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MC68701

Advance Information I

MOSs

(N-CHANNEL. SILICON-GATE
DEPLETION LOAD)
MICROCOMPUTER WITH EPROM
MC68701 MICROCOMPUTER UNIT (MCU)
The MC68701 1s an 8-bit single chip microcomputer urit (MCU) which
signif _amry enhances the capabilities of the ME80O family of parts. it
can b used in produttion systems to allow for easy firmware changes
with ~wumum delay or 1t can'be used to emulate the MC6801/03 for
software cevelopment. It includes an upgraded M6800 microprocessor
unit IMPU) with upward source and object code compatibiity Execu-
uon umes of key instructions have been improved and se.eral new in-
structons nave been added including an unsigned multiply The MCU
can tunction as a3 monolithic microcomputer or can be expanded to a £F
64K byte address space Itis TTL compatible and requires one + 5 volt cta:M?cunlc)iAut
power supply for nonprogramming operation. An additional Vpp power £ CASE 715
suppiy 1s needed for EPROM programming. On-chip resources include
2048 bytes of EPROM, 128 bytes of RAM, Sernal Communications Inter-
tace {SCV. parallel 10, and a three funcuon Programmable Timer A
summary of MCU features includes:
® Enhanced MC6800 Instruction Set
® 8x8 Muluply Instruction
® Senal Communicauons Interface (SCI)
® Upward Source and Object Code Compatibility with the MC680C PIN ASSIGNMENT
@ 16-Bir Theee-Function Programmable Timer
® Single-Chip or Expanded Operation 10 64K Byte Address Space vssl] o S w.fe
® 8us Compatibility with the M6800 Family xTaL1(]. upIscy
® 2048 Byies of UV Erasable, User Programmable ROM (EPROM) exta2(] shsc2
® 128 Byres of RAM (64 Bytes Retainable on Powerdown! i +pe3o
® 29 Paraliet 1/0 and Two Handshake Control Lines wgig- b
@ Internal Clock Generator with Divide-by-Four Output _ g . P31
® 40 10 85°C Temperature Range RESE"VPPq o HP32
veel ! xuflr33
P20( s 33[1P34
P21y 2f1e3s
P22 nfIer3e
P23(In w[e3r
P24 (12 2[lre0
P1o[13 2[]Par
(431 i) 2/[]Pa2
3 []Pa3
GENERIC INFORMATION 1201 p
P13Qe 5[ Paa
Packege Type Frequency (MHz) Tempersture Generic Number p“q Y] 4[] Pas
< 10 0°C 10 10-C MC68701L
P1
10 40°CloMeT |  MCEBI0ICL Qe e
126 0°C 10 70C MC6R701L } P16y 22[)Par
'8 40°C 10 85°C MC68701CL | e “Bv
) 0°C 10 70+C MCEBA701L. g~ - Js?ﬁ.m
20 0°C to 20°C MC688701L

ThS BOCUMWRT (0N K S 1 NIBLON ON 3 AW D/OJUCT SPOCHICANONS 3nd iNfOrMAtion hewmn
are SUWECL tC TRange Wiyl Anhee
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MC68701

MC88701 MICROCOMPUTER BLOCK DIAGRAM
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MAXIMUM RATINGS
Reting Symbol Value Unit
Supply Voltage . vee -031w0+70 vV
Input Voltage Vin -031w0 +70 v
Operating Temperature Range TitoTH
MC68701 1A 0t 70 <
MC68701C - 40 10 85
Storage Temperature Range Tstg 01085 C
THERMAL CHARACTERISTICS
Ch isti Symbol Value Rating
Thermal Resistance
°C/
Teramic Package bsa © crw

POWER CONSIDERATIONS

The average chip-junction temperature, 7, in °C can be obtained from

Tj=Ta+(Ppedjal
Where
Ta= Ambient Temperature, °C

0 A= Package Therma' Resistance, Junction-to Ambient, °C/W

Pp=PINT + PPORT

PINT®=ICC X VCC. Watts - Chip Interna: Power
PpORT = Port Power Dissipation, Watts

User Deterrmined

This cevice contains Crcuit?y 1o protect the it

aganst damage due to high stahic voitages
1c heids. however, 1115 advised that not
mal precautions be taker 1o avoid apphication of
any voltage higher than maximum rated voltages
1o this Pigh-impedance circuit For proper opera-
nor 111 recommended *nat V , and Vg1 be con
straned to the range Vg g StV of Vo S VCC
Reliab. *v of operation 1s enharced 1* urused in-
puts are “ed 10 an appropriate Ingic voltage 1eve:
ley ether Vgg or V!

o

For most apphcations PPORT €« PyNT and can be neglected PPORT may become sgnificant if the devce 1s conhigured i

arive Darhington bases or sink LED loads

An approximate relationship between P and Ty Uf PPQRT 1s neglected) 1s

PD=K~-(Tj+273°C)
Solving equations 1 and 2 tor K gwves
K = Ppe(Ta +273°C) + 4 jaePp2

(2

3)

Where K is a constant pertaining 1o the parucular part. K can be agetermined from eq.auon 3 by measuring Pp (at equilibrium)
tor aknown T Using this value of K the values of Pp and T j can be nbtamed by soiv =g equations (1) and (2) iteratively for any

value of Ta
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MC68881

\

Product Preview

THE MC68881 FLOATING-POINT CO-PROCESS—OR

‘The MCE8881 is a igh-performance HMOS Hoating-point processor designed 10 interface with the advanced MC68020
microprocessor It can aiso be used as a peripheral in systems with other processors The MC68881 1s a comprehensive
floating-point co-processor that provides a wide range of floating point capabiities seidom found even in a large main
frame computer. System performance with the MC68020 1s the overniding design goal of.the MC68881

ARCHITECTURE

The architecture of the MC68881 was defined as an extension to the architecture of the M6800O Family 1t s a register-
oriented processor The programmer’s model for the MC68881 1s shown 1n Figure 1~

FIGURE 1 — PROGRAMMER'S MODEL

79 . 0
L Floating-Point Data Regster 0

| Floating-Point Data Regrster 1 _

L Floating-Point Data Register 2 a

o Ficaung-Point Data Register 3 _
Floating-Point Data Register 4

_ Floaung-Point Data Register § j
- Floating-Pont Data Register 6
Floaung-Point Data Register 7

15 0

Contro!
Exception N
Accrued Exception
Condition Codes —
3 . 1 0
[ Instruction Address l
There are eight 80-bit floating-point data registers. These registers always hold full extended precision numbers
The control word contains the user seiectable modes. The accrued exception word contains the logical inclusive OR of
the ions for atl since the Iast clear of the accrued exception regrster. The exception word contains the
exception(s) of the last operation only. The condition code register holds the result of the last compare instruction

The instruction regster the N Main pr memory of the last instructron executed by the
co-processor. This address can be used during an error trap o determine the address of the faulty instruction

ARCHITECTURAL JETAILS
Deta Types
The MC68881 ncorporates four new data types They are
Single Precision Reat (S)
Double Precision Real (D)
Double-Extended Precision Real (X)
Packed Res! BCD Stnng (P)

In the assembly lsnguage syntax these new data types are nandled in the same manner as the existing byte, word and
tong word data types The suffixes S, D. X, and P aré appended to the opcode
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Operation Types
The operations on the MC68881 can be broken into five major types They are
Dyadic Operations (2 operands)
Monadic Operations (1 operand)
Moves and Conversions
Condiional Tests
Control Operations

Dyadic Operations — All dyadic operations have as their source argument a MC68020 memory tocation. a MC68020
data register, or a floating-point data register The source 1s converted 10 double-extended precision. if not already such
The destination argument is always a floating-point data register The result 1s returned to the tloating-point data register
detined as the destination argument

Monadic Operations — The monadic instructions only have one argument It is either in MC68020 memory, an
MC68020 data register, or in a floating-point register It 1s always converted 1o double-extended precision format, if it1s
not already The destination 1s always a floating-point register .

Moves and Conversions — Conversion to double-extended precision tormat 1s imphcit in the move-in portion of the
dyadic or monadic operation Similarly, data contained in tloating-point registers may be converted to other formats as
operands are moved out of the MC68881

Conditional Test — The conditional instructions are the FBcc and FScc which are identical to the M68000 Family in-
structions Bec and Sce except they use the MCB8881°s condition codes for determining the truth of the condition

Control Operations — The control instructions are used to set modes n the control register and 1o read the exception,
accrued exception, and instruction address registers

Co-Processor interface

The co-processor interface designed by Motorola 1s an integral part of the design of both the MC68020 and the
MC68881 design The interface is clean and simple with the MC68020 and MC68881 sharing the tasks of the interface The
MC68020 provides services for the MCE8881 at the co-processor’s request The services provided by the MC68020 are the
ones done more etficiently by the main processor

On the other hand, the MC68881 does not depend on the MC88020 for all services as do some co-processor schemes
Once the MC68020 has provided the services requested by the MC68881 (which may be none) 1t is free 10 continue pro-
cessing. Thus the choice of concurrency or non-currency 1s determined on an instruction-by-instruction basis and is deter-
mined by the co-processor The great majority of MC68881 instructions are in fact overlapped in execution with MC68020
instructions

Since the co-processor interface 1s simple and tlexible, 1t opens up the possibility of user-created co-processors For this
and other reasons the co-processor interface allows muitiple co-processors in a system Furthermore, the same handshak-
ing that occurs between the main CPU and the co-processor can be simulated in software on CPUs that do not have the
co-processor interface, by treating the MC68881 as a peripheral

