefix for Indirect Address
S Program Counter’'s Current Value
(x) Contents of External RAM Location
((x)) Contents of Memory Location Addressed by
the Contents of External RAM Location
h Replaced By
ADD ARr

Add contents of designated register to accumulator.

110J1rrr
| — | I |

(A) — (A) + (Rr); where r = 0 through 7

The contents of the internal register designated by
bits ‘r’, are added to the accumulator.

Cycles:

Bytes:
Flags:

1
1
Carry, Auxillary Carry

ADD A,@Rr

Add-indirect contents of RAM location to
accumulator.

0

1

1 0 0 0 0 r

! ! 1 1 !

(A = (A) + ((Rr)); wherer =0 or 1

The contents of the internal RAM location, as
addressed by bits 0 through 5% of register 'r', are
added to the accumulator.

*bits 0 through 6 for INS8039/INS8049
*pits 0 through 7 for INS8050

Cycles:

Bytes:
Flags:

1
1
Carry, Auxillary Carry

ADD A,# data

Add-immediate specified data to accumulator.

0
1

0

0 ofo o0 1 1 byte 1
L1 | I |

d7 d6é d5 d4|d3 d2 d1 do byte 2
1 1 Il 1 1 1

(A) — (A) + data
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The data contained in byte 2isadded tothe datain the
accumulator.

Cycles: 2.
Bytes: 2
Flags:  Carry, Auxillary Carry

ADDC A,Rr

Add-with-carry contents of designated register to

accumulator.
1 r r r
! 1 I

(A) = (A) + (C) + (Rr); where r = 0 through 7

0 1 1 1
1 | {

The content of the carry bit is added to accumulator
location 0 as the contents of the register specified by
the 'r' bits are added to the accumulator.

Cycles: 1
Bytes: 1
Flags: Carry, Auxillary Carry

ADDC A,@Rr

Add-indirect-with-carry contents of RAM location to
accumulator.

LO.1'11000r

1 1 1 L

(A) — (A) + (C) + ((Rr)); wherer=0or1

The content of the carry bit is added to accumulator
location 0 while the contents of the internal RAM
location, as addressed by bits 0 through 5* of register
‘r', are added to the accumulator.

*bits 0 through 6 for INS8039/INS8049
*bits 0 through 7 for INS8050

Cycles: 1
Bytes: 1
Flags: Carry, Auxillary Carry

ADDC A,# data

Add-with-carry specified immediate data to
accumulator.
0o 0 O 1 0 o 1 1 byte 1
1 1 1 1 Il 1
d7 d6 d5 d4|d3 d2 di do byte 2
1 1 | I | 1

(A) — (A) + (C) + data

The content of the carry bit is added to the
accumulator location 0 as the data containedin byte 2
is added to the data in the accumulator.

Cycles: 2
Bytes: 2
Flags: Carry, Auxillary Carry

ANL A,Rr

Logical-AND contents of designated register with
accumulator.

0 1 0 1 1 r r r

| ! 1 1 1 !

(A) == (A) AND (Rr); where r = 0 through 7

The contents of the register specified by the 'r' bits are
logically ANDed with the data in the accumulator.

Cycles: 1
Bytes: 1
ANL A,@Rr

Logical-AND-indirect
accumulator.

contents of RAM with

0 1 0 1 0 0 0 r
| | 1 | | !

(A) — (A) AND ((Rr)); where r = 0 or 1

The contents of the internal RAM location, as
addressed by bits 0 through 5™ of register ‘', are
logically ANDed with the data in the accumulator.

*bits 0 through 6 for INS8039/INS8049
*pits 0 through 7 for INS8050

Cycles: 1
Bytes: 1
ANL A# data

Logical-AND-immediate specified data with

accumulator.

o 1t 0 10 0 1 1

1 L L 1 1 1

d7 dé d5 d4 d8l d2 d1 do
L1 | 1 I

byte 1

byte 2

(A) — (A) AND data

The data contained in byte 2 arelogically ANDed with
the data in the accumulator and the results are sent
back to that port. Accumulator contents are not

affected.
Cycles: 2
Bytes: 2
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ANL BUS, # data

Logical-AND-immediate specified data with contents

of BUS.

10 0 11 0 0 o0 byte 1
1 L 1 1 1

d7 Id6 . d5I d4 d3| d2I d1I do byte 2

(BUS) — (BUS) AND data

The data contained in byte 2 are logically ANDed
immediately with the data on the BUS port and the
results are sent back to that port. Use of this in-
struction asumes prior execution of an OUTL BUS A

instruction. -
Cycles: 2
Bytes: 2

ANL Pp, # data

Logical-AND-immediate
designated port (1 or 2)

specified data with

1 0 0 1 10

Il 1 1 1 !

d7|d6'd5|d4 d3|d2'd1ld0

p1 pO byte 1
1

byte 2

(Pp) — (Pp) AND data; where p =1 or 2

The data contained in byte 2 are logically ANDed
immediately with the data on the port designated
by bits ‘p’ and the results are sent back to that
port. Accumulator contents are not affected. Op
code bits ‘p’ designate the following ports:

Port P1 PO
1 0 1
2 1 0
Cycles: 2
Bytes: 2
ANLD Pp, A

Logical-AND contents of accumulator with des-
ignated expansion port (4 through 7).

1I0|0|1 1|1|p1I

(Pp) — (Pp) AND (AO - 3); where p = 4 through 7

p0

The data in accumulator, bits 0 through 3, are
logically ANDed with the 4-bit data on the ex-
pander port designated by bits ‘p’ and the results
are sent back to that port. Accumulator contents
are not affected. Op code bits ‘p’ designate the
following ports:

Port p1 p0
4 0 0
5 0 1
6 1 0
7 1 1
Cycles: 2
Bytes: 1
CALL addr

Call designated subroutine

al0 a9 a8 1| 0 1 0 O byte 1
1 1

a7 IaGIaS Ia4 a3]a2la1 IaO byte 2

((SP)) — (PC), (PSW 4-7)
(SP) ~— (SP) + 1

(PC 8-10) — addr 8-10
(PC 0-7) — addr 0-7

(PC 11) — DBF

The contents of both the program counter and
program status word, bits 4 through 7, are saved on
the stack. The stack pointer is incremented by one.
The contents of the program counter are replaced by
address bits ‘a’ from bytes 1 and 2. Address bit 11
in the program counter 1s determined by the most
recent bank select instruction (SEL MB) executed.
NOTE: Although the stack pointer is only
incremented by one, internally it is in-
cremented by two so the PSW and PC can be
saved on the stack

Upon return from the subroutine, program ex-
ecution continues with the instruction
immediately following CALL.

Cycles: 2
Bytes: 2
CLR A

Clear contents of accumulator to zero.

0 0 1 010 1 1 1
1 1 1 i L L

(A)—0

The contents of the accumulator are cleared
to zero.

Cycles: 1
Bytes: 1




CLRC

Clear content of carry bit to zero.

0 1 1 1
1 1 1

1 0 0 1

(C)—0

The content of the carry bit is cleared to zero.
During normal program execution, the carry bit may
be set to one due to an ADD, ADD C, RLCA, CPLC,
RRCA or DAA instruction.

Cycles: 1

Bytes: 1

Flags:  Carry
CLR FO

Clear content of flag 0 to zero.

1 0 0 0 0 1 0 1
1 ! | I ! 1

(FO) — 0
The content of flag 0 is cleared to zero.
Cycles: 1
Bytes: 1
Flags: FO
CLR F1

Clear content of flag 1 to zero.

1 0 1 0 0 1 0 1
] | ] 1 | 1

(F1) — 0

The content of flag 1 is cleared to zero.

Cycles: 1

Bytes: 1

Flags: F1
CPL A

Complement contents of the accumulator.

0 0 1 1 0 1 1 1
1 1 1 ! ! I

(A) == NOT (A)

The contents of the accumulator are complemented.
This is a one complement, with each 1 changing to
a 0 and each 0 changing to a 1.

Cycles: 1
Bytes: 1
CPLC

Complement content of carry bit.

0 1 1 1 J
1 | |

1 0 1 0
] 1 |

(C) — NOT (C)

The content of carry bit is complemented. A con-
tent of 1 is changed to 0; a content of 0 is changed

to 1.

Cycles: 1

Bytes: 1

Flags: Carry
CPL FO

Complement content of flag 0.

1 0 0 1 0 1 0 1
1 1 1 1 | !

(FO) — NOT (F0)

The content of flag 0 is complemented. A content of
1 is changed to 0; a content of 0 is changed to 1.

Cycles: 1

Bytes: 1

Flags: FO
CPL F1

Complement content of flag 1.

1 0 1 1 0 1 0 1
1 1 I 1 I !

(F1) — NOT (F1)

The content of flag 1 is complemented. A content of
1 is changed to 0; a content of 0 is changed to 1.

Cycles: 1
Bytes: 1
Flags: F1
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DA A

Decimal-adjust contents of accumulator.

0 1 0 1 0 1 1 1

| L Il 1 | 1

The 8-bit contents of the accumulator are adjusted to
form two 4-bit BCD digits. Carry is affected. If accu-
mulator bits 0 through 3 are greater than nine, orifthe
auxillary carry bit is a one, the accumulator is in-
cremented by six. Accumulator bits 4 through 7 are
then checked. If they exceed nine, the upper four bits
are incremented by six. If an overflow occurs, carry is
set to one.

NOTE: AC is set any time the four LSB’s of AC >9.

Assume accumulator contains
10111010

Example:

AC|C|7 6543210
1 1 1 1 1

1 o101 11010 b0 - b3 >9
0110 Add 6
0O 01 100O0O0O0TO b4 - b7 >9
0 1 0 Add 6
0O 1t 00100001
Cycles: 1
Bytes: 1
Flags: Carry
DEC A

Decrement contents of accumulator by one.

[ 0 0 0 0 0 1 1 1
I 1

(A) = (A) -1

The contents of the accumulator are decremented by

one.

Cycles: 1

Bytes: 1
DEC Rr

Decrement contents of register Rr by one.

1 r r Ll
| 1 I

(Rr) = (Rr) - 1, where r = 0 through 7

1 1 0 0

The contents of the register designated by bits 'r are
decremented by one.

Cycles: 1
Bytes: 1
DIs i

Disable external interrupt input.

0 0 0 1 0 1 0 1
1 I 1 ] | 1

The external interrupt input is disabled. Low-going
signals at the interrupt input have no effect.

Cycles: 1
Bytes: 1
DIS TCNTI

Disable internal timer/counter interrupt flag.

0 0 1 1 0 1 0 q
| ! | !

The internal timer/counter interrupt flag output is
disabled. A pending timer/counterinterrupt requestis
cleared. If the timer is operating and overflows, the
timer flag will be set, but no interrupt will occur, and
the timer will continue to count.

Cycles: 1
Bytes: 1

DJNZ Rr, addr

Decrement specified register, test contents, jump if

not zero.

1 1 1 01 ror r byte 1
1 | L1 |

a7|a6|85|a4 a3|a2|a1laO byte 2

(Rr) = (Rr) - 1; where r = 0 through 7
(PC 0-7) — addr, if (Rr) # 0

The contents of the register designated by bits ‘r’ are
decremented by one and then tested to see if the con-
tents equal zero. If the register contents equal zero,
the next sequential instruction is executed. If the
register contents do not equal zero, control passes to
the instruction at the address designated in byte 2.

The address is eight bits in length, limiting jumps to
within the current 256-location page. If byte 1 of DUNZ
is at location 255 of page 1 and byte 2is atlocation 0 of
page 2,thejump will be to the specified address within

page 2.
Cycles: 2
Bytes: 2

EN I

Enable external interrupt.

Iﬁ 0o -0 0 0 1 0 1

| 1 ] 1 1 1
The external interrupt input is enabled. A low-going
signal at the interrupt input initiates a vector to
location 3in ROM. If theinterruptinputisalready low,
this instruction will execute a call to location 3. See
RETR instruction for additional information.

Cycles: 1
Bytes: 1




EN TCNTI

Enable internal timer/counter interrupt.

0 0 1 O[O 1 0 1
! ! 1 1 1

The internal timer/counter interrupt is enabled. A
timer/counter overflow will set the timer flag and an
interrupt vector to location 7in ROM will occur. If the
timer flag is already set indicating a timer/counter
overflow, enabling the timer/counter flag output will

INC Rr
Increment contents of designated register by one.

LO 0 0 1 1 r r r
1 1 1 | I | 1

(Rr) == (Rr) + 1; where r = 0 through 7

The contents of the register designated by bits 'r’ are
incremented by one.

not cause an interrupt. See RETR instructions for Cycles: 1
additional information. Bytes: 1
Cycles: 1 INC @ Rr
Bytes: 1
Increment-indirect contents of RAM by one.
ENTO CLK

Enable clock output at TO.

(01110101
1 1

Test input TO is enabled to output the internal system
clock. TO is disabled as a testinput. TOis disabled as a
clock output only by a system reset.

ooo1l000r
| R R | | I I |

((Rr)) == ((Rr)) + 1, wherer =0 or 1
The contents of the internal RAM location, as ad-
dressed by bits 0 through 5 of register 'r', are incre-

mented by one.

*bits 0 through 6 for INS8039/INS8049

Cycles: 1 *bits 0 through 7 for INS8040/INS8050
Bytes: 1 Cycles: 1
Bytes: 1
IN A, Pp
INS A, BUS

Input data to accumulator from designated port
(1o0r2).

0o 0o 0 0|1 0 pl p0

(A) =— (Pp); wherep =1or2

Data present at the port designated by bits 'p'is input
into the accumulator. Opcode bits ‘p’ designate the
following ports:

Input strobed data to accumulator from BUS.

0 0 0 0 1 0 0 0

(A) — (BUS)

Data present at the Bus port is input to the

accumulator during the RD strobe (see Figure 2-8).

Cycles: 2
Bytes: 1
Port pi p0
1 0 1
2 1 0
Cycles: 1
Bytes: 1
INC A

Increment contents of accumulator by one.

0 0 0 170 1 1 1
1 L I 1 ) 1

(A) — (A) +1

The contents of the accumulator are incremented by

one.

Cycles:
Bytes:

1
1
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JBb addr

Jump to specified address if accumulator bit ‘b’ is set.

b2 b1 bO 1] 0 0 1 0 byte 1
L )

a7 . aGl a5I a4 byte 2

a3|a2la1'la0

(PC 0-7) — addr, if Bb = 1
(PC) — (PC) +2,ifBb =0

If the accumulator bit designated by bits ‘b'is settoa
logic one, the contents of the program counterarere-
placed by address bits ‘a’ from byte 2. If bit ‘b’ in the
accumulator is a logic zero, the next sequential in-
struction is executed. Bits b2, b1, and b0 represent a
number from O to 7 designating which bit in the
accumulator is to be tested.

Cycles: 2
Bytes: 2
JC addr

Jump to specified address if carry flag is set.

11 1 110 1. 1 0
| I | | S |

a7|aG|aS|a4 aaI a2|a1|a0

byte 1

byte 2

(PC 0-7) — addr, if C =1
(PC) — (PC) +2,ifC =0

If the carry bit is set to a logic one, the contents of the
program counter are replaced by address bits ‘a’ from
byte 2. If carry is a logic zero, the next sequential in-
struction is executed.

Cycles: 2
Bytes: 2
JFO addr

Jump to specified address if flag 0 is set.

10 1 1|10 1 1 0

1 ] 1 1 1 1

a7 la‘5|a5 |a4 a3| a2l al a0

byte 1

byte 2

(PC 0-7) — addr, if FO = 1
(PC) — (PC) +2,if FO =0

If flag 0 is set to a logic one, the contents of the pro-
gram counter are replaced by address bits ‘a’ from
byte 2. If flag 0 is a logic zero, the next sequential in-
struction is executed.

Cycles: 2
Bytes: 2

JF1 addr

Jump to specified address if flag 1 is set.

o 1t 1 110 1 1 0
N TN N S SR N

a7laGIa5 I:114 a3la2|a1 IaO

byte 1

byte 2

(PC 0-7) — addr, if F1 = 1
(PC) — (PC) + 2, if F1 =0

If flag 1 is set to a logic one, the contents of the pro-
gram counter are replaced by address bits 'a’ from
byte 2. If flag 1 is a logic zero, the next sequential in-
struction is executed.

Cycles: 2
Bytes: 2
JMP addr

Jump-direct to specified address within 2K address

block.

al0 a9 a8 0y 0 1 0 O byte 1
1 1 1 1 1 1

a7 IaGlaSIa4 a3|a2!a1|a0 byte 2

(PC 8-10) — addr 8-10
(PC 0-7) — addr 0-7
(PC11) ~— DBF

The contents of the program counter are replaced by
address bits 'a’ in bytes 1 and 2. Address bit 11in the
program counter is determined by the most recent
bank select instruction (SEL MB) executed.

Cycles: 2
Bytes: 2
JMPP @ A

Jump-indirect to specified address within address
page.

1 0 1 1 0 0 1 1
1 1 il 1 L 1

(PC 0-7) == ((A)

The contents of the program counter are replaced by
the ROM contents within the current page pointed to
by the accumulator. For example, if the accumulator
contains X'20, a jump to the address stored atlocation
32 (in the current page) occurs.

Cycles: 2
Bytes: 1




JNC addr

Jump to specified address if carry flag is a logic zero.

101 1t 0[O0 1 1 0

1 1 1 1 1 1

a7 Ia6 la5|a4 a3I a2|a1I a0

bytes 1

byte 2

(PC 0-7) — addr, if C=0
(PC) — (PC) +2,if C =1

If the carry flag is low, the contents of the program
counter are replaced by address bits ‘a’ from byte 2. If
carry is a logic one, the next sequential instruction is

executed.

Cycles: 2

Bytes: 2
JNI addr

Jump to specified address if interrupt is a logic zero.

1t 0 0 0y0 1 1 0
| L1

a7 a6 a5 ad| a3
1 1 1

byte 1

byte 2

(PC 0-7) — addr, if | =0
(PC) = (PC) + 2, if | = 1

If the interrupt input is at a logic zero, the contents of
the program counter are replaced by address bits ‘a’
from byte 2. If the interrupt input is a logic one, the
next sequential instruction is executed. This in-
struction provides a means fortesting the condition of
the external interrupt pin while it is disabled as an

interrupt.

Cycles: 2

Bytes: 2
JNTO addr

Jump to specified address if test 0 is a logic zero.

o o 1 ofO0 1t 1 0
1 L 1 1 L1

a7‘a6|35|a4 a3I .512I a1I a0

byte 1

byte 2

(PC 0-7) — addr, if TO =0
(PC) — (PC) +2,if TO = 1

If input TO is at a logic zero, the contents of the pro-
gram counter are replaced by address bits ‘a’ from
byte 2. If TO is a logic one, the next sequential in-
struction is executed This instruction should not be
executed after an ENTO CLK instruction.

Cycles: 2
Bytes: 2

JNT1 addr

Jump to specified address if test 1 is a logic zero.

o 1 o0 o0ofO0 1t 1 O

a7 |a6|aS Ia4 33. a2I a1|aO

byte 1

byte 2

(PC 0-7) — addr, if T1 =0
(PC) — (PC) +2,if T1 =1

If input T1 is at a logic zero, the contents of the
program counter are replaced by address bits ‘a’from
byte 2. If T1 is a logic one, the next sequential
instruction is executed.

Cycles: 2
Bytes: 2
JNZ addr

Jump to specified address if accumulator is non-zero.

1t 0 0 10 1 1 O

| 1 L 1 1 1

byte 1

a7 la6|a\5la4 33|a2|a1|a0 byte 2

(PC 0-7) — addr, if A#0
(PC) — (PC) +2,ifA=0

If the contents of the accumulator are non-zero, the
contents of the program counter are replaced by
address bits ‘a’ from byte 2. If the accumulator con-
tents are zero, the next sequential instruction s

executed.
Cycles: 2
Bytes: 2
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JTF addr

Jump to specified address if timer flag is set.

o o0 o 10 1 1 O byte 1
[ B L1

a7|a6|35|a4 33|32|a1la0 byte 2

(PC 0-7) — addr, if TF =1
(PC) == (PC) + 2, if TF =0

If the internal timer/counter flag Is set to a logic one,
the contents of the program counter are replaced by
address bits ‘a’ from byte 2. If the imer/counter flag is
a logic zero, the next sequential instruction is
executed

Testing the tim unter flag resets the flag to zero.

This instruction provides a means of testing the timer/
counter flag if the timer/counter interrupt is dis-
abled. An overflow of the timer/counter will cause an
interrupt vector to location 7in ROM unless the timer/
counter interrupt has be disabled.

Cycles 2
Bytes: 2
JTO addr

Jump to specified address if test 0 1s a logic one.

00 1 1/0 1 1 0 byte 1

a7|a6|asla4 a3|a2la1la0 byte 2

JT1

(PC 0-7) — addr, 1f TO = 1
(PC) — (PC) + 2, if TO =0

If input TO is at a logic one, the contents of the
program counter are replaced by address bits ‘a’ from
byte 2. If TO is a logic zero, the next sequential in-
struction 1s executed.

Cycles: 2
Bytes: 2
addr

Jump to specified address if test 1 is a logic one.

o 1t o t{o0 1 1 0 byte 1
T | L1 1

a7|a6lasla4 2:13‘a2I a1la0 byte 2

(PC 0-7) — addr, if T1 =1
(PC) — (PC) + 2,1 T1 =0

If input T1 1s at a logic one, the contents of the
program counter are replaced by address bits ‘a’ from
byte 2 If T1 i1s a logic zero, the next sequential
instruction 1s executed.

Cycles 2
Bytes: 2

JZ addr

Jump to specified address if accumulator is zero.

11t 0 OO 1 1t O byte 1

1 1 1 1 1 1

a7|a6|a5|a4 a3|a2I a1IaO byte 2

(PC 0-7) “— addr, if A =0
(PC) == (PC) + 2, 1f A #0

If the contents of the accumulator are zero, the con-
tents of the program counter are replaced by address
bits ‘a’ from byte 2. If the accumulator contents are
non-zero, the next sequential instruction is executed.

Cycles: 2
Bytes: 2

MOV A, # data

Move-immediate specified data into accumulator.

00 1 0|0 0 1 1| byl
| I | | I I |

d7 |d6|d5|d4 d3|d2|d1 IdO byte 2

(A) — data

The data contained in byte 2 is moved into the
accumulator.

Cycles: 2
Bytes: 2
MOV A, PSW

Move contents of program status word into
accumulator.

(A) = (PSW)

The contents of the program status word (PSW) are
moved into the accumulator.

Cycles: 1
Bytes: 1

PSW

Carry | Aux. | Flag | Reg. | 1 S2 S1 SO0
Carry 0 Bank
Sel.

MSB LSB

MOV A, Rr

Move contents of designated register into accu-
mulator.




(A) — (Rr); where r = 0 through 7

The contents of the working register designated by
bits 'r' are moved into the accumulator.

Cycles: 1
Bytes: 1
MOV A, @ Rr

Move-indirect contents of RAM into accumulator.

1 1 1 1 0 0 0 r

1 i 1 1 L I

The contents of the internal RAM location, as
addressed by bits 0 through 5% of register 'r', are
moved to the accumulator.

*bits 0 through 6 for INS8039/INS8049
*bits 0 through 7 for INS8040/INS8050

Cycles: 1
Bytes: 1
MOV AT

Move contents of timer/counter into accumulator.

0 1 0 0 0 6] 1 0
1 1 1 ! 1

(A) —(T)

The contents of the timer/counter are moved into the
accumulator.

Cycles. 1
Bytes: 1
MOV PSW,A

Move contents of accumulator into program status
word.

1 1 0 1 0 1 1 1

| | L Il 1 ]

(PSW) — (A)

The contents of the accumulator are moved into the
program status word (PSW). All condition bits and
status codes are affected by this instruction.

Cycles: 1
Bytes: 1
Flags: Carry, Auxillary Carry, FO, Register Bank
Select
PSW
Carry | Aux. | Flag| Reg. | 1 S2 S1 S0
Carry| 0 Bank
Sel.
MSB LSB

MOV Rr, A

Move accumulator contents

register.

into designated

1 0 1 0 1 r r r

(Rr) — (A); where r = 0 through 7

The contents of the accumulator are moved into the
working register designated by bits ‘r’.

Cycles: 1
Bytes: 1

MOV Rr, # data

Move-immediate specified data into designated

register.
1 0 1 1 1 r r r byte 1
1 1 ] 1 1 S
d7 d6é d5 d4|d3 d2 di1 do byte 2
] 1 i A 1 1

(Rr) - data; where r = 0 through 7

The data contained in byte 2 is moved into the
working register designated by bits '’ of byte 1.

Cycles: 2
Bytes: 2
MOV @ Rr, A

Move-indirect accumulator contents into RAM.

1 0 1 OJO 0 0 rJ
] 1 1 S I T

((Rr)) — (A); wherer =0or 1

The contents of the accumulator are moved to the
RAM location as addressed by bits 0 through 5% of re-
gister 'r'. Register 'r’ contents are unaffected.

*bits 0 through 6 for INS8039/INS8049
*bits 0 through 7 for INS8040/INS8050
Cycles: 1 '

Bytes: 1




MOV @ Rr, # data

Move-immediate specified data into RAM.

1 0 1 1 0 0 0 r
T IR AN SN NN S |

d7 d6 d5 d4 d3 d2 di do
1 1 1 1 1 1 1

byte 1

byte 2

((R)) — data; wherer=0or 1

The data contained in byte 2 is moved to the RAM
location as addressed by bits 0 through 5* of
register ‘r'.

*bits 0 through 6 for INS8039/INS8049
*bits 0 through 7 for INS8040/INS8050

Cycles: 2
Bytes: 2
MOV T,A

Move contents of accumulator into timer/counter.

0 1 1 0 0 (o] 1 0
I I | L L 1

(M —(A)

The contents of the accumulator are moved into the
timer/counter register.

Cycles: 1
Bytes: 1
MOVD A,Pp

Move contents of designated expansion port
(4 through 7) into accumulator.

1 1 1 1 p1 1 Fil
(A0-3) — (Pp); where p = 4 through 7
(A4-T) — 0

0 0 0 0

The 4-bit data on the expander port, designated by
bits ‘p’, are moved into accumulator, bits 0 through 3.
Bits 4 through 7 in the acgumulator are set to zero. Op
code bits ‘p’ designate the following ports:

Port p1 p0
4 0 0
5 o] 1
6 1 0
7 1 1
Cycles: 2
Bytes: 1
MOVD Pp,A

Move contents of accumulator to designated ex-
pansion port (4 through 7).

0 0 1 1 1 1 p1 pO
1

Il 1 Il 1 i

(Pp) — (A0-3); where p = 4 through 7

The data in the accumulator, bits 0 through 3, are
moved to the expander port designated by bits ‘p'.
Accumulator contents are unaffected.

Op code bits ‘p’ designate the following ports:

Port pi po

4 0 0
S 0 1
6 1 0
7 1 1

Cycles: 2

Bytes: 1

MOVP A,@A

Move data in current page (ROM) into accu-

mulator.

[0t ofo, 0, 1 ¢
(PC 0-7) — (A)

(A) — ((PC))
(PC 0-7) — (old PC 0-7) + 1

The contents of the program counter, bits 0
through 7, are replaced by the contents of the
accumulator. The contents of the internal ROM
location, as addressed by the new contents of the
program counter, are moved into the accumulator.
The program counter is then set back to point to
the next sequential instruction. Only bits 0
through 7 of the program counter are affected,
limiting memory references to the current page.
Being a 1-byte, 2-cycle instruction, if MOVP A is at
location 255 of a page, the @ A addresses a
location in the following page.

The program counter is restored after the in-
struction is executed.

Cycles: 2
Bytes: 1
MOVP3 A,@A

Move data in page 3 (ROM) into accumulator.

v, r,ofo 0 1 1
(PC 0-7) — (A)
(PC 8-10) — 011
(A) — ((PC))
(PC) — (old PC) + 1

The contents of the program counter, bits 0
through 7, are replaced by the contents of the
accumulator. Program counter bits 8 through 10
are replaced by 0112, respectively. The contents
of the internal page 3 ROM, as addressed by the new
contents of the program counter, are moved into the
accumulator. The program is restored after this
instruction is executed.
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Cycles: 2
Bytes: 1
MOVX A,@R

Move-indirect contents of external RAM into

accumulator.

1 0 0 0 0 0 0 r

l 1 1 1 1 1

(A) — ((Rr)); wherer=0or 1

The . contents of the external RAM location, as
addressed by register ‘r', are moved into the
accumulator. Register r’ contents are unaffected.

Cycles: 2
Bytes: 1
MOVX @R,A

Move-indirect contents of accumulator into external
RAM.

1 0 0 1 0 0 0 r

Il Il [l 1 1 1

((Rr)) == (A); where r =0 or 1

The contents of the accumulator are moved into the
external RAM location, as addressed by register 'r’.
Accumulator and register ‘r’ contents are unaffected.

Cycles: 2
Bytes: 1
NOP

No operation performed.

[O 0 0 OJ 0 0 0 04|
I 1 I I 1 {

No operation is performed; execution continues with
the next sequential instruction.

Cycles: 1
Bytes: 1
ORL A,Rr

Logical-OR contents of designated register with
accumulator.

0 1 0 0 1 r r rJ

1 i 1 1 1 1

(A) — (A) OR (Rr); where r = 0 through 7

The contents of the register specified by the ‘r' bits are
logically ORed with the data in the accumulator.

Cycles: 1
Bytes: 1

ORL A, @R

Logical-OR-indirect contents of RAM with
accumulator.

!T) 1 0 0 0 0 0 r
L i 1 1 1 L

(A) — (A) OR ((Rr)); wherer =0 or 1

The contents of the internal RAM location, as
addressed by bits 0 through 5* of register ‘r, are
logically ORed with the data in the accumulator.

*bits 0 through 6 for INS8039/INS8049
*bits 0 through 7 for INS8040/INS8050

Cycles: 1
Bytes: 1
ORL A, #data

Logical-OR specified immediate data with

accumulator.

0 1 0 0|0 0 1 1 byte 1
| I 1 1
d7 d6 d5 d4[d3 d2 di do byte 2

(A) — (A) OR data

The data contained in byte 2 is logically ORed with the
data in the accumulator.

Cycles: 2
Bytes: 2

ORL BUS, #data

Logical-OR-immediate specified data with contents

of Bus.

1 0 0 0|1 0O O O byte 1
1 1 1 W 1

d7 Id6ld5'd4 d31d2. d1l do byte 2

(BUS) — (BUS) OR data

The data contained in byte 2 is logically ORed imme-
diately with the data on the Bus port and the results
are sent back to that port. Use of this instruction
assumes prior execution of an OUTL BUSA

instruction.
Cycles: 2
Bytes: 2
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ORL Pp, #data

Logical-OR-immediate specified data with contents
of designated Port (1 or 2).

1 0 0 01 0 p1 po byte 1
L | L L 1 L

byte 2

d7‘d6|d51d4 d3|d2 ld1 ldO

(Pp) ~— (Pp) OR data; where p =1 or 2

The data containedin byte 2 islogically ORed with the
data on the port designated by bits ‘p’. Opcode bits ‘p’
designate the following ports:

Port p1 p0
1 0 1
2 1 0
Cycles: 2
Bytes: 2
ORLD Pp,A

Logical-OR contents of accumulator with designated
expansion port (4-7).

p1 p0]
1

(Pp) — (Pp) OR (A 0-3); where p = 4 through 7

1 0 0 0 1 1

1 1 1 1 1

The data in accumulator bits 0 through 3 are logically
ORed with the data on the expander port designated
by bits '‘p’. Opcode bits ‘p’ designate the following

ports:
Port p1 p0

4 0 0
5 0 1
6 1 0
7 1 1

Cycles: 2

Bytes: 1

OUTL BUS, A

Output contents of accumulator onto Bus.

0 0 0 0 0 0 1 OAI
1 ] I ] 1 1

(BUS) = (A)

The contents of the accumulator are placed, and
latched, at the Bus output port. Latched data remains
valid until another OUTL BUS instructionis executed,
or until another instruction requiring the Bus port
(except INS) is executed.

Logical operations using Bus data assume prior ex-
ecution of the OUTL BUS A instruction.

Data are destroyed any time the Bus port is used as a
bus. The Bus port is in input mode after a reset. After
execution of OUTL BUS A, the Bus port will remainan

output until the device is either reset or this portis used for
bus transfers.

Cycles: 2
Bytes: 1
OUTL Pp,A

Otjtput contents of accumulator to designated port
(1 or2).

0 0 1

1 1

(Pp) ~— (A); where p=1o0r2

The contents of the accumulator are placed, and
latched, at the output port designated by bits ‘p’.
Opcode bits ‘p’ designate the following ports:

Port p1 p0
1 0 1
2 1 0
Cycles: 2
Bytes: 1

RET

Return from subroutine or interrupt without restoring
program status word.

10 0 o0 o0 1 1
(SP) ~— (SP) -1
(PC) = ((SP))

The contents of the stack pointer are decremented by
one. The contents of the stack, as pointed to by the
new contents of the stack pointer, are then placed in
the program counter and the program counter is con-
sidered restored.

NOTE: Although the stack pointer is only de-
cremented by one, internally it is decremented by two
so the PSW and PC can be pulled off the stack.

Program status word bits 4 through 7 are not restored
by this instruction.

Cycles: 2
Bytes: 1
RETR

Return from subroutine or interrupt restoring pro-
gram status word.

! 1 0 1 0 1 ! LO 1 0 1 ! 1 1J
(SP) — (SP) -1

(PC) — ((SP))

(PSW 4-7) — ((SP))
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The contents of the stack pointer are decremented by
one. The contents of the stack, as pointed to by the
new contents of the stack pointer, are then placed in
the program counter and the program counter I1s
considered restored.

Program status word bits 4 through 7 are restored
from the stack to the program status register

NOTE: Although the stack pointer 1s only
decremented by one, internally it is decremented by
two so the PSW and PC can be pulled off the stack.

The RETR instruction should be used to return from
an interrupt, but should not be used to return from a
subroutine within an interrupt. This is because RETR
indicates the end of an interrupt routine by re-
enabling INT.

Cycles: 2
Bytes: 1
Flags:  Carry, Auxiliary carry, FO, Interrupt Enable

Flag (only if Register is servicing an in-
terrupt).

RL A

Rotate accumulator left one bit.

1 1 1 0 0 1 1 1

(An + 1) == (An); where n = 0 through 6
(A0) — (A7)

The contents of the accumulator are rotated left by
one bit position. Bit 7 goes directly to bit 0.