Lastly, the co-processor interface was designed with the ever growina. M68000 Family in mind The MC68881 1s fully
compatible with all future and existing M68000 parts including the M68450 DMA Controller, the M68451 Memory Manage-
ment Unit, and the MC68020's cache memory It also supports true virtual memory

Implementation

The MC68881 1s a microcoded processor whose complexity is on the order of the MCB8020 itselt It will be buiit using
Motorola’s advanced HMOS Il process

The hardware consists of a high-speed 67-bit ALU for manipulating mantissa bits The hardware also includes a barrel
shifter that can shift from 1 bit to 67 bits in one machine cyclie The barrel shifter not only speeds up standard anthmetc
functions, but I1s also a fundamental part of transcendental function implementation Since argument reduction for
transcendental functions will be performed by the microcode, the number of functions provided will be dependent on the
available microcode space

THE IEEE FLOATING POINT STANDARD

The MC68881 1s a conforming implementation of the proposed standard In fact it not only supports all the required
teatures and functions of the proposed standard, but also implements most of the suggested features as well. Further, the
MC68881 conforms without the need for any sottware external to the processor All operations take place in high-speed
hardware
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Data Format Conformance

The MC68881 supports three data sizes defined by the proposed standard. They are single, double, and double-
extended. (The single-extended type is redundant when these three are included; all references in this document which
refer to “extended’” imply “double-extended’” )} The format for all three data types has the basic organization of

L] « 1T m J

where
S=sign
e = exponent
m= mantissa

The sizes of each feld for the three floating-pont formats are

Size in Bits
Single Doubie Extended
Sign 1 1 1
Exponent 8 " 15
Mantissa 23 52 64
Total 32 64 80

The three formats described above are the formats which are assumed by floating-point numbers in user’'s memory.
,Each ime one of these numbers 1s transferred to the MCE8881 1t 1s converted into an extended real number. Thereaftet, all
operations in the co-processor take place with full extended precision Even integers and BCD strings are converted into
80-bit numbers when they are loaded into an MC68881 data register This means that the MC68881 supports mixed mode
anthmetic

Data Type Conformance

The proposed standard requires that not onty must normahized numbers be recognized. but that special data types must

also be recognized The largest and smallest exponents are reserved for these special data types

Positive True Zero

Negatve True Zero

Plus Infinity

Minus Infinity

Denormalized Numbers

Not-a-Number (NaN's)

Operation Conformance
All operations specitied by the proposed standard are supplied in full precision by the MC68881 The anthmetic opera-
tions provided are
Add
Subtract
Multiply
Dwide
Remainder
Compare
Square Root
Integer Part

MODE CONFORMANCE
Rounding Modes — The MC68881 supports all four rounding modes specified in the standard:
Round to Nearest
Round Towards Plus Infinity
Round Towards Minus Infinity
Round Towards Zero
Rounding Precisions — Even though the MC68881 does all arithmetc to full 80-bit precision, sometimes it 1s desirable to
round the 80-bit result to the precision of a single or double result. The three choices are:
Round to Extended (Default)
Round to Double
Round to Single
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Infinity Closures - Two types of infinity closures are also defined by the standara and supported in the MC68881
Affine closure detines a number system where both plus and minus infinity exist and are at opposite ends of the number
line

In projective ciosure, infinity 1s unsigned and the number system can be thought of as & circie which includes all
numbers

Error Handling Conformance

The proposed stanaard provides for the hardware 10 trap it an error occurs On the MC68020/ MC68881 f an error oc-
curs on an enabled trap. the MC68881 will signal the MC68020 1o take 3 trap and will supply a vector number In other
words, fioating point exception traps are handled just ike any other MC68020 traps No external giue parts are required
and there 1s no possibility of dead-lock

BEYOND THE IEEE PROPOSAL
The MC68881 offers many features and functions beyond those required or suggested by the IEEE

Additional Instructions
Some ot the additional instructions provided in the MC68881 are
Absolute value
Negate
Scale Exponent
Set Byte determined by Fioaung-Point Condition
Branch on Floating-Point Condition
Get Index Based on Floating-Point Type
Move Constant to Floatng-Point Register
Gét Fraction of Floating-Point Number
Get Exponent of Floating-Point Number
Modulo

Transcendentals

The MC68881 includes on-chip hardware for evaluation of transcendental functions The functions planned are.
Sine x
Cosine x
Arc Tangent x
Log Base 2
ex
Log Base e
The following functions will also be provided if there 1S adequate space in the microcode atter the above functions are
included: .
Tangent x
Hyperbolc Arc Tangent
Hyperbolic Sine
Hyperbohc Cosine
Hyperbolc Tangent
Log Base 10
Log Base 2
10x
vl
Each of these functions 1s calculated 10 double extended precision

SUMMARY

The MC68881 1s the most comprehensive floating-point processor It provides all the required functions and features of
the proposed IEEE standard in hardware In addition many other functions are provided to round out the support
necessary in most numenc programs The architecture is a logical extension to the M68000 Family architecture and is
clean and easy to use. Furthermore, 1t lends itself 10 being moved onto the main processor in the future. The co-processor
interface was designed with a great deal of thought; not only 10 allow it to work well with the MC68881, but also to allow
for future co-processors, muitipie co-processors. and user defined co-processors Lastly, the MC68881 1s being designed
with state-of-the-art hardware and all-out performance as the primary design goal
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MC68851

Product Preview

THE MC68851 HCMOS PAGED MEMORY MANAGEMENT UNIT (PMMU)

The MC6E8851 s a high-performance HCMOS paged
memory management unit (PMMU) designed to efficiently
support a3 demand paged virtual memory énvironment as a
coprocessor with the MC68020 advanced microprocessor
The MC68851 can also be used as a penpheral with other
processors, especially the MC68010 The MC68851 prowvides
an efticient means of paging and access control The im-
plementation of a comprehensive paged memov'y manage-
ment system s facilitated by utiizing the following MC68851
features:

® Very Fast Logical-to-Physical Address Transiation

® Logical Address Consists of a 4-Bit Function Code and

a 32-Bit Address

® Full 32-Bit Physical Address

® Eight Avallable Page Sizes from 256 1o 32K Bytes

@ Fully Associative 64 Entry On-Chip Translation Cache

® Transiation Cache Can Hold Descnptors for Multiple

Processes
® Internal Hardware Maintains Translauon Tables and
On-Board Cache

® MC68020 Instruction Set Extension and Instruction
Onented Interface Using M68000 Family Coprocessor
Interface
Supports Linear Address Space of 4 Gigabytes or a
Hierarchical Protection Mechanism with Eight Levels of
Privilege/ Protection

® Supports Multiple Logical and/or Physical Bus Masters

® Supports Logical and/or Physical Data Cache

® Supports Instruction Breakpoints for Software Debug-

ging and Program Control

The pnimary system functions of the MC68851 are to pro-
vide logical-to-physical address transiation, to monitor and
enforce the protection/privilege mechanism, and to support
the breakpoint operations. The MC68851 also supports the
M68000 Family coprocessor interface in order to simphfy pro-
cessor/coprocessor communication

AODRESS TRANSLATION

Logical-to-physical address translation is the most fre-
quently executed operation of the MC68B51 and, as such,
this task has been optimized and requires minimal processor
intervention The logical address operated on by the
MC68851 consists of the 32-bit incoming logical address and
a 4-bit function code

The MC68851 initiates an address translation by searching
for the page descriptor corresponding to the logical-to-

physical mapping n the on-chip translation-lookaside
module (TLM} The TLM s a very tast 84-entry fuily-
associative cache memory which stores recently used page
descniptors If the descriptor does not reside in the TLM,
then the bus cycle of the logical bus master s aborted and
the MC6B851 executes bus cycles to search the transiation
1able in physical memory The translation table 1s a herar-
chical structure in Main memory that, at its lowest level, con-
tains the page descriptors controling the logical-to-physicat
address translations The 64-bit prmary root pointer
registers in the MC68851 (see Figure 1) point 10 the head of
these translation tables The page descriptor 1s loaded into
the TLM and the logical bus master s allowed to retry its bus
cycle, which should now be correctly translated

PROTECTION MECHANISM

The MC68851 hierarchical protection mechanism provides
cycle-by-cycle examination and enforcement of the access
nghts of the currently executing process There are eight
distinct levels in the privilege hierarchy and these levels are
encoded in the upper three bits of the incoming logical ad-
dress LA (31-29). The MC68851 compares these bits against
the value in the current access level register (CAL in Figure
1) If the prionty level of the incoming address 1s less than the
current access level, then the bus cycle 1s requesting a
higher privilege than allowed and the MC68851 will terminate
1his access as a fault. The MC68851 will not assert a physical
address strobe during a bus cycle resulung in a privilege
violation

The MC68851 completely supports the MC68020 module
call and return functions (CALLM/RTM), which include a
mechanism to change privilege levels dunng module opera-
tion

BREAKPOINTS

The MC68851 provides a breakpoint acknowledge faciity
10 support the MC68020 and other processors with on-chip
cache memory. When the MC68020 encounters a breakpoint
nstruction 1t executes a breakpoint acknowledge cycle by
reading a particular address in CPU address space The
PMMU decodes this address and responds by either pro-
wviding a replacement opcode for the breakpoint opcode and
asserting the data size and acknowledge outputs or by
asserting bus error 10 initiate illegal instruction processing
The PMMU can be programmed to signal the diegal instruc-
tion exception oOr to provide the replacement opcode n times
(15 n 2 255) before signaling the exception

Ths document Contans intormaton on a product under development Motorola reserves the

ZMOTOROLA NC 1984 NP 377RI
nght 10 change or drscontinue thws Product Without notce
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Transistion Control
Registers

Protection Control
Registers

CPU Root
Pointer
31
DMA Root
Ponter
Supervisor Root
Pointer
[7 Translation Control
15 0
r Cache Status ]
[ Status ]
7 0
[ eal | [ vad ] [ scc
r Access Control ]
BADO F BACO [~
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B8AD2 p~ - BAC2 I~
BAD3 |~ — BAC3 I~
BAD4 |- — BAC4 [~
BADS |- — BACS p~
BAD6 |- - BAC6 I~
8AD? = = BAC7 &=

-
Breakpoint Acknowledge

-‘ Data and Control

el Registers

COPROCESSOR INTERFACE

The M68000 Family coprocessor interface i1s an integral
part of the design of the MC68020 advanced micraprocessor,
the MC68881 floating-point processor, and the MC68851
pased memory management unit. The coprocessor interface
allows the execution of special purpose instructions which
are not executable by the processor. Each coprocessor (e g.,
MC68851 or MC68881) has an instruction set that reflects its
‘special function. These instructions may be executed merely
by placing the instruction opcode and parameters in the
MCB88020 instruction stream The MC68020 decodes the
coprocessor instruction and performs bus communication
with the coprocessor registers specifying the nature of the
action to be taken Both the MC68020 and the coprocessor
will execute parts of the instruction depending on which 1s
best suited to handle a particular task

The interchange of information and the division of respon-
sibility between the processor and the coprocessor are con-
trolled by the coprocessor interface and this process is
transparent to the user The addition of a coprocessing unit
10 an MCB8020 system simply complements the instruction
set executable by the processor

The coprocessor interface was designed to be flexible,
funcuonal, and expandable. The interface 1s intended to sup-
port the M6BO00 Family of devices and future extensions to
the Motorola coprocessor family, as well as user defined
coprocessors In single or multiple coprocessor systems.

MEB000 FAMILY INSTRUCTION SET EXTENSION
The MC68851 implements an extension of the current

M68000 Family instruction set using the M68000 Family
coprocessor interface These instructions provide control
functions for
1 loading and storing of MMU registers,
2 testing access nghts and conditionals based on the
resylt of these tests, and
3 MMU control functions

The instruction set extension is as follows

PMOVE — Moves data to/ from MC68851 register

PVALID — Compares access rnights requested by logical
address and traps if it is less than the current access level.

PTEST — Searches the translation tables to determine the
access rights to an effective address. Sets the MC68851
status register according to the results.

PFLUSH - Flush transiation cache entres by root
pointer, by root pointer and etfective address, or by root
pointer, effective address, and function code

PSAVE - Saves the internal state of the MC68851
coprocessor interface in order to support the MC68020 vir-
tual memory capabilities

PRESTORE — Restores the state of the coprocessor inter-
face stored by the PSAVE instruction.

PBcc — Branches conditionally on MC68861 condition

PDBcc — Tests MC68851 condition, decrements, and
branches.

PScc — Tests operand according 1o MC68851 condition

PTRAPcc — Traps on MC68851 condition
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Z28001/2 Z8000° CPU
Central Processing Unit

Product
Specification

April 1985

FEATURES

| Regular, easy-to-use architecture

@ Instruction set more powerful than many mirficomputers
® Directly addresses 8 Mbytes

® Eight user-selectable addressing modes

[ ]

Seven datatypes that range from bits to 32-bit long words
and byte and word strings

@ System and Normal operating modes
B Separate code, data, and stack spaces

® Sophisticated interrupt structure

m Resource-shaping capabilities for
systems

multiprocessing

| Multi-programming support
m Compiler support

® Memory management and protection provided by
Z8010 Memory Management Unit

= 32-bt operations, including signed multiply and divide
| Z-BUS compatible
4.6, and 10 MHz clock rate

GENERAL DESCRIPTION

The ZB0O0O is an advanced high-end 16-bit microprocessor
that spans a wide variety of applications ranging from simple
stand-alone computers to complex parallel-processing
systems. Essentially a monolithic minicomputer central
processing unit, the 28000 CPU is characterized by an
instruction set more powerful than many minicomputers;
abundant resources In registers, data types, addressing
modes and addressing range, and a regular architecture
that enhances throughput by avoiding critical bottlenecks
such as implied cr dedicated registers.

CPU resources include sixteen 16-bit general-purpose
registers, seven data types that range from bits to 32-bit long
words and byte and word strings, and eight user-selectable
addressing modes. The 110 distinct instruction types can
be combined with the various data types and addressing
modes to form a powerful set of 414 instructions. Moreover,
the instruction set is regular; most instructions can use any
of the fivi main addressing modes and can operate on byte,
word, and long-word data types.

The CPU can operate in either the system or normal mode.
The distinction between these two modes permits privileged
operations, thereby improving operating system
organization and implementation. Multiprogramming is
supported by the “atomic” Test and Set instruction;
multiprocessing by a combination of instruction and

-—{i A0y e
m':: L A0y, fo—s-
<] awEn ADyy [
ADy;
«@——dq READ/WNITE ADyy E:
@——{ NORMALSYSTEW ADyp oo
<«—{ 8YTEWORD ADy f—e
AD; [=—= | apORESS/
svatusq Lo, AD; [o—s- [ DATA BUS
-—qsT, ADy fa—o
s, ADy [o—e
{31 28001. Y e
zs002 AD; |
cpy| —jwar e ADy [
conrroL| — .o A0y s
ADy fo—e
sUs jiumo —_——Fms =
:m{ TRATK r P I i
[ |
——e| NWI ] SNy —> |
mrEnaupTs{ —olW I el 4
— Vi | Ny [ |
| I
{ — | |
| |
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+5V GND CLK

Figure 1. Z8000 CPU Pin Functions
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hardware features; and compilers by multiple stacks,
special instructions, and addressing modes

The Z8000 CPU is offered in two versions: the Z8001 48-pin
segmented CPU and the Z8002 40-pin nonsegmented
CPU (Figure 1). The main difference between the two is in
addressing range. The Z8001 can directly address 8
megabytes of memory; the Z8002 directly addresses 64
kilobytes. The two operating modes—system and normal—
and the distinction between code, data, and stack spaces
within each mode allows memory extension up to 48
megabytes for the Z8001 and 384 kilobytes for the Z8002.

To meet the requirements of complex, memory-intensive
applications, a companion memory-management device 1s

offered for the Z8001 The Z8010 Memory Management
Unit manages the large address space by providing
features such as segment relocation and memory
protection. The Z8001 can be used with or without the
Z8010. If used by itself, the Z8001 still provides an 8
megabyte direct addressing range, extendable to 48
megabytes

The Z8001, Z8002, and Z8010 are fabricated with
high-density, high-performance scaled n-channel silicon-
gate depletion-load technology, and are housed in
dual-in-line packages (DIPs) and leadless chip carrers
(LCC).

REGISTER ORGANIZATION

The Z8000 CPU s a register-oriented machine that offers
sixteen 16-bit general-purpose registers and a set of special
system registers. All general-purpose registers can be used
as accumulators and all but one as index Tegisters or
memory pointers

Regster flexibility is created by grouping and overlapping
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R4
LS SYSTEM STACK POINTER (OFFSET)
s NORMAL STACK POINTER (OFFSET)

Figure 2. 28001 General-Purpose Registers

multiple registers (Figures 2 and 3). For byte operations, the
first eight 16-bit registers (RO... R7) are treated as sixteen
8-bit regrsters (RLO, RHO..., RL7, RH7). The sixteen 16-bit
registers are grouped in parrs (RRO... RR14) to form 32-bit
long-word registers. Similarly, the register set is grouped in
quadruples (RCO... RQ12) to form 64-bit registers.
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STACKS

The 28001 and Z8002 can use stacks located anywhere in
memory. Call and Return instructions as well as interrupts
and traps use implied stacks. The distinction between
normal and system stacks separates system information
from the application program information. Two stack
pointers are avallable' the system stack pointer and the
normal stack pointer. Because they are part of the
general-purpose register group, the user can manipulate

the stack pointers with any instruction available for register
operations.

In the Z8001, register pair RR14 1s the implied stack pointer.
Register R14 contains the 7-bit segment number and R15
contains the 16-bit offset. In the Z8002, register R15 is the
implied 16-bit stack pointer.

REFRESH

The 28000 CPU contains a counter that can be used to
automatically refresh dynamic memory. The refresh counter
register consists of a 9-bit row counter, a 6-bit rate counter,
and an enable bit (Figure 4) The 9-bit row counter can
address up to 256 rows and s incremented by two each
time the rate counter reaches end-of-count. The rate counter
determines the time between successive refreshes. It
consists of a programmable 6-bit modulo-n prescaler (n = 1
to 64), driven at one-fourth the CPU clock rate. The refresh

period can be programmed by 1 to 64 us with a 4 MHz
clock. Refresh can be disabled by programming the refresh
enable/disable bit.

.
[=]_ 1"1“11r1 L

Figure 4. Refresh Counter

PROGRAM STATUS INFORMATION

This group of status registers contains the program counter,
flags, and control bits. When an interrupt or trap occurs, the
entire group is saved and a new program status group is
loaded.