L =

Accumulator

Cycles: 1
Bytes: 1
RLC A

Rotate accumulator left one bit through c'arry.

P 1 1o 1 o1 1
1 1 1 1 1 L
(An + 1) = (An); where n = 0 through 6
(A0) — (C)
(C) — (A7)

The contents of the accumulator are rotated left by
one bit position Bit 7 moves to carry and carry moves

to bit 0.

7 0

I——»l Carry I———l Accumulator

Cycles: 1
Bytes: 1
Flags: Carry

RR A

Rotate accumulator right one bit
0 1 1 1

0 1 1 1
L L ] ] Il
(An) *= (An + 1), where n = 0 through 6
(A7) — (A0)

The contents of the accumulator are rotated by one
bit position.

0

N

7
|—>[7 Accumulator

Cycles 1
Bytes 1
RRC A

Rotate accumulator right cne bit through carry.

0 1 1 0 0 1 1 1

(An) *— (An + 1), where n = 0 through 6
(A7) = (C)
(C) == (A0)

The contents of the accumulator are rotated right
by one bit position. Bit 0 moves to carry and carry
moves to bit 7.

0

=

7
|_>| Carry I__>| Accumulator

Cycles: 1

Bytes: 1

Flags: Carry
SEL MBO

Select bank 0 from ROM (locations 0 through 2047)

(DBF) — 0

The memory bank flip-flop (DBF) Is set to zero. For
succeeding JMP or CALL instructions, program
counter bit 11 1s set to a logic zero, causing all ROM
addresses to fall within locations 0 and 2047

Cycles: 1
Bytes 1
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SEL MB1
Select bank 1 of ROM (locations 2048 through 4095).

1 1 1 1 0 1 0 ﬂ
I I L 1 L -

(DBF) — 1

The memory bank flip-flop (DBF) is set to one. For
succeeding JMP or CALL instructions, program
counter bit 11 is set to a logic one causing all ROM
addresses to fall within locations 2048 and 4095.

Cycles: 1
Bytes: 1
SEL RBO

Select register bank 0 of RAM (locations 0 through 7).

1 1 0 0 0 1 0 1
I ! 1 1 1 1

(BS) — 0

The bank select bit, program status word-bit 4, is set
to a logic zero. All references to registers 0 through 7
address RAM locations Othrough 7, respectively. This
is the recommended setting for normal program ex-

ecution.

Cycles: 1

Bytes: 1
SEL RB1

Select register bank 1 of RAM (locations 24 through
31).

1 1 0 1 0 1 0 1
| I L 1 I ]

(BS) — 1

The bank select bit, program status word-bit 4 is set to
a logic one. All references to registers 0 through 7
address RAM locations 24 through 31, respectively.
This is the recommended setting for interrupt service
routines. The bank select bit is saved during in-
terrupts and is restored by RETR when the interrupt
service routine is completed.

Cycles: 1
Bytes: 1
STOP TCNT

Stop count for timer/counter.

0 1 1 0 0 1 0 1
1 I | 1 I

This instruction stops the internal timer/counter, re-
gardless of the mode of operation.

NOTES:

1. If the timer/counter is disabled and one or more
falling edges occur at the T1 input, the STRT CNT
instruction will cause the counter to increment
immediately.

2. There is a mask-programmable resistor option to
prevent the preceeding from occurring.

Cycles: 1
Bytes: 1
STRT CNT

Start count for event counter.

o 1 0|010|1 0 1

Test input T1 is enabled as the input to the timer/
counter and the counter is started. The counteris in-
cremented by one for each high-to-low transition at
input T1.

Cycles: 1

Bytes: 1
STRT T

Start timer.

0 1 0 1 0 1 0 1

1 1 1 1 1 1

The internal clock is enabled to the timer/counter and
the timer is started. The counter is incremented by
one for each 32 instruction cycles. The divide-by-32
prescaler is cleared by this instruction.

Cycles: 1
Bytes: 1
SWAP A

Swap 4-bit nibble positions in accumulator.

o 1 o o]lo0O 1 1 1

(A 4-7) = (A 0-3)

Accumulator bits 0 through 3 are swapped with
accumulator bits 4 through 7.

Cycles: 1
Bytes: 1
XCH A,Rr

Exchange contents of accumulator and designated
register.

170 0 1 0 1 r r r
1 1 1 I} 1 1

(A) = (Rr); where r = 0 through 7

The contents of the accumulator and the register
designated by bits ‘r’ are exchanged.

Cycles: 1
Bytes: 1
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XCH A, @ Rr

Exchange indirect contents of accumulator and RAM

location.
0 0 r
] 1

rO 0 1 0 0
1 ] |

(A) = ((Rr)); where r=0or 1

The contents of the internal RAM location, as
addressed by bits 0 through 5™ of register 'r', are ex-
changed with the contents of the accumulator. Re-
gister ‘r’ contents are unaffected.

*bits 0 through 6 for INS8039/INS8049
*bits 0 through 7 for INS8050

Cycles: 1
Bytes: 1
XCHD A, @ Rr

Exchange-indirect lower four bits of accumulatorand
RAM location.

0 0 1 1 0 0 0 r

(A 0-3) ~— (((Rr))'0-3); wherer =0 or 1

The lower four bits of the internal RAM location,
as addressed by bits 0 through 5* of register'r’, are ex-
changed with the lower four bits of the accumulator.
The upper four bits of both RAM and the accumulator
are unaffected.

*bits 0 through 6 for INS8039/INS8049
*bits 0 through 7 for INS8040/INS8050

Cycles: 1
Bytes: 1
XRL A,Rr

Logical-XOR contents of designated register with
accumulator. '

KN BN

(A) — (A) XOR (Rr); where r = 0 through 7

The contents of the register specified by bits ‘r’ are
logically EXCLUSIVE-ORed with the data in the
accumulator. The register contents are unaffected.

Cycles: 1
Bytes: 1
XRL A, @ Rr

Logical-XOR-indirect contents of RAM with

accumulator.

11011 0 0 0 r

1 ! i A 1

(A) == (A) XOR ((Rn)

The contents of the internal RAM location, as
addressed by bits 0 through 5™ of register ‘', are
logically EXCLUSIVE-ORed with the data in the
accumulator. The internal RAM location contents are
unaffected.

*bits 0 through 6 for INS8039/INS8049
*bits 0 through 7 for INS8040/INS8050

Cycles: 1
Bytes: 1
XRL A, #data

Logical-XOR-immediate specified data with
accumulator.

1t 1. 0 1 0 0 1 1

byte 1

byte 2

d7 d6 d5 d4 d3 d2 d1 do
L 1 1 1 L

(A) — (A) XOR data

The data contained in byte 2 are logically
EXCLUSIVE-ORed with the data in the accumulator.

Cycles: 2
Bytes: 2
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4.3

The mnemonic and hexadecimal equivalent for the
operation codes (OPCODE) are contained in Table 4-3.
The table is divided into functional operations.

48-SERIES OPERATION CODE

and pages.

Table 4-3. 48-Series Operation Codes

Table 4-4 through Table 4-6 provide the hexadecimal
opcodes for those instructions thatinvolve registers, parts

MNEMONIC HEX MNEMONIC HEX MNEMONIC HEX
CONTROL ACCUMULATOR INPUT/OUTPUT
EN | 05 1 ADD AR, 6 IN A,P1 09
DIS | 15 1 ADD A@RO 60 OUTL P1,A 39
SEL RBO C5 R1 61 ANL P1, #data 99
SEL RB1 D5 1 ADD A #data 03 ORL P1, #data 89
SEL MBO ES5 1 2 ADDC AR: 7
SEL MB1 F5 1 ADDC A,@RO 70 IN A, P2 0A
ENTO CLK 75 1 R1 71 OUT L P2, A 3A
1 ADDC A#Data 13 ANL P2 #data 9A
2 ANLAR: 5 ORL P2, #data 8A
DATA MOVES ANL A,@RO 50
R1 51
MOV A Rr F ANL A #data 53 INS A, BUS 08
MOV A,@RO FO 2 ORLARr 4 OUTL BUS, A 02
R1 F1 ORL A,@RO0 40 ANL BUS, #data 98
MOV A #data 23 R1 41 ORL BUS, #data 88
MOV R,Ar A
MOV @R0,A AO ORL A #data 43 3 MOVD APp 0
R1,A Al 2 XRL ARr D 3 MOVD Pp,A 3
MOV Ry #data B XRL A.@RO DO 3 ANLD Pp,A 9
MOV @RO0,#data BO R1 D1 3 ORLDPpA 8
R1,#data B1 XRL A #data D3
XCH AR 2 INC A 17
XCH A,@R0 20 DEC A 07 REGISTER
R1 21 CLR A 27
XCHD A, @RO 30 CPL A 37 2 INCRr 1
R1 31 RL A E7 2 DECR c
MOV A,PSW c7 1 RLCA F7 INC @RO 10
MOV PSW,A D7 RR A 77 R1 11
MOVX A, @RO 80 1 RRC A 67
R1 81 1 DA A 57
MOVX @RO0,A 90 SWAP A 47
R1,A 91
MOVP3 A @A E3
MOVP A,@A A3




Table 4-3. 48-Series Operation Codes (Cont'd.)

2 = Refer to Register Accumulator Table 4-4
3 = Refer to Input/Output Table 4-5

4 = Refer to Branch Table 4-6

MNEMONIC HEX MNEMONIC HEX MNEMONIC HEX
TIMER COUNTER BRANCH SUBROUTINE
MOV AT 42 JMP addr 4 CALL addr 4
MOV T,A 62 JMPP @A B3 RET 83
STRT T 55 DJNZ Rr,addr E RETR 93
STRT CNT 45 JC addr F6
STOP TCNT 65 JNC addr £6 NO OP
JZ addr Cé
EN TCNTI 25 JNZ addr 96 NOP 00
DIS TCNTI 35 JTO addr 36
FLAGS
JNTO addr 26
JT1 56 CLRC 97
JNT1 addr 46 CPL C A7
JFO addr B6 CLR FO 85
JF1 addr 76 CPL FO 95
JTI addr 16 CLR F1 A5
JNI addr 86 CPL F1 B5
JBO addr 12
JB1 addr 32
JB2 addr 52
JB3 addr 72
JB4 addr 92
JB5 addr B2
JB6 addr D2
JB7 addr F2
NOTES: 1 = Carry Flag Affected
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Table 4-4. Register/Accumulator

Rr MOV AR MOV RA XCH AR MOV R, #DATA INCR DECR DJINZ R’ ADD AR ADDC AR | ANLALR | ORL AR | XRL AR
RO F8 A8 28 B8 18 c8 E8 68 78 58 48 D8
R1 F9 A9 29 B9 19 C9 E9 69 79 59 49 D9
R2 FA AA 2A BA 1A CA EA 6A 7A 5A 4A DA
R3 FB AB 2B BB 1B cB EB 68 7B 5B 4B DB
R4 FC AC 2C BC 1C cC EC 6C 7C 5C 4C DC
R5 FD AD 2D BD 1D CD ED 6D 7D 5D 4D DD
R6 FE AE 2E BE 1E CE EE 6E 7E 5E 4E DE
R7 FF AF 2F BF 1F CF EF 6F 7F 5F 4F DF
Table 4-5. Input/Output Table 4-6. Branch
Port IN ouT AND OR Page JMP CALL
BUS 08 02 98 88 48-Series 0 04 14
P1 09 39 99 89 1/0 1 24 34
P2 0A 3A 9A 8A 2 44 54
3 64 74
P4 oc 3C 9C 8C INS8243
P5 (1]0] 3D 9D 8D 4-Bit 4 84 94
P6 OE 3E 9E 8E Ports 5 A4 B4
P7 OF 3F 9F 8F 6 C4 D4
7 E4 F4

Page = 256 bytes




Chapter 5

Applications For The 48-Series

5.1 INTRODUCTION

The contents of this chapter are concerned with hardware
and software applications. The unique capability of the
48-Series devices require that the examples be integrated
with the appropriate driving software. If this were not the
case, a hardware example unsupported by any program is
of littie use. Accordingly, many of the examples that follow
are associated with typical software to achieve a partic-
ular function.

5.2 TIME BASE INPUTS

Some of the tybical 48-Series time-base inputs are
illustrated in Figure 5-1.

20pt
— XTAL 1
=x
20pt
—) XTAL 2

x = 1MHz to 6MHz
or
4MHz to 11MHz
Series Resonant AT Cut
CRYSTAL CONTROLLER

53.1.1 Peak Detectors

A peak detector (see Figure 5-2) consists of a voltage
divider, a rectifier circuit, and an AC line isolation
capacitor. The voltage divider/rectifier provides a pulsed
output that continually retriggers a monostable
multivibrator. The output of the multivibrator is used as
the power-on/power-fail to the processor.

When the AC line voltage drops to the point where the
voltage divider output is below the trigger threshold of the
multivibrator, the multivibrator will time out and generate
the power-fail signal. (If required, leading and trailing
edges of the signal supplied to the multivibrator can be
squared using a Schmitt trigger device).

2
XTAL 1

EXTERNALLY CONTROLLED

FIGURE 5-1. 48-Series Time-Base 87-22

5.3 POWER-DOWN OPERATION

Series 48 microcomputers offer the designer a device that
is relatively immune to accidental loss of power. These de-
vices provide standby power to selectable areas of RAM
when primary power is interrupted. This standby power
allows required RAM data to be retained. There are no
read or write operations during the standby mode. A
power failure can result from low AC line voltage, a
complete loss of AC line voltage, or a failure within the
system DC power supply. Power failure detection can be
performed in the AC circuits or at the output of the system
DC power supply.

5.3.1 AC Detection Circuits

Three types of circuits may be used for AC detection: peak
detectors, zero-crossing detectors, or line frequency
detectors.

With a peak detector, time is a critical factor. Using full-
wave rectification, the maximum power failure detection
(retrigger) rate is 8.33 milliseconds. This implies that the
filter capacitor, at the output of the rectifier circuit, must
be large enough to sustain the power supply output
voltage within specification for a minimum of 8.33
milliseconds, if the AC input line drops below
specification.

5.3.1.2 Zero-Crossing Detectors

The major draw back of zero-crossing detectors, is that
the AC voltage can drop to a level where the DC supply
falls out of regulation, yet the detector still detects zero-
crossings. This is not acceptable because retrigger
signals are applied to the power-fail circuit up to the point
where the system stops operation.
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FIGURE 5-2. AC Peak Detection Circuit 87-23
5.3.1.3 Line Frequency Detector 5.3.2' DC Detection

A simple and economical AC line frequency detector cah
be connected as shown in Figure 5-3. In this circuit each
positive-to-negative transition of_the halfwave rectified
AC line supplies a logic low at the INT input of a 48-Series
device. This negative true input generates an interrupt.
The interrupt subroutine causes the internal timer to be
reset approximately every 16.6 milliseconds. if a power
failure occurs, the interrupt will not be generated and the
timer will not be reset. When the internal timer is allowed
to count down to zero (approximately 20 milliseconds),
a timer interrupt is generated, forcing a jump to a sub-
routine that performs a power-fail routine.

110VAC

5v
POWER
SUPPLY

Vce
40

48-SERIES
DEVICE

(0-5V TYP) 20

2
NICAD

'-I-—- CELLS

FIGURE 5-3. Line Frequency Detector 87-26
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The simplest and most effective detection circuit is a
voltage comparator to monitor the DC supply (e.g., see
Figure 5-4). The battery backup can supply the reference
voltage to one side of acomparator, while a voltage divider
supplies a slightly greater voltage to the other side of the
comparator. DC regulators typically fall out of regulation
when theirinput approaches to within 2 volts of the output.
Since the input to the regulator is usually at least 2 volts
greater than the output, the input can be monitored for
significant changes. This permits detection of a potential
power failure long before the regulated output drops.
5.3.3 Power-Fail Interrupt

An imminent power failure would generate an interrupt,
causing program operation to branch to a status-save
routine. The status-save routine places all data critical to
system operation in the standby RAM locations, thereby
assuring continuation of the main program when power is
restored.

In order for the interrupt to be effective, the enable
external interrupt (EN 1) instruction must be executed
following each system reset. Also, once an interrupt is
generated, the interrupt input is disabled until itis enabled
by EN |. Saving of status is thus assured while preventing
multiple interrupts from a fluctuating power supply.

NOTES:
1. The user interrupts can be expanded by using the
INS8259 Interrupt Controller.

2. Expansion can also be achieved by connecting the
interrupt request lines to unused input port lines and the
ORed sum of the requests into the INT input. Source
identification can be done by polling the particular port
used for interrupt expansion.

3. Multiple interrupts can also be generated by using the -
pullup resistor option for the INT input and using open-
collector drives to pull the INT input down.
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FIGURE 5-4. DC Detection Circuit

5.3.4 Reset

The reset input should be driven low by the firmware to
prevent undesirable system operation during power
down. It isimportant that the state of the power supply be
checked after status is saved but before issuing a reset to
the microprocessor. The jump-if-not interrupt (JNI)
instruction can recheck the interrupt input without
creating an interrupt.

If the power supply only fluctuated slightly, this test
permits the program to jump around a firmware reset and
restore normal program status. If the power fail signal is
still active, the reset input should be driven low. An
effective method is to drive reset low under firmware
control as the final task of the interrupt service routine. If
one of the output ports is used to gate the interruptinto the
reset input, the microprocessor itself can drive reset low.

Figure 5-5 illustrates how the RESET input may be driven
low. When power is initially applied to the system, the
Power Fail input tothe NAND gate isalogic low (0) and the
port pin input to the NAND gate is a logic high (1). The
user program sets the port pin input to the gate to alogic
low level. In the event of a power failure, the power fail
input to both NAND gates becomes a logic high (1) and
the TNT input to the 48-Series device goes active low (0).
The INT input to the device signifies a power failure and
the CPU performs a power-fail routine. The power-fail
routine saves the machine status and forces the port pin
input to the NAND gate to a logic high. With both the
power-fail and the port pin inputs at a logic 1 level, the

87-24

RESET input to the 48-Series device becomes active low

preventing the CPU from possibly executing a store
instruction to the RAM when power is low.

NOTE: Since RESET sets all ports high, an active high
input should be used to gate INT into RESET,
otherwise RESET disappears immediately
following execution of the instruction that
caused it. This also means the bit must be ini-
tialized to a zero as part of the power-on
sequence.

PORT PIN

48-SERIES
DEVICE

5400

l_ 5400 INT

POWER FAIL

FIGURE 5-5. Driving and Holding RESET Active
87-27




5.3.5 Interrupt Service Routine

The interrupt service routine must identify the source of
an interrupt and, if it is a power-fail interrupt, save all
program status in the standby RAM area. Additionally, the
routine must retest the interrupt to see if the power-fail
condition is still present (see preceeding paragraph). For
these instances where power only fluctuates, a restore-
and-return routine should be incorporated as part of the
interrupt service routine.

If power is in fact removed, the next power-on reset forces
the first instruction to be fetched from location O.
Therefore, it is the responsibility of the initialization
sequence to determine whethér or not power is being
applied for the first time or being applied following a
power loss. If itisa reapplication of power, program status
must be restored and control returned to the interrupted
program. The testcan be done at power-ontime by testing
a check character previously written into standby RAM.

If the data is not correct, the power-on can be considered
to be an initial one. If the character is correct (entered by
the power-fail routine) then the power-on is occurring
following a power failure.

5.4 HARDWARE APPLICATIONS
Typical 48-Series hardware applications are contained in

the INS8048 Series Data Sheet in Appendix A. Additional
applications will be included as they are designed.
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CHAPTER 6

DEVELOPMENT SUPPORT

6.1 INTRODUCTION

National Semiconductor supports its microprocessors
and microcomputers with a full range of publications,
technical support, and products.

National's publications contain detailed component or
system information; National's technical support consists
of full-time training, technical support specialists, and
Field Applications Engineers; and National's product
support provides an interactive, versatile, and easy-to-use
development system.

6.2 PUBLICATIONS

Publications are available covering the various devices
manufactured by National Semiconductor. The available
literature is grouped in the following categories:

Literature index

Handbooks

Manuals

Linear Applications, Vol | and Il
Databooks

Guides

Product Selection Guides
Briefs

Individual Application Notes
Individual Data Sheets

e © o o 0 0 0 0 0 o

See appendix B for more detailed reference material. For
list of currently available literature, refer to the Literature
Index.
6.3 TRAINING

National Semiconductor operates a microprocessor
training center in Santa Clara, Calif. The training center is
fully equipped and professionally staffed to provide
students with an effective mixture of hardware/software
theory and hands-on laboratory experience. Courses
covering our microprocessor related products are
available at the National Semiconductor Training Center.
To obtain information on current courses being offered
and schedules, please contact:

Western Training Center
1333 Lawrence Expressway
Santa Clara, CA. 95051
(408) 737-6453
6.4 TECHNICAL SUPPORT PROGRAMS
National Semiconductor has the strongest on-the-scene
technical support team - in the U.S. and abroad - of any
semiconductor manufacturer. Our large network of
independent sales representatives and franchised dis-
tributors is backed by our Field Application Engineers
(FAE's) and microprocessor Application Engineers. The

FAE’s are available domestically and internationally to
offer on-site technical assistance, and are equipped
technically to help analyze your application, translate
your needs into a viable hardware/software configuration,
and then follow it through to system delivery. The micro-
processor application engineers are National's home-
base technical support specialists who support the FAE's
in the field, and who help you use your microprocessor
most effectively; they are always available to answer
specific technical questions regarding the use of
National's microprocessor and peripheral components.

6.5 STARPLEX DEVELOPMENT SYSTEM

The STARPLEX™ Development System is a general
purpose microcomputer and microprocessor develop-
ment system. New levels of operating simplicity have been
designed into the STARPLEX system to significantly
reduce the amount of time spent on product development.
By getting the user into actual application work sooner
and with fewer mistakes, the STARPLEX system allows
the user to take full advantage of time spent at the console.

The STARPLEX design combines all the components
required for the entire development task in one complete
system. The STARPLEX package includes an INS8080-
based CPU board, 64K bytes of RAM, 512K bytes of disc
storage, a video monitor, keyboard and printer. The
standard STARPLEX software package includes a disc
operating system, assembler, debugger, editor, linker,
loader, FORTRAN, BASIC, on-board ROM diagnostic and
utilities. Two options are available: an in-system emulator
for real-time debugging of customized hardware and soft-
ware and a PROM programmer personality module for
programming, verifying and copying PROM's.

STARPLEX is illustrated in Figure 6-1.

The STARPLEX System reduces the time a user must
spend at a terminal by making many complex functions
accessible through one easy keystroke. System
commands are initiated by clearly marked function keys
which invoke prompting menus to guide the user through
each task. These function keys eliminate the need to
memorize system commands and various command
options. As a result, there is no need to refer to lengthy
documentation, and errors or delays caused by in-
correctly entered commands are eliminated.

Recognizing that a great deal of the user'stime is spenton
creating and changing source code, the designers of the
STARPLEX System have devoted special attention to the
text editing facility.

A set of special function keys directs the STARPLEX
editor, allowing corrections to be made with single
keystrokes. An entire file may be quickly and easily re-
viewed or altered. The number of mistakes is reduced
because the data and changes areimmediately displayed.




Backup files are automatically created, protecting the
user from accidental loss of data. Because the
STARPLEX™ System is easy to use, learning time is con-
siderably shortened. A first time user can be productive
within a half hour. Also, as users make more efficient use
of the system, machine availability is maximized.

STARPLEX components are packaged into modules
which form a unified system when placed together. The
modules are durable, with housings constructed of 1/8
inch aluminum and front panels of molded lexan foam.

STARPLEX s designed for easy maintenance. Snap-down
doors on the base module make it easy to access the card
cages and circuit boards. Interconnecting cables between
all modules and boards are routed to the rear of the system
and covered by easily removable cable channels. Thus,
cables are out of sight and protected from accidental
damage. All cables, including the single AC power dis-
tribution system, are plug detachable at both ends,
making it easy to disconnect modules and reconfigure the
system.

Human engineering concepts have directed the design of
each STARPLEX module to make the man-machine
interface as natural as possible. For example, the video
monitor screen has antireflective coating to minimize
glare, and light-emitting diodes in certain keys provide
operator awareness of their selection. Even cooling fans
have been located to minimize noise levels.

More detailed information on STARPLEX, its associated
software, and ancillary support cards for STARPLEX, is
available in the National Semiconductor Microcomputer
Systems Series-80 Databook.

6.6 IN-SYSTEM EMULATOR

National Semiconductor’s In-System Emulator, or ISE,
goes beyond the single-card approach to emulation and
qualifies as a genuine innovation in the development of
microprocessor-based systems.

ISE is a complete stand-alone unit that has its own very
brief language and can be operated from a simple CRT
terminal. The ISE unit contains 32K bytes of user pro-
grammable memory and all the necessary logic for
breakpoints, tracing and memory mapping. Micro-
processor emulation is isolated on a single target card
containing all the logic needed to emulate the particular
microprocessor. ISE is capable of supporting two of these
target cards concurrently to achieve emulation in a multi-
processor environment. ISE can support either two target
cards for the same microprocessor or two different micro-
processors.

There are three important advantages to a stand-alone
emulation system over the emulation card approach:

Performance is the primary advantage. An emulation card
must share the host system busand memory. The card not
only shares these resources; it also must compete for
them in a priority scheme designed into the host system.
This creates an unpredictable environment, making real-
time emulation impossible.

In contrast, ISE as a stand-alone system has its own
special bus designed for high speed emulation. Italso has
memory dedicated to the user’s program, thus eliminating
any conflicts and allowing real-time emulation.

Economy is another advantage of the system approach to
emulation. The only difference between one emulator
card and another is the microprocessor under emulation.
The extensive trace memory, breakpoint logic, memory
mapping logic, etc., are the same for all microprocessor
emulations. The ISE module contains all the logic
common to the emulation process while individual target
cards are dedicated to the emulation of particular micro-
processors. Each target card supported by ISE shares the
total system resources, thus eliminating the unnecessary
cost of supplying separate logic and memory on each
emulator card.

Convenience is the most obvious advantage. The user
needs to master only one software package — either the
basic system controller or a more powerful STARPLEX
software driver program — both of which suport all
features of ISE and a variety of target cards. Specific
characteristics of the emulated microprocessor that must
be known by the driver program (register complement,
word size, status bits, etc.) are recorded in an architecture
ROM located on the target card. The driver program
simply reads the contents of the architecture ROM when
the system is initialized. It then knows which
microprocessor it is emulating and the characteristics of
that microprocessor.

The ISE software package is totally integrated into the
STARPLEX Development System. All of the ease-of-use
concepts that set STARPLEX above other development
systems are designed into the ISE System.

ISE is called with a single keystroke on the STARPLEX
keyboard, as are all other STARPLEX system resources. A
fill-in-the-blank menu appears on the CRT and prompts
the user to select the microprocessor to be emulated.
During the emulation process a portion of the CRT screen
is reserved to inform the user of emulation status. This

 statusinformationincludesthetype of microprocessor(s),

whether they are running, selected, or present, breakpoint
condition masks, and whether breakpoints are enabled.

Should the user wish to review the full range of ISE
commands available he can call for "HELP”, the "HELP”
key on the STARPLEX keyboard allows the user to display
information describing the ISE software functions.
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FIGURE 6-1. STARPLEX™ Development System







Appendix A
Data Sheets

Appendix A contains a 48-Series data sheet followed by some compatible device data sheets. The device data sheets are
arranged by function. '
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INS8048-Series Microcomputer/Microprocessor Family

General Description

The [INS8048/49/50-Series microcomputers and the
INS8035/39/40-Series microprocessors (hereinafter
referred to as the 48-Series) are self contained, 8-bit
parallel, 40-pin, dual in-line devices fabricated using
National Semiconductor’s scaled N-channel, silicon gate
MOS process, XMOS. The 48-Series devices contain the
system timing, control logic, ROM (where applicable)
program memory, RAM data memory and 27 1/0O lines
necessary to implement dedicated control functions. All
48-Series devices are pin compatible, differing only in the
size of on-board ROM (where applicable) and RAM as
shown below:

DEVICE RAM ARRAY ROM ARRAY
INS8048 64 x 8 1K x 8
INS8049 128 x 8 2K x 8
INS8050 256 x 8 4K x 8
INS8035 64 x 8 N/A
INS8039 128 x 8 N/A
INS8040 256 x 8 N/A

The devices are designed to be efficient controllers. They
have extensive bit handling capability as well as facilities
for both binary and BCD arithmetic. Efficient use of
program memory is derived from an instruction set
comprised predominantly of single bytes. The remaining
instructions are two bytes in length. Additional external
memory may be added up to a maximum of 4K bytes of
program memory and 256 bytes of data memory without
paging.

Features

8-Bit CPU, RAM, ROM, I/0 in Single Package

2.5 usec Cycle, 6 MHz Clock; 1.36 usec Cycle,
11 MHz Clock

On-Chip Oscillator Circuit and Clock
(or External Source)

27 1/0 Lines

Expandable Memory and /O

8-Bit Timer/Counter

Single Level Interrupt

Interrupt has Schmitt Trigger with Hysteresis*
Over 90 Instructions (Most Single Byte)
Binary and BCD Arithmetic

Single +5V Power Supply

Low Standby Power Mode”

Low Voltage Standby (2.2V Min)*
On-Chip Battery Charging”

*NOTE: Transparent improvements over industry

standard part.

48-Series Block Diagram

ROM* RAM
(4096 Bytes)! (1024 BYTES| | 64 BYTES | (256 Bytes)'
PROGRAM DATA
(2048 Bytes)2 | MEMORY MEMORY | (128 Bytes)?
4 Y
L INTERNAL BUS ]
8-BIT 27
INTERVAL TIMER/ | |INPUT/OUTPUT
EVENT COUNTER LINES
v
l<—>[g- 1-INS8050
cLock peetl
cPU 2-INS8049

*Not Applicable to INS8035/39/40
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Absolute Maximum Ratings

Temperature Under Bias .............ccovvvinnnnn. 0°C to +70°C
Storage Temperature ; -65°C to +150°C
All Input or Output Voltages with respect Vss ...... -0.5V to +7.0V

Power Dissipation. ...t e 1.5 Watt

NOTE: Absolute maximum ratings indicate limits beyond which
permanent damage may occur. Continuous operation at these limits
is not intended; operation should be limited to those conditions
specified under DC Electrical Characteristics.

DC Electrical Characteristics

Ta =0° C to +70° C, Vcc = +5V £10%, Vss = 0V, unless otherwise specified.

Symbol Parameter Min Typ Max Units Test Conditions
ViL Input Low Voltage (All except
XTAL1, XTAL2) -0.5 0.8 "
ViL1 Input Low Voltage
(XTAL1, XTAL2) -0.5 0.6
ViH Input High Voltage 2.0 Vce
ViH1 Input High Voltage 3.0 Vce Vv
(RESET, XTAL1, XTAL2)
VoL Output Low Voltage 0.4 Vv loL = 2.0mA
Vo Output High Voltage All 3.0 Vce loH = 100 A
except ports 1 and 2
VOH1 Port TTL 2.4 Vv loH =125 uA
L Input Leakage Current +10 uA {Vss <VIN = Vce
(T1, EA, INT)
loL Output Leakage Current (BUS, -10.0 uA |[Vcc = VIN = Vss + 0.45
T0) (High Impedance State)
oD (64) 64 words on Standby Current (2) 2.5 mA |8048
DD (128) 128 words on Standby Current (2) 4.5 mA |8049
DD (256) 256 words on Standby Current (2) 8.5 mA [8050 °
Ipp +lcc Total Supply Current 8048 30 65 mA |[Ta=25°C
lpp +lce Total Supply Current 8048L 25 40 mA |Ta=25°C
lpop +lcc Total Supply Current 8049 32 70 mA (Ta =25°C
Ipp +lcc Total Supply Current 8049L 30 45 mA |Ta=25°C
Ipp +lcc Total Supply Current 8050 35 75 mA |Ta=25°C
Ipp +lcc Total Supply Current 8050L 35 50 mA |Ta=25°C
lobc Battery Charging Current TBD mA |See Figure 5
Vpp Standby Power Supply 2.4 Vce V |See Figure 5
Notes: 1. The Series-48 family of parts are also available in Industrial Temperature Range -40° C to +80° C. Industrial

Temperature Range versions are denoted with an | following the part number (i.e., INS8048-6XXX/NI).

2. The low power versions (L parts), and the Industrial Temperature Range (| parts), are currently

available throughout the Series-48 Family.
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AC Electrical Characteristics - INS80XX-6 (1-6 MHz part)

Ta=0° Cto +70° C, Vcc = +5V *10%, Vss = 0V, unless otnerwise specified.

Symbol Parameter Min Typ Max Units Test Conditions
tLL ALE Pulse Width 400 ns |Note 1
taL Address Setup to ALE 150 ns |Note 1
tLA Address Hold from ALE 80 ns |Note 1
tcc Control Pulse Width

PSEN, RD, WR 700 ns [Note 1
tow Data Set-Up Before WR 500 ns [Note 1
twp Data Hold After WR 120 ns |CL =20 pF
tcy Cycle Time 2.5 15.0 us |1to 6 MHz XTAL
toR Data Hold 0 200 ns [Note 1
tRD PSEN, RD to Data In 500 ns [Note 1
taw Address Setup to WR 230 ns |Note 1
tAD Address Setup to Data In 950 ns |Note 1
taFc Address Float to RD, PSEN ns [Note 1
tca Control Pulse to ALE 10 ns |Note 1

Port 2 Timing

Symbol Parameter Min Typ Max | Units Test Conditions
tcp Port Control Setup before

Falling Edge of PROG 110 ns | Note 1
tec Port Control Hold after

Falling Edge of PROG 140 ns | Note 1
tPR PROG to Time P2 Input

must be Valid 810 ns | Note 1
top Output Data Setup Time 250 ns | Note 1
1) Output Data Hold Time 65 ns | Note 1
tpF Input Data Hold Time 0 150 ns |Note 1
top PROG Pulse Width 1510 ' ns |Note 1
teL Port 2 1/0 Data Setup 400 ns | Note 1
tLp Port 2 I/0 Data Hold 150 ns | Note 1

AC Electrical Characteristics - INS80XX-11 (4-11 MHz Part)

Ta =0° Cto +70° C, +5V +£10%, Vss = OV, unless otherwise specified.