Figure 5 illustrates how the program status groups of the
28001 and Z8002 differ. In the nonsegmented Z8002, the
program status group consists of two words: the program
counter (PC), and the flag and control word (FCW). In the
segmented Z8001, the program status group consists of
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four words. a two-word program counter, the flag and
control word, and an unused word reserved for future use.
Seven bits of the fist PC word designate one of the 128
memory segments. The second word supplies the 16-bit
offset that designates a memory location within the
segment.

With the exception of the segment enable bit in the Z8001
program status group, the flags and control bits are the
same for both CPUs.
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Figure S. Z8000 CPU Special Registers
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INTERRUPT AND TRAP STRUCTURE

The Z8000 provides a very flexible and powertul interrupt
and trap structure. Interrupts are external asynchronous
events requiring CPU attention, and are generally triggered
by peripherals needing service. Traps are synchronous
events resulting from the execution of certain instructions.
Both are processed in a similar manner by the CPU.

The CPU supports three types of interrupts (non-maskable,
vectored, and non-vectored) and four traps [system call,
Extended Process Architecture (EPA) instruction, privileged
instructions, and segmentation trap]. The vectored and
non-vectored interrupts are maskable. Of the four traps, the
only external one is the segmentation trap, which is
generated by the Z8010.

The remaining traps occur when instructions hmited to the
system mode are used in the normal mode, or as a result of
the System Call instruction, or for an EPA instruction. The

descending order of priority for traps and interrupts 1s:
internal traps, nonmaskable interrupt, segmentation trap,
vectored interrupt, and non-vectored interrupt.

When aninterrupt or trap occurs, the current program status
1s automatically pushed on the system stack. The program
stédtus consists of the processor status (PC and FCW) plus a
16-bit identifier. The identifier contains the reason or source
of the trap or interrupt. For internal traps, the identifier is the
first word of the trapped instruction. For external traps or
interrupts, the identifier is the vector on the data bus read by
the CPU during the interrupt-acknowledge or trap-
acknowledge cycle.

After saving the current program status, the new program
status i1s automatically loaded from the program status area
in system memory. This area is designated by the program
status area pointer (PSAP).

DATA TYPES

28000 instructions can operate on bits, BCD digits (4 bits),
bytes (8 bits), words (16 bits), long words (32 bits), and byte
strings and word strings (up to 64 kilobytes long). Bits can be
set, reset, and tested; digits are used in BCD anthmetic
operations; bytes are used for characters or small integer
values; words are used for integer values, instructions and
nonsegmented addresses; long words are used for long
integer values and segmented addresses. All data elements

except strings can reside either in registers or memory.
Stnings are stored in memory only.

The basic data element is the byte. The number of bytes
used when manipulating a data element is ether implied by
the operation or—for strings and multiple register
operations—explicitly specified in the instruction.

SEGMENTATION AND MEMORY
MANAGEMENT

High-level languages. sophisticated operating systems,
large programs and data bases, and decreasing memory
prices are all accelerating the trend toward larger memory
requirements in microcomputer systems. The Z8001 meets
this requirement with an eight megabyte addressing space.
This large address space 1s directly accessed by the CPU
using a segmented addressing scheme and can be
managed by the Z8010 Memory Management Unit.

Segmented Addressing

A segmented addressing space—compared with linear
addressing—is closer to the way a programmer uses
nemory because each procedure and data space resides
W its own segment. The 8 megabytes of Z8001 addressing
3pace is divided into 128 relocatable segments up to 64
kilobytes each. A 23-bit segmented address uses a 7-bit
segment address to point to the segment, and a 16-bit offset
to address any location relative to the beginning of. the
segment. The two parts of the segmented address may be
manipulated separately. The segmented Z8001 can run any
code written for the nonsegmented Z8002 in any one of its
128 segments, provided it is set to the nonsegmented
mode.

[ 15 87 0

] [oepe |

.
LOGICAL ADDOE“I SEGMENT NO.

Figure 8. Logical-to-Physical Addi

Translation
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In hardware, segmented addresses are contained in a
register pair or long-word memory location. The segment
number and offset carl be manipulated separately or
together by all the available word and long-word operations.

When contained in an instruction, a segmented address has
two different representations: long offset and short offset.
The long offset occupies two words, whereas the short offset
requires only one and combines in one word the 7-bit
segment number with an 8-bit offset (range 0-256). The
short offset mode allows very dense encoding of addresses
and minimizes the need for long addresses required by
direct accessing of this large address space.

Memory Management

The addresses manipulated by the programmer, used by
instructions and output by the Z8001, are called /ogical
addresses. The Memory Management Unit takes the logical
addresses and transforms them into the physical addresses
required for accessing the memory (Figure 6). This address
transformation process is called relocation. Segment
relocation makes user software addresses independent of
the physical memory so the user is freed from specifying

where information ic actually located in the physical
memory.

The relocation process is transparent to user software. A
translation table in the Memory Management Unit
associates the 7-bit'segment number with the base address
of the physical memory segment. The 16-bit offset is added
to the physical base address to obtain the actual physical
address. The system may dynamically reload translation
tables as tasks are created, suspended. or changed.

In addition to supporting dynamic segment relocation, the
Memory Management Unit also provides segment
protection and other segment management features. The
protection features prevent illegal uses of segments, such as
writing into a wnite-protected zone.

Each Memory Management Unit stores 64 segment entries
that consist of the segment base address, its attributes, size,
and status. Segments are variable in $ize from 256 bytes to
64 kilobytes in increments of 256 bytes. Pairs of
Management Units support the 128 segment numbers
available for each of the six CPU address spaces. Within an
address space, several Management Units can be used to
create multiple translation tables.

EXTENDED PROCESSING ARCHITECTURE

The Zilog Extended Processing Architecture (EPA) provides
an extremely flexible and modular approach to expanding
both the hardware and software capabilities of the Z8000
CPU. Features of the EPA include:

8 Specialized instructions for external processors or
software traps may be added to CPU instruction set.

® Increases throughput of the system by using up to four
specialized external processors in parallel with the CPU.

@ Permits modular design of Z8000-based systems.

-Provides easy management of multiple microprocessor
configurations via “single instruction stream”
communication.

8 Simple interconnection between extended processing
units and 28000 CPU requires no additional external
supporting logic.

8 Supports debugging of suspect hardware against
proven software.

& Standard features on all Zilog Z80V0 CPUs.

Specific benefits include:

® EPUs can be added as the system grows and as EPUs
with specialized functions are developed.

& Control of EPUs is accomplished via a “single instruction
stream” in the 28000 CPU, eliminating many significant
system software and bus contention management

obstacles that occur in other .multiprocessor (e.g.,
master-slave) organization schemes.

The processing power of the Zilog Z8000 16-bit
microprocessor can be boosted beyond its intrinsic
capability by Extended Processing Architecture. Simply
stated, EPA aliows the Z8000 CPU to accommodate up to
four Extended Processing Units (EPUs), which perform
specialized functions in parallel with the CPU's main
instruction execution stream (Figure 7).

The use of extended processors to boost the main CPU's
performance capability has been proven with large
mainframe computers and minicomputers. In these
systems, specialized functions such as array processing,
special input/output processing, and data communications
processing are typically assigned to extended processor
hardware. These extended processors are complex
computers in their own right.

The Zilog Extended Processing Architecture combines the
best concepts of these proven performance boosters with
the latest in high-density MOS integrated-circuit design. The
result is an elegant expansion of design capability—a
powerful microprocessor architecture capable of
connecting single-chip EPUs that permits very effective
parallel processing and makes for a smoothly integrated
instruction stream from the Z8000 programmer’s point of
view. A typical addition to the current 28000 instruction setis
a set of Floating Point Instructions.

The Extended Processing Units connect directly to the
28000 Bus (Z-BUS) and continuously monitor the CPU
instruction stream. When an extended instruction is
detected, the appropriate EPU responds, obtaining or

570

ndd T/1008Z



placing data or status information on the Z-BUS using the
Z8000-generated control signals and performing its
function as directed

The Z8000 CPU 1s responsible for instructing the EPU and
dehvering operands and data to t. The EPU recognizes
instructions intended for it and executes them, using data
supplied with the instruction and/or data within its internal
regrsters. There are four classes of EPU instructions:

® Data transfers between main memory and EPU registers
m Datatransfers between CPU registers and EPU registers
& EPU internal operations

® Status transfers between the EPUs and the 28000 CPU
Fiag and Control Word register (FCW)

Four Z8000 addressing modes may be utilized with
transfers between EPU registers and the CPU and main
memory.

® Register

& Indirect Register
& Direct Address
| index

In-addition to the hardware-implemented capabilities of the
Extended Processing Architecture, there 1s an extended
instruction trap mechanism to permit software simulation of
EPU functions A control bit in the Z8000 FCW register
indicates whether actuai EPUs are present or not. If not,
when an extended instruction i1s detected, the Z8000 traps
on the instruction. so that a software “trap handler” can

development tool. The EPA software trap routine supports
the debugging of suspect hardware against proven
software. This feature will increase in significance as
designers become famihar with the EPA capabilty of the
28000 CPU.

This software trap mechanism facihtates the design of
systems for later addition of EPUs nitially, the extended
function 1s executed as a trap subroutine, when the EPU 1s
finally attached, the trap subroutine 1s eliminated and the
EPA control bitis set Application software 1s unaware of the
change

Extendec Processing Architecture also offers protection
against extended instruction overlapping Each EPU
connects to the Z8000 CPU wia the STOP line so that if an
EPU 1s requested to perform a second extended instruction
function before it has completed the previous one, it can put
the CPU into the Stop/Refresh state until execution of the
previous extended instruction i1s complete

EPA and CPU instruction execution are shown in Figure 8
The CPU begins operation by fetching an instruction and
determining whether it 1s a CPU or an EPU command The
EPU meanwhile monitors the Z-BUS for its own instructions
If the CPU encounters an EPU command, it checks to see
whether an EPU s present, if not, the EPU may be simulated
by an EPU instruction trap software routine, if an EPU 1s
present, the necessary data and/or address is placed on the
Z-BUS. Ifthe EPU is free when the instruction and data for it
appear, the extended instruction 1s executed 1f the EPU 1s
still processing a previous instruction, it activates the CPU's
STOP line to lock the CPU off at the Z-BUS until execution 1s
complete After the mstruction 1s finished, the EPU

emulate the deswred EPU function—a very useful deactivates the STOP line and CPU trahsactions continue
TP Line
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Figure 8. EPA and Z8000 CPU instruction Execution

INPUT/OUTPUT

A set of /0 instructions performs 8-bit or 16-bit transfers
between the CPU and 1/0 devices. I/O devices are
addressed with a 16-bit /O port address. The I/0O port
address is similar to a memory address; however, 1/0
address space need not be part of the memory address
space. I/0 port and memory addresses coexist or the same
bus fines and they are distinguished by the statusioutputs.

.

Two types of I/O instructions are available: standard and
special. Each has its own address space. The I/O
instructions include a comprehensive set of In, Out, and
Block I/0 instructions for both bytes and words. Special I/0
instructions are used for loading and unloading the Memory
Management Unit. The status information distinguishes
between standard and special /O references.

MULTI-MICROPROCESSOR SUPPORT

Multi-microprocessor systems are supported in hardware
and softwate. A pair of CPU pins is used in conjunction with
cenrtain instructions to coordinate muitiple microprocessors.
The Multi-Micro Out pin issues a request for the resource,
while the Multi-Micro In pin is used to recognize the state of
the resource. Thus, any CPU in a multiple microprocessor
system can exclude all other asynchronous CPUs from a
critical shared resource.

Multi-microprocessor systems are supported in software by
the instructions Multi-Micro Request, Test Multi-Micro In, Set
Mutti-Micro Out, and Reset Multi-Micro Out. In addition, the
eight megabyte CPU address space is beneficial in multipie
microprocessor systems that have large memory
requirements.
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ADDRESSING MODES

The information included in Z8000 instructions consists of
the function to be performed, the type and size of data
elements to be manipulated, and the location of the data
elements. Locations are designated by register addresses,
memory addresses, or /0 addresses. The addressing
mode of a given instruction defines the address space it
references and the method used to compute the address
itself. Addressing modes are explicitly specified or implied
by the instruction.

Figure 9 illustrates the eight addressing modes: Register
(R), Immediate (IM), Indirect Register (IR), Direct Address
(DA), Index (X), Relative Address (RA), Base Address (BA),
and Base Index (BX). In general, an addressing mode
explicitly specifies either register address space or memory
address space. Program memory address space and I/O
address space are usually implied by the instruction.

Addressing Mode Operand Addressing Operand Value
In the Instruction  In a Register In Memory
]
Register | neaisen avoness H OPERAND ] W' of the
m
1 di I OPERAND I In the instruction
‘IR
Indi The content of the location
" REGISTER ADDRESS ADORESS }—o ‘whose address is in the
Row [ H{ (o] whose
DA
The content of the location
Direct | ADORESS } —{ OPERAND I whose address is In the
Address instruction
‘X The
content of the loca-
Inde [ reaisten avoness —of o tion whose address is the
X address in the instruction
G | —— 0[] plus the content of the
working register.
RR The content of the location
m whose address is the
Raleatl content of the program
[Lesruactmenr | counter. oftset by the
Rddress ouater s by
instruction
A The conteat of the location
B | neaisren aconsas = sase aconess whose address s the
Address DHPLACEMENT O [ orenano | '““:yh:h‘:.dh';".. .
in the
X The content of the loca-
Base AEGISTER ADORESS . SASE ADORESS tion whose address is
Index AEQGISTER ADDAESS INDEX .o [ orenano | the address in a register
plus the index value in
another register.

*Do not use RO or RRO as indirect, index, or base reqisters.

Figure 9. Addressing Modes
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PIN DESCRIPTION

ADg-ADys. Address/Data (inputs/outputs, active High,
3-state). These multiplexed address and data lines are used
for /O and to address memory.

AS. Address Strobe (output, active Low, 3-state). The nising
edge of AS indicates addresses are valid.

BUSACK. Bus Acknowledge (output active Low). A Low on
this line indicates the CPU has relinquished control of the
bus.

BUSREQ. Bus Request (input, active Low). This line must
be driven Low to request the bus from the CPU.

B/W. Byte/Word (output, Low = Word, 3-state). This signal
defines the type of memory reference on the 16-bit
address/data bus.

CLK. System Clock (input). CLK is a 5V single-phase
time-base input.

DS. Data Strobe (output, active Low, 3-state). This line times
the data in and out of the CPU.

MREQ. Memory Request (output, active Low, 3-state). A
Low on this line indicates that the address/data bus holds a
memory address.

Mi, MO. Muit-Micro In, Multi-Micro Out (input and output,
active Low). These two lines form a resource-request daisy
chain that allows one CPU in a multi-microprocessor system
to access a shared resource.

NMI. Non-Maskable Interrupt (edge triggered, input, active
Low). A high-to-low transition on NMI requests a

Figure 10a. 48-pin Dual-in-Line Package (DIP),
Pin Assignments

non-maskable interrupt. The NMI interrupt has the highest
prionity of the three types of interrupts.

N/S. Normal/System Mode (output, Low = System Mode,
3-state). N/S indicates the CPU is in the normal or system
mode.

NMI. Non-Vectored Interrupt (input, active Low). A Low on
this line requests a non-vectored interrupt.

RESET. Reset (input, active Low). A Low on this line resets
the CPU.

R/W. Read/Write (output, Low = Wrte, 3-state). RIW
indicates that the CPU 1s reading from or writing to memory
or If0.

SEGT. Segment Trap (input, active Low). The Memory
Management Unit interrupts the CPU with a Low on this iine
when the MMU detects a segmentation trap. input on
Z8001 only.

SNo-SNg. Segment Number (outputs, active High, 3-state).
These lines provide the 7-bit segment number used to
address one of 128 segments by the Z8010 memory
Management Unit. Output by the Z8001 only.

8T,-ST;. Status (outputs, active High, 3-state). These lines
specify the CPU status (see Status Code Lines).

STOP. Stop (input, active Low). This input can be used to
single-step instruction execution.

VI. Vectored interrupt (input, active Low). A Low on this fine
requests a vectored interrupt.

WAIT. Wait (input, active Low). This line indicates to the CPU
that the memory or I/Q device is not ready for data transfer.
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w7 4[] a0,
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ssvJ 0 3 [] ano
WE n Fe00r gcl.ocx
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L R 28 [] ne
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WREG [ 16 2[] aw
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Figure 11a. 40-pin Dual-In-Line Package (DIP),
Pin Assignments
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Z8000 CPU TIMING

The Z8000 CPU executes instructions by stepping through
sequences of basic machine cycles, such as memory read
or write, /O device read or write, interrupt acknowledge,
and internal execution. Each ot these basic cycles requires
three to ten clock cycles to execute. Instructions that require
more clock cycles to execute are broken up into several
machine cycles. Thus no machine cycle is longer than ten
clock cycles and fast response to a Bus Request is
guaranteed.

The instruction opcode is fetched by a normal memory read
operation. A memory refresh cycle can be inserted just after
the completion of any first instruction fetch (IF,) cycle and
can also be inserted while the following instructions are
being executed: MULT, MULTL, DIV, DIVL, HALT, all Shift
iinstructions, all Block Move instructions, and the Multi-Micro

Request instruction (MREQ).

The following timing diagrams show the relative timing
relationships of all CPU signals during each of the basic
operations. When a machine cycle requires additional clock
cycles for CPU internal operation, one to five clock cycies
are added. Memory and /O read and write, as well as
interrupt acknowledge cycles, can be extended by
activating the WAIT input. For exact timing information, refer
to the composite timing diagram.

Note that the WAIT input is not synchronized in the Z8000
and that the setup and hold times for WATT, relative to the
clock, must be met. If asynchronous WAIT signals are
generated, they must be synchronized with the CPU clock
before entering the Z8000.
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Z80,000™ CPU

Preliminary
Product
Specification

April 1985

FEATURES

Full 32-bit architecture and implementation

4G (billion) bytes of directly addressable memory
Linear or segmented address space

Virtual memory management integrated with CPU

On-chip cache memory

General-purpose register file with sixteen 32-bit
registers

Nine generai addressing modes

m Numerous data types include bit, bit field, logical
value, signed integer. and string

® Extended Processing Architecture supports floating-
point operations

® Regular use of operations, addressing modes. and
data types in instruction set

m System and normal
separate stacks

modes of operation with

Sophisticated Iinterrupt and trap handling

m Software 1S a binary-compatible extension of
Z8000™™ software

B Hardware i1s compatible with other Z-BUS™ com-
ponents

| Mainframe performance

GENERAL DESCRIPTION

The Z80,000 CPU is an advanced, high-end 32-bit
microprocessor that integrates the architecture of a
mainframe computer into a single chip. While maintain-
ing full compatibility with 28000 family software and
hardware, the Z80,000 CPU offers greater power and
flexibility in both its architecture and interface capability.
Operating systems and compilers are easily developed
in the 280,000 CPU's high-quality environment, and the
hardware interface provides for connection to a wide
variety of system configurations.