Symbol Parameter Min Typ Max Units Test Conditions
tLL ALE Pulse Width 150 ns |Note 1
tAL Address Setup to ALE 70 ns |Note 1
tLA Address Hold from ALE 50 ns [Note 1
tcc Control Pulse Width
PSEN, RD, WR 300 ns |[Note 1
tow Data Set-Up Before WR 250 ns |Note 1
twp Data Hold After WR 40 ns |CL =20pF
tcy Cycle Time 1.36 3.75 us |4 to 11 MHz XTAL
tbR Data Hold 0 100 ns [Note 1
tRD PSEN, RD to Data In 200 ns {Note 1
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AC Electrical Characteristics - INS80XX-11 (Cont'd.)

Symbol Parameter Min Typ Max Units Test Conditions
taw : Address Set-Up to WR 200 ns |[Note 1
taD Address Set-up to Data In 400 ns [Note 1
taFc Address Float to RD, PSEN -10 ns |Note 1
tca Control Pulse to ALE 10 ns |Note 1
Port 2 Timing
Symbol Parameter Min Typ Max Units | Test Conditions
tce Port Control Setup before
Falling Edge of PROG 100 ns |Note 1
tpc Port Control Hold after
Falling Edge of PROG 60 ns |Note 1
tPR PROG to Time P2 Input
must be Valid .| 650 ns |Note 1
top Output Data Setup Time 200 ns [Note 1
tPD Output Data Hold Time 20 ns [Note 1
ter Input Data Hold Time 0 150 ns [Note 1
tep PROG Pulse Width 700 ns |Note 1
tpL Port 2 1/0 Data Setup 150 ns |Note 1
tLp Port 2 1/0 Data Hold 20 ns | Note 1
Note 1. Control outputs CL = 80 pF, Bus outputs CL = 150 pF
Capacitance T, =25 C, v = Vss = 0V
Symbol Parameter Min Typ Max Units Test Conditions
CiN Input Capacitance 6 10 pF  fc =1 MHz
Cout OUTPUT AND RESET
Capacitance 10 20 pF JUnmeasured pins
returned to Vss
Timing Waveforms
|

e

oy |

——

e B p—

cc
ta

S = e
wn ZIIY e XTI = XU

Instruction Fetch from External Program Memory

NOTE: Diagonal lines indicate

interval of high impedance.

tap |
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ADDRESS

| tow wo
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Write to External Data Memory

ALE _I
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! tcc

RD

tarc
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N
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S,

—>| tRD | —

taD

Read from External Data Memory

NOTE: Diagonal lines indicate
interval of high impedance.
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ALE | tPL ILPl | top I tep |4_
| !
EXPANDER
PORT 2 03 PORT
PORT X PCH X X D( OUTPUT DATA |D<
OUTPUT DATA CONTROL I
| I l 1 | tPR | |0 t

EXPANDER ' ' | p

PORT PCH PORT 20-3 | PORT | INPUT )

INPUT DATA CONTROL DATA

e ! S — o

PROG | trc tep

l<- tca ->|\ I/
] 1
12-12
Port 2 Timing
+12v
T
EA -—I ; FORCE FORCE
| ADDRESS ADDRESS
RESET 1
L ADDRESS DATA OUT . NEXT - NEXT DATA o
DBo-7 (0-7) VALID VALID ADDRESS OUT VALID
Poo-21 x ADDRESS (8-9)* VALID X NEXT ADDRESS VALID
*8049 = 8-10 Verify Mode Timing 12-13
8050 = 8-11
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Functional Pin Description
INPUT SIGNALS

Reset (RESET): Anactive low(0) inputthatinitializes the
processor and is used to venfy program memory. (See
note #1.)

Single Step (§§): Active low (0) tnput which, in con-
junction with ALE, can single step the processor through
each instruction.

External Access (EA): An active high (1) input that
forces all program memory fetches to reference external
program memory.

Testable Input 0 (To): Testable input pin using con-
ditional branch functions JTO (To 1) or JNTO (To - 0). To
can be designated as the clock output using instruction
ENTO CLK.

Testable Input 1 (Ti): Testable input pin using
conditional branch functions JT1 (T1=1) or JNT1 (T1 =
0). Ty can be designated as the Timer/Counter input from
an external source using instruction STRT CNT.

Interrupt (m-f): An active low input that initiates an
interrupt when interrupt is enabled. Interrupt is disabled
after a reset. Also canbetested withinstruction JNI (INT
0). (See Note 2).

OUTPUT SIGNALS

Read Strobe (ﬁﬁ): An active low output strobe activated
during a Bus read Can be used to enable data onto the
BUS from an external device. Used as a Read Strobe to
External Data Memory.

Write Strobe (ﬁ): An active low output strobe activated
during a Bus write. Used as a Write Strobe to External Data
Memory.

Program Store Enable (PSEN): An active low output that
occurs only during an external program memory fetch.

Pin Configuration

ToJ1e \_/ a0[vce
XTAL1 2 39 % T1
XTAL2 (|3 38 P27
RESET [|4 37 % P26

SS[|5 36 ] P25

INT |6 35[ ] P24
EA E 7 34 ]P17
RD 8 INS8048 33[1P16

PSEN[]o  INS8049 5, pyg

ki E INS8050
WR[ |10 |ysso3s 31/ P14
ALE[]11 INss039 30[ JP13
DBo[ |12 INS8040 29[ P12
DBy 13 28PN
DBz |14 27 [ P10
DB3 []15 26| ] Voo
DBs (|16 251 PROG
DBs (|17 24 JP23
DBs (|18 23 ]pP22
DBy (|19 22 P21

Vss []20 21 ]P20

Address Latch Enable (ALE): An active high output that
occurs once during each cycle and 1s useful as a clock
output. The negative going edge of ALE strobes the
address Into external data or program memory.

Program (PROG): This output (active high) provides the
output strobe for INS8243 1/0O Expander.

INPUT/OUTPUT SIGNALS

Crystal Input (XTAL1, XTAL2): These two pins con-nect
the crystal for internal oscillator operation XTAL1 is the
timing input for external source.

Port 1 (P10-P17): 8-bit quasi-bidirectional port. -

Port 2 (P20-P27): 8-bit quasi-bidirectional port. During
an external program memory fetch, the four high-order
program counter bits occur at P20-P23. They also serve as
a 4-bit 1/0 expander bus when the INS8243 1/0 Expander
1s used. (See note 3)

BUS (DBo-DB7): True bidirectional port, either statically
latched or synchronous. Can be written to using WR
Strobe, or Read from using RD Strobe. During an external
program memory fetch, the 8 lower order program
counter bits are preset at this port The addressed
instruction appears on this bus when PSEN is low. During
an external RAM data store instruction. This port presents
address and data under control of ALE, RD, and WR.

Vss: Processor Ground potential.

Vop: Voo functions as the Low Power Stand-by Voltage
and can vary from 2.2V to 5.5V.

Vcc: Pin 40: Primary Power Source for 48-Series

Devices.
Functional Description

The following paragraphs contain the functional
description of the major elements of the 48-Series
microcomputer/microprocessor. Figure 1 is a block
diagram of the 48-Series devices. The data paths are
illustrated in simplified form to show how the various logic
elements communicate with each other toimplement the
instruction set common to all devices.
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XTAL l—————— (O

XTAL2—————————()————p

INITIALIZE (RESET) ——@——»o| TiMING

SINGLE STEP (S§)——B)———»0|  AND
N CONTROL

INTERRUPT {INT) ———&)——#0 LOGIC

EXTERNAL MEMORY —(D——»

ACCESS (EA)

5

d9)——> ADDRESS LATCH

READ (RD)

B
o————{0——————» WRITE (WR)

1/0 EXPANDER
STROBE (PROG)

o——9—» PROGRAM STORE

ENABLE (PSEN)

ENABLE (ALE)

\ad

TEST 0— (D) —»|
(T0)

TEST 1—@9)—»
(T)

ACCUMULATOR

BRANCH
LOGIC

DECODER

AND PROGRAM

0 INSTRUCTION COUNTER
REGISTER

TIMER/EVENT

COUNTER

*ROM and RAM Capacities

INS8048 =1K x 8 ROM= 64 x 8 RAM
INS8049 =2K x 8 ROM=128 x 8 RAM
INS8050 =4K x 8 ROM=256 x 8 RAM

ARITHMETIC

LOGIC
UNIT

POWER
SUPPLY

Note: Applicable pinout numbers are

included within parentheses.

8-BIT INTERNAL BUS

{

Vce - (40) +5 Power Supply
VoD - (26) Standby Supply
Vss - (20) GND

FIGURE 1. 48-Series Block Diagram

1

P20-P27
onT 2 | (2124 35:38)
BUS )
LATCH EXPANDER
AND PORT
BUFFER
D0-D7
(12-19)
TO/FROM
BUS MEMORY
BUFFER AND
ADDITIONAL 1/O
P10-P17
PORT 1 | (37-3%)
BUS
LATCH
AND
BUFFER

87-28




Program Memory

The Program Memory (ROM) contained on the
INS8048/49/50 devices is comprised of 1024, 2048 or 4096
8-bit bytes, respectively. As is seen by examining the 48-
Series instruction set, these bytes may be program
instructions, program data or ROM addressing data. The
ROM for the above devices must be mask programmed at
the National Semiconductor factory. The ROMless micro-
processors, INS8035, INS8039 and INS8040 use external
program memory. This makes program development
straightforward using standard UV erasable PROMs to
emulate a possible future single chip (using the on-board
ROM) system. ROM addressing, up to a maximum of 4K, is
accomplished by a 12-bit Program Counter (PC). The
INS8048 and INS8049 will automatically address external
memory when the boundary of their internal memories, 1K
and 2K respectively, are exceeded. The binary value of the
address selects one of the 8-bit bytes containedin ROM. A
new address is loaded into the PC register during each

instruction cycle. Unless the instruction is a transfer of
control instruction, the PC register is loaded with the next
sequential binary count value. ’

With reference to the Program Memory Map (see Figure 2)
there are three ROM addresses which provide for the
control of the microcomputer.

1. Memory Location 0000 - Resetting the Reset
(negative true) input to the microcomputer forces the
first instruction 1o be fetched from address 0000.

2. Memory Location 0003 - Asserting the Interrupt
(negative true) input to the microcomputer (when
interrupt is enabled) forces a jump to subroutine.

3. Memory Location 0007 - A timer/counter interrupt
that results from timer/counter overflow (when
enabled ) forcing a jump to subroutine.

4095

2048

SEL MB1 (2048-4095)

2047

1024

SEL MBO (0-2047)

1023

<«}—— ADDRESS 0007 - TIMER/COUNTER
INTERRUPT VECTOR

RESIDENT ON INS8050
|

RESIDENT JON INS8049

RESIDENT ON INS8048

ADDRESS 0003 - EXTERNAL
(J— INTERRUPT SUBROUTINE

VECTOR

o

RESET VECTOR

ADDRESS

7|6|5|4[3|2|1|o l«— ADDRESS 0000 -
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Data Memory (RAM)

The resident RAM data memory is arranged as 64
(INS8035/8048), 128 (INS8039/8049) or 256
(INS8040/8050) bytes. RAM addressing is implemented
indirectly via either of two 8-bit RAM pointer registers RO
and R1. These pointer registers are essentially the first
two locations in the RAM (see Figure 3), addresses 000
and 001. RAM addressing may also be performed directly
by 11 direct register instructions. The pointer register
area of the RAM array is made up of eight working
registers that occupy either the first bank (0), locations (0
to 7), or the second bank (1), locations 24-31. The second
bank of working registersis selected by using the Register
Bank Switch instruction (SEL RB). If this bank is not used
for working registers, it can be used as user RAM.

There is an 8-level stack after Bank 0 that occupies
address locations 8 to 23. These RAM locations are
addressed indirectly through RO, R1 or the 3-bit Stack
Pointer (SP). The stack pointer keeps track of the return
address and pushes each return address down into the
stack. There are 8 levels of subroutine nesting possible in
the stack because each address occupies 10 bits or more
using two bytes in RAM. When the level of subroutine
nesting is less than 8, the stacks not used may be utilized
as user RAM locations.

285 8050

USER RAM
128x 8

27 8049

USER RAM
64x8

8048
USER RAM
3232 32x8 R
31

63

DIRECTLY
———————— ADDRESSABLE
POINTER

REGISTER)) 54

ALTERNATE WHEN SELECTED
REGISTER AND RC

2| STACK REGISTER ADDRESSED

OR INDIRECTLY
USER RAM BY
16x8 R1 OR RO

BANK 0
WORKING
REGISTERS

8x8 DIRECTLY
_______ —‘ADDRESSABLE

POINTER }__
REGISTER

N ®
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FIGURE 3. 48-Series Resident RAM Data Memory Map

Input/Output

The 48-Series devices have 27 hnes of input/output
organized as three, 8-bit ports plus three test inputs. The
three ports may he used as inputs, outputs or bidirectional
ports Ports 1 and 2 differ from port 3 (Bus Port) in that
they are quasi-bidirectional ports. Ports 1 and 2 can be
used as input and output while being statically latched If
more I/0O hines are required. Port 2can also serve as a4-bit
1/0 bus expander when used In con-junction with the
INS8243 1/0 Expander.

I Vee

1o~

LATCH

STANDARD TTL

FIGURE 4. Input/Output Options




The bus port is a true bidirectional port and is either
statically latched or synchronous. It can be written to
using ‘WR strobe or read from using RD strobe. During an
external program memory fetch, the 8 lower order
program counter bits are preset at this port. The
addressed instruction appears on this bus when PSEN is
low. During an external RAM data store instruction, this
port presents address and data under control of ALE, RD,
and WR.

T

National has made some additional improvements to the
standard industry parts. These include a battery charging
circuit, and interrupt pi'n with hysteresis. Also, these
improvements are transparent to the user. See Figure 5.

ent Impr

P

Power Down Mode

‘During the power down mode, Vpp which normally
maintains the RAM cells, is the only pin that receives
power. Vcc, which serves the CPU and ports is dropped
from nominal 5 volts to 0 volt, after the CPU is reset, so
that the RAM cells are unaltered by the loss of power.
When power is restored, the processor goes through the
normal power-on procedure.

Battery Charging Circuit

All 48-Series devices contain a circuit to provide external
battery charging capabilities. Power for all on-board
circuits are provided by Vcc (pin 40). Asshownin Figure 5
under normal operating conditions the RESET input is a
logic high holding the internal switch in the closed
position. Vcc is supplied to the program selectable
portion of the RAM array through the closed contact of
the internal switch. The normally closed contacts of the
switch also provide charging power to the external NiCad
cells. In the event of power failure, the RESET pin must be
pulled low before Vcc drops below 4.5 volts in order to
guarantee the RAM will not loose data. When the RESET
pin becomes a logic low (0V) the internal switch is forced
to the open condition. DC power to sustain the desired
RAM data is provided by the two NiCad batteries

(approximately 2.2 volts). Normally, approximately 5 volts
are required to provide RAM data protection in the event
of a power failure. National’'s innovative advances in
NMOS technology provide the user with a RAM that
requires 50% less voltage and 10% of the power to protect
data during power failure. The on-chip charging circuit
and lower RAM power requirements provide the user with
a twofold saving; no external circuits required for the
battery charging and only 2 NiCad cells as opposed to the
normal requirement of 4 to 5 NiCad cells.

—_ 4 _rineser

v INT
L] YT SWITCH* !
2%, |
: ' i
| P '

@) -

NiCad — | I
Cells : 0-63 | 64-127 | 127-256 :
GND |
2| . g J |
= RAM ]

12-5

FIGURE 5. INS8049 Battery Charging Circuit
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Instruction Set

Table 1 details the 96 instructions common to both the
microcomputers and the microprocessors. The table

provides the mnemonic,

function and description,

instruction code, number of cycles and, where applicable,

flag settings.

Table 1 Instruction Set
FLAGS
MNEMONIC FUNCTION DESCRIPTION CYCLES | BYTES |C|AC|FO|F1
CONTROL
EN | Enable the External Interrupt input. 1 1
DIS | Disable the External Interrupt input. 1 1
ENTO CLK Enable TO as the Clock Output. 1 1
SEL MBO (DBF) — 0 Select Bank 0 (locations 0 - 2047) of 1 1
Program Memory.
SEL MB1 (DBF) ~— 1 Select Bank 1 (locations 2048 - 4095) of 1 1
Program Memory.
SEL RBO (BS) — 0 Select Bank 0 (locations 0 - 7) of Data 1 1
Memory.
SEL RB1 (BS) — 1 Select Bank 1 (locations 24 - 31) of Data 1 1
Memory.
DATA MOVES
MOV A, #data (A) < data Move Immediate the specified data into 2 2
the Accumulator.
MOV A, Rr (A) ~— (Rr);r=0-7 Move the contents of the designated 1 1
registers into the Accumulator.
MOV A, @ Rr (A) — ((Rn));r=0-1 Move Indirect the contents of data memory 1 1
location into the Accumulator.
MOV A, PSW (A) ~— (PSW) Move contents of the Program Status 1 1
Word into the Accumulator.
MOV Rr, #data (Rr) =— data;r=0-7 Move Immediate the specified data into 2 2
the designated register.
MOV Rr, A (Rr) — (A);r=0-7 Move Accumulator contents into the 1 1
designated register.
MOV @ Rr, A ((Rr)) — (A);r=0-1 Move Indirect Accumulator contents 1 1
into data memory location.
MOV @ Rr, #data ((Rr)) ~— data;r=0-1 Move Immediate the specified data 2 2
into data memory.
MOV PSW, A (PSW) — (A) Move contents of Accumulator into the 1 1 o o o
Program Status Word.
MOVP A @ A (PC0-7) ~— (A) Move the content of program memory 2 1
(A) — ((PC)) location in the current page addressed by
the content of accumulator into the
accumulator.
MOVP3 A, @A (PCO-7) ~ (A) Move the content of program memory 2 1
(PC 8-10) ~— 011 location in page 3 address by the
(A) ~— ((PC)) content of accumulator into the
accumulator.
MOVX A, @ R (A) ~— ((Rr));r=0-1 Move Indirect the contents of external 2 1
data memory into the Accumulator.
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Table 1. Instruction Set (Cont'd.)

FLAGS
MNEMONIC FUNCTION DESCRIPTION CYCLES| BYTES | C|AC|FO|F1
DATA MOVES (Contd.)
MOVX @ R, A ((Rr)) ~— (A); r=0-1 Move Indirect the contents of the Accumu- 2 1
lator into external data memory.
XCH A, Rr (A) = (Rr);r=0-7 Exchange the Accumulator and 1 1
designated register's contents
XCH A, @ Rr (A) = ((Rr));r=0-1 Exchange Indirect contents of Accumu- 1 1
lator and location in data memory
XCHD A, @ Rr (A0 - A3) = (((Rr)) 0 - 3); Exchange Indirect 4-bit contents of 1 1
r=0-1 Accumulator and data memory
TIMER COUNTER
EN TCNTI Enable Internal Interrupt Flag for Timer/ 1 1
Counter output .
DIS TCNTI Disable Internal Interrupt Flag for Timer/ 1 1
Counter output
MOV A, T (A) ~— (T) Move contents of Timer/Counter into 1 1
Accumulator
MOV T, A (T) ~— (A) Move contents of Accumulator into 1 1
Timer/Counter.
STOP TCNT Stop Count for Event Counter 1 1
STRT CNT Start Count for Event Counter. 1 1
STRT T Start Count for Timer 1 1
ACCUMULATOR
ADD A, #data (A) — (A) + data Add Immediate the specified Data to 2 2 o o
the Accumulator.
ADD A, Rr (A) *— (A) + (Rr) Add contents of designated register to 1 1 of e
forr=0-7 the Accumulator.
ADD A, @ Rr (A) ~— (A) + ((Rn) Add Indirect the contents the data memory 1 1 o o
forr=0-1 location to the Accumulator
ADDC A, #data (A) *— (A) (C) + data Add Immediate with carry the specified 2 2 of o
data to the Accumulator
ADDC A, Rr (A) ~— (A) +(C) + (Rr) Add with carry the contents of the desig- 1 1 of o
forr=0-7 nated register to the Accumulator.
ADDC A, @ Rr (A) ~— (A) +(C) + ((Rr)) Add Indirect with carry the contents of 1 1 of o
forr=0-1 data memory location to the Accumulator
ANL A, #data (A) *— (A) AND data Logical AND specified Immediate Data 2 2
with Accumulator
ANL A, Rr (A) *— (A) AND (Rr) Logical AND contents of designated 1 1
forr=0-7 register with Accumulator
ANL A, @ Rr (A) = (A) AND ((Rr)) Logical AND Indirect the contents of data 1 1
forr=0-1 memory with Accumulator.
CPL A (A) *— NOT (A) Complement the contents of the 1 1
Accumulator
CLR A (A) —O0 CLEAR the contents of the Accumulator. 1 1
DA A DECIMAL ADJUST the contents of the 1 1 .
Accumulator
DEC A (A) ~— (A) -1 DECREMENT by 1 the accumulator’s 1 1
contents.
INC A (A) — (A) +1 Increment by 1 the accumulator's contents 1 1
ORL A #data (A) *— (A) OR data Logical OR specified immediate data 2 2
N with Accumulator
ORL A, Rr (A) *— (A) OR (Rn) Logical OR contents of designated 1 1
forr=0-7 register with Accumulator
ORL A, @ Rr (A) = (A) OR ((Rr)) Logical OR Indirect the contents of data 1 1
forr=0-1 memory location with Accumulator.
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Table 1. Instruction Set (Cont'd.)

FLAGS
MNEMONIC FUNCTION DESCRIPTION CYCLES | BYTES |C|AC|FO|F1
ACCUMULATOR (Cont'd.)
RLA (An t 1) =— (An) Rotate Accumulator left by 1-bit without 1 1
forn 0-6 carry.
(AD) — (A7)
RLC A (Ant1) =~ (An); n 0-6 Rotate Accumulator left by 1-bit through 1 1 .
(A0) = (C) carry.
(C) = (A7)
RR A (An) — (Ant1); n - 0-6 Rotate Accumulator right by 1-bit without 1 1
(A7) — (A0) without carry
RRC A (An) == (An+1); n t+ 0-6 Rotate Accumulator right by 1-bit 1 1 .
(A7) — (C) through carry.
(C) == (A0)
SWAP A (A4-A7) == (AD - A3) Swap the 2, 4-bit nibbles in the 1 1
Accumulator.
XRL A, #data (A) — (A) XOR data Logical XOR immediate specified data 2 2
with Accumulator.
XRL A, Rr (A) =— (A) XOR (Rr) Logical XOR contents of designated 1 1
forr=0-7 register with Accumulator.
XRL A, @ Rr (A) = (A) XOR ((Rr)) Logical XOR Indirect the contents of data 1 1
forr=0-1 memory location with Accumulator.
BRANCH
DJNZ Rr, addr (Rr) == (Rr) -1; r = 0-7 Decrement the specified register and 2 2
if (Rr) # 0; test contents.
(PC 0-7) *— addr
JBb addr (PC 0-7) *—addrifBb =1 Jump to specified address if Accumulator 2 2
(PC) — (PC)+2itBb=0 bit is set.
JC addr (PC 0-7) ~—addrif C =1 Jump to specified address if carry flag 2 2
(PC) — (PC)+2ifC =0 is set.
JFO addr (PC 0-7) ~— addr if FO = 1 Jump to specified address if Flag FO is 2 2
(PC) ~—(PC) +2if FO=0 set.
JFI addr (PC 0-7) *— addr if F1 =1 Jump to specified address if Flag F1 1s 2 2
(PC) —(PC)+2ifF1 =0 set.
JMP addr (PC 8-10) *— addr 8-10 Direct Jump to specified address within 2 2
(PC 0-7) == addr 0-7 the 2K address block.
(PC 11) — DBF
JMPP @ A (PC 0-7) ~— ((A) Jump indirect to specified address pointed 2 1
to by the accumulator in current
page.
JNC addr (PC0-7) *—addrifC =0 Jump to specified address if carry flag 2 2
(PC) = (PC) +2ifC =1 is low.
JNI addr (PC 0-7) *— addrif 1 =0 Jump to specified address if interrupt 2 2
(PC) == (PC) +2iif 1 =1 Is low.
JNTO addr (PC 0-7) *— addr if TO = 0 Jump to specified address if Test 0 is low. 2 2
(PC) <= (PC) +2.1f TO = 1
JNT1 addr (PCO0-7) *—addrif T1 = 0 Jump to specified address if Test 1 is low. 2 2
(PC) ~— (PC) +2if T1 = 1
JNZ addr (PC0-7) = addrif A #0 Jump to specified address if accumulator 2 2
(PC) ~— (PC) +2ifA =0 is non-zero.
JTF addr (PC 0-7) *— addr if TF = 1 jump to specified addres‘s it Timer Flag 2 2
(PC) — (PC) +2if TF =0 | issetto. GLQ 'TW@W}V:‘/&&
JTO0 addr (PC 0-7) *— addr if TO =1 Jump to specified address if Test 0 1s 4. 2 2
(PC) ~— (PC) + 24 TO - 0
JT1 addr (PC 0-7) ~—addrif T1 - 1 Jump to specified address if Test 1 isa 1. 2 2
(PC) ~—(PC) + 2if T1 -0
JZ addr (PC0-7) ~— addrifA 0 Jump to specified address if Accumulator 2 2

(PC) == (PC) t 2if A 1

is0
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Table 1. Instruction Set (Cont'd.)

FLAGS
MNEMONIC FUNCTION DESCRIPTION CYCLES | BYTES| C|AC|FO|F1
INPUT/OUTPUT
ANL BUS, data (BUS) *— (BUS) AND Logical AND Immediate specified 2 2
data data with contents of BUS.
ANL Pp, data (Pp) *— (Pp) AND data; Logical AND immediate specified 2 2
p 1-2 data with designated port (1 or 2)
ANLD Pp. A (Pp) *—(Pp) AND Logical AND contents of Accumulator 2 1
(A0 - A3):p 4-7 with designated port (4 - 7)
IN A, Pp (A) ~— (Pp)ip 1-2 Input data from designated port (1 - 2) 2 1
into Accumulator.
INS A, BUS (A) ~— (BUS) Input strobed BUS data into Accumulator 2 1
MOVD A, Pp (A0-A3) ~— (Pp); Move contents of designated port (4-- 7) 2 1
P 4-7(A4-A7) — O into Accumulator
MOVD Pp. A (Pp) *— (A0 - A3); Move contents of Accumulator to 2 1
p 4-7 designated port (4 - 7)
ORL BUS, #data (BUS) — (BUS) OR Logical OR Immediate specified data 2 2
data with contents of BUS
ORLD Pp. A (Pp) = (Pp) OR Logical OR contents of Accumulator 2 1
(A0 - A3).p 4-7 with designated port (4 - 7).
ORL Pp, #data (Pp) *— (Pp) OR data; Logical OR Immediate specified data 2 2
p 1-2 with designated port (1 - 2).
OUTL BUS, A (BUS) ~— (A) Output contents of Accumulator onto 2 1
BUS
OUTL Pp, A (Pp) — (A;p 1-2 Output contents of Accumulator to 1 1
designated port (1 - 2).
REGISTERS
DEC Rr (Rr) == (Rr) -1;r  0-7 Decrement by 1 contents of designated 1 1
register
INC Rr (Rr) *—(Rrn) t1;r 0-7 Increment by 1 contents of designated 1 1
register.
INC @ Rr ((Rr)) = ((Rr)) + 1; Increment Indirect by 1 the contents of 1 1
r 0-1. data memory location.
SUBROUTINE
CALL addr ((SP)) ~— (PC) Call designated Subroutine 2 2
((SP)) —(PSW 4-7)
(SP) ~—(SP) t 1
(PC8-10) *— addr 8-10
(PC 0-7)*— addr 0-7
(PC 11) — DBF
RET (SP) == (SP) -1 Return from Subroutine without 2 1
(PC) ~— ((SP)) restoring Program Status Word
RETR (SP) *—(SP) - 1 Return from Subroutine restoring 2 1 el e
(PC) = ((SP)) Program Status Word.
(PSW 4-7) — ((SP))
FLAGS
CPLC (C) == NOT (C) Complement Content of carry bit. 1 1 .

‘cPL FO (FO) *— NOT (F0) Complement Content of Flag FO 1 1 .
CPL F1 (F1) == NOT (F1) Complement Content of Flag F1 1 1 .
CLR C (C)—o0 Clear content of carry bit to 0 1 1 .

CLR FO (FO) — 0. Clear content of Flag 0 to 0 1 1 .

CLR F1 (F1)y=— 0 Clear content of Flag 1 to 0 1 1 .
MISCELLANEOUS

NOP No operation 1 1
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Symbol Definitions

SYMBOL DESCRIPTION SYMBOL DESCRIPTION
A The Accumulator P Port Designator (p =1,20r4-7)
AC The Auxiliary Carry Flag PSW Program Status Word
addr Program Memory Address (12 bits) r Register Designator (r =0, 1 or 0 - 7)
b Bit Designator (b = 0 - 7) SP Stack Pointer
BS The Bank Switch T Timer
BUS The BUS Port TF Timer Flag
C Carry Flag To Ty Testable Flags 0, 1
CLK Clock Signal X External RAM
CNT Event Counter # Prefix for Immediate Data
D Nibble Designator (4 bits) @ Prefix for Indirect Address
data Number or Expression (8 bits) $ Program Counter's Current Value
DBF Memory Bank Flip-Flop (x) Contents of External RAM Location
Fo F1 Flags 0, 1 ((xx)) Contents of Memory Location
| Interrupt Addressed by the Contents of
P External RAM Location.
P In-Page” Operation Designator _ Replaced By
TYPICAL APPLICATIONS
Figure 6 shows a typical way to use the 48-Series Micro-
computers in a stand-alone system.
m  Crystal used is:
e Series resonant
e AT cut
* 1to6 MHz or 4to 11 MHz
+5V GND
40 26 20’
Vce Vopp Vss P10 277
20pt 2| xTAL1 P11 |28
P12 (—29
20pt &2
31 XTAL2 P13 |-30 [Port1
1ufd 4| RESET P14 |—31 | (Input/Output)
P15 (—32
7] EA P16 —33
5| §§ P17 [(—34_|
NE—= P20 [-217)
P21 [—22
INS8048 ::2 23 Port 2
INS8049 P2j ";4 ort
INS8050 =35 | (Input/Output)
P25 —36
P26 ——37J
P27 —38
1 To DBo [—127]
DB:1 13
INPUT| 39 - T1 DB, |14
6 - INT DB3 \—15 BUS Port
DB4 [—16 |(Input/Output)
DBs [—17
DBs [—18
ALE PSEN PROG WR RD DB7|—19 |
T T T T
11 9 25 10 8
NC NC 12-6

FIGURE 6. Stand-alone INS8048/49/50
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TYPICAL APPLICATIONS (Cont'd)

Figure 7 shows a typical remote data acquisition system
with an INS8250 Programmable Asynchronous
Communication System which can receive commands or
update information from a supervisory computer. The
figure also shows an INS8294 CMOS DVM that receives
data at Vin and displays the data on the 7-segment local
display unit. Data are transferred from the INS8294 to the
INS8049 via National's MICROBUS™.

Serial I/0

e
Supervisory
. INSs250 |l Somputer/
L Display
1
Cc
INS8049 R
(o]
-]
v
s INS8294
DVM
Local Voltage In
Display
FIGURE 7. Data Acquisition System 127

TYPICAL APPLICATIONS (Cont'd)

Figure 8 shows a typical way to add a Input/Output
Expander and Programmable Interval Timer to the 48-
Series Microprocessors.




61-v

+5V GND +5V GND
40 2s| 20‘ 24‘ 12
Vcc Voo Vss P10 27 Vee GND  Pao}—2 |
2001 6MHz 2 P11 [— 28 patl—3
Z 2| XTAL1 P12 ——29 P42}— 4
P13 —— 30 P43—5
c
20pf 3| XTAL2 a3 Vo INSB243
— P50} 1
Imd 4| RESET P16 — 33 10 P51}—23
P17 1—34 EXPANDER P52 22
; EA PR'S)G 25 P53 21
_ 20 21 11 P20 P60— 20
NC—>|SS gg; gg 10— P21 P61— 19
9— P22 P62 18
INS8048 P23 24 8— P23 P63— 17
INS8049 553 — gg S P701— 13
INS8050 P26 —— 37 —— — 7— PROG P71 14
1-{T0 P27 — 38 —— o == P72l 15
— P73}— 16
INPUT| 30— T1 g 12 -
— DB 14
M 28— 18
V'Y o —
DBst— 17 L 19{ Ao Cofe9 —
DBs—— 18 20— A GOfe11 —
_ bBr—19 L 21Cs Qof—10—>
A%E PSIEN WIR R'D 8 — Do
7—D
11 9 10 8 6 —D» Clle15—
5 D3 INS8253 G1}le« 14—
4D Q1— 13—
3—Ds
2—Ds
1 D7
= C2le18 —
22— I0R G2 <16 —
23— 10 Q2}—17—>
-

~ FIGURE 8.
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APPROVED FORMATS FOR CUSTOM PROGRAMMED
PARTS ’

INPUT MEDIUM:

2716 EPROM

2708 EPROM

PAPER TAPE

IMPORTANT - EPROM LABELLING

Only one customer program may be included in a single
order. The following method must be used to identify the

EPROMs comprising a program.

a) The EPROMs used for storing a custom program are
designated as shown.

2716: Block A 0-2047
2708: Block A 0-1023
Block B 1024-2047

b) All EPROMs must be labelled (stickers, paint, etc.)
with this block designation plus a customer assigned
print or identification number.

Example:

1) Customer Data
e Custom Program Length - 2K
e Medium - Two 2708’s
e Customer Print or 1.D. No.
C123-45

2) EPROM Labels

C123-45 C123-45
A B
0-1023 1024-2047
Paper Tape

Tapes may only be submitted in binary complement
format. The following information should be written on the
paper tape.

Company Name

Customer Print or 1.D. No.

NSC Part No.

A Punch = ("1" or "0")

This is logic (POS or NEG)

BINARY COMPLEMENT FORMAT

> oo e ——BIT 1
[ X ] [ ] [ ]

[ X ) [ ] [ ]

® ® 0 0000 0 0000 ® 9 0 00 000 00 0 0

[ X ] [ ]

o ° TOP e

[ ] [ ] -

[ ] [ ) [ ]

o ° ® ~— BIT 8

WORD N -1J T
COMPLEMENT WORD N -1

COMPLEMENT WORD 1
WORD 1

COMPLEMENT WORD 0
WORD 0

START

NOTE 1: Tape must be blank except for the data words.

NOTE 2: Tape must start with a rubout character.

NOTE 3: Data is comprised of two words, the first being
the actual data and the second being the com-
plement of the data.

Verification

You will receive a listing of the options ordered and the
input data. If you also wish to receive EPROMs for
verification, please send additional blank EPROMs as
necessary for this purpose. You can use software (the
listing) or hardware (EPROMSs) to verify the program.

You will be asked for a GO/NO GO response within one
week after you receive the listing.

VERIFICATION LISTING

The verification listing has six sections:

1. A cover sheet with provision for "STOP, DO NOT
PROCEED"” or "VERIFICATION CERTIFIED"
signatures.

2. Description of the options you have chosen.

3. Adescription of thelog designations and assumptions
used to process the data.

4. A listing of the data you have submitted.

5. An error summary.

6. A definition of the standard logic definitions for the
ROM and the reduced form of the data. This list shows

the output word corresponding to each address coded
in binary.




Ordering Information for Custom Programmed Parts
The following information must be submitted with each customer microcomputer program. An order will not be pro-
cessed unless it is accompanied by this information. This form acts as a Traveler from Customer through Customer
Service to ROM programming. Please retain a copy of this form to compare against the verification listing. The form
will be sent back to the customer by Customer Service.

National Microcomputer Part Number
ROM Letter Code (National Use Only)
Name Date
Address Customer Print or 1.D. No.
City State Zip Purchase Order No.
Telephone ( ) Name of person National can contact (Print)
Authorized Signature Date
OPTIONS
1. Device Type (Circle One) B. Verification Medium: The user will be sent one or
more of the following media to verify National's
8048-6 (6 MHz) 8049-6 8050-6 reception of valid date. If any EPROM is selected,

blank EPROMs must be submitted with this form.
8048-11 (11 MHz)  8049-11

Circle One or More

A. Input Medium (Circle One)
Listing: Binary MPS Format EPROM: 2708 2716

48 Series Part: 8048 Hexadecimal Format 2758A 2732
8748 27588 8748
EPROM: 2708 2716
2758A 2732 Total Number of EPROMs:
27588

Total number of EPROMs:
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INS8048-Series Microcomputer/Microprocessor Family

Physical Dimensions

inches 'milimeters,

2060
(52 324)

(51 (51 5 (5 . 5. (5] 5] 5 5, . (), ). (.06 ) ()

005 o
(0635)
ujojajojojojojojoininj oI o uyo) o)
0590-0622 ALY 0200
. 0590062 GLASS
(12986 15800) (:n?:’ SEALANT (:1:!)?)
0005 0025
0127-0635) t - 7
0008-0012 J

(0203 -0 305)

T“j: _l L Il u.ms/u

0685 0025 ’ 8125 5060 9005 st mn"u 01000010 1__ |_ ous
(17400 - 0635) Bl {se onan (2540 - 01258) 270
TYP TYe MIN (BOTH ENDS}
Ceramic Dual-in-Line Package (J)
Order Number INS8048J
2010
| (52578) |
MAX
0062
{Ts15)
RAD 2550 008
(13970 0127)
PINNO 1 INDENT
LI 3 3 3 €3 3 5 ) O 1 5 5 ) ED R
0030
0060 {5762) 0050
0600-0 620 (1528) MAX 270 =| |= 0130 0005
(15.280-15.7a8) { { TYP | l (3302 0120

R o i 1y
00090015
02290380 Q 0020
0625 ‘0028 e

0015 l 0.075 0015 | I I__ 0100 ” 0018 0003 0125 {0 508)
- —_ —_— —ff——— MIN
+635 (1905 0381) (2540) {0457 0076)
(15878 0381 Ty (]MH‘S)
Plastic Dual-in-Line Package (N)
Order Number INS8048N
Natonal National GmbH NS inc . Japan National Semiconductor NS Eiectronics Do Brasil NS Electronics Pty Lid
Corporation Elsenheimerstrasse 61/11 Miyake Building (Hong Kong) Lid Avda Brigadewo Fana Lima 844 Cnr Stud Rd & Mtn Highway
2900 Semiconductor Drive 8000 Munchen 21 19 Yotsuya Shinjuku ku 160 8th Floor 11 Andar Conjunto 1104 Bayswater Victoria 3153
Santa Clara Califormia 95051 West Germany Tokyo Japan Cheung Kong Electionic Bidg  Jardim Pauhstano Auslralia
Tel  (408)737 5000 Tel (089)576091 Tel (03)355 3711 4 Hing Yip Street Sao Paulo Brasn Tel 03 729 6333
TWX (910)339 9240 Telex 05 22772 TWX 232 2015 NSCJ J Kwun Tong Telex Telex 32096
Kowloon Hong Kong 1121008 CABINE SAO PAULO
Tel 3 899235
Telex 73866 NSEHK HX
Cable NATSEMI

National does not assume any responsibilily for use ol any circuillry described no circuil patent licenses dre implied and National reserves the nght at any time withoul nohice 10 change said Cicuilry
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National
Semiconductor

AtoD,Dto A

ADC0801, ADC0802, ADC0803, ADC0804 8-Bit ;P

Compatible A/D Converters

General Description

The ADC0801, ADC0802, ADC0803, ADCO0804 are
CMOS 8-bit, successive approximation A/D converters
which use a modified potentiometric ladder—similar to
the 256R products. They are designed to meet the NSC
MICROBUS™ standard to allow operation with the
8080A control bus, and TRI-STATE® output latches
directly drive the data bus. These A/Ds appear like
memory locations or /O ports to the microprocessor
and no interfacing logic is needed.

A new differential analog voltage input allows increasing
the common-mode rejection and offsetting the analog
zero input voltage value. In addition, the voltage refer-
ence input can be adjusted to allow encoding any smaller
analog voltage span to the full 8 bits of resolution.

Features

® MICROBUS (8080A) compatible—no interfacing logic
needed

® Easy interface to all microprocessors, or operates
“stand alone”

m Differential analog voltage inputs

® |ogic inputs and outputs meet T2L voltage level
specifications

® Works with 2.5V (LM336) voltage reference

® On-chip clock generator

B 0V to 5V analog input voltage range with single 5V
supply

= No zero adjust required

m 0.3" standard width 20-pin DIP package

Key Specifications

®m Resolution 8 bits
m Total error +1/4 LSB, £1/2 LSB and 1 LSB
® Conversion time 100 us
m Access time 135 ns
® Single supply 5Vpc
m QOperates ratiometrically or with 56 Vpg, 2.5 Vpg,

or analog span adjusted voltage reference

Typical Application

Connection Diagram
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Absolute Maximum Ratings (Notes 1 and 2)

Supply Voltage (Vcg) (Note 3)
Voltage at Any Input

Storage Temperature Range
Package Dissipation at Tp = 25°C

Lead Temperature (Soldering, 10 seconds)

6.5V

—0.3V to (Vg +0.3V)

—65°C to +150°C
875 mwW
300°C

Electrical Characteristics

Converter Specifications:

Operating Ratings (notes 1 and 2)

Temperature Range (Note 1)
ADC0801/02/03 LD
ADC0801/02/03/04 LCD
ADCO0801/02/03/04 LCN

Range of Ve (Note 1)

TMIN < TA < TMAX
-B5°C < Tp < +125°C
-40°C < Ta < +85°C
0°C < TA < 70°C
45Vpc to 6.3 Vpc

Vee =5Vpe, VREF/2=2.500 Vpe, TMIN < TA <Tmax and fo K = 640 kHz unless otherwise stated.

PARAMETER CONDITIONS MIN TYP MAX UNITS
ADCO0801:
Total Adjusted Error (Note 8) With Full-Scale Adj. +1/4 LSB
ADC0802:
Total Unadjusted Error Completely Unadjusted +1/2 LSB
(Note 8)
ADCO0803:
Total Adjusted Error (Note 8) With Full-Scale Adj. £1/2 LSB
ADC0804: '
Total Unadjusted Error Completely Unadjusted +1 LSB
(Note 8)
VREF/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 39
Analog Input Voltage Range (Note 4) V(+) or V(-) Gnd—-0.05 Vcct+0.05 Vpc
DC Common-Mode Rejection Over Analog Input Voltage Range +1/16 +1/8 LSB
Power Supply Sensitivity Vce =5 Vpe #10% Over +1/16 +1/8 LSB
Allowed V|N(+) and V|N(-)
Voltage Range (Note 4)
Electrical Characteristics
Timing Specifications: V¢ =5 Vpc and Ta = 25°C unless otherwise noted.
PARAMETER CONDITIONS MIN TYP MAX UNITS
foLk Clock Frequency Vce =6V, (Note 5) 100 640 1280 kHz
Vee =5V 100 640 800 kHz
Te Conversion Time (Note 6) 66 73 1/fcLK
CR Conversion Rate In Free-Running INTR tied to WR with 8770 conv/s
Mode CS=0 Vpc, foLK = 640 kHz
tW(WR)L | Width of WR Input (Start Pulse CS =0 Vpc (Note 7) 100 ns
Width)
tACC Access Time (Delay from C =100 pF 135 200 ns
Falling Edge of RD to Output (Use Bus Driver IC for
Data Valid) Larger Cy )
t1H. tOH TRI-STATE Control (Delay CL=10pF, R =10k 125 250 ns
from Rising Edge of RD to (See TRI-STATE Test
) Hi-Z State) Circuits)
twi Delay from Falling Edge 300 450 ns
of WR to Reset of INTR
CIN Input Capacitance of Logic 5 75 pF
Control Inputs
Cout TRI-STATE Output 5 7.5 pF
Capacitance (Data Buffers)
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Electrical Characteristics

Digital Levels and DC Specifications:
Vee =5 Vpcand Tyin <Ta STMAX, unless otherwise noted.

PARAMETER CONDITIONS I MIN I TYP I MAX i UNITS

CONTROL INPUTS [Note: CLK IN (pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]

VIN (1) Logical 1" Input Voltage Vce =5.25 Vpe 2.0 15 Vpc
“(Except Pin 4 CLK IN)

VN (0) Logical 0" Input Voltage Vee =4.75Vpe 0.8 Vbc
(Except Pin 4 CLK IN)

VT+ CLK IN (Pin 4) Positive Going ) 2.7 3.1 3.5 Vpc
Threshold Voltage

V- CLK IN (Pin 4) Negative Going 1.5 1.8 2.1 Vpc
Threshold Voltage

Vy CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Vpc
(VT+) = (VT-)

IIN (1) Logical ““1"" Input Current VIN=5VpC 0.005 1 MADC
(All Inputs)

IIN (0)  Logical “0" Input Current VIN=0Vpc -1 —0.005 MADC
(All Inputs)

Icc Supply Current (Includes fcLk = 640 kHz, 1.3 25 mA
Ladder Current) Ta=25°Cand CS="1" :

DATA OUTPUTS AND INTR

VouT (0) Logical “’0"" Output Voltage lo=1.6mA 0.4 Vpc
Vce=4.75Vpe
VouT (1) Logical “1"”” Output Voltage lo = =360 nA 24 Vpc
Vcc =4.75Vpe
louT TRI-STATE Disabled Qutput VouT =0Vpc -3 MADC
Leakage (All Data Buffers) VouT =5 Vpc 3 MADC
Output Short Circuit Current TA= 25°C
ISOURCE VouT Short to Gnd 45 6 mADC
ISINK VouT Short to Ve 9.0 16 mADC

Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired.

Note 2: All voltages are measured with respect to Gnd, unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd.
Note 3: A zener diode exists, internally, from V¢ to Gnd and has a typical breakdown voltage of 7 Vpc.

Note 4: For V(=) > V n(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram)
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful,
during testing at low Vg levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct—especially at elevated temperatures,
and cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode. This means that as long as the analog V|
does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute 0 V¢ to 5 V¢ inputvoltage
range will therefore require a minimum supply voltage of 4.950 V¢ over temperature variations, initial tolerance and loading.

Note 5: With V¢ = 6V, the digital logic interfaces are no longer TTL compatible.

Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion
process.

Note 7: The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide
pulse width will hold the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see
timing diagrams).

Note 8: None of these A/Ds requires a zero adjust. However, if an all zero code is desired for an analog input other than 0.0V, or if a narrow
full-scale span exists (for example: 0.5V to 4.0V full-scale) the V|N(-) input can be adjusted to achieve this. See section 2.5 and Figure 19.




Typical Performance Characteristics
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TRI-STATE®Test Circuits and Waveforms
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Note: All timing is measured from the 50% voltage points.

1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transfer characteristic (staircase wave-
form) is shown in Figure 1a. The horizontal scale is
analog input voltage and the particular points labeled are
in steps of 1 LSB (19.53 mV with 2.5V tied to the
VREF/2 pin). The digital output codes which correspond
to these inputs are shown as D—1, D, and D+1. For
the perfect A/D, not only will center-value (A—1, A,
A+1, . . .) analog inputs produce the correct output

digital codes, but also each riser (the transitions between
adjacent output codes) will be located +1/2 LSB away
from each center-value. As shown, the risers are ideal and
have no width. Correct digital output codes will be
provided for a range of analog input voltages which ex-
tend +1/2 LSB from the ideal center-values. Each tread
(the range of analog input voltage which provides the
same digital output code) is therefore 1 LSB wide.




Figure 1b shows worst case error plot for ADC0801.
All center-valued inputs are guaranteed to produce the
correct output codes and the adjacent risers are guaran-
teed to be no closer to the center-value points than
+1/4 LSB. In other words, if we apply an analog input
equal to the center-value *1/4 LSB, we guarantee that
the A/D will produce the correct digital code. The
maximum range of the position of the code transition is
indicated by the horizontal arrow and it is guaranteed to
be no more than 1/2 LSB.

The error curve of Figure 7c shows worst case error plot
for ADC0802. Here we guarantee that if we apply an
analog input equal to the LSB analog voltage center-value
the A/D will produce the correct digital code.

Transfer Function

Next to each transfer function is shown the correspond-
ing error plot. Many people may be more familiar with
error plots than transfer functions. The analog input
voltage to the A/D is provided by either a linear ramp or
by the discrete output steps of a high resolution DAC.
Notice that the error is continuously displayed and
includes the guantization uncertainty of the A/D. For
example the error at point 1 of Figure 1a is +1/2 LSB
because the digital code appeared 1/2 LSB in advance of
the center-value of the tread. The error plots always have
a constant negative slope and the abrupt upside steps
are always 1 LSB in magnitude.
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FIGURE 1. Clarifying the Error Specs of an A/D Converter
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2.0 FUNCTIONAL DESCRIPTION

The ADCO0801 series contains a circuit equivalent of
the 256R network. Analog switches are sequenced
by successive approximation logic to match the analog
difference input voltage [V|N(+) — VIN(=)] to a corre-
sponding tap on the R network. The most significant
bit is tested first and after 8 comparisons (64 clock
cycles) a digital 8-bit binary code (1111 1111 = full-
scale) is transferred to an output latch and then an
interrupt is asserted (INTR makes a high-to-low tran-
sition). The device may be operated in the free-running
mode by connecting INTR to the WR input with CS =
0. To insure start-up under all possible conditions,
an external WR pulse is required during the first power-
up cycle. A conversion in process can be interrupted
by issuing a second start command.

On the high-to-low transition of the WR input the
internal SAR latches and the shift register stages are
reset. As long as the CS input and WR input remain low,
the A/D will remain in a reset state. Conversion will
start from 1 to 8 clock periods after at least one of these
inputs makes a low-to-high transition.

A functional diagram of the A/D converter is shown in
Figure 2. All of the package pinouts are shown and the
major logic control paths are drawn in heavier weight
lines.

The converter is started by having CS and WR simul-
taneously low. This sets the start flip-flop (F/F) and the
resulting ““1”" level resets the 8-bit shift register, resets
the Interrupt (INTR) F/F and inputs a ‘1" to the D
flop, F/F1, which is at the input end of the 8-bit shift
register. Internal clock signals then transfer this “1" to
the Q output of F/F1. The AND gate, G1, combines
this ‘1"’ output with a clock signal to provide a reset
signal to the start F/F. If the set signal is no longer
present (either WR or CS is a ““1") the start F/F is reset
and the 8-bit shift register then can have the “’1"”’ clocked
in, which starts the conversion process. If the set signal
were to still be present, this reset pulse would have no
effect (both outputs of the start F/F would momentarily
be at a ‘1" level) and the 8-bit shift register would con-
tinue to be held in the reset mode. This logic therefore
allows for wide CS and WR signals and the converter will
start after at least one of these signals returns high and
the internal clocks again provide a reset signal for the
start F/F.

1 = RESET SHIFT REGISTER
3 “0" = BUSY AND RESET STATE RESET
INPUT PROTECTION
FOR ALL LOGIC INPUTS
INPUT LK
TO INTERNAL |
CIRCUITS T
BV =30V
RESET 1
START F/F
CLKB j
L START CONVERSION
20 3 MsB
Ve (VRep) O- < [ —
S + +—
S < 1" IF RESET = “0”
9 LADDER | SAR |e— 8BIT
VRer2 O AND P LATCH SHIFT R [y
< (voTE2) [¢— RecisTer | RESET
<+ [ —
il INTR F/F
DAC M %
8 Viou) 4+ a
-_Eé;"” CLKA
= vee I |
D
FIF2
]
ViN(+) O— YYVVYY VL v ;
__XFER _
7 TRISTATE® * \ &2 ET
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7D 2

Note 1: CS shown twice for clarity.
Note 2: SAR = Successive Approximation Register.

RESET

FIGURE 2. Block Diagram
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After the 1" is clocked through the 8-bit shift register
(which completes the SAR search) it appears as the
input to the D flop, F/F 2. As soon as this “1"" is output
from the shift register, the AND gate, G2, causes the
new digital word to transfer to the TRI-STATE output
latches. When F/F 2 is subsequently clocked, the Q out-
put makes a high-to-low transition which causes the
INTR F/F to set. An inverting buffer then supplies
the INTR output signal.

When da_ta;‘ is to be read, the combination of both
CS and RD being low will cause the INTR F/F to be
reset and the TRI-STATE output latches will be enabled
to provide the 8-bit digital outputs.

2.1 Digital Control Inputs

The digital control inputs (CS, RD, and WR) meet
standard T“L logic voltage levels. These signals have been
renamed when compared to the standard A/D Start and
QOutput Enable labels. In addition, these inputs are active
low to allow an easy interface to microprocessor control
busses. For non-microprocessor based applications, the
CS input (pin 1) can be grounded and the standard A/D
Start function is obtained by an active low pulse applied
at the WR input (pin 3) and the Output Enable function
is caused by an active low pulse at the RD input (pin 2).

2.2 Analog Differential Voltage Inputs and
Common-Mode Rejection

This A/D has additional applications flexibility due to
the analog differential voltage input. The VN(-) input
(pin 7) can be used to automatically subtract a fixed
voltage value from the input reading (tare correction).
This is also useful in 4 mA—20 mA current loop conver-
sion. In addition, common-mode noise can be reduced
by use of the differential input.

The time interval between sampling V|N(+) and VN(-)
is 4-1/2 clock periods. The maximum error voltage due
to this slight time difference between the input voltage
samples is given by:

4.5
AVe(MAX) = (Vp) (2mfem) (—)
fcLk

where:

AVy is the error voltage due to sampling delay

Vp is the peak value of the common-mode voltage

fem is the common-mode frequency
As an example, to keep this error to 1/4 LSB (~5 mV)
when operating with a 60 Hz common-mode frequency,
fem, and using a 640 kHz A/D clock, foLk, would

allow a peak value of the common-mode voltage, Vp,
which is given by:

_ [AVemax) (feLk)]
(2mfem) (4.5)

or

(5x 1073) (640 x 10°)
(6.28) (60) (4.5)

which gives
Vp=1.9V.

The allowed range of analog input voltages usually places
more severe restrictions on input common-mode noise
levels.

An analog input voltage with a reduced span and a
relatively large zero offset can be easily handled by
making use of the differential input (see section 2.4
Reference Voltage Flexibility).

2.3 Analog Inputs

2.3.1 Input Current

Due to the internal switching action, displacement
currents will flow at the analog inputs. This is due to on-
chip stray capacitance to ground. The voltage on this
capacitance is switched and will result in currents enter-
ing the V|N(+) input and leaving the V|N(-) input
which will depend on the analog differential input
voltage levels. These current transients occur at the
leading edge of the internal clocks. They rapidly decay
and do not cause errors as the on-chip comparator
is strobed at the end of the clock-period.

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output
resistances of the analog signal sources. This charge
pumping action is worse for continuous conversions
with the V|N(+) input voltage at full-scale. For con-
tinuous conversions with a 640 kHz clock frequency
with the V|N(+) input at 5V, this DC current is at a
maximum of approximately 5 uA. Therefore, bypass
capacitors should not be used at the analog inputs or
the VREF/2 pin for high resistance sources (> 1 kQ).
If input bypass capacitors are necessary for noise fil-
tering and high source resistance is desirable to minimize
capacitor size, the detrimental effects of the voltage
drop across this input resistance, which is due to the
average value of the input current, can be eliminated
with a full-scale adjustment while the given source re-
sistor and input bypass capacitor are both in place. This
is possible because the average value of the input current
is a precise linear function of the differential input
voltage.

- 2.3.3 Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used, will not cause errors as the input
currents settle out prior to the comparison time. If a
low pass filter is required in the system, use a low
valued series resistor (< 1 kS2) for a passive RC section
or add an op amp RC active low pass filter. For low
source resistance applications, (< 1 k§2), a 0.1 uF bypass
capacitor at the inputs will prevent pickup due to series
lead inductance of a long wire. A 100%2 series resistor
can be used to isolate this capacitor—both the R and C
are placed outside the feedback loop—from the output
of an op amp, if used.
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2.3.4 Noise

The leads to the analog inputs (pins 6 and 7) should be
kept as short as possible to minimize input noise
coupling. Both noise and undesired digital clock coupling
to these inputs can cause system errors. The source
resistance for these inputs should, in general, be kept
below 5 k£2. Larger values of source resistance can cause
undesired system noise pickup. Input bypass capacitors,
placed from the analog inputs to ground, will eliminate
system noise pickup but can create analog scale errors as
these capacitors will average the transient input switching
currents of the A/D (see section 2.3.3). This scale error
depends on both a large source resistance and the use of
an input bypass capacitor. This error can be eliminated
by doing a full-scale adjustmént of the A/D (adjust
VREF/2 for a proper full-scale reading—see section 2.5.2
on Full-Scale Adjustment) with the source resistance
and input bypass capacitor in place.

2.4 Reference Voltage
2.4.1 Span Adjust

For maximum applications flexibility, these A/Ds have
been designed to accommodate a 5 Vpc, 2.5 Vpg or an
adjusted voltage reference. This has been achieved in the
design of the IC as shown in Figure 3.

Notice that the reference voltage for the IC is either 1/2
of the voltage which is applied to the V¢ supply pin,
or is equal to the voltage which is externally forced at
the VREF/2 pin. This allows for a ratiometric voltage
reference using the Vcg supply, a 5 Vpg reference
voltage can be used for the Vg supply or a voltage less
than 2.5 Vpc can be applied to the VREF/2 input for
increased application flexibility. The internal gain to the
VREF/2 input is 2 to allow this factor of 2 reduction in
the VREF/2 voltage.

An example of the use of an adjusted reference voltage is
to accommodate a reduced span—or dynamic voltage
range of the analog input voltage. If the analog input
voltage were to range from 0.5 Vp¢ to 3.5 Vpg, instead
of OV to 56 Vpg, the span would be 3V. With 0.5 Vpc
applied to the V|N (—) pin to absorb the offset, the
reference voltage can be made equal to 1/2 of the 3V
span or 1.6 Vpc. The A/D now will encode the V| (+)
signal from 0.5V to 3.5V with the 0.5V input cor-
responding to zero and the 3.5 Vp( input corresponding
to full-scale. The full 8 bits of resolution are therefore
applied over this reduced analog input voltage range.

2.4.2 Reference Accuracy Requirements

The converter can be operated in a ratiometric mode or
an absolute mode. In ratiometric converter applications,
the magnitude of the reference voltage is a factor in both
the output of the source transducer and the output of
the A/D converter and therefore cancels out in the final
digital output code. In absolute conversion applications,
both the initial value and the temperature stability of the
reference voltage are important accuracy factors in the
operation of the A/D converter. For VREF/2 voltages of
2.5 Vpc nominal value, initial errors of +10 mVpc will
cause conversion errors of £1 LSB due to the gain of 2
of the VREF/2 input. In reduced span applications, the
initial value and the stability of the VREF/2 input
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9
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T }_
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FIGURE 3. The VREFERENCE Design on the IC

voltage become even more important. For example, if
the span is reduced to 2.5V, the analog input LSB
voltage value is correspondingly reduced from 20 mV
(5V span) to 10 mV and 1 LSB at the VREF/2 input
becomes 5 mV. As can be seen, this reduces the allowed
initial tolerance of the reference voltage and requires
correspondingly less absolute change with temperature
variations. Note that spans smaller than 2.5V place even
tighter requirements on the initial accuracy and stability
of the reference source.

In general, the magnitude of the reference voltage will
require an initial adjustment. Errors due to an improper
value of reference voltage appear as full-scale errors in
the A/D transfer function. IC voltage regulators may be
used for references if the ambient temperature changes
are not excessive. The LM336B 2.5V IC reference diode
(from National Semiconductor) is available which oper-
ates with a 5V input voltage and has a temperature
stability of 1.8 mV typ (6 mV max) over 0°C < Tp <
+70°C. Other temperature range parts are also available.

2.5 Errors
2.5.1 Zero Error

The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, VIN(MIN)' is
not ground, a zero offset can be done. The converter
can be made to output 0000 0000 digital code for this
minimum input voltage by biasing the A/D VN (-) input
at this VIN(MIN) value (see Applications section). This
utilizes the differential mode operation of the A/D.

The zero error of the A/D converter relates to the
location of the first riser of the transfer function and
can be measured by grounding the V (—) input and
applying a small magnitude positive voltage to the V (+)




input. Zero error is the difference between the actual
DC input voltage which is necessary to just cause an
output digital code transition from 0000 0000 to 0000
0001 and the ideal 1/2 LSB value (1/2 LSB = 9.8 mV
for VREF/2 = 2.500 Vpg).

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a
differential input voltage which is 1-1/2 LSB down from
the desired analog full-scale voltage range and then ad-
justing the magnitude of the VREF/2 input (pin 9) for
a digital output code which is just changing from
1111 1110 to 1111 1111. When offsetting the zero
and using a span adjusted VREF/2 voltage, the full-scale
adjustment is made by inputting VN to the VN (-)
input of the A/D and applying a voltage to the VN (+)
input which is given by:

(VMAX—VMIN)
VIN (+) fsadj =V 15 | —F—
IN I = VMAX 255
where:
VMAX = The high end of the analog input range

and

VMIN = the low end (the offset zero) of the analog
range. (Both are ground referenced.)

2.6 Clocking Option

The clock for the A/D can be derived from the CPU
clock or an external RC can be added to provide self-
clocking. The CLK IN (pin 4) makes use of a Schmitt
trigger as shown in Figure 4.

J
CLKR
19 1
foLk =
n}: 1.1 RC
ﬁ

R =10 kQ

cu<|4u 1J>o_—>cu<

ADCO0801, ADC0802, ADC0BO3, ADC0804

FIGURE 4. Self-Clocking the A/D

Heavy capacitive or DC loading of the clock R pin
should be avoided as this will disturb hormal converter
operation. Loads less than 50 pF, such as driving up to 7
A/D converter clock inputs from a single clock R pin of
1 converter, are allowed. For larger clock line loading, a
CMOS or low power T2L buffer or PNP input logic
should be used to minimize the loading on the clock
R pin (do not use a standard T“L buffer).

2.7 Restart During a Conversion
If the A/D is restarted (CS and WR go low and return

high) during a conversion, the converter is reset and a
new conversion is started. The output data latch is not

updated if the conversion in process is not allowed to
be completed, therefore the data of the previous con-
version remains in this latch.

2.8 Continuous Conversions

For operation in the free-running mode an initializing
pulse should be used, following power-up, to insure
circuit operation. In this application, the CS input is
grounded and the WR input is tied to the INTR output.
This WR and INTR node should be momentarily forced
to logic low following a power-up cycle to guarantee
operation.

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and mem-
ories, will require a bus driver when the total capacitance
of the data bus gets large. Other circuitry, which is tied
to the data bus, will add to the total capacitive loading,
even in TRI-STATE (high impedance mode). Backplane
bussing also greatly adds to the stray capacitance of the
data bus.

There are some alternatives available to the designer to
handle this problem. Basically, the capacitive loading of
the data bus slows down the response time, even though
DC specifications are still met. For systems operating
with a relatively slow CPU clock frequency, more time is
available in which to establish proper logic levels on the
bus and therefore higher capacitive loads can be driven
(see typical characteristics curves).

At higher CPU clock frequencies time can be extended
for 1/0 reads (and/or writes) by inserting wait states
(8080) or using clock extending circuits (6800).

Finally, if time is short and capacitive loading is high,
external bus drivers must be used. These can be TRI-
STATE buffers (low power Schottky is recommended
such as the DM74LS240 series) or special higher drive
current products which are designed as bus drivers.
High current bipolar bus drivers with PNP inputs are
recommended.

2.10 Power Supplies

Noise spikes on the V¢ supply line can cause conversion
errors as the comparator will respond to this noise. A
low inductance tantalum filter capacitor should be used
close to the converter Vgg pin and values of 1 uF or
greater are recommended. If an unregulated voltage is
available in the system, a separate LM340LAZ-5.0,
TO-92, 5V voltage regulator for the converter (and
other analog circuitry) will greatly reduce digital noise
on the Vg supply.

2.11 Wiring and Hook-Up Precautions

Standard digital wire wrap sockets are not satisfactory
for breadboarding this A/D converter. Sockets on PC
boards can be used and all logic signal wires and leads
should be grouped and kept as far away as possible from
the analog signal leads. Exposed leads to the analog
inputs can cause undesired digital noise and hum pickup,
therefore shielded leads may be necessary in many ap-

plications.
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A single point analog ground should be used which is
separate from the logic ground points. The power supply
bypass capacitor and the self-clocking capacitor (if used)
should both be returned to digital ground. Any VREF/2
bypass capacitors, analog input filter capacitors, or input
signal shielding should be returned to the analog ground
point. A test for proper grounding is to measure the
zero error of the A/D converter. Zero errors in excess of
1/4 LSB can usually be traced to improper board layout
and wiring (see section 2.5.1 for measuring the zero
error).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with
testing an A/D converter. One of the simplest tests is to
apply a known analog input voltage to the converter and
use LEDs to display the resulting digital output code as
shown in Figure 5.

For ease of testing, the VREF/2 (pin 9) should be
supplied with 2.560 Vpc and a Vg supply voltage of
5.12 Vpc should be used. This provides an LSB value
of 20 mV.

If a full-scale adjustment is to be made, an analog input
voltage of 5.090 Vpc (5.120 — 1 1/2 LSB) should be
applied to the V| (+) pin with the V() pin grounded.
The value of the VREF/2 input voltage should then
be adjusted until the digital output code is just changing
from 1111 1110 to 1111 1111, This value of VREF/2
should then be used for all the tests.

The digital output LED display can be decoded by
dividing the 8 bits into 2 hex characters, the 4 most
significant (MS) and the 4 least significant (LS). Table |
shows the fractional binary equivalent of these two 4-bit
groups. By adding the decoded voltages which are ob-
tained from the column: Input voltage value for a 2.560
VREF/2 of both the MS and the LS groups, the value of
10k

AAA

FIGURE 5. Basic A/D Tester

the digital display can be determined. For example, for
an output LED display of 10110110 or B6 (in hex), the
voltage values from the table are 3.520 + 0.120 or
3.640 Vpc. These voltage values represent the center-
values of a perfect A/D converter. The effects of quanti-
zation error have to be accounted for in the interpreta-
tion of the test results.

For a higher speed test system, or to obtain plotted
data, a digital-to-analog converter is needed for the test
set-up. An accurate 10-bit DAC can serve as the precision
voltage source for the A/D. Errors of the A/D under test
can be provided as either analog voltages or differences
in 2 digital words.

A basic A/D tester which uses a DAC and provides the
error as an analog output voltage is shown in Figure 6.
The 2 op amps can be eliminated if a lab DVM with a
numerical subtraction feature is available to directly
readout the difference voltage, “A—C'". The analog
input voltage can be supplied by a low frequency ramp
generator and an X-Y plotter can be used to provide
analog error (Y axis) versus analog input (X axis). The
construction details of a tester of this type are provided
in the NSC application note AN-179, “Analog-to-Digital
Converter Testing’".

For operation with a microprocessor or a computer-
based test system, it is more convenient to present the
errors digitally. This can be done with the circuit of
Figure 7, where the output code transitions can be
detected as the 10-bit DAC is incremented. This provides
1/4 LSB steps for the 8-bit A/D under test. If the results
of this test are automatically plotted with the analog
input on the X axis and the error (in LSB’s) as the Y
axis, a useful transfer function of the A/D under test
results. For acceptance testing, the plot is not necessary
and the testing speed can be increased by establishing
internal limits on the allowed error for each code.

FIGURE 7. Basic “Digital” A/D Tester




TABLE I. DECODING THE DIGITAL OUTPUT LEDs

OUTPUT VOLTAGE
CENTER VALUES
HEX BINARY FRACTIONAL BINARY VALUE FOR WITH
VREF/2 = 2.560 Vp¢c
MS GROUP LS GROUP VMS GROUP*| VLS GROUP*
F 1T 1 1 1 15/16 15/256 4.800 0.300
E 1 1 1 0 7/8 7/128 4.480 0.280
D 11 0 1 13/16 13/256 4.160 0.260
C 1 1 0 O 3/4 3/64 3.840 0.240
B 10 1 1 11/16 11/256 3.520 0.220
A 1.0 1 O 5/8 5/128 3.200 0.200
9 1 0 0 1 9/16 9/256 2.880 0.180
8 1 0 0 O 1/2 2.560 0.160
7 o 1 1 1 7/16 7/256 2.240 0.140
6 o 1 1 0 3/8 3/128 1.920 0.120
5 0o 1 0 1 5/16 5/256 1.600 0.100
4 0 1 0 O 1/4 1/64 1.280 0.080
3 0 0 1 1 3/16 3/256 0.960 0.060
2 0o 0 1 o0 1/8 1/128 0.640 0.040
1 0 0 0 1 1/16 1/256 0.320 0.020
0 0 0 0 O 0 0

*V Display Output = VMS Group + VLS Group

4.0 MICROPROCESSOR INTERFACING

To discuss the interface with 8080A, 6800 and SC/MP-11
microprocessors, a common sample subroutine structure
is used. The microprocessor starts the A/D, reads and
stores the results of 16 successive conversions, then re-
turns to the user’s program. The 16 data bytes are stored
at location 0200 to 020F. All Data and Addresses
will be given in hexadecimal form. Software and hard-
ware details are provided separately for each type of
microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives
(8048, 8085)

This converter has been designed to directly interface
with an 8080A-2 microprocessor (MICROBUS class 2).
The A/D can be mapped into memory space (using
standard memory address decoding for CS and the
MEMR and MEMW strobes) or it can be controlled as an
1/O device by using the I/0 R and I/O W strobes and
decoding the address bits AQ = A7 (or address bits
A8 — A15 as they will contain the same 8-bit address
information) to obtain the CS input. Using the |I/O
space provides 256 additional addresses and may allow
a simpler 8-bit address decoder but the data can only
be input to the accumulator. To make use of the ad-
ditional memory reference instructions, the A/D should
be mapped into memory space. An example of an A/D
in 1/O space in shown in Figure 8.