Addresses in the Z80,000 CPU are 32 bits. This allows
direct addressing of 4G bytes in each of four address
spaces: system-modte data, system-mode instruction,
normal-mode data, and normal-mode instruction. The
CPU supports three modes of address representation.
The 16-bit compact addresses are compatible with
28000 nonsegmented mode. The 32-bit segmented ad-
aresses Include both 16-bit offset, which is compatible
with Z8000 segmented mode, and 24-bit offset. In addi-
tion a full 32-bit linear address space is provided.

The CPU features a general-purpose register file with
sixteen 32-bit registers and nine operand addressing
modes. The various addressing modes allow encoding
cheices tor compact representation or for full 32-bit ad-
dressing. The instruction set can operate on bit, bit field,
logical value, signed integer, unsigned integer, address,
string, stack, and packed decimal byte data types.
Logical and arithmetic instructions operate on bytes (8
bits), words (16 bits) and longwords (32 bits). The Extend-
ed Processing Architecture (EPA) supports floating-point
operations. In addition, the instruction set is highly
regular in combining operations, data types, and ad-
dressing modes. High-level language compilation is sup-
ported with instructions for procedure linkage, array in-
dex calculation, and bounds checking. Other instruc-
tions provide operating system functions such as system
call and control of memory management.

There are two main operating modes, system and nor-
mal, supported by Separate stacks. User programs
operate in normal mode, while sensitive operating
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system functions are performed in system mode. This
protects critical parts of the operating system from user
access. In addition, some instructions are privileged,
and execute only in system mode. Memory management
functions protect both system memory from user pro-
grams, and user memory from other users. Vectored.,
nonvectored, and nonmaskable interrupts support real-
time operating systems.

Memory management I1s iully integrated with the CPU;
no external support circuitry is necessary. A paging ad-
dress translation mechanism is implemented Registers
in the CPU point to address translation tables located in
memory. the most recently used table entries are kept in
a Translation Lookaside Buffer (TLB) in the CPU. The
CPU performs logical to physical address translation and
access protection for each memory reference. When a
logical memory reference causes a translation or pro-
tection violation, the state of the CPU is automatically
restored to restart the instruction. /O ports can be
referenced either by dedicated instructions or by the
memory management mechanism mapping logical
memory addresses to /O port addresses.

Extensive trapping facilities, such as integer overfiow,
subrange out of bounds, and subscript out of bounds,
catch common run-time errors. Software debuggers can
use trace and breakpoint traps. Privileged instruction
traps and memory protection violation traps secure the

operating system from user programming efrors or
mischief. The overflow stack allows recovery from other-
wise fatal errors.

The CPU has full 32-bit internal address and data paths.
Externally, 32 pins time-multipiex the address and data.
The interface 1s compaticle with the complete line of
Z-BUS peripherals. The hardware interface features
16-bit or 32-bit memory data path and programmable
wait states. Burst transfers and an on-chip cache for in-
structions and data help develop high-performance
systems. The intertace supports multiprocessing con-
figurations with interlocked memory references and two
types of bus request protocols. The system designer can
tailor the Z80,000-based system to cost and perfor-
mance needs.

In summary, the 280,000 CPU meets and surpasses the
requirements of medium and high-end microprocessor
systems for the 1980s. Software program development
is easily accomplished with the CPU’s sophisticated ar-
chitecture. The highly pipelined design, on-chip cache,
and external interface support systems ranging from
dedicated controllers to maintrame computers. While
Zilog continues to develop support for the Z80,000 CPU.
Z8000 peripherals and development software are fully
compatible with this latest in Zilog's line of high-
performance microprocessors.

REGISTERS

The 280,000 CPU s a register-onented processor offering
sixteen 32-bit general-purpose registers, a 32-bit Program
Counter (PC). a 16-bit Flag and Control Word (FCW), and
nine other special-purpose registers.

The general-purpose register file (Figure 1) contains 64
bytes of storage. The first 16 bytes (RLO,RHO,...,.RL7 RH7)
can be used as accumulators for byte data. The first 16
words (RO,R1,....R15) can be used.as accumulators for
word data, as index registers (except R0), or for memory ad-
dresses in compact mode (except R0). Any longword regs-
ter (RRO,RR2....,RR30) can be used as an accumulator for
longword data, an index register in linear or segmented
mode (except RRO), or for memory addresses in linear or
segmented mode ({except RRQ). Quadword registers
(RQO,RQ4,....RQ28) can be used as accumulators for Multi-
ply, Divide, and Extend Sign.instructions. This unique regis-
ter organization allows bytes and words of data to be
manipulated conveniently while leaving most of the register
file free to hold addresses, counters, and any other data.

Two registers are dedicated to the Stack Pointer (SP) and
Frame Pointer (FP) used by Call, Enter, Exit, and Return

instructions. In compact mode, R15 is the Stack Pointer
and R14 the Frame Pointer. In linear or segmented
mode, RR14 is the Stack Pointer and RR12 is the Frame
Pointer

AL
AL2

ALY
RLY
ALS
RLY

Ao, At
A2, R
R4, RS
RS, R7

~[~]~]~

RLS

z|z|z|(glelele]e

olelo|alo]e]e]fs
H

2|2l2|g|elelole

2
eloelo|e]e]o]|e|alelo]ejo|o]o]o]e

Figure 1. General-Purpose Register Flie
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The PC and FCW torm the Program Status (Figure 2),
which is automatically saved for traps and interrupts.
The bits in FCW indicate operating modes, masks for
traps and interrupts, and flags set according to the result

of instructions. The remaining special registers are used
for memory management, system configuration, and
other CPU control (Figure 3)

SR [ T

| — INTEGER OVERFLOW ENABLE (V)
l MALE CARRY (H)

DECIMAL —ADJUST (D}
PANITY/IOVERFLOW (PV}
iGN (8}

ZERO @

TRACE M

* TRACE PENDING (TP)
v

CARRY (C)

woot W

ENABLE (NVIE)

ENASLE VI8

EXTENDED

TURE (EPA)

MODE 87

MODE (E5)

FLAG AND CONTROL WORD (FCW)

MU S T S SHN S S S GH SHI SN SHN SHN S SH SHN S S S— N 1 l

PROGRAM COUNTER (PC)

Figure 2. Prog

ADDRESS SPACES

As shown in Figure 4, the CPU has three modes of ad-
dress representation: compact, segmented, and linear
The mode is selected by two control bits in the Flag and
Control Word register (Table 1). The Extended/Compact
(E/C) bit selects whether compact addresses (16 bits) or
extended addresses (32 bits) are used. For extended ad-
dresses the Linear/Segmented (L/S) bit selects whether
linear or segmented addresses are used.

The Load Address instruction can be used to manipulate
addresses in any mode of representation.

In compact mode, addresses are 16 bits. Adaress
calculations using compact aadresses invotve all 16 bits
Compact mode is more efficient and less program-
consuming for applications requiring less than 64K bytes
of program and less than 64K bytes of data. This efficien-

cy is due to shorter instructions in compact mode, and
the fact that addresses in the register file use word
rather than longword registers. Applications requiring
more than 64K bytes of either program or data should
use segmented or linear modes.

Table 1. Address Representation

Representation

Control Bits in FCW
EC us
[ ] Compact
0 1 Reserved
1 0 Segmented
1 1 Linear
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2708
8K (1K x 8) UV ERASABLE PROM

Max. Power Max. Access
2708 800mW 450ns
2708L 425mW 450ns
27081 800mwW 350ns
2708-6 800mW 550ns
a Low Power Dissipation — 425 mW s Data inputs and Outputs TTL
Max. (2708L) Compatible during both Read and
a Fast Access Time — 350 ns Max. Program Modes
(2708-1) s Three-State Outputs — OR-Tie
a Static — No Clocks Required Capability

The Intel® 2708 is an 8192-bit ultraviolet light erasable and electrically reprogrammable EPROM, ideally suited where
fast turnaround and pattern experimentation are important requirements. All data inputs and outputs are TTL com-
patible during both the read and program modes. The outputs are three-state, allowing direct interface with common
system bus structures.

The 2708L at 425mW is available for systems requiring lower power dissipation than from the 2708. A power dissipation
savings of over 50% without any sacrifice in speed is obtained with the 2708L. The 2708L has high input noise immunity
and is specified at 10% power supply tolerance. A high-speed 2708:1 is also available at 350ns for microprocessors
requiring fast access times.

The 2708 family is fabricated with the N-channel silicon gate FAMOS technology and is availatle in a 24-pin dual in-line
dackage.

PIN CONFIGURATION BLOCK DIAGRAM
DATA OUTPUT
a0 hd 20w 00-07
—_—l
Az 2
-q: B TEEEIET!
A . 21[J e I CHIP SELECT
g H _ Sme Loaic OUTPUT BUFFERS
as [ csiwe
a:]s 2708 ”» :\u
Ma i 18] prOGRAM o(c;osn . ¥ GATING
[ F¥ =[] 17[) 07 msa)
wsmoo ] 10[Jos .
o1[Jw 15[ Jos i cxize
o n 1w[Joe DECODER . ROM ARRAY
w2 13[Jos *
PIN CONNECTION DURING READ OR PROGRAM
PIN NAMES SN NOMBER
Ao-Ay | ADDRESS INPUTS o ADORESS
(010 | OATA GUTROTSIOTE ] bl weurs
0 CHIP SELECT/WRITE ENABLE INPUT a1, 18, Vss | PROGRAM | Vpp | CSWE | vas | Vee
MODE 1347 2.2 12 ) 19 | 20 21| 2
READ Dour Am GND| GNO__ | "2 | Vy | 6 |
DESELECT | HIGH IMPEDANCE | DON'TCARE | GND | GND | +12 | Vi | 5 | *
PROGRAM | Oin A GND | PULSED | +12 | Viuw | -6 | +6
2v
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ADC1210, ADC1211 12-Bit CMOS A/D Converters

General Description

The ADC1210, ADC1211 are low power, medium speed, 12-  Both devices are available in military and industrial tempera-
bit successive approximation, analog-to-digital converters.  ture ranges.

The devices are complete converters requiring only the ap-

plication of a reference voltage and a clock for operation. Features

Included within the device are the successive approximation g {2.pit resolution

logic, CMOS analog switches, precision laser trimmed thin . y

film R-2R ladder network and FET input comparator. . i’.% LSB or +2 LSB nonlinearity

The ADC1210 offers 12-bit resolution and 12-bit accuracy, W Single + :\Qo;)wv s(;.uz!)ly range : t

and the ADC1211 offers 12-bit resolution with 10-bit accura- : éoh;)o';s ! .Ltible’: : an conversion rate

cy. The inverted binary outputs are directly compatible with MOS compa ulputs.
CMOS logic. The ADC1210, ADC1211 will operate over a ' Bipolar or unipolar analog inputs
wide supply range, convert both bipolar and unipolar analog ™ 200 kQ analog input impedance
inputs, and operate in either a continuous conversion mode

or logic-controlled START-STOP conversion mode. The de-

vices are capable of making a 12-bit conversion in 100 ps

typ, and can be connected to convert 10 bits in 30 ps.

Block Diagram

22
V*VRggl
L R23 :&
I * S
cLock o VY M o Four 1
13
START O—=20) st D/A & SAR LOGIC \
oo
00 01 02 0 04 05 6 07 08 09 Q10011 a2 23  COMPARATOR
ouTPuT
GND
Ls8
ul .
R2S A SR
200 200 20k
DIGITAL OUTPUTS
20
19 1" 7 % 15 Vo TL/H/5677-1

Connection Diagram

Dual-In-Line Package
wse
12y cLocx
pnd COMPARATOR
ouTeuT

10— *ViVgg)

Order Number ADC1210HD,

74— ono ADC1210HCD, ADC1211HD,
- - ADC1211HCD
Y See NS Package D24D

R2)

CONVERSION
COMPLETE (CT)

START (5T)

ToP view TL/H/5677-2
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DAC0800/DAC0801/DAC0802 8-Bit Digital-tp-Analog

Converters

General Description

The DACO800 series are monolithic 8-bit high-speed cur-
rent-output digital-to-analog converters (DAC) teaturing typi-
cal settling times of 100 ns. When used as a multiplying
DAC, monotonic performance over a 40 to 1 reference cur-

The DACO0800, DAC0802, DACOBOOCZ DACUBUIC ar¢
DAC0802C are a direct replacement for the DAC-08, DAC
08A, DAC-08C, DAC-08E and DAC-08H, respaectively.

rent range is possible. The DAC0B00 series also features  Features
high compliance complementary current outputs to allow g Fag settling output current 100 re
differential ou(pg( voltages of 20 Vp-p with simple resistor ® Full scale error 11158
loads as shown in Figure 1. The reterence-to-full-scale cur- Nonli it 1 rature 1018
rent matching of better than ! 1 LSB eliminates the need for ® Nonlinearily over e@pe @ )
full-scale trims in most applications while the nonlinearities ™ Full scale current drift + 10 ppmt
of better than +0.1% over temperature minimizes system ® High output compliance —10V1o +1h
error accumulations. 8 Complementary current outputs .
The noise immune inputs of the DACO800 series will accept W Interface directly with TTL, CMOS, PM°_5_ and others
TTL levels with the logic threshold pin, Vi c. grounded. ® 2 quadrant wide range multiplying capability
Changing the V¢ potential will aliow direct interface to oth- m Wide power supply range +4.5Vio i
er logic families. The performance and charactenstics of the u Low power consumption 33 mWal :5
device are essentially unchanged over the full$4.5V 10 g | ow cost
+ 18V power supply range; power dissipation is only 33 mW
wilh t 5V supplies and is independent of the logic input
states.
Typical Applications
v
UIGITAL INPUTS
Mss Lse
81 82 B] 34 85 86 07 B8
0
S
1ov O—N\.Ar-J —°
Vour TO 20 vpy
Sk
= LA
'7[4 e =
V7000 uF v
TL/H/5686-1
FIGURE 1. +20 Vp_p Output Digital-to-Analog Converter (Note 4)
Ordering Information
Non-Linearity Ter:peralure Order Numbers
ange J Package (J16A)* N Package (N16A)* | SO Package (MiW
+0.1% FS 55°C .. Ta - 1125°C| DACO0802LJ | DAC-08AQ
+0.1% FS 0°C- Tp+ +70°C DACO0802LCJ, | DAC-08HQ | DAC0802LCN | DAC-08HP DACO802L.CM
TO9% FS o e A t120°C | DACOBOOY J NDAC-080Q
1.0.19% FS 0C Tp i70C DACO800LCJ | DAC-08EQ | DACUOBOOLCN | DAC-0BEP DACOB00LCM
+0.39% FS 0°C = Ta s +70°C DACO0801LCJ | DAC-08CQ | DAC0801LCN | DAC-08CP DACO0801LCM

*Devices may be ordered by using either order number.
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DAC0808, DAC0807, DAC0806 8-Bit D/A Converters

General Description

The DACO0808 series is an 8-bit monolithic digital-to-analog
converter (DAC) featuring a full scale output current settling
time of 150 ns while dissipating only 33 mW with +5V sup-
plies. No reference current (Irgr) trimming is required for
most applications since the full scale output current is typi-
cally 1 LSB of 255 Iggr/ 256. Relative accuracies of bet-
ter than +0.19% assure 8-bit monotonicity and linearity
while zero level output current of less than 4 pA provides
8-bit zero accuracy for Iggr>2 mA. The power supply cur-
rents of the DAC0808 series are independent of bit codes,
and exhibits essentially constant device characteristics over
the entire supply voltage range.

The DAC0808 will interface directly with popular TTL, DTL
or CMOS logic levels, and is a direct replacement for the

MC1508/MC1408. For higher speed applications, see
DACO0800 data sheet.

Features

® Relative accuracy: £0.19% error maximum (DAC0808)
Full scale current match: +1 LSB typ

7 and 6-bit accuracy available (DAC0807, DAC0806)
Fast settling time: 150 ns typ

Noninverting digital inputs are TTL and CMOS compati-
ble

High speed muiltiplying input slew rate: 8 mA/ps

Power supply voltage range: 4.5V to 18V

m Low power consumption: 33 mW @ + 5V

Block and Connection Diagrams

Dual-In-Line Package
TR EEEE R U
J j T ? ? ? ? ? e NOTE 2) =] [ compensarion
connor CURRENT SWITCHES W Order Number ""_:' ':‘lv"""
ITTTTITTIT | DAC0808, DAC0807, '!t—: F=Vneri)
20 LADDER WAS CIRCUIT [ or DAC0806 01  oacses Ve
r s:‘- N:. P.:ks.:. T L
umber J1 . n
Vheris) 0= NPN CURRENT Veo M16A or N1GA’ . —~
SOURCE PAIR ‘j—, P‘.-ll
Vher(-) O
Kot o s “ -
Vee TL/H/5687-1 ToP VIEW TL/H/5687-2
Small-Outline Package
Vet 16f-A8 Ls8
Vagr ()2 15f=a7
Vaer ()13 146
COMPENSATION—4 13f-as
ne—{s 12}~as
o6 11fas
V=7 10f-A2
o—{s of-a1 uss
TL/H/5687-13
Top View
Ordering Information
ACCURACY OPERATING TEMPERATURE ORDER NUMBERS
RANGE J PACKAGE (J16A)* N PACKAGE (N16A)* | SO PACKAGE (M16A)
8-bit ~55°C<Ta< +125°C DACO0808LJ |MC1508L8
8-bit 0°C<Tp< +75°C DAC0808LCJ | MC1408L8 | DACO80SLCN | MC1408P8 DAC0808LCM
7-bit 0°C<TA< +75°C DAC0807LCJ | MC1408L7 | DACO807LCN  MC1408P7 DAC0807LCM
6-bit 0°C<Tpo< +75°C DAC0806LCJ | MC1408L6 | DACO806LCN | MC1408P6 DAC0806LCM

*Note. Devices may be ordered by using either order number.
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MICRO-DAC™ DAC1208, DAC1209, DAC1210, DAC1230,
DAC1231, DAC1232 12-Bit, u.P Compatible,
Double-Buffered D to A Converters

General Description

The DAC1208 and the DAC1230 series are 12-bit multiply-
ing D to A converters designed to interface directly with a
wide variety of microprocessors (8080, 8048, 8085, 2-80,
etc.). Double buffering input registers and associated con-
trol lines allow these DACs to appear as a two-byte “stack”
in the system's memory or I/0 space with no additional in-
terfacing logic required.