The standard control bus signals of the 8080 (CS, RD
and WR) can be directly wired to the digital control in-
puts of the A/D and the bus timing requirements are met
to allow both starting the converter and outputting the
data onto the data bus. A bus driver should be used for
larger microprocessor systems where the data bus leaves
the PC board and/or must drive capacitive loads larger
than 100 pF.

4.1.1 Sample 8080A CPU
Program

Interfacing Circuitry and

The following sample program and associated hardware
may be used to input data from the converter to the
INS8080A CPU chip set (comprised of the INS8080A
microprocessor, the INS8228 system controller and the
INS8224 clock generator). For simplicity, the A/D is
controlled as an 1/0 device, specifically an 8-bit bi-
directional port located at an arbitrarily chosen port
address, EO. The TRI-STATE output capability of the
A/D eliminates the need for a peripheral interface device,
however address decoding is still required to generate the
appropriate CS for the converter.

It is important to note that in systems where the A/D
converter is 1-of-8 or less 1/O mapped devices, no address
decoding circuitry is necessary. Each of the 8 address
bits (AO to A7) can be directly used as CS inputs—one
for each 1/O device.
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Note 1: *Pin numbers for the INS8228 system controller, others are INS8080A.

Note 2: Pin 23 of the INS8228 must be tied to +12V through a 1 k2 resistor to generate the RST 7
instruction when an interrupt is acknowledged as required by the accompanying sample program.

FIGURE 8. ADC0801—INS8080A CPU Interface

SAMPLE PROGRAM FOR F/GURE 8 ADC0801—INS8080A CPU INTERFACE

0038

0100

0103
0106
0107
0109
010C
010E
010F
0110
0113

0300
0302
0303
0304

C3 00 03

21 00 02

31 00 04
7D

FE OF
CA 13 01
D3 EO
FB

00

C3 OF 01

RST 7:

START:

RETURN:

LOOP:
CONT:

(User program to
process data)

LD DATA:

JMP LD DATA

LX1 H 0200H ;
LXI SP 0400H ;
MOV A, L H
CPI OF H H
JZ CONT H
OUT EO H H
El ;
NOP H
JMP LOOP ;
IN EO H H
MOV M, A h
INX H H
JMP RETURN

HL pair will point to

data storage locations

Initialize stack pointer (Note 1)
Test # of bytes entered

If #=16. JMP to

user program

Start A/D

Enable interrupt

Loop until end of

conversion

Load data into accumulator
Store data
Increment storage pointer

Note 1: The stack pointer must be dimensioned because a RST 7 instruction pushes the PC onto the stack.
Note 2: All addresses used were arbitrarily chosen.
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4.2 Interfacing the Z-80

The Z-80 control bus is slightly different from that of
the 8080. General RD and WR strobes are provided and
separate memory request, MREQ, and 1/O request,
IORQ, signals are used which have to be combined with
the generalized strobes to provide the equivalent 8080
signals. An advantage of operating the A/D in |/O space
with the Z-80 is that the CPU will automatically insert
one wait state (the RD and WR strobes are extended one
clock period) to allow more time for the 1/0 devices to
respond. Logic to map the A/D in 1/0 space is shown in
Figure 9.

RD RD 2 A4
ADC0801,
BRG ADC0802,
108 ADC0803,

WR 3| Abcosos

MM74C32

FIGURE 9. Mapping the A/D as an 1/O device
for use with the Z-80 CPU

Additional 1/0 advantages exist as software DMA rou-
tines are available and use can be made of the output
data transfer which exists on the upper 8 address lines
(A8 to A15) during I/0 input instructions. For example,
MUX channel selection for the A/D can be accomplished
with this operating mode.

4.3 Interfacing 6800 Microprocessor Derivatives
(6502, etc.)

The control bus for the 6800 microprocessor derivatives
does not use the RD and WR strobe signals. Instead it
employs a single R/W line and additional timing, if
needed, can be derived from the ¢2 clock. All 1/0
devices are memory mapped in the 6800 system, and a
special signal, VMA, indicates that the current address is
valid. Figure 10 shows an interface schematic where the
A/D is memory mapped in the 6800 system. For sim-
plicity, the CS decoding is shown using 1/2 DM8092.
Note that in many 6800 systems, an already decoded
4/5 line is brought out to the common bus at pin 21.
This can be tied directly to the CS pin of the A/D, pro-
vided that no other devices are addressed at HEX
ADDR: 4XXX or 5XXX.

The following subroutine essentially performs the same
function as in the case of the 8080A interface and it can
be called from anywhere in the user’s program.

In Figure 11 the ADCO0801 series is interfaced to the
M6800 microprocessor through (the arbitrarily chosen)
Port B of the MC6820 or MC6821 Peripheral Interface
Adapter, (PIA). Here the CS pin of the A/D is grounded
since the PIA is already memory mapped in the M6800
system and no CS decoding is necessary. Also notice
that the A/D output data lines are connected to the
microprocessor bus under program control through
the PIA and therefore the A/D RD pin can be grounded.

SAMPLE PROGRAM FOR F/GURE 10 ADC0801—-MC6800 CPU INTERFACE

0010 DF 36 DATAIN STX
0012 CE 00 2C LDX
0015 FF FF F8 STX
0018 B7 50 00 STAA
0018 OE CLI
001C 3E CONVRT WAI
001D DE 34 LDX
001F 8C 02 OF CPX
0022 27 14 BEQ
0024 B7 50 00 STAA
0027 08 INX
0028 DF 34 STX
002A 20 FO BRA
002C DE 34 INTRPT LDX
002E B6 50 00 LDAA
0031 A7 00 STAA
0033 3B RTI
0034 02 00 TEMP1 FDB
0036 00 00 TEMP2 FDB
0038 CE 02 00 ENDP LDX
003B DF 34 STX
003D DE 36 LDX
003F 39 RTS

TEMP2 , Save contents of X
#$002C ; Upon TRQ low CPU
$FFF8 ; jumps to 002C
$5000 ; Starts ADC0801

; Wait for interrupt
TEMP1 ’
#$020F ; Is final data stored?
ENDP
$5000 ; Restarts ADC0801
TEMP1
CONVRT
TEMP1
$5000 ; Read data
X ; Store it at X
$0200 ; Starting address for

, data storage
$0000
#$0200 ; Reinitialize TEMP1
TEMP1
TEMP2

; Return from subroutine
; To user’s program

Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be
dimensioned in the user’s program.
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A sample interface program equivalent to the previous 4.4 Interfacing the INS8060—SC/MP-I11

one, is shown below. The PIA Data and Control Registers

of Port B are located at HEX addresses 8006 and 8007, The SC/MP-1l interface technique with the ADCO0801
respectively. series Figure 12, is similar to the 8080A CPU interface.

SAMPLE PROGRAM FOR F/IGURE 11 ADC0801—MC6820 PIA INTERFACE

0010 CE 00 38 DATAIN LDX #$0038 ; Upon IRQ low CPU

0013 FF FF F8 STX $FFF8 5 jumps to 0038

0016 B6 80 06 LDAA PIAORB ; Clear possible TRQ flags

0019 4F CLRA

001A B7 80 07 STAA PIACRB

001D B7 80 06 STAA PIAORB ; Set Port B as input

0020 0E CLI

0021 C6 34 LDAB #$34

0023 86 3D LDAA #83D

0025 F7 80 07 CONVRT STAB PIACRB ; Starts ADCO0801

0028 B7 80 07 STAA PIACRB

0028 3E WAI ; Wait for interrupt

002C DE 40 LDX TEMP1

002E 8C 02 OF CPX #8020F ; Is final data stored?

0031 27 OF BEQ ENDP

0033 08 INX

0034 DF 40 STX TEMP1

0036 20 ED BRA CONVRT

0038 DE 40 INTRPT LDX TEMP1

003A B6 80 06 LDAA PIAORB ; Read data in

003D A7 00 STAA X ; Store it at X

003F 3B RTI

0040 02 00 TEMP1 FDB $0200 ; Starting address for

; data storage

0042 CE 02 00 ENDP LDX #$0200 ; Reinitialize TEMP1

0045 DF 40 - STX TEMP1

0047 39 RTS ; Return from subroutine
PIAORB EQU $8006 ; To user’s program
PIACRB EQU $8007

1'>(% ~—p SENSE A (11)*
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—4 NRDS (2)
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*Pin numbers in parentheses are for the SC/MP CPU.

FIGURE 12. ADC0801 — SC/MP-1l Microprocessor Interface
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The A/D is treated as a peripheral and it is mapped into
the memory space of the SC/MP-II system. An address,
0DOO, is assigned to the A/D and the CS signal is shown
to be decoded by a bus comparator, DM8131. The RD
and WR pins of the A/D are tied directly to the Write
Data Strobe, NWRS, and Read Data Strobe, NRDS, pins
of the SC/MP-1I CPU. Notice that the INTR signal
should be inverted before being tied to the SENSE A
pin of the SC/MP-1l. A sample interface program is
shown below.

5.0 GENERAL APPLICATIONS

The following applications show some interesting uses
for the A/D. The fact that one particular microprocessor
is used is not meant to be restrictive. Each of these appli-

cation circuits would have its counterpart using any
microprocessor which is desired.

5.1 Multiple ADC0801 Series to MC6800 CPU
Interface

To transfer analog data from several channels to a single
microprocessor system, a multiple converter scheme
presents several advantages over the conventional multi-
plexer single-converter approach. With the ADCO0801
series, the differential inputs allow individual span
adjustment for each channel. Furthermore, all analog
input channels are sensed simultaneously, which essen-
tially divides the microprocessor’s total system servicing
time by the number of channels, since all conversions
occur simultaneously. This scheme is shown in Figure 13.

SAMPLE PROGRAM FOR F/GURE 12 ADC0801—SC/MP-11 MICROPROCESSOR INTERFACE

0100 08 NOP

0101 C4 02 LDI02

0103 35 XPAH(P1)

0104 C4 0D LDIOD

0106 36 XPAH(P2)

0107 C4 03 LDI03

0109 37 XPAH(P3)

010A C4 00 LDI00

010C 31 XPAL(P1) ; P1=0200, P1 points to 1st byte address

010D C4 00 LDI0O :

010F co9 1 ST(P1+11) ; Zero the byte count in address 0211

0112 32 XPAL(P2) ; P2=0D00, P2 points to A/D

0113 CA 00 START: ST(P2) ; START the A/D

0115 C4 00 LDIOO

0117 33 XPAL(P3) ; P3=0300, P3 points to DATA in sub.

0118 05 IEN ; starting address

0119 08 LOOP: NOP

011A 90 FE JMP(LOOP)

User’s Program

011C . USER NOP

011D NOP

0300 C2 00 DATA IN: LD(P2) ; Load A/D data into accumulator

0302 CD 01 ST@1(P1) ; Store A/D data and increment byte
; address

0304 A9 11 1LD(P1+11) ; Increment byte count

0306 C4 OF LDIOF

0308 03 SCL

0309 F9 11 CAD(P1+11) ; OF—(P1+11): Is byte count = 16?

0308B 9B 03 JZ(USER) ; If byte count = 16 jump to user’s
, program

030D C4 13 LDI13

030F 33 XPAL(P3) ; P3=0113

0310 3F XPPC(P3) ; Go to START and do another conversion
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The following schematic and sample subroutine (DATA
IN) may be used to interface (up to) 8 ADCO801’s
directly to the MC6800 CPU. This scheme can easily be
extended to allow the interface of more converters. In
this configuration the converters are (arbitrarily) located
at HEX address 5000 in the MC6800 memory space. To
save components, the clock signal is derived from just
one RC pair on the first converter. This output drives the
other A/Ds.

All the converters are started simultaneously with a
STORE instruction at HEX address 5000. Note that any
other HEX address of the form 5XXX will be decoded
by the circuit, pulling all the cs inputs low. This can
easily be avoided by using a more definitive address de-
coding scheme. All the interrupts are ORed together to
insure that all A/Ds have completed their conversion
before the microprocessor is interrupted.

The subroutine, DATA IN, may be called from anywhere
in the user’s program. Once called, this routine initializes

the CPU, starts all the converters simultaneously and
waits for the interrupt signal. Upon receiving the in-
terrupt, it reads the converters (from HEX addresses 5000
through 5007) and stores the data successively at (arbi-
trarily chosen) HEX addresses 0200 to 0207, before
returning to the user’s program. All CPU registers then
recover the original data they had before servicing DATA
IN.

5.2 Auto-Zeroed Differential Transducer Amplifier
and A/D Converter

The differential inputs of the ADC0801 series eliminate
the need to perform a differential to single ended
conversion for a differential transducer. Thus, one op
amp can be eliminated since the differential to single
ended conversion is provided by the differential input
of the ADCO801 series. In general, a transducer preamp
is required to take advantage of the full A/D converter
input dynamic range.
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Note 1: Numbers in parentheses refer to MC6800 CPU pin out.
Note 2: Numbers or letters in brackets refer to standard M6800 system common bus code.
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FIGURE 13. Interfacing Multiple A/Ds in a MC6800 System
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PROGRAM FOR F/GURE 13 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM

ADDRESS HEX CODE MNEMONICS COMMENTS
0010 DF 44 DATAIN STX TEMP ; Save Contents of X
0012 CE 00 2A LDX #$002A ;Upon IRQ LOW CPU
0015 FF FF F8 STX $FFF8 ;Jumps to 002A
0018 B7 50 00 STAA $5000 ; Starts all A/D's
001B 0E CLI
001C 3E WAL ;Wait for interrupt
001D CE 50 00 LDX #$5000
0020 DF 40 STX INDEX1 ; Reset both INDEX
0022 CE 02 00 LDX #$0200 ;1 and 2 to starting
0025 DF 42 STX INDEX2 ;addresses
0027 DE 44 LDX TEMP
0029 39 RTS ; Return from subroutine
002A DE 40 INTRPT LDX INDEX1 JINDEX1 - X
002C A6 00 LDAA X ; Read data in from A/D at X
002E 08 INX ;Increment X by one
002F DF 40 STX INDEX1 ;X = INDEX1
0031 DE 42 LDX INDEX?2 JINDEX2 — X
0033 A7 00 STAA X ;Store data at X
0035 8C 02 07 CPX #$0207 ;Have all A/D’s been read?
0038 27 05 BEQ RETURN ;Yes: branch to RETURN
003A 08 INX ;No: increment X by one
003B DF 42 STX INDEX2 ;X ~> INDEX2
003D 20 EB BRA INTRPT ;Branch to 002A
003F 3B RETURN  RT!
0040 50 00 INDEX1 FDB $5000 ,Starting address for A/D
0042 02 00 INDEX2 FDB $0200 ;Starting address for data storage
0044 00 00 TEMP FDB $0000

Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be dimensioned in

the user’s program.

For amplification of DC input signals, a major system
error is the input offset voltage of the amplifiers used
for the preamp. Figure 14 is a gain of 100 differential
preamp whose offset voltage errors will be cancelled by a
zeroing subroutine which is performed by the INSB080A
microprocessor system. The total allowable input offset
voltage error for this preamp is only 50 uV for 1/4 LSB
error. This would obviously require very precise ampli-
fiers. The expression for the differential output voltage
of the preamp is:

2R2
Vo=[V[N(+)——V|N(—)] [1 +R—‘|] +

SIGNAL GAIN
2R2
(Vosz ~Vos1 Vosgi IxRx) <1 +ET)
[— N
DC ERROR TERM GAIN

where Iy is the current through resistor Ry. All of the
offset error terms can be cancelled by making *IxRy =
Vos1 + Vos3 — Vos2. This is the principle of this
auto-zeroing scheme.

The INS8080A uses the 3 I/0 ports of an INS8255 Pro-
grammable Peripheral Interface (PPI) to control the auto
zeroing and input data from the ADCO0801 as shown in
Figure 15. The PPl is programmed for basic 1/0O opera-
tion (mode 0) with Port A being an input port and Ports
B and C being output ports. Two bits of Port C are used
to alternately open or close the 2 switches at the input

of the preamp. Switch SW1 is closed to force the pre-
amp’s differential input to be zero during the zeroing
subroutine and then opened and SW2 is then closed for
conversion of the actual differential input signal. Using
2 switches in this manner eliminates concern for the ON
resistance of the switches as they must conduct only the
input bias current of the input amplifiers.

Output Port B is used as a successive approximation
register by the 8080 and the binary scaled resistors in
series with each output bit create a D/A converter.
During the zeroing subroutine, the voltage at Vy in-
creases or decreases as required to make the differential
output voltage equal to zero. This is accomplished by
insuring that the voltage at the output of A1 is approxi-
mately 2.5V so that a logic /1"’ (56V) on any output of
Port B will source current into node Vy thus raising the
voltage at Vyx and making the output differential more
negative. Conversely, a logic “‘0” (OV) will pull current
out of node Vy and decrease the voltage, causing the
differential output to become more positive. For the
resistor values shown, Vyx can move £12 mV with a
resolution of 50 uV which will null the offset error
term to 1/4 LSB of full-scale for the ADC0801. It is
important that the voltage levels which drive the auto-
zero resistors be constant. Also, for symmetry, a logic
swing of OV to 5V is convenient. To achieve this, a
CMOS buffer is used for the logic output signals of Port
B and this CMOS package is powered with a stable 5V
source. Buffer amplifier A1 is necessary so that it can
source or sink the D/A output current.
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FIGURE 14. Gain of 100 Differential Transducer Preamp
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FIGURE 15. Microprocessor Interface Circuitry for Differential Preamp
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A flow chart for the zeroing subroutine is shown in
Figure 16. It must be noted that the ADC0801 series
will output an all zero code when it converts a negative
input [VIN(-) > VIN(+)]. Also, a logic inversion exists
as all of the 1/0 ports are buffered with inverting gates.

Basically, if the data read is zero, the differential output
voltage is negative, so a bit in Port B is cleared to pull
Vyx more negative which will make the output more
positive for the next conversion. If the data read is not
zero, the output voltage is positive so a bit in Port B
is set to make Vyx more positive and the output more
negative. This continues for 8 approximations and the
differential output eventually converges to within 5 mV
of zero.

The actual program is given in Figure 17. All addresses
used are compatible with the BLC 80/10 microcomputer
system. In particular:

Port A and the ADCO0801 are at port address E4

Port B is at port address E5

Port C is at port address E6

PPI control word port is at port address E7

Program Counter automatically goes to ADDR:3C3D

upon acknowledgement of an interrupt from the

ADCO0801

5-3 Multiple A/D Converters in a Z-80
Interrupt Driven Mode

In data acquisition systems where more than one A/D
converter (or other peripheral device) will be interrupting
program execution of a microprocessor, there is ob-
viously a need for the CPU to determine which device
requires servicing. Figure 18 and the accompanying
software is a method of determining which of 7
ADCO0801 converters has completed a conversion (INTR
asserted) and is requesting an interrupt. This circuit
allows starting the A/D converters in any sequence,
but will input and store valid data from the converters
with a priority sequence of A/D 1 being read first,
A/D 2 second, etc., through A/D 7 which would have
the lowest priority for data being read. Only the con-
verters whose INT is asserted will be read.

The key to decoding circuitry is the MM74LS373,
8-bit D type flip-flop. When the Z-80 acknowledges
the interrupt, the program is vectored to a data input
Z-80 subroutine. This subroutine will read a peripheral
status word from the MM74LS373 which contains
the logic state of the INTR outputs of all the con-
verters. Each converter which initiates an interrupt
will place a logic “0” in a unique bit position in the
status word and the subroutine will determine the
identity of the converter and execute a data read. An
identifier word (which indicates which A/D the data
came from) is stored in the next sequential memory
location above the location of the data so the program
can keep track of the identity of the data entered.

START ZEROING
SUBROUTINE
CLOSE SW1
OPEN SW2

INITIALIZE SAR
BIT POINTER
REGB =X '80

T

INITIALIZE SAR
CODE IN REG C
REGC =X 7F

|

OQUTPUT FIRST
SAR CODE
PORTB=X'80

<

v

START A/D AND
READ DATA

“OR" REG BWITH
REG C TO CLEAR
BIT INPORT B
WHEN REAPPLIED

v

SHIFT “1” IN REG B
RIGHT TO POINT TO
NEXT BIT

OPEN SW1
CLOSE sw2

ISREG B
ZEROQ?

PREAMP IS ZEROED

AND PROPER INPUT

CONV CAN
BE DONE

“EXCLUSIVE-OR"

REG BWITHREG C

TO SET NEXT BIT
INPORT B

!

OUTPUT NEW SAR
CODE TO PORT B

FIGURE 16. Flow Chart for Auto-Zero Routine
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3D00 3E90 MVI 90
3D02 D3E7 Out Control Port
3D04 2601 MVI H 01 Auto-Zero Subroutine
3D06 7C MOV AH
3D07 D3E6 OouT C
3D09 0680 MVI B 80
3D0B 3E7F MVI A 7F
3D0D 4F MOV C,A Return
3D0OE D3ES5 ouT B
3D10 31AA3D LXI SP 3DAA Start
3D13 D3E4 OouT A
3D15 FB IE
3D16 00 NOP Loop
3D17 C3163D JMP Loop
3D1A 7A MOV AD Auto-Zero
3D1B C600 ADI 00
3D1D CA2D3D JZ Set C
3D20 78 MOV A,B Shift B
3D21 F600 ORI 00
3D23 1F RAR
3D24 FEOO CPI 00
3D26 CA373D JZ Done
3D29 47 MOV B,A
3D2A C3333D JMP New C
3D2D 79 MOV A,C Set C
3D2E BO ORA B
3D2F 4F MOV C,A
3D30 C3203D JMP Shift B
3D33 A9 XRA C New C
3D34 C30D3D JMP Return
3D37 47 MOV B,A Done
3D38 7C MOV AH
3D39 EEO3 XRI 03
3D3B D3E6 ouT C
3D3D Normal
Program for processing
proper data values
3C3D DBE4 IN A Read A/D Subroutine
3C3F EEFF XRI FF
3C41 57 MOV DA
3C42 78 MOV A.B
3C43 EGFF ANI FF
3C45 C21A3D JNZ Auto-Zero
3C48 C33D3D JMP  Normal
Note: All numerical values are hexadecimal representations.

; Program PPI

; Close SW1, open SW2
; Initialize SAR bit pointer
; Initialize SAR code

; Port B = SAR code
; Dimension stack pointer
; Start A/D

; Loop until INT asserted

; Test A/D output data for zero

; Clear carry

; Shift “1"" in B right one place
s Is B zero? If yes last

; approximation has been made

; Set bit jn C that is in same
; position as “1” in B

; Clear bit in C that is in

; same position as “1" in B

; then output new SAR code.

; Open SW1, close SW2 then

; proceed with program. Preamp
; is now zeroed.

: Read A/D data
; Invert data

; Is B Reg = 0? If not stay
; in auto zero subroutine

FIGURE 17. Software for Auto-Zeroed Differential A/D

2)

'3)

4)

Multiple A/D Converters in a Z-80
Interrupt Driven Mode (Continued)

following notes apply:

It is assumed that the CPU automatically performs
a RST 7 instruction when a valid interrupt is ac-
knowledged (CPU is in interrupt mode 1). Hence,
the subroutine starting address of X0038.

The address bus from the Z-80 and the data bus to
the Z-80 are assumed to be inverted by bus drivers.

A/D data and identifying words will be stored in
sequential memory locations starting at the arbitrarily
chosen address X 3E0O.

The stack pointer must be dimensioned in the main
program as the RST 7 instruction automatically
pushes the PC onto the stack and the subroutine
uses an additional 6 stack addresses.

5)

The peripherals of concern are mapped into /O

space with the following port assignments:

HEX PORT ADDRESS

00

PERIPHERAL

MM74C374 8-bit flip-flop
A/D1
A/D 2
A/D 3
A/D 4
A/D5
A/D 6
A/D7

This port address also serves as the A/D identifying word

in the program
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FIGURE 18. Multiple A/D’s with Z-80 Type Microprocessor

INTERRUPT SERVICING SUBROUTINE

SOURCE
Loc OBJ CODE STATEMENT COMMENT
0038 E5 PUSH HL : Save contents of all registers affected by
0039 cs PUSH BC : this subroutine,
003A F5 PUSH AF : Assumed INT mode 1 earlier set.
0038 2100 3E LD (HL),X3E00 ; Initialize memory pointer where data will be stored.
003E OE 01 LD C,X01 ; C register will be port ADDR of A/D converters.
0040 D300 OUT X00.A ; Load peripheral status word into 8-bit latch.
0042 DBOO IN A, X00 ; Load status word into accumulator.
0044 47 LD BA : Save the status word.
0045 79 TEST LD AC ; Test to see if the status of all A/D’s have
0046 FE 08 CP, X08 ; been checked. If so, exit subroutine.
0048 CA 60 00 JPZ, DONE
0048 78 LD AB ; Test a single bit in status word by looking for
004C 1F RRA ;a 1" to be rotated into the CARRY (an INT
004D 47 LD B,A ;isloaded as a “1”). If CARRY is set then load
004E DA 5500 JPC, LOAD ; contents of A/D at port ADDR in C register.
0051 ocC NEXT INC C ; If CARRY is not set, increment C register to point
0052 C3 4500 JP,TEST ; to next A/D, then test next bit in status word.
0055 ED78 LOAD IN A, (C) ; Read data from interrupting A/D and invert
0057 EE FF XOR FF ; the data.
0059 77 LD (HL).A ; Store the data.
005A 2C INC L
0058 7 LD (HL).C ; Store A/D identifier (A/D port ADDR).
005C 2C INC L
005D C35100 JP.NEXT ; Test next bit in status word.
0060 F1 DONE POP AF ; Re-establish all registers as they were
0061 c1 ‘ POP BC ; before the interrupt.
0062 E1 POP HL
0063 c9 RET ; Return to original program.
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ADCO0801, ADC0802, ADC0803, ADC0804

Typical Applications (continued)
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FIGURE 19. Offsetting the Zero of the ADC0801 and
Performing an Input Range (Span) Adjustment
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FIGURE 21. Handling +10V Analog Input Range
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FIGURE 20. Handling *5V Analog Input Range
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FIGURE 22. Free Running Connection
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Ordering Information
TEMPERATURE RANGE 0CTO+70C —40°C TO +85°C —55°C TO +125°C
+1/4 Bit Adjusted ADCO0801LCN ADC0801LCD ADCO0801LD
ERROR +1/2 Bit Unadjusted ADCO0802LCN ADC0802LCD ADCO0802LD
+1/2 Bit Adjusted ADCO803LCN ADC0O803LCD ADCO0803LD
+1 Bit Unadjusted ADCO0804LCN ADC0804LCD
PACKAGE OUTLINE N20A—-MOLDED DIP D20A-CAVITY DIP D20A—CAVITY DIP
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Semiconductor

ADC3511 3%;-Digit

Microprocessor Compatible A/D Converter

ADC3711 33%,-Digit

Microprocessor Compatible A/D Converter

General Description

The ADC3511 and ADC3711 (MM74C937-1, MM74C938-
1) monolithic A/D converter circuits are manufactured
using standard complementary MOS (CMOS) technology.
A pulse modulation analog-to-digital conversion tech-
nique is used and requires no external precision
components. In addition, this technique allows the use
of a reference voltage that is the same polarity as the
input voltage.

One 5V (TTL) power supply is required. Operating
with an isolated supply allows the conversion of positive
as well as negative voltages. The sign of the input voltage
is automatically determined and indicated on the sign
pin. If the power supply is not isolated, only one polarity
of voltage may be converted.

The conversion rate is set by an internal oscillator.
The frequency of the oscillator can be set by an external
RC network or the oscillator can be driven from an
external frequency source. When using the external RC
network, a square wave output is available.

The ADC3511 and ADC3711 have been designed to
provide addressed BCD data and are intended for use
with microprocessors and other digital systems. BCD
digits are selected on demand via 2 Digit Select (DO, D1)
inputs. Digit Select inputs are latched by a low-to-high
transition on the Digit Latch Enable (DLE) input and
will remain latched as long as DLE remains high. A start

conversion input and a conversion complete output are
included on both the ADC3511 and the ADC3711.

Features

Operates from single 5V supply

ADC3511 converts 0 to 21999 counts

ADC3711 converts 0 to £3999 counts

Addressed BCD outputs

No external precision components necessary

Easily interfaced to microprocessors or other digital

systems

Medium speed—200 ms/conversion

® TTL compatible
Internal clock set with RC network or driven exter-
nally

® Qverflow indicated by hex “EEEE’ output reading as

well as an overflow output

Applications

Low cost analog-to-digital converter
Eliminate analog multiplexing by using remote A/D
converters

m Convert analog transducers (temperature, pressure,
displacement, etc.) to digital transducers

Connection Diagram

Dual-In-Line Package
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Semiconductor

October 1980

INS2651 Programmable Communications Interface

General Description

The INS2651 is a programmable Universal Synchronous/
Asynchronous Receiver/Transmitter (USART) chip
contained in a standard 28-pin dual-in-line package. The
chip, which is fabricated using N-channe! silicon gate
MOS technology, functions as a serial data input/output
interface in a bus structured system. The functional
configuration of INS2651 is programmed by the system
software for maximum flexibility, thereby allowing the
system to receive and transmit virtually any serial data
communications signal presently in use.

The INS2651 can be programmed to receive and transmit
either synchronous or asynchronous serial data. The
INS2651 performs serial-to-parallel conversion on data
characters received from an input/output device or a
MODEM, and parallel-to-serial conversion on data char-
acters received from the CPU. The CPU can read the
complete status of the INS2651 at any time during the
functional operation. Status information reported
includes the type and the condition of the transfer
operations being performed by the INS2651, as well as
error conditions (parity, overrun, or framing).

Features

B Synchronous and Asynchronous Full Duplex or Half
Duplex Operations

B Synchronous Mode Capabilities
— Selectable 5- to 8-Bit Characters
Selectable 1 or 2 SYNC Characters
— Transparent or Non-Transparent Mode
— Automatic SYNC or DLE-SYNC Insertion
— SYNC or DLE Stripping
B Asynchronous Mode Capabilities
— Selectable 5- to 8-Bit Characters

— 3 Selectable Clock Rates (1x, 16x, or 64x the
Baud Rate)

— Line Break Detection and Generation
— 1-, 1%-, or 2-Stop Bit Detection and Generation
— False Start Bit Detection
B Baud Rates
— DC to 0.8 M Baud (Synchronous)
— DC to 0.8 M Baud (1x, Asynchronous)
— DC to 50 k Baud (16x, Asynchronous)
— DC to 12.56k Baud (64x, Asynchronous)
Internal or External Baud Rate Clock
— 16 Internal Rates (50 to 19,200 Baud)
Double Buffering of Data
TTL Compatible
No System Clock Required
Direct Plug-In Replacement for Signetics 2651

INS2651 General System Configuration
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Absolute Maximum Ratings

0°C to +70°C
-65°C to +150°C
-0.5V to+6.0V

Operating Ambient Temperature
Storage Temperature

All Voltages with Respect to Ground
Note: Maximum ratings indicate limits beyond which permanent
damage may occur. Continuous operation at these limits is not

intended and should be limited to those conditions specified under
DC Electrical Characteristics.

DC Electrical Characteristics

Ta=0°Cto+70°C; Vo = +5.0V £ 5%, GND = 0V

Symbol Parameter Min Typ Max Unit Test Conditions
ViL Input Low Voltage 0.8 \

ViH Input High Voltage 2.0 \Y

VoL Output Low Voltage 0.25 0.45 \Y% loL=1.6mA
VOH Output High Voltage 2.4 2.8 \Y loH = -100 LA
L Input Load Current 10 MA VIN=0V1to 55V
ILD Data Bus Leakage Current 10 HA VouT=4.0V

Lo Open Drain Leakage Current 10 HA Vouyt=4.0V

Icc Power Supply Current 65 150 mA

Capacitance

Ta=+25°C; Veg=GND =0V
Symbol Parameter Min Typ Max Unit Test Conditions
CIN Input Capacitance 20 pF fe=1MHz

CouTt Output Capacitance 20 pF Unmeasured pins
Ci/o 1/0 Capacitance 20 pF to ground




AC Electrical Characteristics

Ta=0°Cto+70°C; Vo = +5.0V £ 5%, GND =0V

Symbol l Parameter

Min | Typ | Max | Unit T Test Conditions
BUS PARAMETERS
tce Chip Enable Pulse Width 300 ns
tas Address Setup Time 20 ns
taH Address Hold Time 20 ns
tcs R/W Control Setup Time 20 ns
tcH R/W Control Hold Time 20 ns
tos Data Setup Time for Write 225 ns
tor Data Hold Time for Write 50 ns
top Data Delay Time for Read 250 ns CL - 100pF
toF Data Bus Floating Time for Read 150 ns CL 100pF
OTHER TIMINGS
tRES RESET Pulse Width 1000 ns
fBRG Baud Rate Generator Input Clock 1.0 5.0688 5.073 MHz
Frequency
tBRH Baud Rate Clock High State 70 ns
tBRL Baud Rate Clock Low State 70 ns
fR/T TxC or RxC Input Clock Frequency DC 0.769 MHz
tR/TH TxC or RXC Clock High State 650 ns
tR/TL TxC or RxC Clock Low State 650 ns
tTxD TxD Delay from Falling Edge of TxC 650 ns CL = 100pF
trcs Skew Between '[)_(_D_Changing and 0 0 ns CL = 100pF
Falling Edge of TxC Output
tRxS Rx Data Setup Time 300 ns
tRxH Rx Data Hold Time 300 ns
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Timing Waveforms
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Timing Waveforms (cont'd.)

TxC (1x)
) 112)3,4;65:1)2)3,4;5,1;2,3,4;,6)1,2,3,4,8,;1,2/3,4,5)
>0 I oatar | oataz [ oataz | swwi | oatas |

TxEN ‘

TXEMT / / Ry
CEFOR I_V
DATA1 DATA2 DATA3 . DATA4

SYNCHRONOQUS MODE

<+—D—» A} 1}273/84;5/BC A1 112}3)4]5)B C A11;213)4)5) B Ce-D»A}1]2
o ® | [ oarar ] | - oataz | | [ oataz ] “DATAA

TxEMT / ) }
CE FOR

DATA1 DATA 2 DATA3 DATA4

ASYNCHRONOUS MODE

|
3
al

4142,3,4/5,1,2,3,84,6;1,2,3,8,5,1,2)3,4,65,1,2,3,4/5,1,2;3,4,5,1
AxD [ sy | oatar | oataz | oataa | oatasa | patas |

| ] | f——1enore0—n
RxeN | l
SYNDET ’ E
STATUS
8T |
RXROV \ ‘ N
Y

SRR u Ly

~¢ ~ I

va
READ READ READ READ READ READ
STATUS STATUS RHR RHR RHR RHR
(DATA 1) (DATA2) (DATA3) (DATA 3)
SYNCHRONOUS MODE

DAy 1,238,565 8B C A 1,;2;3/8/58 CeD_»Ap1,23/8/5/8BC Ay1;2]3
ax0® | I DATA 1 I 1 [ oamaz | | DATA3 i DATA4
Axen [

RxRDY

OVERRUN \
STATUS
BIT \ / \
CEFOR
READ \‘!

READ READ
RHR AHR
(DATA 1) (DATA 3)

ASYNCHRONOUS MODE

TxRDY, TXEMT TIMING (SHOWN FOR 5-BIT CHARACTERS, NO PARITY, 2-STOP BITS (IN SYNCHRONOUS MODE).
RxRDY TIMING (SHOWN FOR 5-BIT CHARACTERS, NO PARITY, 2.STOP BITS (IN ASYNCHRONOUS).

NOTE 1: A —START BIT, B~ STOP BIT 1, C - STOP BIT 2,
D - TxD MARKING CONDITION.
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INS2651 Block Diagram

INTERNAL
DATA BUS
YN
m:]r:;:s _ SYN/DLE CONTROL
oo BUFF SYN1 REGISTER
(8,7,6,5,2,
1/28,27) T SYN2 REGISTER
DLE REGISTER
(21) P N
AEseT OPERATION CONTROL
(12)
a —2 MODE REGISTER 1
10 -} R (15
L MODE REGISTER 2 1 TRANSMITTE 19 DY
(13) TRANSMIT DATA
AW ———] COMMAND REGISTER ﬂ HOLDING REGISTER
] TRANSMIT (19)
& e STATUS REGISTER SHI T a L 0
(20)
BRCLK
_m BAUD RATE -
i ] GENERATOR
AND RECEIVER 14
(25 CLOCK CONTROL > RxRDY
T et .
RECEIVE DATA
HOLDING REGISTER
RECEIVE 3)
& (22) SHIFT REGISTER | RxD
T}
oeo
.
crs MODEM
@ CONTROL
i | (26)
e —_— v
7R POWER
e SUPPLY ) anD
TXEMT/DSCHG

NOTE: APPLICABLE PINOUT NUMBERS ARE
INCLUDED WITHIN PARENTHESES.

INS2651 Functional Pin Definitions

The following describes the function of all the INS2651
input/output pins. Some of these descriptions reference
internal circuits.

INPUT SIGNALS

Reset (RESET), Pin 21: When high, performs a master
reset on the INS2651. This signal asynchronously
terminates any device activity and clears the Mode,
Command, and Status Regsiters. The device assumes the
idle state and remains in this mode until initialized with
the appropriate control words.

Address Lines (A1-A0), Pins 10, 12: Address lines used
to select internal Mode and Command registers.

Read/Write (R/W), Pin 13: Controls the direction of
data bus transfers. A high input allows data from the
CPU to be loaded into the addressed register. A low
input causes the contents of the addressed register to be
present on the data bus.

Chip Enable (CE), Pin 11: When low, indicates that
control and data lines to the device are valid and that the
specified operation should be performed. When high,
places the device in the TRI-STATE® condition.

Baud Rate Generator Clock (BRCLK), Pin 20:  5.0688
MHz clock input to the internal Baud Rate Generator.
Not required if external receiver and transmitter (TxC
and RxC) clocks are used.

Receiver Data (RxD), Pin 3: Serial data input to the
receiver.

Data Set Ready (DSR), Pin 22: General-purpose input
which, when low, indicates either the Data Set Ready or
Ring condition. Its complement is stored as Status
Register bit 7. A change in state of this input causes a

low output on TXEMT/DSCHG.

Data Carrier Detect (DCD), Pin 16: When low, enables
the receiver to operate. The complement of this input is
stored as Status Register bit 6, and an input change in
state causes a low output on TXEMT/DSCHG.

Clear to Send (CTS), Pin 17: When low, enables the
transmitter to operate. When high, holds the TxD
output in MARK condition.

Ve, Pin 26: +5-volt supply.

Ground, Pin 4: O-volt reference.
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OUTPUT SIGNALS

Transmitter Ready (TxRDY), Pin 15: A low on this
output, which is open-drain, indicates that Transmit
Holding Register (THR) is ready to accept a data char-
acter from the CPU. This output, which is the comple-
ment of Status Register bit 0, goes high when the data
character is loaded and is valid only when the transmitter
is enabled. The TxRDY output can be used as an inter-
rupt to the system.

Receiver Ready (RxRDY), Pin 14: A low on this output,
which is open-drain, indicates that the Receive Holding
Register (RHR) has a character ready for input to the
CPU. This output, which is the complement of Status
Register bit 1, goes high either when the Receiver
Holding Register is read by the CPU or when the receiver
is disabled. The RXxRDY output can be used as an
interrupt to the system.

Transmitter Empty or Data Set Change (TxEMT/DSCHG),
Pin 18: A low on this output, which is open-drain,
indicates that either the transmitter has completed
serialization of the last character loaded by the CPU or
that a change of state of the DSR or DCD inputs has
occurred. If the TXxEMT condition does not exist, this
output goes high when the Status Register is read by the
CPU. Otherwise, the Transmit Holding Register must be
loaded by the CPU for this line to go high. The TxEMT/
DSCHG outputcan be used as an interrupt to the system.
This output is the complement of Status Register bit
SR2.

Transmitter Data (TxD), Pin 19: Composite serial data
output to a MODEM or input/output device. The TxD
output is held in the marking state (logic 1) when the
transmitter is disabled.

Pin Configuration

Data Terminal Ready (DTR), Pin 24:  General-purpose
output normally used to indicate Data Terminal Ready.
The DTR output is the complement of Command
Register bit 1.

Request to Send (RTS), Pin 23: General-purpose output
normally used to indicate Request to Send. The RTS
output is the complement of Command Register bit 5.

INPUT/OUTPUT SIGNALS

Data (D7 -DO) Bus, Pins 28, 27,8, 7,6, 5, 2, 1: This bus
comprises eight TRI-STATE input/output lines. The bus
provides bidirectional communications between the
INS2651 and the CPU. Data, control words, and status
information are transferred via the Data Bus.

Receiver Clock (RxC), Pin 25: If external receiver clock
is programmed, this input controls the rate at which a
data character is received. The frequency of the RxC
input is a multiple (1x, 16x, or 64x) of the Baud Rate.
Data is sampled on the rising edge of the clock. If
internal receiver clock is programmed, this pin becomes
an output at 1x the programmed Baud Rate.

Transmitter Clock (TxC), Pin 9: If external transmitter
clock is programmed, this input controls the rate at
which a data character is transmitted. The frequency of
the TxC input is a multiple (1x, 16x, or 64x) of the
Baud Rate. Transmitter Data is clocked out of the
INS2651 on the falling edge of the TxC input. If
internal transmitter clock is programmed, this pin
becomes an output at 1x the programmed Baud Rate.

D2

RxD
GND
D4
D5

D7
™>C
Al
CE
AD
RW ——i 13
xRDY =1 14

o
=3

INS2651

28 }— D1
27 }— Do

26 - Vee

25 f—— RxC

24 p— DTR

23 f— RTS

22 f—— DSR

21 f— RESET

20 = BRCLK

19 f— TxD

18 }— TxEMT/DSCHG
17 f— CTS

16 fmmem OCD

15 p—— TXxRDY
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INS2651 Programming

The system software determines the operative conditions
(mode selection, clock selection, data format, and so
forth) of the INS2651 via internal Mode Registers 1 and
2, and the Command Register. Prior to initiating data
communications, the INS2651 operational mode must
be programmed by performing write operations to these
8-bit registers via the Data Bus. The device can be repro-
grammed at any time during program execution. How-
ever, the receiver and transmitter should be disabled if
the change has an effect on the reception or transmission
of a character.

The internal registers oi_t_he_IN82651 are accessed by
applying signals to the CE, R/W, A1, and AOQ inputs as
specified in table 1.

Table 1. Guess My Name

CE| A1[AO|R/W Function
1| X | X]| X TRI-STATE Data Bus
0|0|0|O0 Read Receive Holding Register
o|o0|O0]1 Write Transmit Holding Register
ojo0f1]o0 Read Status Register
0|0 (1|1 Write SYN1/SYN2/DLE Registers
oj1|]0|0 Read Mode Registers 1 and 2
0| 1|01 Write Mode Registers 1 and 2
ol1{1]|0 Read Command Register
o 1|11 Write Command Register

In the case of multiple registers (SYN1/SYN2/DLE
Registers and Mode Register§ 1 and 2), successive read
or write operations will access the next higher register.
For example, if A1 equals 0, A2 equals 1, and R/W
equals 1, the first write operation loads SYN1 Register.
The next write operation loads SYN2 Register, and the
third loads the DLE Register. Read and write operations
are performed on the Mode Registers in asimilar manner.
If more than the required number of accessses is made,
the internal register pointer returns to the first register.
The pointers are reset to the first registers either by a
RESET input or by performing a “Read Command
Register”” operation, but are unaffected by any -other
read or write operation.

INITIAL RESET

LOAD
MODE REGISTER 1

LOAD
MODE REGISTER 2

&>

Y

LOAD
SYN1REGISTER

LOAD
SYN2 REGISTER

LOAD
DLE REGISTER

DOUBLE N
SYNC
Y ’
TRANSPARENT
MODE

E MODE REGISTER 2 L‘AM BE

WRITTEN. STER
NOT BE PHUBRAMMED IF EXTERNAL
CLOCKS ARE USED.

NOTE: MD%ERHEGISTER 1 MUST BE WRITTEN

NOTE: SYN1 REGISTER MUST BE WRITTEN
BEFORE SYN2 REGISTER CAN B!
WRITTEN, AND SYN2 BEFORE DI.E
CAN BE WRITTEN.

!
—

LOAD
COMMAND REGISTER

___j .

OPERATE |

DISABLE
RCVR AND XMTR

L |

Initialization Flowchart

Figure 1.
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MODE REGISTER 1 FORMAT

T
MR1-7 MR1-5 MR1-5 MR1-4 MR1-3 MR1-2 MR1-1 MR1-0
SYNC: SYNC: PARITY TYPE PARITY CONTROL CHARACTER LENGTH MODE AND BAUD RATE FACTOR!
NO. OF SYN TRANSPARENCY  0=00D 0= DISABLED 00=58ITS 00 = SYNCHRONOUS 1x RATE
2"““‘”5“5 CONTROL 1= EVEN 1= ENABLED 01=68ITS 01 = ASYNCHRONOUS 1x RATE
1f"°“°'~5 SYN  0=NORMAL 10=781TS 10= ASYNCHRONOUS 16x RATE
“SINGLESYN  1=TRANSPARENT 1=88ITS 11= ASYNCHRONOUS 64x RATE
ASYNC:
STOP BIT LENGTH
00= INVALID
01=1STOP BIT
10= 1% STOP BITS
11=2ST0P BITS
MODE REGISTER 2 FORMAT
BIT NUMBERS
MA2-7 MR1-6 MA2-5 MR2-4 MR2-3 MR2-2 MAz-1 MR2-0
NOT USED TRANSMITTER  RECEIVER BAUD RATE SELECTION
cLock cLocK
0=EXTERNAL 0= EXTERNAL 0000=50BAUD 0110 =600 BAUD 1100 = 4800 BAUD
1= INTERNAL 1= INTERNAL 0001=75BAUD 0111 = 1200 BAUD 1101 = 7200 BAUD
0010=110BAUD 1000 = 1800 BAUD 1110 = 9600 BAUD
0011=1345BAUD 1001 = 2000 BAUD 1111 = 19200 BAUD
0100=150BAUD 1010 = 2400 BAUD
0101=300BAUD 1011 = 3600 BAUD
COMMAND REGISTER FORMAT
BT
CR-7 CR-6 CR-5 CR-4 cR-3 cR-2 CR-1 CR-0
OPERATING MODE REQUEST TO RESET ERROR ASYNC: RECEIVE DATATERMINAL  TRANSMIT
00 = NORMAL OPERATION :EN:)RCES ag OTNoAwAL FORCEBREAK  CONTAOL :Eﬁ:css - :‘f’;::;u
01 = ASYNC: AUTOMATIC ouTPUT Hign '~ BESET EAROR 0= NORMAL 0= DISABLE OUTFUTHIGH . enagLe
SYNC: SYN AND/OR 1= FORCES ATS REGISTER(FE |- FORCEBREAK 4. enaBLE 1= FORCES DTR
DLE STRIPPING MODE OUTRUT LOW OE, PE/DLE SYNC: OUTPUT LOW
DETECT) SEND DLE
10 LOCAL LOOP BACK L
11 = REMOTE LOOP BACK 0= NORMAL
1=SEND DLE
STATUS REGISTER FORMAT
BIT
SR-7 SR-6 ] sR4 SR-3 $A-2 SR-1 $R-0
DATA SET DATACARRIER  FE/SYNDETECT  OVERRUN PE/DLEDETECT  TxEMT/DSCHG  RxROY TxRDY
ISHIGH ISHIGH 0= NORMAL 1=QVERRUN 0= NORMAL N i¥n 0n  REGISTER REGISTER
1= B3R INPUT 1= DCD INPUT 1= FRAMING ERROR 1=paRTYERROR  DSRORDCD O - eypry
1SLow 1SLOW SYNC: SYNC: REGISTERIS 1= RECEIVE 1= TRANSWIT
0= NORMAL 0= NORMAL EMm HoLoINE, HOLDING
1=SYN CHARACTER 1= PARITY ERROR HAS DATA RECISTER
DETECTED 0R DLE
CHARACTER
RECEIVED

NOTE 1: BAUD RATE FACTOR IN ASYNCHRONOUS MODE APPLIES ONLY IF
EXTERNAL CLOCK IS SELECTED. FACTOR IS 16x IF INTERNAL

CLOCK IS SELECTED.
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Table 2. Baud Rate Generator Characteristics (Crystal Frequency = 5.0688 MHz)

Note: 16x clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1x and duty cycle is 50%/50% for any baud

rate.

Theoretical Actual
Frequency Frequency Duty
Baud 16x Clock 16x Clock Percent Cycle
Rate (kHz) (kHz) Error (%) Divisor
50 0.8 0.8 - 50/50 6336
75 1.2 1.2 — 50/50 4224
110 1.76 1.76 - 50/50 2880
134.5 2.152 2.1523 0.016 50/50 2355
150 2.4 2.4 - 50/50 2112
300 4.8 4.8 - 50/50 1056
600 9.6 9.6 - 50/50 528
1200 19.2 19.2 - 50/50 264
1800 28.8 28.8 - 50/50 176
2000 32.0 32.081 0.253 50/50 158
2400 38.4 38.4 - 50/50 132
3600 57.6 57.6 — 50/50 88
4800 76.8 76.8 - 50/50 66
7200 115.2 116.2 - 50/50 . 44
9600 153.6 153.6 - 48/52 . 33
19200 307.2 316.8 3.125 50/50 16
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INS2651 Operation

GENERAL

The transmitter section of the INS2651 performs
parallel-to-serial conversion of data supplied to it from
the system data bus.

The receiver section of the INS2651 performs serial-to-
parallel conversion of data received from the MODEM or
input/output device. Both the transmitter and receiver
are double buffered, allowing a full character time in
which to service Transmit Ready (TxRDY) and Receive
Ready (RxRDY) interrupts.

The character size (5, 6, 7, or 8 bits) is program select-
able. Parity check/generation and the baud rate may also
be defined by the program. Note that the character size
is exclusive of the start/stop and parity bits.

SYNCHRONOUS MODE

The transmitter starts transmitting a continuous bit
stream once the transmitter is enabled and the Clear to
Send (CTS) input is low. If the system is late in supplying
a character to the transmitter, then the transmitter will
send the SYN character (or SYNT1, two characters if in
double SYNC mode) as an idle fill in the Non-Transparent
mode, or the DLE-SYN1 character pair as an idle fill in
the Transparent mode. If this condition occurs, the
TxEMT/DSCHG output goes low.

The receiver enters a character synchronization mode as
soon as the receiver is enabled and the Data Carrier
Detect (DCD) input goes low. Either one or two con-
secutive SYN characters must be recognized by the
receiver. The number of SYN characters is program
selectable, and data is sent to the processor only after

synchronization. The SYN character(s) in the Transparent
mode (or DLE-SYN1 characters in the Non-Transparent
mode) are stripped off the data stream after synchron-
ization. This feature is program selectable.

An overrun error will occur if the processor is late in
servicing the received character. When this condition
occurs, the character in the receiver buffer is written
over by the character causing the overrun, and the
overrun status bit is set.

ASYNCHRONOUS MODE

Once transmission is initiated, the transmitter supplies
the start bit, odd, even, or no parity bit, and the proper
number of stop bits as specified by the program. If the
next character is presented to the transmitter, it is sent
immediately after transmission of the stop bit of the
present character. Otherwise the Mark (logic high)
condition is sent. The transmitter can be programmed to
send a Space (logic low) condition instead of the Mark
condition.

Once the receiver is enabled, reception of a character is
initiated by recognition of the start bit. The Start/Stop
and Parity bits are stripped off while assembling the
serial input into a parallel character. If a break condition
is detected then the receiver sends a character of all zero
bits and a Framing Error status bit to the processor.

Succeeding all-zero or break characters are not assembled
and presented to the system. The Receive Data (RxD)
input must return to a marking condition before
character assembly is resumed. The overrun condition is
checked in the same manner as in the Synchronous
mode.
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'INS2651 Programmable Communications Interface

Physical Dimensions
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National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time without notice, to change said circuitry.

A-64



National
Semiconductor

Preliminary
JULY 1978

INS8250 Asynchronous Communications Element

General Description

The INS8250 is a programmable Asynchronous Com-
munications Element (ACE) chip contained in a standard
40-pin dual-in-line package. The chip, which is fabricated
using N-channel silicon gate technology, functions as a
serial data input/output interface in a microcomputer
system. The functional configuration of the INS8250 is
programmed by the system software via a TRI-STATE®
8-bit bidirectional data bus.

The INS8250 performs serial-to-parallel conversion on
data characters received from a peripheral device or a
MODEM, and parallel-to-serial conversion on data
characters received from the CPU. The CPU can read the
complete status of the INS8250 at any time during the
functional operation. Status information reported
includes the type and condition of the transfer operations
being performed by the INS8250, as well as any error
conditions (parity, overrun, framing, or break interrupt).

In addition to providing control of asynchronous data
communications, the INS8250 includes a programmable
Baud Generator that is capable of dividing the timing
reference clock input by divisors of 1 to (216-1), and
producing a 16x clock for driving the internal transmitter
logic. Provisions are also included to use this 16x clock
to drive the receiver logic. Also included in the INS8250
is a complete MODEM-control capability, and a processor-
interrupt system that may be software tailored to the
user’s requirements to minimize the computing time
required to handle the communications link.

Features

e Designed to be Easily Interfaced to Most Popular
Microprocessors.

Adds or Deletes Standard Asynchronous Communica-
tion Bits (Start, Stop, and Parity) to or from Serial
Data Stream

Full Double Buffering Eliminates Need for Precise
Synchronization

Independently Controlled Transmit, Receive, Line
Status, and Data Set Interrupts

Programmable Baud Rate Generator Allows Division
of Any Input Clock by 1 to (216 - 1) and Generates
the Internal 16x Clock

Independent Receiver Clock Input

MODEM Control Functions (CTS, RTS, DSR, DTR,
RI, and Carrier Detect)
Fully Programmable Serial-Interface Characteristics

— 5-,6-, 7-, or 8-Bit Characters

— Even, Odd, or No-Parity Bit Generation and Detection
— 1-,1%-, or 2-Stop Bit Generation

— Baud Rate Generation (DC to 56k Baud)

False Start Bit Detection
Complete Status Reporting Capabilities

TRI-STATE TTL Drive Capabilities for Bidirectional
Data Bus and Control Bus

Line Break Generation and Detection
Internal Diagnostic Capabilities

— Loopback Controls for Communications Link Fault
Isolation

— Break, Parity, Overrun, Framing Error Simulation
Full Prioritized Interrupt System Controls
Single +5-Volt Power Supply

MICROBUSTM* Compatible

INS8250 MICROBUS Configuration

EIA h * TO RS-232
DRIVERS INTERFACE

L
=

3.072

4: MHz

O
07-00
| e | 07.00  SOUT [—>~
RERTR or 708 _ | = SIN f—]
PN or 1AW _ | et ATS f—-
INTR DTR
- TRRT o
w L Reser i «
i " ATSD |—,
c ._
R " Ao TS |
0 _
B Al 1NSB250 Ry |t
A2
u | A2
H -
ADS XTALY
DOSTR
g DISTR
s =
XTAL2
st BAUDOUT
1>—E S0 RoLk |

—

Y|

~

|||—-)

*Trademark, National Semiconductor Corp.

© 1978 National Semiconductor Corp.

® TRI-STATE is a trademark of National Semiconductor Corp.
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DP7304B/DP8304B

National
Semiconductor

DP7304B/DP8304B 8-Bit TRI-STATE®
Bidirectional Transceiver (Non-Inverting)

Features
m 8-bit bidirectional data flow reduces system package ® Pinouts simplify system interconnections
count ® Transmit/Receive and chip disable simplify control
m Bidirectional TRI-STATE inputs/outputs interface logic
with bus oriented systems ® Compact 20-pin dual-in-line package
® PNP inputs reduce input loading = Bus port glitch free power up/down
® Output high voltage interfaces with TTL, MOS,
and CMOS
® 48 mA/300 pF bus drive capability
Logic and Connection Diagrams
Dual-In-Line Package
|_ ————— —I [ no— Ny b— v
A0 80 A1 AL
n= 1€ g
Al : B1 a4 iaz
A2 B2 APORT
AJO—E N 83 et HE 53
APORTS Ad B4 (8 PORT BPORT
wot—T1—1—1ou ot s,
A6 1 j—o:zs
A70—1__ _:_ __'—037 As—7 -liss
(r;a/g:usmmm L~ _s 13 06
CHIP DISABLE— )imj
CHIP DISABLEC GND-‘—“— LlTRAN/ﬁEE
(co)
TOP VIEW
Order Number DP7304BJ, DP8304BJ
or DP8304BN
Logic Table
INPUTS RESULTING CONDITIONS
Chip Disable Transmit/Receive A Port B Port
0 0 ouT IN
0 1 IN ouT
1 X TRI-STATE TRI-STATE

X = Don't care
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INS8243 Input/Output Expander

General Description

The INS8243 is an input/output device specifically
designed to furnish input/output expansion capabilities
for the INS8048, INS8049 and INS8050 single chip
microcomputer family. The INS8243 is fabricated using
XMOS (high density N-channel silicon gate) technology,
operates from a single 5 volt supply and is TTL
compatible. It is housed in a 24-pin, dual-in-line package
and provides high drive current capabilities at low cost.

The INS8243 expander consists of five, 4-bit bidirectional
ports. One port provides the interface with the
INS8048/49/50 microcomputer. The remaining four ports
provide the input/output expansion.

The INS8243 1/0 ports function as a direct extension for
the resident 1/O port of the INS8048/49/50
microcomputer series and are accessed by the MOV, ANL
or ORL instructions of the INS8048/49/50.

Features

| XMOS Te:chnology

M Single 5V Supply

W Low Cost I/0 Expansion

B Easy Interface with INS8048/49/50 Microcomputers
B High Fanout Capability

W 24-Pin DIP

B Direct Extension of INS8048/49/50 1/O Ports

INS8243 Basic System Configuration

P4 |(uem—) |/0
PROG PROG 4 BITS
PS5 | Gume——)) |/0
INS8048
INS8049 INS8243 481TS
INS8050
PG |(r——) |/0
" 4 BITS 4 BITS
P20-P23 |4 | DATA IN
P2 P7 () /O
4 BITS

+— 9

Single Expander Interface

11979 National Semiconductor Corp.
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Absolute Maximum Ratings

Ambient Temperature Under Bias ................. 0°Cto +70°C
Storage Temperature Range.................... -65°C to +150°C
Voltage on Any Pin with Respectto GND .......... -0.5V to +7.0V

NOTE: Absolute maximum ratings indicate limits beyond which
permanent damage may occur. Continuous operation at these limits
is not intended; operation should be limited to those conditions

specified under DC Electrical Characteristics.

DC Electrical Characteristics

Ta = 0°Cto +70°C, Vcc = +5V £10%, GND = 0V

SYMBOL PARAMETER MIN. | TYP. | MAX. |UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 Vv
ViH Input High Voltage 2.0 Vcct0.51 V
Voui Output Low Voltage Ports 4-7 0.45 V  [loL=5mA
Vor2 Output Low Voltage Port 7 1 \ loL =20 mA
VoH1 Output High Voltage Ports 4-7 2.4 V  |lox = 240 uA
het Input Leakage Ports 4-7 -10 20 uA |VIN = Vcce to OV
liLe Input Leakage Port 2, ES. PROG | -10 10 nA  {VIN = Vce to 0V
VoL3 Output Low Voltage Port 2 0.45 v loL = 0.6 mA
lcc Vcc Supply Current 10 20 mA
Vo2 Output Voltage Port 2 2.4 V  |lon = 100 uA
loL Sum of all loL from 16

output ports 100 mA |At 5 mA per pin
AC Characteristics
Ta =0°Cto 70°C, Vcc = 5V +10%, GND = 0V
SYMBOL PARAMETER MIN. | TYP | MAX. |UNITS TEST CONDITIONS
tsc Code Valid Before PROG 100 ns |80 pF Load
tHC Code Valid After PROG 60 ns |20 pF Load
tsp Data Valid Before PROG 200 ns |80 pF Load
tHD Data Valid After PROG 20 ns |20 pF Load
tFLT TRI-STATE™ After PROG 0 150 ns |20 pF Load
tw PROG Negative Pulse Width 700 ns
tcs CS Valid Before/After PROG 50 ns
tpo Ports 4-7 Valid After PROG 700 ns |100 pF Load
tLpy Ports 4-7 Valid Before/After PROG| 100 ns
tacc Port 2 Valid After PROG 650 ns |80 pF Load




Tlmlng Waveforms (*These signals are generated by the INS8048/49/50.)

PROG * \

-
P20-P23-———< ADDRESS (4 BITS) X

DATA (4 BITS)

/__
>___

Expander Input Timing

PROG*
tsc tHD
I tHe | tw tso —
. S——_
PORT 2 * X INSTRUCTION X TRI-STATE X DATA TRI-STATE
tacc I ItFLT
| —— |<—
OUTPUT
PORT 2 X VALID X
I tro
— |
OUTPUT
PORTS 4-7 VALID
o e PREVIOUS OUTPUT VALID e |<—

PORTS 4-7 )( INPUT VALID

X

tcs
cs* \

tcs

14

Input/Output Waveforms




Functional Pin Definitions

The following describes the function of the INS8243
input/output pins. Some of these descriptions reference
internal circuits.

CONTROL SIGNALS

Chip Select (CS): When CSis low (negative true), the 4-
bit input to port 2 is enabled. A high on CS inhibits any
input to port 2 and no change to internal status and output
can occur.

Strobe Input (PROG): The low to high transition on the
PROG indicates data is available at port 2; a high to low
transition on PROG signifies command and address
information is at port 2.

INPUT/OUTPUT SIGNALS

Port 2: Port 2 is a 4-bit bidirectional port that provides
the interface between the INS8048/49/50 and the
input/output ports 4-7. Communication between the
INS8048/49/50 and the INS8243 is accomplished with 4-
bit nibbles. A 4-bit nibble consists of two bits that
comprise a functional command and two bits that indicate
the address of a specific input/output port (P4-P7), or it
consists of four data bits. The high to low transistion of the
PROG input indicates address and command bits are
present at port P2. The low to high transition of the PROG
input indicates that data bits are present at port P2. If the
operation is a read function, data from a selected port (P4-
P7) is read to the microcomputer via port 2, prior to the
low to high transition of the PROG input. The tables below
show the binary inputs for port and command selection.

Port Selection Table

Input/Output Selected

Address Code Input/Output Port
P21 P20

0 (4] 4

0 1 5

1 0 6

1 1 7

Functional C d Selection Table
Command Code Fu;ctlon
P23 P22

0 0 Read
0 1 erte
1 0 ORLD
1 1 ANLD

Ports 4-7 (Pi): These are four, 4-bit bidirectional
input/output ports. Each port is addressable and may be
programmed to perform a read (input data) or write
(output data) via a low impedance latched output. Data
presented to port2 during a write operation may be output
directly to the addressed output port or logically ANDed
or ORed with data-existing in the selected port. For aread
operation, data at the addressed port (P4-P7) is
transferred to port 2. ’

Pin Configuration

pso[J1e “\_/  2a[7Jvcc
Pso [ |2 23] P51
Pa1[|3 22 ] P52
P42 |4 21| P53
Pa3[|5 20 [ 1P60
CS[|s INS8243 19| P61
PROG[ |7 18[1P62
p23[]8 17 [ P63
P22 (]9 16 [ P73
P21 |10 15[ P72
P20 |11 14 1PT1
GND [} 12 13[]P70

PROTECTION CIRCUITS

Figure 1illustrates the protectioncircuits for the inputand
output pins.

—+CH

CS, PROG
PORTS 2,

4-7

L

FIGURE 1. Protection Circuits for 1/0 Pins

]

GND

H—

P = Protection Device
r =10ns = RC




Functional Description

The INS8243 (Figure 2) consists of four, 4-bit I/0 ports
that function as the extension of the INS8048/49/50 on-
chip input/output port. The four1/0O ports (P4 through P7)
are addressable and the following programmed
INS8048/49/50 instructions are used to access these
ports. The instructions move data to/from the
INS8048/49/50 accumulator via the INS8243. Timing for
the transfer of data is provided by the INS8048/49/50
PROG output.

a. MOVD Pi,A - Shift accumulator data to the addressed
port.

b. MOVD A,Pi-Shiftaddressed portdatato the accumu-
lator.

c. ANLD Pi,A - ANDing accumulator data to ad-
dressed port.

d. ORLD Pi,A - ORing accumulator data to addressed
port.

Port 2 of the INS8243 provides the communication
interface between the expander and the INS8048/49/50
processor. Each communications exchange iscomprised
of two, 4-bit nibbles, one nibble consisting of command
and address information, the second is a 4-bitdata nibble.
Timing for the 1/0 expander is provided by the processor
on the PROG input pin.

Power-On Initializing Mode

Application of DC power to the chip forces I/O port 2 to
the input mode and I/O ports 4 through 7 to the TRI-
STATE® output mode (high impedance state). The
power-on sequence is initiated when Vcc falls below 1
volt. The input level on the PROG may be high or low
when DC is first applied. The initial high to low transition
of the PROG input forces the chip to exit the power-on
mode.

Read Mode

The INS8243 I/O expander has one read mode that is
initialized by the following instruction:

e MOVDA,Pi - Instruction from INS8048/49/50 takes
data from the addressed I/0 port (P4-P7) and moves
the data into the accumulator.

The command code and port address code are latched
from the input port 2 on the high to low transition of the
PROG input pin. When the read command and the port
address are decoded, the data from the addressed port is
presented back to the INS8048/49/50 on port P2.
Termination of the read command occurs on the low to
high transition of the PROG input. The port (4, 5, 6 or 7)
that was addressed switches to the high impedance state
and port 2 reverts to the input (read) mode. A port will
normally be in either write (output) mode or read (input)
mode. To allow for the settling of the external driver on the
port, the first read following a write should be discounted
when modes are changed during operation. All
succeeding reads are valid.

Write Modes

The INS8243 has three write modes that are initialized by
the following instructions:

a. MOVD Pi,A - Instruction from the INS8048/49/50
writes new data directly into the addressed
port. Existing data is lost

b. ORLD Pi,A - Instruction from the INS8048/49/50
takes port P2 data, logically ORing it with the
existing data in the addressed port and writes
the resultant data into the port

c. ANLD Pi,A - Instruction from the INS8048/49/50
takes port P2 data, logically ANDing it with the
existing data in the addressed port and writes the
ANDed data into the port.

Command and port address codes are latched from the
port 2 input on the high to low transition of the PROG
input. Data on port 2 1s deposited in the logic circuits of
the addressed port. When the logic manipulation has
been performed, data is latched and output Old data
stays latched until valid new outputs are written

(8-11)
PORT 2 MULTI-

INTERNAL BUS

ADDRESS
DECODER

4 BITS PLEXER

TEMPORARY
REGISTER

(7)
PROG—~|CONTROL|

COMMAND
DECODER

-

C_St(s)

AND/OR
LOGIC

Note: Applicable pinout numbers are
included within parentheses

LATCH (2-5)
AND @) PORT4
INPUT

BUFFER

LﬁLgH (1, 21-23)
4mp PORTS

INPUT 4 BITS

BUFFER

LﬁLgH (17-20)
PORT 6

INPUT - 4 BITS

BUFFER

LAT%H (13-16)

AN emp PORT?7
INPUT 4 BITS
BUFFER

FIGURE 2. INS8243 I/0 Expander Block Diagram
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Multiple INS8243 1/0 Expander Use

-5V GND
To expand the resident 1/0 port capabilities of the 24| 12
INS8048/49/50 microcomputer series sixteen times, four Vce GND 52(1)
INS8243 expanders may be connected to the P42
microcomputer, as shown in Figure 3. By using the high P43
order bit outputs P24 through P27 as the chip select (CS) INS8243 P50
input to the 170 expanders, no additional logic circuits are 170 P51
required. A negative true input (low) on the CS line will EXPANDER ggg
enable the port 2 input for the selected I/0O expander. A
single INS8048/49/50 microcomputer may use many (up }5: gg? gg?
to twenty) I/0 expanders without additional logic circuits 9— P22 P62
on the same bus, hmited only by the availability of chip 8- P23 P63
select lines and loading restrictions P70
7— PROG P71
_ P72
6— CS P73
-5V GND
24| 12
Vcc GND P40
P41
P42
<5V GND P43
INS8243
40| 26 20‘ /0 gg?
Vcc Voo Vss P10 p—27 EXPANDER P52
20p!_6MHz 2| xTAL1 12— 3 B I :»2(3)
P13 —30 ]
20p1 2 3|xr1AL2 pia}—31 |VO 10— P21 P61
o P15 — 32 9 P22 P62
RESET P16 |— 33 8— P23 P63
P17 34 P70
EA PROG |25 7— PROG P71
— Low P20 ——21 — P72
SS P21 }—22 6— CS P73
L ORDER - po2 | 23
= BITS [ p23| 24
P24 }— 35 +5V GND
HIGH
ORDER P25 —— 36 y
BITS P26 —— 37 =— 24 12
1—TO0 P27 |—— 38 — Vce GND gg?
INPUT| 30— T1 oaof— 12 P42
e DB2f— 14 P43
6 J INT INS8048 DB3}— 15 /o INS8243
INS8049  DBi}— 16 1/0 gg?
INS8050 gg: —— EXPANDER  ps
DB7 |— 19 P53
SSEN WR BR 11— P20 P60
ALE_PSEN_WR_RD 104 P31 P81
| | T 9— p22 P62
11 9 10 8 8— P23 P63
P70
+——— 7—{ PROG P71
. P72
6— CS P73
-5V GND
24 12|
Vce GND P40
P41
P42
P43
IN?/80243 P50
P51
EXPANDER P52
P53
11— P20 P60
10+ P21 P61
9— P22 P62
8— P23 P63
P70
‘——— 7— PROG P71
— P72
6— CS P73

FIGURE 3. Typical Connections Using INS8243 1/0 Expander

/0

—1/0
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Larger numbers of INS8243 expanders would require chip
select decoder chips to conserve microcomputer I/0 pins.
Operation of the INS8243 expander selected is the same
as was explained in the functional description. Figure 4 is
a typical system application.

MM2114 (4)

VIDEO RAM CRT DISPLAY

CRT CONTROL

DECODE
DP8350
DM8678
INS8048

PROG

I-——>
COMPUTER INS8250
—

P2
DATA INS 8243

IN 1/0 EXPANDER
P4 P5 __P6__ P7

e e/
KEYBOARD 1/0

ACE

FIGURE 4. Typical System Application




INS8243 Input/Output Expander

Physical Dimensions

inches (millimeters)

o

0.590-0.620
.
(14.986-15.748) l

1.290
I 0.600
‘ w278 _ it5280)
| [ [ @ @ 6 LAss

0.025

0,635
RAD \é

!

0.685 -0.025 |

{17399 -0.635) |

(13081
N J N 3 I K 3 ) G 3

0.160 0.200

(4.064) GLASS 0.055 +0.005 ol = (5.080)

MAX i SEALANT (1.397 -0.127) MAX 0.020-0.070
‘ + A | (0.508-1.778)
' [l
0.008-0.012 — T
{0.203-0.305)

1
0060-0.100 _ | 0.018 0.002 0125
(1.524-2.540) = 0100 0.010 ~ {0457 0.051) A
{2540 -0.258) MIN
Ceramic Dual-in-Line Package (J)
Order Number INS8243J
1270
= (32.258)
MAX
' [24] [ [22] [21] [20] [1s] [ve] [16] [s] [1e] [13]
0.062
{1.575)
RAD 0.540 -0.005
{13716 -0.127)

ORERERORoRCRagURORCRCREN

0.030
(0.762) 0.075
| 0.600-0.620 MAX 908 0030 0.160 :0.005
o K Y
{1520-15.7a8) ’L { i e "1 I‘ {a.064 :0.127)
l | S—S— T pm , I
0.009-0.015
0525 10025 I~ 02280381
| ; 0.015 0.075 :0.015 l 1 0.100 l.._ 0.018 +0.003 0.125 )
|- - — ——l
f (15.075 "0535) {1905 -0.381) {2:540) (0457 0.076) e MIN
-0.381 TYP
MIN
Plastic Dual-in-Line Package (N)
Order Number INS8243N
National Nationa} GmbH NS International Inc , Japan National Semiconductor NS Electronics Do Brasil NS Electronics Pty Lid
Corporation Eisenheimerstrasse 61/11 Miyake Building (Hong Kong) Ltd. Avda Brigadewo Fania Lima 844 Cnr Slud Rd & Mtn Highway
2900 Semiconductor Drive 8000 Munchen 21 1-9 Yotsuya. Shinuku-ku 160 8th Floor 11 Andar Conjunto 1104 Bayswater Victona 3153
Santa Clara, Califormia 95051 West Germany Tokyo, Japan Cheung Kong Electronic Bidg ~ Jardim Paulistano Austrahia
Tel (408)737-5000 Tel  (089)576091 Tel (03)355-3711 4 Hing Yip Street Sao Paulo Brasi Tel 03-729-6333
TWX (910)339-9240 Telex 05 22772 TWX 232-2015 NSCJJ Kwun Tong Telex Telex 32096
Kowloon Hong Kong 1121008 CABINE SAO PAULO
Tel 3-899235
Telex 73866 NSEHK HX
Cable NATSEMI

National does not assume any responsibiity for use of any circuitry described no circuil patent icenses are imphed and Nalional reserves the nghl al any hime without nolice 1o change said circuitry
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Semiconductor

Applicable TTL, ECL and
CMOS Logic Circuits

DM7131/DM8131, DM7136/DM8136
6-Bit Unified Bus Comparators

General Description

The DM7131/DM8131, DM7136/DM8136 compare two
binary words of two-to-six-bits in length, and indicates
matching (bit-for-bit) of the two words. Inputs for one
word are 54/74 series-compatible TTL inputs, whereas
those of the second word are high-impedance receivers
driven by a terminated data bus. These bus inputs
include 0.65V typical hysteresis, which provides 1.4V
noise immunity. The DM7131/DM8131 has active pull-up
outputs and goes to the low state upon equality. The
DM7136/DM8136 has open-collector outputs which go
to the high state upon equality, and is expandable to n
bits by collector-ORing. Both devices have an output
latch which is strobe controlled.

The transfer of information to the output occurs when
the STROBE input goes from a logic ‘1" to a logic

‘0’ state. Inputs may be changed while the STROBE
is at the logic "1’ level, without affecting the state of
the output. These devices are useful as address com-
parators in computer systems utilizing unified data
bus organization.

Features
® | ow bus input current 15uA typ
® High bus input noise immunity 1.4 typ

® Bus inputs comply with |IEEE 488-1975
® TTL-compatible output

® Qutput latch provision

Connection Diagram

Vee 86 % 85 5 84 T4 OUTPUT

16 15 14 13 12 1 10 9

1 2 3 4 5 6 7 8

B1 T 2 T2 . 8 73 STROBE  GND
(BUS INPUT) (TTL INPUT)

7131(J), (W); 8131(J), (N), (W);
7136(J), (W); 8136(J), (N), (W)

n 2) ’ o
D
4 o

o D

Logic Diagram

Truth Table
— OUTPUT
CONDITION| STROBE
DM71/8131 | DM71/8136
T=B T#8 H Qn-r © [N
T=B L L H
T#8B L H L

*Latched in previous state

n (6) >‘
0 P>o Do—'l_:

(9 oureut

W (oM7131)
T [ >0

an (9 output
88 —{R>0 (DM7136)
1502 o
g5 02 [>o D

14]
1550
L] >o D

R = High Impedance
Bus Receiver
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INS8202/8203 TRI-STATE® Octal Buffers

National
Semiconductor

JULY 1978

INS8202/8203 TRI-STATE® Octal Buffers

General Description

These devices provide eight two-input buffers in each
package. All employ the newest low power Schottky
TTL technology. One of the two inputs to each buffer
is used as a control line to gate the output into the
high-impedance state, while the other input passes
the data through the buffer. The INS8202 presents
true data at the outputs, while the INS8203 is
inverting. All eight TRI-STATE enable lines are
common, with access through a 2-input NOR gate.
The outputs are placed in the TRI-STATE condition by
applying a high logic level to the enable pins. These
devices represent octal, low power Schottky versions
of the very popular DM8095 and 96 TRI-STATE hex
buffers.

Features

Identical to DM81L.S95 and DM81L.S96
Octal versions of popular DM80LS95, 80LS96
Typical power dissipation
INS8202 — 80mW
INS8203 — 65mW
Typical propagation delay
INS8202 — 13ns
INS8203 — 10ns
Low power Schottky TRI-STATE technology

MICROBUS™* compatible

INS8202/8203 MICROBUS Configuration

) )
INS8202/8203 INS8202/8203
EIGHT
v8-¥ AB-A1 p7-00, | A8-A1 Y8-¥1 HIGH
D7-00§  V8-V1 - - - =$ﬁ CURRENT
ﬁ¢= DRIVE
EIGHT USER
M USER M OUTPUTS
1 INPUTS |
c C
R R
0 0
B B
U U
s s
Gi CS Gi
G2 WR G2
RD
CS
MICROBUS MICROBUS
Yo DRIVER Ve RECEIVER
*Trademark, National Semiconductor Corp.
© 1978 National Semiconductor Corp A-78
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Semiconductor

APRIL 1978

INS8208 8-Bit Bidirectional Transceiver

General Description

The INS8208 is an 8-bit TRI-STATE® low power
Schottky transceiver. It provides bidirectional drive for
bus-oriented microprocessor and digital communications
systems. Straight through bidirectional transceivers are
featured, with low power Schottky drive capability on
the A ports and 48mA bus drive capability on the B ports.
PNP inputs are incorporated to reduce input loading.

One input, Transmit/Receive, determines the direction
of logic signals through the bidirectional transceiver:
Transmit enables data from A ports to B ports; Receive
enables data from B ports to A ports. The Chip Disable
input disables both A and B ports by placing them in a
TRI-STATE® condition.

The output high voltage (VQH) is specified at 3.6 V
minimum to allow interfacing microprocessors, T7L,
MOS, CMOS, RAM, or ROM.

Features

= 8-Bit Bidirectional Data Flow Reduces System
Package Count

= Bidirectional TRI-STATE® Inputs/Outputs Interface
with Bus-Oriented Systems

= PNP inputs Reduce Input Loading

= 3.6V Output High Voltage Interfaces with TTL,
MOS, and CMOS

= 48mA/300pF Bus Drive Capability
= Pinouts Simplify System Interconnections

= Transmit/Receive and Chip Disable Simplify Control
Logic

s Compact 20-Pin Dual-In-Line Package
= Low Igc Power (8mA per bidirectional bit)
= MICROBUS TM* Compatible

INS8208 MICROBUS™ Configuration

ADDRESS D7-D0
BUS | V1 | (— 2750
|
C == INS8208
CS
R . PERIPHERAL
i o A7 |
h MEMR /R
S
S
* Trademark, National Semiconductor Corporation
© 1978 National Semiconductor Corp. A-79
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INS8212 8-Bit Input/Output Port

National
Semiconductor

INS8212 8-Bit
Input/Output Port

General Description

The INS8212 is an 8-bit input/output port contained in
a standard 24-pin dual-in-line package. The device, which
is fabricated using Schottky Bipolar technology, is part
of National Semiconductor’s INS8080A microprocessor
family. The INS8212 can be used to implement latches,
gated buffers, or multiplexers. Thus, all of the major
peripheral and input/output functions of a microcom-
puter system can be implemented with this device.

The INS8212 includes an 8-bit latch with TRI-STATE®
output buffers, and device selection and contrel logic.
Also included is a service request flip-flop for the genera-
tion and control of interrupts to the microprocessor.

APRIL 1978

Features

8-Bit Data Latch and Buffer

Service Request Flip-Flop for Generation and Control
of Interrupts

0.25 mA Input Load Current

TRI-STATE TTL Output Drive Capability
Outputs Sink 15 mA

Asynchronous Latch Clear

3.65V Output for Direct Interface to INSS8080A

Reduces System Package Count by Replacing Buffers,
Latches, and Multiplexers in Microcomputer Systems

MICROBUS™* Compatible

INS8212 MICROBUS Configuration

) D7-D0
D0g-DO01
. Dig-DIy
INTR :q TWF
RD Dn ps2 'NSB212 PERIPHERAL
S —| 557 .
RESET CLR o
MD
ADDRESS L
BUS =
[
|
C
R
0
B
u
S
D7-D8
Dig-Dly
INTR ] - D0g-D0q ﬁw
RESET »| TLR INS8212 PERIPHERAL
WR DS2 JL
= o STB
A MD

*Trademark, National Semiconductor Corp.

N

e

© 1978 National Semiconductor Corp. A-80
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Semiconductor

AUGUST 1978

INS8216/8226 4-Bit Bidirectional

Bus Transceivers

General Description

The INS8216 and INS8226 are four-bit bidirectional
bus drivers for use in bus oriented applications. The
non-inverting INS8216 and inverting INS8226 drivers
are provided for flexibility in system design.

Each buffered line of the four-bit driver consists of
two separate buffers that are TRI-STATE® to achieve
direct bus interface and bidirectional capability. On
one side of the driver the output of one buffer and the
input of another are tied together (DB); this side is
used to interface to the system side components
such as memories, l/O, etc., because its interface is
TTL compatible and it has high drive (50mA). On the
other side of the driver the inputs and outputs are
separated to provide maximum flexibility. Of course,
they can be tied together so that the driver can be
used to buffer a true bidirectional bus. The DO
outputs on this side of the driver have a special high
voltage output drive capability so that direct inter-
face to the 8080 type CPUs is achieved with an
adequate amount of noise immunity.

The CS input is a device enable. When it is “high” the
output drivers are all forced to their high-impedance
state. When it is a “low” the device is enabled and
the direction of the data flow is determined by the
DIEN input.

The DIEN input controls the direction of data flow,
which is accomplished by forcing one of the pair of
buffers into its high-impedance state and allowing
the other to transmit its data. A simple two-gate
circuit is used for this function.

Features
¢ Data bus buffer driver for 8080 type CPUs
* Low input load current — 0.25mA maximum

* High output drive capability for driving system
data bus — 50mA at 0.5V

* Power up-down protection
* The INS8216 has non-inverting outputs.
* The INS8226 has inverting outputs.

e Output high voltage compatible with direct inter-
face to MOS

* TRI-STATE outputs
* Advanced Schottky processing

* Available in military and commercial temperature
ranges

* MICROBUSTM* compatible

INS8216/8226 MICROBUS

Logic Diagrams

DBy DBy

00y

DIy Ot

08; 0By

DIz O———1

DB; 082

D83

REngngs
Rpngngn

083

Configuration
INSB216/8225
USER
—~ Di3-Dip INPUTS
30 00y
03-Dp
4 A
¢ P} 083- 080 01y O———o
i70R USER
DIEN D03-DO0g j— gUJPUTS 001 Qme—nt
[
" 0l O——
¢ -
R 5
H 00,
y
H L D13 O——rq
C
USER 003 ©
e L1 DI3-Dip ’h INPUTS
7-4
e 07-04 )
Al L4
L‘ USER DIEN
083-DBg 003-00p j— ouTPUTS
INSB216/8226

*Trademark, National Semiconductor Corp.

AJ%&%Q%&

i

INS8216 4 1NS8226

©® 1978 National Semiconductor Corp.

A-81

SlIaAl@Osuel] sng Jeuoioaliplg Ng-v 9228/9128SNI



MM54C373/IMM74C373, MM54C374/MM74C374

‘ National
Semiconductor

Applicable TTL, ECL and
CMOS Logic Circuits

MM54C373/IMM74C373 TRI-STATE® Octal D-Type Latch
MM54C374/MM74C374 TRI-STATE® Octal D-Type Flip-Flop

General Description

The MM54C373/MM74C373, MM54C374/MM74C374
are integrated, complementary MOS (CMQOS), 8-bit
storage elements with TRI-STATE® outputs. These
outputs have been specially designed to drive highly
capacitive loads, such as one might find when driving
a bus, and to have a fan-out of 1 when driving standard
TTL. When a high logic level is applied to the OUTPUT
DISABLE input, all outputs go to a high impedance
state, regardless of what signals are present at the other
inputs and the state of the storage elements.

The MM54C373/MM74C373 is an 8-bit latch. When
LATCH ENABLE is high the Q outputs will follow the
D inputs. When LATCH ENABLE goes low, data at the
D inputs, which meets the set-up and hold time require-
ments, will be retained at the outputs until LATCH
ENABLE returns high again.

The MM54C374/MM74C374 is an 8-bit, D-type, positive-
edge triggered flip-flop. Data at the D inputs, meeting

the set-up and hold time requirements, is transferred to
the Q outputs on positive-going transitions of the
CLOCK input.

Both the MM54C373/MM74C373 and the MM54C374/
MM74C374 are being assembled in 20-pin dual-in-line
packages with 0.300" pin centers.

Features

= Wide supply voltage range 3.0V to 15V

® High noise immunity 0.45 V¢ typ

B Low power consumption

® TTL compatibility fan-out of 1 driving
standard TTL

® Bus driving capability

m TRI-STATE outputs

®m Eight storage elements in one package

= Single CLOCK/LATCH ENABLE and OUTPUT

DISABLE control inputs

® 20-pin dual-in-line package with 0.300" centers takes
half the board space of a 24-pin package

Connection Diagrams

Dual-In-Line Package

oUTPUT ___ 1 20
DISABLE —D —Vce
m_Z Q Qb Lug
3 p ® -”-J E s 18
D1 ] ] 08
4
D2 D ) LAY

e
il |
)
=l |
-
—
=
o
)

[
.
4}1

=l
1
hdl
=]

(-]

I:

e

10 <| 11__[ATCH
GND '| ENABLE
TOP VIEW

Order Number MM54C373J or MM74C373N
See NS Package J20A or N20A

Dual-In-Line Package

QUTPUT 1 20
DISABLE ] = vce
u1_2$— a [ —?—Lun
cLock<}——>cLock
3 p B 18
o1 b} )
D2 4 D ] L D7
. P lcLock<|-@—crock| §
02— Q ol 16 o7
u;—s LT a [} == E—ns
CLoCK<] }-Jb— >cLock
7 p 9 14
0 D 0 D6
pg—2t 0 D 13 ps
cLock<}-@—>cLock
00— ) a 2 g5
GND_'EI —Q—Lcmcx

TOP VIEW

Order Number MM54C374J or MM74C374N
See NS Package J20A or N20A
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MM2716 16,384-Bit (2048 x 8) UV Erasable PROM

General Description

The MM2716 is a high speed 16k UV erasable and
electrically reprogrammable EPROM ideally suited for
applications where fast turn-around and pattern ex-
perimentation are important requirements.

The MM2716 is packaged in a 24-pin dual-in-line pack-

age with transparent lid. The transparent lid allows
the user to expose the chip to ultraviolet light to erase
the bit pattern. A new pattern can then be written into
the device by following the programming procedure.

This EPROM is fabricated with the reliable, high volume,
time proven, N-channel silicon gate technology.

Features

m 2048 x 8 organization

® 525 mW max active power, 132 mW max standby
power
Low power during programming

®  Access time—MM2716, 450 ns; MM2716-1, 350 ns;
MM2716-2, 390 ns

= Single 5V power supply
® Static—no clocks required

® |nputs and outputs TTL compatible during both
read and program modes
m TRI-SSTATE® output

Block and Connection Diagrams *

Dual-In-Line Package

*Symbols in parentheses are proposed JEDEC standard.

1
— VPS5V AT U —vee
€—— VCC+5V a5 Y 23,
4= VSS GND
A5 —— 122 po
DATA OUTPUTS (PROGRAM INPUTS) . ”
0g-07 (00-07) Jy i 121 vpp
A ———
_ EE— CONTROL/PROGRAM l T T T T T T T T PR 22 5e (@)
TE/PGM (E/P) = Logic
T T -y 19 av0
] ! OUTPUT BUFFERS
3 (INPUT BUFFERS) A L —
q v :> _._'\V Pyl ' o, (a7
m ADDRESS 4 voecooe |16 Y GATING
ADDRESS BUFFER 0, o3 e 0g (Q6)
INPUT . ,
sooness [ ) xoecooe s L oy (@ 2 05 05)
- 0, (024 1% 0, (00)
vss <4 ' 65000
TOP VIEW
Pin Connection During Read or Program Pin Names
PIN NAME/NUMBER A0—A10 Address Inputs
CE/PGM OE 0g—07 (Q0-Q7)  Data Outputs
MODE (E/P) @ | VPP vee OUTPUTS CE/PGM (E/P) Chip Enable/Program
18 20 21 24 9-11, 13-17 OE (G) Output Enable
Read VIL VIL 5 5 DoUT VPP Read 5V, Program 25V
VCC Power (5V)
Program Pulsed VIL | VIH 25 5 DIN VSS Ground
to VIH

© 1979 National Semiconductor Corp.
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Absolute Maximum Ratings (note 1)

Temperature Under Bias

~25°C to +85°C

All Input or Output Voltages with

Storage Temperature —65°C to +125°C Respect to VSS (except VPP) 6V to —0.3V
VPP Supply Voltage with Respect Power Dissipation 15W
to VS 26.5V to —0.3V Lead Temperature (Soldering, 10 seconds) 300°C

READ OPERATION

DC Operating Characteristics

TA =0°Cto +70°C, VCC = 5V 6%, (VCC = 5V £10% for MM2716-1),

VPP = VCC 0.6V (Note 3), VSS = 0V, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Il Input Current VIN =5 25V or VIN = VIL 10 uA
ILO Output Leakage Current VOUT = 5.25V, CE/PGM = 5V 10 uA
IPP1 VPP Supply Current VPP =585V 5 mA
ICC1 VCC Supply Current (Standby) . CE/PGM = VIH, OF = VIL 10 25 mA
1cc2 VCC Supply Current (Active) CE/PGM = OE = VIL 57 100 mA
ViL Input Low Voltage 01 08 \
VIH Input High Voltage 20 Vee + 1 \%
VOH Output High Voltage IOH = 400 uA 24 \
VoL Output Low Voltage IOL=21mA 045 \%

AC Characteristics (Note 2)

Ta =0°Cto +70°C, VCC = 6V 5%, (VCC = 6V £10% for MM2716-1),

VPP = VCC 0.6V (Note 3), VSS = 0V, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MM2716 MM2716-1 MM2716-2 UNITS

STANDARD | JEDEC MIN | MAX | MIN | MAX [ MIN | MAX
tACC TAVQV | Address to Output Delay CE/PGM = OE = VIL 450 350 390 ns
tCE TELQV | CE to Output Delay OE = VIL 450 350 390 ns
toE TGLQV | Output Enable to Output Delay CE/PGM = VIL 120 120 120 ns
tDF TGHQZ Output Enable High to Output Hi-Z CE/PGM = VIL 0 100 0 100 0 100 ns
tOH TAXQX Address to Output Hold CE/PGM = OE = VIL 0 0 0 ns
toD TEHQZ CE to Output Hi-Z OE=VIL 0 100 0 100 0 100 ns

. AC Test Conditions
Capacitance
Ta=25°C, f=1MHz Output Load: 1 TTL gate and CL = 100 pF.
Input Rise and Fall Times < 20 ns
SYMBOL PARAMETER CONDITIONS | TYP | MAX | UNITS
Cl Input Capacitance VIN = 0V 4 6 pF
CcOo Output Capacitance | VOUT = 0V 8 12 pF

Note 1: ‘““Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot be guaranteed. Except for “‘Operating
Temperature Range’’ they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics’
provides conditions for actual device operation.
Note 2: Typical conditions are for operation at: Ta = 25°C, VCC =5V, VPP = VCC, and VSS = 0V.
Note 3: VPP may be connected to VCC except during program. The +0.6V tolerance allows a circuit to switch VPP between the read voltage
and the program voltage.
Note 4: Capacitance is guaranteed by periodic testing. T = 25°C, f = 1 MHz.
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Switching Time Waveforms*

Read Cycle (CE/PGM = VIL)

VIH 2\
ADDRESSES %( VALID VALID
viIL 4
toH
I~ (TAXQX) ™
VIH -\
OUTPUT ENABLE \
viL IL
|_tOE
|~ tpf
- tace (TréLev) (TGHOZ) ™ [~
Vo (TAVQV)
- iz
0uTPUT Hiz VALID Hi
voL
Read Cycle (OE = VIL)
VIH D\ .
ADDRESSES % VALID VALID
viL 7
toH
~(TAX0X) |
VIH \
CHIP ENABLE \
viL \
~ > -:%ELUV) oo —
tACe (TEHQZ)
om - (TAVQV) >
ouTPUT Hi-z VALID Hi-z
voL
Standby Power Down Mode (OE = VIL)
VIH \ .
ADDRESSES VALID : VALID
viL /
| \~at— ICE
ViH (TELQV)
CHIP ENABLE " ; STANDBY ACTIVE STANDBY
top tacc
= ™ (TEH02) >(ravov)|™
OUTPUT Vo VALID FOR Hi-Z / VALID FOR Hi-Z
VoL —CURRENT ADDRESS — \|  CURRENT ADDRESS

*Symbols in parentheses

are proposed JEDEC standard.
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PROGRAM OPERATION

DC Electrical Characteristics and Operating Conditions (Notes 1 and 2)
(Ta = 25°C +5°C) (VCC = 5V +5%, VPP = 25V +1V)

SYMBOL PARAMETER MIN TYP MAX UNITS
et Input Leakage Current (Note 3) 10 MA
VIL Input Low Level -0.1 0.8
VIH Input High Level 2.0 VCC +1
ICC VCC Power Supply Current 100 mA
IPP1 VPP Supply Current {(Note 4) 5 mA
IPP2 VPP Supply Current During 30 mA

Programming Pulse (Note 5)

AC Characteristics and Operating Conditions (notes 1, 2, and6)
(TA =25°C +5°C) (VCC =5V 5%, VPP = 25V £1V)

SYmBOL PARAMETER MIN TYP MAX UNITS
STANDARD JEDEC
tAS TAVPH Address Setup Time 2 Ms
10§ TGHPH OE Setup Time 9 s
tDS TDVPH Data Setup Time 2 s
tAH TPLAX Address Hold Time 2 us
tOH TPLGX OE Hold Time 2 us
tDH TPLDX Data Hold Time 2 us
tDF TGHQZ Chip Disable to Qutput Float 0 100 ns
Delay (Note 4)
tCE TGLQV Chip Enable to Output Delay (Note 4) 120 ns
tPwW TPHPL Program Pulse Width 45 50 55 ms
tPR TPH1PH2 Program Pulse Rise Time 5 ns
tPF TPL2PL Program Pulse Fall Time 5 ns

Note 1: VCC must be applied at the same time or before VPP and rer;noved after or at the same time as VPP. To prevent damage to
the device it must not be inserted into a board with power applied.

Note 2: Care must be taken to prevent overshoot of the VPP supply when switching to +25V.

Note 3: 0.45V< VIN < 5.25V.

Note 4: CE/PGM = VIL, VPP = VCC + 0.6V.

Note 5: VPP =26V.

Note 6: Transition times < 20 ns unless noted otherwise.
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Timing Diagram*

Program Mode

PROGRAM PROGRAM VERIFY
(OE = Vi) L (@E=VIL)
VIH T -
ADDRESSES W CURRENT ADDRESS X ADDRESSX +1
|« _tas A DATA OUT
mvpm‘l (TPLAX) VALID ADDRESS X

VIH ——

oATA f oATAIN STABLE Wiz £ DATA IN STABLE
it CURRENT ADDRESSX |~ ADDRESS X +1
ce
o reiav) or
(TeHaz) > = =" (TGHO2)
_VIH i ol le—
g / (TPLDXI ™|
viL tos
(TOVPH) ow
L tos (TPHPL)
(TGHPH)™|

_VH 7 7Y

P
M= U

\u

to4
[~ (TPLGX)

/-

(rruw:rz'}“’ -
DEVICE OPERATION

The MM2716 has 3 modes of operation in the normal
system environment. These are shown in Table |.

Read Mode

The MM2716 read operation requires that OE = VIL,
CE/PGM = VIL and that addresses AO—A10 have been
stabilized. Valid data will appear on the output pins
after tAcCc, tOE or tcg times (see Switching Time
Waveforms) depending on which is limiting.

Deselect Mode

The MM2716 is deselected by making OE = VIH. This
mode is independent of CE/PGM and the condition of
the addresses. The outputs are Hi-Z when OE = VIH.
This allows OR-tying 2 or more MM2716’s for memory
expansion.

tpf
(TPLIPLY)

Standby Mode (Power Down)

The MM2716 may be powered down to the standby
mode by making CE/PGM = VIH. This is independent of
OE and automatically puts the outputs in their Hi-Z
state. The power is reduced to 25% (132 mW max)
of the normal operating power. VCC and VPP must be
maintained at 5V. Access time at power up remains
either toCC or tCE (see Switching Time Waveforms).

PROGRAMMING

The MM2716 is shipped from National completely
erased. All bits will be at a ““1” level (output high)
in this initial state and after any full erasure. Table I}
shows the 3 programming modes.

TABLE I. OPERATING MODES (VCC = VPP = 5V)

PIN NAME/NUMBER
MODE CE/PGM OE OUTPUTS
(E/P) (G)
18 20 9-11,13-17
Read ViL ViL DOUT
Deselect Don’t Care VIH Hi-Z
Standby VIH Don’t Care Hi-Z

TABLE 1l. PROGRAMMING MODES (VCC =5V)

PIN NAME/NUMBER
MODE CE/PGM | OE [ vep | OUTPUTS Q
(E/P) (G)
18 20 21 9-11, 13-17
Program Pulsed VIL | VIH | 25 DIN
to VIH
Program Verify VIL VIL | 25(5) DOUT
Program Inhibit VIL VIH | 25 Hi-Z

*Symbols in parentheses are proposed JEDEC standard
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MM2716 16,384-Bit (2048 x 8) UV Erasable PROM

Program Mode

The MM2716 is programmed by introducing ““0’’s into
the desired locations. This is done 8 bits (a byte) at a
time. Any individual address, a sequence of addresses,
or addresses chosen at random may be programmed.
Any or all of the 8 bits associated with an address
location may be programmed with a single program
pulse applied to the chip enable pin. All input voltage
levels, including the program pulse on chip enable are
TTL compatible. The programming sequence is:

With VPP = 25V, VCC = 5V, OE = VIH and CE/PGM
= VIL, an address is selected and the desired data
word is applied to the output pins. (VIL = 0" and
VIL = 1" for both address and data.) After the
address and data signals are stable the program pin
is pulsed from VIL to VIH with a pulse width be-
tween 45 ms and 55 ms.

Multiple pulses are not needed but will not cause device
damage. No pins should be left open. A high level
(VIH or higher) must not be maintained longer than
tPW(MAX) on the program pin during programming.
MM2716's may be programmed in parallel with the
same data in this mode.

Program Verify Mode

The programming of the MM2716 may be verified
either 1 word at a time during the programming (as
shown in the timing diagram) or by reading all of the
words out at the end of the programming sequence.
This can be done with VPP = 25V (or 5V) in either case.
VPP must be at 5V for all operating modes and can
be maintained at 25V for all programming modes.

Program Inhibit Mode

The program inhibit mode allows programming several
MM2716’s simultaneously with different data for each

Physical Dimensions inches (millimeters)

9590-0620
[T eERT)

GLAsS 0055 0008 _,
SEALANT AT

one by controlling which ones receive the program pulse.
All similar inputs of the MM2716 may be paralleled.
Pulsing the program pin (from VIL to VIH) will program
a unit while inhibiting the program pulse to a unit will
keep it from being programmed and keeping OE = VIH
will put its outputs in the Hi-Z state.

ERASING

The MM2716 is erased by exposure to high intensity
ultraviolet light through the transparent window. This
exposure discharges the floating gate to its initial state
through induced photo current. It is recommended
that the MM2716 be kept out of direct sunlight. The
UV content of sunlight may cause a partial erasure
of some bits in a relatively short period of time.

An ultraviolet source of 2537 A yielding a total inte-
grated dosage of 15 watt-seconds/cm?2 is required.
This will erase the part in approximately 15 to 20
minutes if a UV lamp with a 12,000 uW/cm?2 power
rating is used. The MM2716 to be erased should be
placed 1 inch away from the lamp and no filters should
be used.

An erasure system should be calibrated periodically.
The distance from lamp to unit should be maintained
at 1 inch. The erasure time is increased by the square
of the distance (if the distance is doubled the erasure
time goes up by a factor of 4). Lamps lose intensity
as they age. When a lamp is changed, the distance is
changed, or the lamp is aged, the system should be
checked to make certain full erasure is occurring. In-
complete erasure will cause symptoms that can be
misleading. Programmers, components, and system
designs have been erroneously suspected when incom-
plete erasure was the basic problem.

.
(32766} L]

{520

MAX MAX
[ (5] [ (7] (6] (0] %] (5] fi) [} [ (] s

0z
[

X gonn-sann

X

I‘# osss E:E:,)—-’|

()

(%::::'L:)’ I‘nm-mn_‘ l_ ~—||~.:

-1 @40 0254

. J N wem) om0 90
Qo002 — MD\; iz 0826-0514
-0 1 wmnﬂ# mmrm
oz

(=T 0025

O S OO 00RO RO RDE T R

UV Window Cavity Dual-In-Line Package (JQ)
Order Number MM2716Q
NS Package Number J24CQ

National Semiconductor National Semif
Corporation Elsenheimerstrasse 61/11
2900 Semiconductor Drive 8000 Munchen 21

GmbH NS
Miyake Building

Santa Clara. California 95051  West Germany
Tel (408)737-5000 Tel (089)576091
TWX (910)339-9240 Telex 05-22772

Tokyo. Japan
Tel (03)355-3711
TWX 232-2015 NSCJ-J

Inc., Japan

1-9 Yotsuya, Shinjuku-ku 160

National Semiconductor NS Electronics Do Brasi NS Electronics Pty. Ltd.

(Hong Kong) Ltd.

8th Floor, 11 Andar Conjunto 1104 Bayswater. Victona 3153
Cheung Kong Electronic Bidg ~ Jardim Paulistano Austraha

4 Hing Yip Street Sao Paulo, Brasi! Tel 03-729-6333

Kwun Tong Telex Telex 32096

Kowloon, Hong Kong 1121008 CABINE SAQ PAULO

Tel 3-899235

Telex 73866 NSEHK HX

Cable NATSEMI

National does not assume any responsibility for use of any circullry described. no circuit patent licenses are implied. and National reserves the night. at any time without notice. to change said circuitry
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National PRELIMINARY
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MM2708M 8k UV Erasable PROM
Military Temperature Range

General Description Features

The MM2708M is a high speed 8192-Bit UV erasable m —55°C to +125°C operation
and electrically reprogrammable EPROM ideally suited
for applications where fast turn-around and pattern
experimentation are important requirements. = 800 mW max

m 1024 x 8 organization

®m L ow power during programming
The MM2708M is packaged in a 24-pin dual-in-line

package with transparent lid. The transparent lid allows " Access time 450 ns

the user to expose the chip to ultraviolet light to erase ® Standard power supplies: 12V, 5V, -5V
the bit pattern. A new pattern can then be written into . -
the device by following the programming procedure. ® Static—no clocks required

® |nputs and outputs TTL compatible during both

. . . A ) read and program modes
The MM2708M is fabricated with the reliable, high

volume, time proven, N-channel silicon gate technology. ® TRI-STATE® output

Dual-In-Line Package

Block and Connection Diagrams

1 2
AT— [— Ve
2 23
4— vpp+12V A — — A8
Yoo+ 8V a5 22 ng
4—— Vg5 GND
gy 5V Pyl 2L vey
DATA OUTPUTS (PROGRAM INPUTS) . »
01-08 A3 — — CSWE
——
= 5 19
csms—»[cmpssLecrA.-mwnnz ENABLE LDGILl T T T T I T T Az — = vop
! H [ , i e
1 | QUTPUT BUFFERS le — PROGRAM Al PROGRAM
L — = -] (INPUT BUFFERS) o+ euse . "
2 1 A0 —| |— o8
v | 9 16
m ADDRESS 4 Y DECODE 16 Y GATING | 01— — 07
BUFFER
ADDRESS | 0] 15 o6
INPUT TT1 N 02
. 2= 10288
e i xoecooe L8 A=[5] memory mataix ) 03 Y 12 o5
1111 | . R
-4 t | vss =4 — 04
| i ]
TOP VIEW
Order Number MM2708MQ

Pin Connection During Read or Program

ER
MODE PIN NUMB
9-11,13-17 | 12 18 19 20 21 24 Pin Description
Read Dout Vss | Vss |Vpbp | ViL | VBB | Vce AO—A9  Address inputs
01—-08 Data outputs
Program Din VSS Pulsed | VDD ViHw VBB | Vce CS/WE  Chip select/write enable input
ViHpP

© 1979 National Semiconductor Corp. A-91
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MM54C920/MM74C920
MM54C921/MM74C921

National
Semiconductor

CMOS RAMs

MM54C920/MM74C920 1024-Bit (256 x 4) Static RAM
MM54C921/MM74C921 1024-Bit (256 x 4) Static RAM

General Description

The MM54C920/MM74C920 256 x 4 random access
read/write memory is manufactured using silicon gate
CMOS technology. Data output is the same polarity as
data input. Internal latches store address inputs, CES
and data output. This RAM is specifically designed to
operate from standard 54/74 TTL power supplies.
All inputs and outputs are TTL compatible.

The MM54C921/MM74C921 is identical to the
MM54C920/MM74C920, except data inputs are inter-
nally connected to data outputs; the number of package
leads thereby is reduced to 18.

Complete address decoding as well as 2-chip select
functions, CEL and CES, and TRI-STATE® outputs
allow easy expansion with a minimum of external com-
ponents. Versatility plus high speed and low power make

these RAMs ideal elements for use in microprocessor,
minicomputer as well as main frame memory applications.

Features

® 256 x 4-bit organization

®m Access time
250 ns max MM74C920, MM74C921
275 ns max MM54C920, MM54C921
300 ns max MM74C921-3

TRI-STATE outputs

Low power

On-chip registers

Single 5V supply

Data retained with Vg as low as 2V

Connection Diagrams Logic Symbols
Dual-In-Line Package
1 22
A3 —t l ' — Ve A0 —
jrgma LW :z' =] [— oot
A= 122 vie A=
© Order Number MM54C920D, MM74C920D & — oo
04 1 erp or MM74C920D-3 A: ] piated
See NS Package D22B A
rymi 18 o a1 — I— 003
. " Order Number MM54C920J, MM74C920J o=
45— iisesird - e or MM74C920J-3 01z —
. See NS Package J22A 013 — [ oos
a4 'S bos 014 —
. N Order Number MM74C920N or MM74C920N-3 [T
GND — = oia See NS Package N22A s W TE o
on —-9- Ji Do3
Dot '—“ 2’ o3
o L ‘—Z 002
TOP VIEW
Dual-In-Line Package
el ) LY. Ao ] |— ovo
l " Order Number MM54C921D, MM74C921D Al
" or MM74C921D-3 Az— l— ooz
e . S o See NS Package D18A A3==1  mmsace21/
A 5 Ad —i MM74C821 L o3
‘“_5 [ e Order Number MM54C921J, MM74C921J As—
P L or MM74C921J-3 A6 oi/os
6 13 See NS Package J18A AT
N o A
a7 L L2 bi/os Order Number MM74C921N or MM74C921N-3 §T WE CES CEL
ono Y LI See NS Package N18A
ool _g -ﬂ D1/02

TOP VIEW
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MM52116 (MM2316E) 16,384-Bit Read Only Memory

General Description

The MM52116 is a static MOS 16,384-bit read-only
memory organized in an 2048-word-by-8-bit format.
It is fabricated using N-channel enhancement and
depletion-mode technology which provides complete
DTL/TTL compatibility and single power-supply opera-
tion.

Three programmable chip selects controlling the TRI-
STATE® outputs allow for memory expansion.

Programming of the memory array and chip-select
active levels is accomplished by changing two masks
during fabrication.

Features

Fully decoded

Single 5V power supply £10% tolerance
Inputs and outputs TTL compatible
Outputs drive 2 TTL loads and 100 pF
Static operation

TRI-STATE outputs for bus interface
Programmable chip selects
2048-word-by-8-bit organization
Maximum access time — 450 ns
Industry standard pin outs (MM2316E)

. .
Applications
® Microprocessor instruction store
= Control logic
® Table look-up
. .
Block and Connection Diagrams
200 Q o Dual-In-Line Package
mo—{3—— —on o U P
Azo—t‘ — o0 prpmd 12 ne
A:O—t O 04 A5 —{ ina
ROM
A [ ROW DECODE ARRAY OUTPUT BUFFER o5 Pyl ACSJ
Asot l——0 05 A3— 120 cs1
Aﬁo—t l—o0 Jrpei 1 a10
18
A10—I 5\: l—00s A &2
A0 — i'Ol
9 16
COLUMN DECODE o b — o
02 1Y 15 06
Ve GND
03—"— L‘-DS
nm)i £04
A8 Ag A10 Ccst ¢s2 Cs3 TOP VIEW
© 1979 National Semiconductor Corp. A-93
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MM52132 MAXI-ROM™32,768-Bit Read Only Memory

Natio-nal ' ) November 1979
Semiconductor

MM52132 32,768-Bit (4096 x 8) MAXI-ROM™™

General Description Features
The MM52132 is a static MOS 32,768-bit read-only m Fully decoded
memory organized in a 4096-word-by-8-bit format. ® Single 5V power supply £10% tolerance
L;p::t;?]b;?;:dte‘;sh':gl Ny-ch\z:rn(:: enha.r‘;cement lantd " Inputs and outputs TTL compatible
ion- og ich provides complete )

DTL/TTL compatibility and single power-supply opera- ® Outputsdrive 2TTL loads and 100 pF
tion. m Static operation

m TRI-STATE outputs for bus interface
Two programmable chip selects controlling the TRI- ®m Programmable chip selects
STATE® outputs allow for memory expansion. = 4096-word-by-8-bit organization
Programming of the memory array and chip-select ® Maximum access tmje—450 ns
active levels is accomplished by changing two masks ® Industry standard pin outs
during fabrication.

Applications

= Microprocessor instruction store
m Control logic
® Table look-up
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MM52164 65,536-Bit (8192 x 8) MAXI-ROM™™

General Description

The MM52164 is a static MOS 65,536-bit read-only
memory organized in an 8192-word by 8-bit format.
It is fabricated using N-channel enhancement and
depletion-mode technology which provides complete
DTL/TTL compatibility and single power-supply opera-
tion.

One programmable chip select controlling the TRI-
STATE® outputs allow for memory expansions.

Programming of the memory array and chip-select
active levels is accomplished by changing two masks
during fabrication.

Features

Fully decoded

Single 5V power supply £10% tolerance
Inputs and outputs TTL compatible
Outputs drive 2 TTL loads and 100 pF
Static operation

TRI-STATE outputs for bus interface
Programmable chip select
8192-word-by-8-bit organization
Maximum access time — 450 ns
Industry standard pin outs

Applications

8 Microprocessor instruction store
® Control logic

® Table look-up

Block and Connection Diagrams

Dual-In-Line Package

TOP VIEW
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National
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General Description

The INS8253 is a programmable timer/counter device
contained in a standard, 24-pin dual-in-line package.
The chip, which is fabricated using N-channel silicon
gate technology, provides counting or time-out
services in a microcomputer system. The various
operating modes and other functional characteris-
tics of the INS8253 are programmed by the system
software.

The INS8253 provides three independent 16-bit down
counters, each of which is capable of count rates in
the range DC to 2MHz. Through software initializa-
tion, each counter can be made to operate in any one
of six modes. The modulus and counting system
used are also specified by system software. The
operating characteristics of any individual counter
can be modified by the software at any time to meet
changing system requirements.

The modulus of any given counter can be changed at
the program’s discretion by loading a new value into
the counter. A counter load operation may be limited
to the counter’s least significant byte or to its most
significant byte, or it may revise both halves of the
counter.

Count sequences may be in either binary or BCD.
This choice is also individually specified for each
counter by the software.

Preliminary
JULY 1978

INS8253 Programmable Interval Timer

The contents of each counter may be read either
directly or through an auxiliary register. A direct
reading of the counter can be made whenever the
counter is inhibited from counting. A count value can
also be read without interfering with the counting
process. This is done by transferring the counter’s
current value to an auxiliary register and then
reading that register. This counter-to-register
transfer can be executed without affecting the
normal count sequence.

Features

¢ 3 Individually Programmable 16-Bit Counters
* 6 Operating Modes

* DC to 2MHz Count Rates

¢ Individual Count Rate and Modulus for Each
Counter

¢ Selectable Counting System (Binary or BCD) for
Each Counter

* TRI-STATE® TTL Drive Capability for Bidirectional
Data Bus

e Single +5 Volt Power Supply
e 24-Pin Dual-in-Line Package
¢ MICROBUS™* Compatible

INS8253 MICROBUS Configuration

*A trademark of National Semiconductor Corporation.
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Absolute Maximum Ratings

Ambient Temperature UnderBias .............. 0°Cto +70°C
Maximum Voltage to Any Input

withRespecttoGND ....................... -0.5Vto +7V
Storage Temperature .................... —-65°Cto +150°C
Power Dissipation............oooiiiiiiiiiiiiii. 1 Watt

Note: Absolute maximum ratings indicate limits beyond which
permanent damage may occur. Continuous operation at these
limits is not intended and should be limited to those conditions
specified under DC Electrical Characteristics.

DC Electrical Characteristics
(Ta = 0°Cto +70°C; Vgg = 5V = 5%)

Symbol Parameter Min Max Unit Test Conditions
Vi Input Low Voltage -05 0.8 \
ViH Input High Voltage 2.2 Voo + 0.5V v
Vou Output Low Voltage 0.45 A" Note 1
Von Output High Voltage 24 \ Note 2
I Input Load Current +10 uA ViN = Voo to OV
loFL Output Float Leakage +10 uA Vout = Vg to OV
lcc . Vcc Supply Current 140 mA

Note 1: INS8253, IgL = 1.6mA.
Note 2: INS8253, ipH = —150uA.

Capacitance
Ta = 25°C; Voo = GND = 0V.
Symbol Parameter Min Max Unit Test Conditions
Cin Input Capacitance 10 pF fc = 1MHz
Cio /0 Capacitance 20 pF Unmeasured pins returned to Vgg
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AC Electrical Characteristics
Ta = 0°Cto +70°C; Ve = 5.0V + 5%; GND = 0V

Bus Parameters:

Symbol | Parameter [ Min Max J Unit
READ CYCLE
tar Address Stable Before READ 50 ns
tra Address Hold Time for READ 5 ns
trR READ Pulse Width 400 ns
tro Data Delay from READ (Note 2) 300 ns
tor READ to Data Floating 25 125 ns
WRITE CYCLE
taw Address Stable Before WRITE 50 ns
twa Address Hold Time for WRITE 30 ns
tww WRITE Pulse Width 400 ns
tow Data Setup Time for WRITE 300 ns
twp Data Hold Time for WRITE 40 ns
tay Recovery Time Between WRITEs 1 ns

Note 1: AC timings measured at Vo = 2.2V, Vo = 0.8V.
Note 2: Test conditions: INS8253, C| = 100pF.

Input Waveforms for AC Tests
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Clock and Gate Timing

Symbol Parameter Min Max Unit
tok Clock Period 380 DC ns
tewH High Pulse Width 230 ns
trwe Low Pulse Width 150 ns
tew Gate Width High 150 ns
taL Gate Width Low 100 ns
tgs Gate Setup Time to CLK t 100 ns
tGH Gate Hold Time After CLK ¢ 50 ns
top Output Delay From CLK ¢ 400 ns

(Note 1)
tooa Output Delay From Gate { 300 ns
(Note 1)

Note 1: Test conditions: INS8253, C|_ = 100pF.

GATEG

OUTPUT O

1S —»

V/ -

l<top—>]

[ tGH

FT

<—'unc——l

A-102




INS8253 Functional Block Diagram
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INS8253 Functional Pin Description

The following describes the functions of all INS8253
input/output pins. Some of these descriptions refer
to internal circuits.

NOTE
In the following descriptions, a low represents
alogic 0 (0 Volt, nominal) and a high represents
a logic 1 (+2.4 Volts, nominal).

INPUT SIGNALS

Chip Select (CS): When low, the chip is selected. This
enables communication between the INS8253 and
the microprocessor.

Read (R_D): When low, allows the microprocessor to
read contents of counter specified by AQ, A1l.

Write (WR): When low, writes control word into
control word register or loads new count value into
selected counter. Destination of data (control word
register or counter 0, 1 or 2) is specified by A0, A1.

A0, A1: These inputs are used to select one of the
counters for reading or writing or to select the
control word register for writing. A0, A1 may be con-
trolled via address bus lines.

Clock (CLKO-CLK2): Each counter has a separate
clock input that drives the counter.

Gate (Gate 0-Gate 2): Each counter is individually
controlled by a separate Gate input (1 = enable, 0 =
inhibit). In some modes, the positive edge of Gate is
used to initiate the counting process. Specific use of
Gate depends on the counter's operating mode.
Details are provided in the section entitled INS8253
Programming.

OUTPUT SIGNALS

Output (Out 0-Out 2): Each counter has a single output
that indicates whether or not the counter has reached its
terminal count. Specific operation of this output
depends on the counter’s mode. Details are provided in
the section entitled INS8253 Programming.

INPUT/OUTPUT SIGNALS

Data (D7 - D0) Bus: This bus, which comprises eight
TRI-STATE input/output lines, provides for bidirec-
tional communication between the INS8253 and the
microprocessor. Control words and count value
bytes are transferred over these lines.
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INS8253 Pin Configuration
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INS8253 Programming

This section provides basic information for program-
ming the INS8253 and describes the methods for
reading counter status. Table 1 summarizes the
control signals needed to write command words and
new count values into the INS8253 and to read the
contents of individual counters.

Table 1. Bus Control for INS8253 /0 Operations

Output Operations CS WR RD A1 A0
LOAD COUNTER 0 0 0 1 0 0
LOAD COUNTER 1 0 0 1 0 1
LOAD COUNTER 2 0 0 1 1 0
WRITE CONTROL WORD 0 0 1 1 1

Input Operations
READ COUNTER 0 0 0 0 0
READ COUNTER 1 0 0 1
READ COUNTER 2 0 1 0 1 0

WRITING CONTROL WORDS

Each counter’s mode and counting system (binary or
BCD) are specified by an eight-bit control word. See
figure 1. An I/O write operation with A0, A1 = 11 will
load the control word into the control word register.
The control word contains four fields:

e D7, D6 (SC1, SC0) — This field specifies which
counter will be affected by the other control fields.

e D5, D4 (RL1, RLO) — A bit pattern of 00 in this field
causes the contents of the selected counter to be
latched in an auxiliary register. The count value
can then be read without inhibiting the counter.
The other three bit patterns specify which byte(s)
of the selected counter will be affected by any
subsequent read/write operations addressed to
that counter.

e D3, D2, D1 (M2, M1, M0) — This field specifies the
mode of operation for the selected counter.

e DO (BCD) — This one-bit field specifies the
counting system to be used by the selected
counter.

Any time after a counter is initialized by a control word,
its initial count value can be loaded. This is done by
means of a write operation addressed to that counter.
Details are given in the section entitled Loading Initial
Count Value. '

Programming of the three counters can be executed in
any sequence, with only two requirements.

1. Acounter must be issued a control word before it is
given an initial count value.

2. Read and write operations addressed to a counter
must conform to the byte-selection rules specified by
the RL1, RLO field in the control word. For example, if
the counter’s RL1, RLO bits = 10, subsequent counter
load operations addressed to that counter must be
intended for the most significant byte only.

S
Vo BIT NUMBER \
07 D6 D5 D4 D3 D2 D1 DO

SELECT COUNTER READ/LOAD MODE
00 - COUNTER 0 00 - LATCH COUNT 000 - MODE 0 0-16-BIT
01 - COUNTER 1 01 - READ/LOAD 001 - MODE 1 BINARY
10 ~ COUNTER 2 LSB ONLY x10 - MODE 2 COUNT
11 - NOT'VALID 10 - READ/LOAD x11 —MODE 3 1-4 DECADE
MSB ONLY 100 — MODE 4 BCD COUNT
11 - READ/LOAD LSB 101 - MODE 5

FIRST, MSB NEXT

Figure 1. Control Word Format
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COUNTER MODE DESCRIPTIONS

Figure 2 provides timing information for the six
INS8253 operating modes.

* Mode 0, Timed Interrupt — In this mode, OUT goes
low when the mode is set. The counter begins
counting CLK cycles when the count is loaded.
OUT remains low until the terminal count is
reached, at which point it goes high and remains
high until either the mode or count is reloaded.
The gate input will inhibit the count when low.

If the counter is loaded with a new value during a
count cycle, counting will stop when the first byte
is loaded and will begin decrementing from the
new value after the second byte is loaded.

* Mode 1, Retriggerable One Shot — In this mode,
OUT goes low on the first CLK after a rising transi-
tion on Gate. OUT goes high again on the terminal
count. ’

MODE 0
etoee FLMLMLMUMLMLLLL LALLM
1
WRn ™1 I | |
4 3 2 1 0
QUTPUT INTERRUPT
(n=4) n —»i
WAm | I
l |
GATE I
J S
5 4 32 10
OUTPUT INTERRUPT (m= 5)' . ; I
A B
A+B=m
MODE 1
cock JLLLAALMAMLALUL
W LT

TRIGGER __.l—_
{GATE) 4 3 2 1 0

outeur -l

TRIGGER
{GATE)
4 3 2 4 3 2 10

OUTPUT | I

MODE 2
ctosk UMMM MMM UL
WAn n=4 n=3
4 3 2 1043 2 103210
ouTPUT
OUTPUT (n=13)

— gz g @z b
0(3) 3 2 103 21 032 1
= LJJ_'LI
RESET

(GATE) —_

Gate can be used to retrigger the counter. Each
positive transition of Gate causes the counter to
begin decrementing from the initial count value.

If a new initial count value is loaded during a
count cycle, the new value will not take effect until
the next rising transition of Gate.

* Mode 2, Rate Generator — In this mode, OUT goes
low for one CLK cycle at the end of each count
sequence. The leading edge of each pulse occurs
at the start of the terminal CLK cycle. The counter
will repeat count sequences as long as Gate
remains high. Any positive transition of Gate will
start a new count sequence at the initial count
value. This allows the counter to be synchronized
by Gate.

If a new initial count value is loaded during a
count sequence, the current sequence will run to
completion and the following sequence will then
start at the new initial count value.

MODE 3
CLOCK
04 3 2 104 3 2 104 3 2 1
ouTPUT (n=4) __] 1 f 1 [ L
0s) 4 3 2 1 054 3 2 106 4 3
OUTPUT (n=5) __T 1 I 1 I
4 3 2 1.0@) 3 2 1
outeut (n=a)— L__J —1 I 1

RESET
(GATE) Jj —

MODE 4

cock LAUMLALMLMAMNrre

WR (n-4)

2 1 0

ouTPUT 1T

LOADn k]

GATE 1 I

4 4 3 2 1 0

ouTeUT I

MODE 5

GATE I

OUTPUT (n=4) | -

GATE | g |
0UTPUT (n = 4) | -

Figure 2. Mode Timing Waveforms




* Mode 3, Square Wave Generator — In this mode,
the counter generates a square wave signal at the
OUT pin so long as Gate remains high. The period
of the square wave is equal to one count cycle. If
the initial count value is even, OUT will be high for
the first half of each count sequence and low
during each second half. For an odd count, OUT is
high for (N + 1)/2 counts and low for (N —1)2
counts.

If a new initial count value is loaded during a
count sequence, the current sequence will run to
completion and the following sequence will then
start at the new initial count value.

Any positive transition of Gate will start a new
count sequence at the initial count value. This
allows the counter to be synchronized by Gate.

* Mode 4, Software Triggered Strobe — In this mode,
OUT is normally high and goes low-for one CLK cycle
after the terminal count is reached. Counting is
enabled when Gate is high. Counting is initiated by
loading the modulus.

If a new initial count value is loaded during a
count sequence, the current sequence will run to
completion and the following sequence will then
start at the new initial count value.

A low on the Gate input inhibits the count.

* Mode 5, Hardware Triggered Strobe — In this
mode, any positive transition of Gate will initiate a
new count sequence. OUT then goes low for one
CLK cycle when the terminal count is reached.

LOADING INITIAL COUNT VALUE

Each counter's modulus Is determined by presetting
the counter to the desired value. This Is done by
means of one or two I/O write operations with A1, AO
selecting the counter to be preset. The write opera-
tion loads the contents of the data bus (D7-DO0) into
the upper or lower half of the selected counter, as
determined by the control word’s RL1, RLO field.
Figure 3 summarizes the varlous counter loading
conditions.

After a counter's Initial count value Is loaded, It is
ready for operation In the specified mode. It begins
counting CLK cycles when Its Gate Input goes high.
Each CLK decrements the enabled counter by one
until the full count cycle has been completed.

The Initlal count value of any counter can be changed
by loading a new value Into the counter's:

e LSBonly (RL1, RLO = 01),
* MSB only (RL1, RLO = 10), or
e LSB first, and then MSB (RL1, RLO = 11).

Read/Load
Conditions  Effect of Subsequent Write Operation
RL1 RLO

0 1 WRloads D7-DO0 into LSB of counter
selected by A1, AO.*

1 0  WRloads D7-DO0 into MSB of counter
selected by A1, AO.

1 1 First WR loads D7-DO into LSB of _
counter selected by A1, A0. Next WR
loads D7-D0 into counter’'s MSB.

*A1 A0
0 o0 Selects Counter 0

0o 1 Selects Counter 1
1 0 Selects Counter 2

Figure 3. Initial Count Loading Summary

READING COUNT VALUES

The current status of a count sequence can be
examined at any time by the program. This can be
done either by reading the counter contents directly
or by latching the counter contents into an auxiliary
register and then reading that register.

A counter can be read directly with the following bus
conditions:

RD A1 A0
To Read Counter 0 0 0 O
To Read Counter 1 0 0 1
To Read Counter 2 0 1 0

The count should remaln stable during direct reading
of a counter. Stabllity Is assured by holding the Gate
Input low or Inhibiting the CLK Input (by means of
external logic) for the duration of the read operation.
Counter status can also be sampled without
Inhibiting the count sequence. This is done by
Issuing a control word to the counter with RL1, RLO
= 00, followed by an 1/O read of that counter's
location. The RL1, RLO bits cause the contents of the
addressed counter to be latched into the auxiliary
register. The subsequent read operations access the
auxlllary register.

When reading either a counter or the auxlllary
register, the read operation must follow the format
programmed for that counter by RLO and RL1. Note
that issuing a latch command of RL1, RLO = 00 does
not alter the previously programmed RLO and RL1.
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Physical Dimensions
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DP8350 Series

National
Semiconductor

Microprocessor Support Circuits

DP8350 Series Programmable CRT Controllers

General Description

The DP8350 Series of CRT Controllers are single-chip
bipolar (I2L technology) circuits in a 40-pin package.
They are designed to be dedicated CRT display refresh
circuits.

The CRT Controller (CRTC) provides an internal dot
rate crystal controlled oscillator for ease of system
design. For systems where a dot rate clock is already
provided, an external clock input may be used by the
CRTC. In either case system synchronization is made
possible with the use of the buffered Dot Rate Clock
Output.

The DP8350 Series has 11 character generation related
timing outputs. These outputs are compatible for
systems with or without line buffers, using character
ROMS, or DMB8678-type latch/ROM/shift register
circuits.

12 bits (4k) of bidirectional TRI-STATE® character
memory addresses are provided by the CRTC for direct
interface to character memory.

Three on-chip registers provide for external loading of
the row starting address, cursor address, and top-of-page
address.

A complete set of video outputs is available including
cursor enable, programmable vertical blanking, program-
mable horizontal sync, and programmable vertical sync.

The DP8350 Series CRTC provides for a wide range of
programmability using internal mask programmable
ROMs:

— Character Field (both number of dots/character and
number of scan lines/character)

— Characters per Row
— Character Rows per Video Frame

The CRTC also provides system sync and program inputs
including 50/60Hz control, system clear, external
character/line rate clock, and character generator pro-
gram.

The DP8350 Series operates on a single +5V power
supply. Outputs and inputs are TTL compatible.

Features

= |nternal crystal controlled dot rate oscillator

= External dot rate clock input

= Buffered dot rate clock output

®= Timing pulses for character generation

= Character memory address outputs (12 bits)

= Internal cursor address register

® Internal row starting address register

= Top-of-page address register (for scrolling)A

= Programmable horizontal and vertical sync outputs
= Programmable cursor enable output '
= Programmable vertical blanking output

= 50/60 Hz refresh rate

= Programmable characters/row (5 to 110)

= Programmable character field size (up to 16 dots x 16
scan line field size)

= Programmable character rows/frame (1 to 64)
= Single +5V power supply
® |nputs and outputs TTL compatible

= Ease of system design/application

DP8350 Series Connection Diagram

ISTER
kSEEEEUB—'“ 20— vec (+5V)
veancar |, 30 f— REGISTER
BLANKING SELECTA
s0/60H {3 35 f— REGISTER
CONTROL LOAD
veaticat |, n RAM ADDRESS
SYNC ENABLE
ne—s 6 A0
LC3 =46 [ p— A
LINE | LC2 ——dq? 34— a;
COUNTER
OUTPUTS | 1¢y s up—n;
g —{9 32— g
“sgpie —fo nf— | g
CHARACTER GEN 0PBISX L RECisTen
eRoGRAM ! 835 W[ ag | REGISTER
LINE BUFFER
RECIRCULATE ENABLE —]'2 2 pmtd
LINE RATE L
ctock — "3 s Ay
HORIZONTAL
Vit —{e 20— ng
SYSTEM F—
CLEAR ] 15 26 Ay
LINE BUFFER
LiEeR — {16 25— an
EXTERNAL CHAR/ _| " 2 p— LATCH CHARACTER
LINE CLOCK GENERATOR ADDRESS
oaovioeo __] o 21 }— oot RATE
SHIFT REGISTER cLock
s CURSOR
NC = NO CONNECTION ConsoR —1s 2—x1 | cavstaL
N0 —]20 2f—x2 |

Order Number DP8350N, DP8352N
or DP8353N
See NS Package N4OA

OSCILLATOR oR EXTERNAL
INPUTS

CLOCK INPUTS
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INS8259 Programmable Interrupt Controller

General Description

The INS8259 is a Programmable Interrupt Controller
chip contained in a standard 28-pin dual-in-line
package. The chip, which is fabricated using
N-channel silicon gate technology, functions as a
versatile interrupt management device in a
microcomputer system.

Each INS8259 resolves interrupt requests from up to
eight different sources. These devices can be
cascaded to provide interrupt management of up to
64 levels with no other circuitry required.

The INS8259 minimizes software and real time
overhead when handling multi-level priority
interrupts. Its four operating modes allow the device
to satisfy diverse system requirements.

Preliminary
JULY 1978
Features
e Performs Priority Control of up to Eight Interrupt
Levels

e Can be Expanded to Handle up to 64 Levels
Through Cascading

e Four Programmable Operating Modes

* Programmable Interrupt Vectors, Allowing Service
Routines to be Located Anywhere in Memory

* Interrupt Request Inputs Can be Individually
Masked

e TRI-STATE® TTL Drive Capability for Bidirectional
Data and Control Buses

¢ Single +5 Volt Power Supply
e 28-Pin Dual-in-Line Package
¢ MICROBUS™* Compatible

INS8080 Family CPU Group to MICROBUS Configuration

e
RESET
‘ READY
o1
52
0p8224  [Theser |
CLOCK [
GENERATOR READY, 150
& INSB080A -
pRver VAT MICROPROCESSOR —)
HLDA
e _
cPU
CONTROL DATA
_SIGNALS BUS (8)
(WR, DBIN) WEMR "
e |
DP8228/DP8238 | WEWW | C
SYSTEM 770 R 0
g
B
u
s

CONTROLLER oW

*A trademark of National Semiconductor Corporation.

1

INTR7-INTRO

© 1978 National Semiconductor Corp.
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Appendix B
Additional Information Sources

Categories of sources are:

AN-164 A Data Concentrator Using PACE

AN-189 A PROM Programmer for the SC/MP LCDS

AN-197 Multi-processing with SC/MP

AN-198 Simplity CRT Terminal Design with the DP8350

AN-199 A Low Component Count Video Data Terminal
Using the DP8350 CRT Controller and the
INS8080 CPU

AN-201 Motor RPM Control Made Easy

e Publications

e National’s Microprocessor Users Group
e Training Centers

e Technical Support Program

Publications

Publications are available covering the various devices
manufactured by National Semiconductor. The currently

available literature is grouped in the following categories: Current Product Selection Guides

Current Handbooks are:

Audio Handbook

Linear Applications Handbook Volume | and II
SC/MP Microprocessor Applications Handbook
Voltage Regulator Handbook

Memory Applications Handbook

Series-8000 Microprocessor Family Handbook

Current Databooks are:

Linear Databook

TTL Databook

Interface Databook
Memory Databook

Special Function Databook
MOS/LSI Databook

CMOS Databook

FET Databook

IDM2800 Family Microprocessor Databook
Discrete Databook

Power Transistor Databook

® ® o & & 0 0 9 0 0 0

Some Current Application Notes
Number

AN-114 Microprocessors - An Introduction

AN-128 Microprocessor Mates with MOS/LS| Keyboard

Encoder

AN-142 Using a Microprocessor Beyond Apparent
Speed

AN-159 Data Acquisition System Interface to
Computers

AN-163 SC/MP Mates with Cassette Recorder
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Display Driver Selection Guide

FET Op Amp Cross Reference Guide
Fixed Voltage Regulator Guide

Hybrid Packaging Capability Guide
Industrial and Commercial Hybrid Op Amp
Selection Guide

Industrial Op Amp Selection Guide
Interface Status Guide

JFET Selection Guide

JFET Cross Reference Guide

LED Display Selection Guide

LED Lamp Cross Reference Guide
LED Lamp Selection: Guide

Linear Cross Reference Guide

Linear Product Status Guide

Military Op Amp Selection Guide
Military Hybrio Op Amp Selection Guide
MOS Product Status Guide

RAM Cross Reterence Guide

RAM Selection Guide

ROM Status Guide

Special Purpose Drivers Guide
Special Purpose Linear Circuits Guide
TO-92 Transistor Guide

Transducer Selection Guide

TTL Status Guide

TTL Functional Product Guide
Variable Voltage Regulator Guide
Voltage Comparator Guide

54C/74C Users Guide

e Literature Index e Analog Switches Cross Reference Guide
e Handbooks e Analog Switches Selection Guide
e Manuals e Audio Amplifier Comparison Guide
e Linear Applications, Vol | and Il e Bipolar RAM Cross Reference Guide
e Databooks e Bipolar PROM Cross Reference Guide
e Guides e Bipolar PROM/ROM Selection Guide
e Product Selection Guides e Calculator Kits Guide
e Briefs e CMOS Status/Cross Reference Guide
e [ndividual Application Notes ¢ CMOS Watch Circuits Guide
e Individual Data Sheets e DIP Resistor Array Cross Reference Guide
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Current briefs are:

Linear Briefs

Digital Briefs

MOS Briefs
Microprocessor Briefs
FET Briefs

Opto Briefs
Transducer Briefs
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For list of other available literature, refer to your
local National Semiconductor Sales Representative.

Ordering Information

All orders must be prepaid. Domestic orders must be
accompanied by a check or a money order made payable
to National Semiconductor Corp.; orders destined for
shipment outside of the U.S. must be accompanied by
U.S. funds. Orders will be shipped by postage-paid Third
Class mail. Please allow approximately six to eight weeks
for domestic delivery, longer for delivery outside the U.S.

The Data Bookshelf:
Tools for the Design Engineer

National Semiconductor's Data Bookshelf is a com-
pendium of information about a product line unmatched
in its breadth in the industry. The independent volumes
that comprise the Bookshelf — over 5,000 pages —
describe in excess of 6,000 solid-state devices; devices
that span the entire spectrum of semiconductor
processes, and that range from the simplest of discrete
transistors to microprocessors those most
sophisticated marvels of modern integrated circuit
technology.

Active and passive devices and circuits; hybrid and
monolithic structures; discrete and integrated
components complete electrical and mechanical
specifications; charts, graphs, and tables, test circuitsand
waveforms; design and application information
Whatever you need you'll find it in the designer’s ultimate
reference source — National Semiconductor's Data
Bookshelf.
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