The DAC1208 series provides all 12 input lines to allow sin-
gle buffering for maximum throughput when used with 16-bit
processors. These input lines can also be externally config-
ured to permit an 8-bit data interface. The DAC1230 series
can be used with an 8-bit data bus directly as it internally
formulates the 12-bit DAC data from its 8 input lines. All of
these DACs accept left-justified data from the processor.
The analog section is a precision silicon-chromium (Si-Cr)
R-2R tadder network and twelve CMOS current switches.
An inverted R-2R ladder structure is used with the binary
weighted currents switched between the loyTty and loyTe
maintaining a constant current in each ladder leg indepen-
dent of the switch state. Special circuitry provides TTL logic

Features

m Linearity specified with zero and full-scale adjust only

® Direct interface to all popular microprocessors

m Double-buffered, single-butfered or flow through digital
data inputs

m Logic inputs which meet TTL voltage level specs (1.4V
logic threshold)

@ Works with * 10V reference—full 4-quadrant
multiplication

m Operates stand-alone (without uP) if desired

m All parts guaranteed 12-bit monotonic

m DAC1230 series is pin compatible with the DAC0830
series 8-bit MICRO-DACs

Key Specifications
m Current Settling Time
m Resolution
® Linearity (Guaranteed
over temperature)

1us
12 Bits

10, 11, or 12 Bits of FS

input voltage level compatibility. ® Gain Tempco 1.3 ppm/°C
The DAC1208 series and DAC1230 series are the 12-bit m Low Power Dissipation 20 mW
members of a family of microprocessor compatible DACs g single Power Supoly 5 Vpg to 15 Vpg
(MICRO-DACs™). For applications requiring other resolu- )
- tions, the DAC1000 series for 10-bit and DAC0830 serias
for 8-bit are available alternatives.
Typical Application
=~
cmmgl. sus Ve @
FULL-SCALE
e st
BYTE 1/BVTEZ M4
XFER t_Imr
6" s liel2 )1 ZUV'
[ i L2Y
*[oarasus 4 WICRO.DACTH B Vour
4+—O 1V
2
2ERD
ADJUST
J VREF = = i
TL/H/5690-1
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12-Bit Ultrahigh-Speed
Monolithic D/A Converter

AD568

FEATURES

Ultrahigh Speed: Current Settling to 1LSB in 35ns

High snbillty Buried Z.nor Reference on Chip

d over Temperature

10.24mA FuII Scale Output Suitable for Video
Applications

Integral and Differential Linearity Guaranteed Over
Temperature

0.3" “Skinny DIP”’ Packaging

Variable Threshold Allows TTL and CMOS
Interface

PRODUCT DESCRIPTION

The ADS68 is an ultrahigh-speed, 12-bit digital-to-analog con-
verter (DAC) settling to 0.025% in 35ns. The monolithic device
is fabricated using Analog Devices’ Complementary Bipolar
(CB) Process. This is a proprictary process featuring high-speed
NPN and PNP devices on the same chip without the use of
dielectric isolation or multichip hybrid techniques. The high
speed of the AD568 is d by keeping imped levels
low cnough to minimize the effects of parasitic circuit
capacitances.

The DAC consists of 16 current sources configured to deliver a
10.24mA full-scale current. Multiple matched current sources
and thin-film ladder techniques are bined to produce bit
weighting. The DAC’s output is a 10.24mA full scale (FS) for
current output applications or a 1.024V FS unbuffered voltage
output. Additionally, a 10.24V FS buffered output may be
generated using an onboard 1k(} span resistor with an external
op amp. Bipolar ranges are accomplished by pin strapping.
Laser wafer trimming insures full 12-bit linearity. All grades of
the AD568 are guaranteed monotonic over their full operating
temperature range. Furthermore, the output resistance of the

DAC is trimmed to 1002 + 1.0%. The gain temperature coefficient

of the voltage output is 30ppm/°C max (K).
The ADS68 is available in three performance grades. The

AD568JQ and KQ are available in 24-pin cerdip (0.3") packages
and are specified for operation from 0 to +70°C. The AD568SQ

features operation from —55°C to +125°C and is also packaged
in the hermetic 0.3 cerdip.

il
2|

AD568 FUNCTIONAL BLOCK DIAGRAM
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v
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PRODUCT HIGHLIGHTS

1. Tbenlmﬁnunhncmofthcmmmumludmedp
performance in form play and
high-speed A/D conversion applications.

2. Pin strapping provides a variety of voltage and curreat output
ranges for application versatility. Tuhteonnvlofdlenb-olnm
output d trim req in lly-scaled
applications.

3. Matched on-chip resistors can be used for precision scaling
in high-speed A/D conversion circuits.

4. The digital inputs are compatible with TTL and +5V CMOS
logic families.

S. Skinny DIP (0.3") packaging minimizes board space require-
ments and eases layout considerations.
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Monolithic
12-Bit Quad DAC

AD664

FEATURES

Four Complete Voltage Output DACs
Data Regi Readback F

“Reset to Zero” Override

Muttiplying Operation
Double-Buffered Latches

PLCC, LCC and DIP Packages

APPLICATIONS

Automatic Test Equipment
Rabotics,

Process Control

Disk Drives
Instrumentation

PRODUCT DESCRIPTION
The AD664 is four complete 12 bit, voltage-output DACs on
one monolithic IC chip. Each DAC has a double buffered input
latch structure and a latch data readback function. All DAC
read and write operations occur through a single microprocessor-
compatible I/O port.
The I/O port accomodates 4-, 8- and 12-bit parallel words allowing
simple interfacing with a wide variety of microprocessors. A
reset to zero control pin is provided to allow a user to simultaneously
reset all DAC outputs to zero, regardless of the of the
input latch. Any one or all of the DACs may be placed in a

p mode allowing i di p of the outputs to
the input data.
The analog portion of the AD664 consists of four DAC cells,
four output amplifiers, a control amplifier and switches. Each
DAC cell is an inverting R-2R type. The output current from
each DAC is switched to the on-board application resistors and
output amplifier. The output range of each DAC cell is pro-
grammed through the digital I/O port and may be set to unipolar
or bipolar range, 0 to 10 volts or —10 to + 10 volts respectively.
All DAC:s are operated from a single external reference.

The functional completeness of the AD664 results from the

combination of Analog Devices’ BIMOS II process, laser-trimmed

thin-film resi and double-level metal i

PRODUCT HIGHLIGHTS

1. The AD664 providcs four voltage-output DACs on one chip
offering the highest density 12-bit D/A function available.

2. The output range of each DAC is fully and independently
programmable.

3. Readback capability allows verification of contents of internal
data registers.

4. The h
zero volts.

RESET | returns all D/A outputs to
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AD664 FUNCTIONAL BLOCK DIAGRAMS
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. DAC performance is d to be

44-Pin Block Diagram

. DAC-t0-DAC matching performance is specified and tested.
. Linearity error is specified to be 1/2LSB at room temperature

and 1LSB maximum.
ic over the

full operating temperature range.

. Readback outputs have tristate outputs.
. Multiplying-mode operation allows use with fixed or variable

external references.



Complete
12-Bit A/D Converter

" ADBT4A*

FEATURES

Complete 12-Bit A/D Converter with Reference
and Clock

Faster Version of AD574A

8- and 16-Bit Bus Interface

No Missing Codes Over Temperature

15us max Conversion Time

+12V and = 15V Operation

Unipolar and Bipolar Inputs

DIP Package

PRODUCT DESCRIPTION

The AD674A is a complete 12-bit successive-approximation
analog-to-digital converter with three-state output buffer circuitry
for direct interface to an 8- and 16-bit microprocessor bus. A
high-precision voltage reference and clock aie included on-chip,
and the circuit requires only power supplies and control signals
for operation.

The AD674A is pin compatible with the industry-standard
ADS74A but offers faster conversion time and bus-access speed.

The AD674A design is implemented with two LSI chips each
containing both analog and digital circuitry, resulting in the
maximum performance and flexibility at the lowest cost. The -
chips are laser trimmed at the wafer stage to obtain full rated
performance without external trims.

The AD674A is available in six different grades. The AD674A],
K, and L grades are specified for operation over the 0 to +70°C
temperature range. The AD674AS, T, and U are specified for
the —55°C 1o + 125°C range. All grades are available in a 28-pin
hermetically sealed ceramic DIP.

The S, T, and U grades are also available with optional processing
to MIL-STD-883C Class B in 28-pin DIP. The Analog Devices
Military Products Databook should be ¢ Ited for details on
/883B testing of the AD674A.

*Protected by U.S. Patest Nos. 3,803,590; 4,213,806; 4,511,413;
RE 28,633,

AD674A FUNCTIONAL BLOCK DIAGRAM
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PRODUCT HIGHLIGHTS

1. The AD674A interfaces to most 8- or 16-bit microprocessors.
Multiple-mode three-state output buffers connect directly to
the data bus while the read and convert commands are taken
from the control bus. The 12 bits of output data can be read
cither as one 12-bit word or as two 8-bit bytes (one with 8
data bits, the other with 4 data bits and 4 trailing zeros).

2. The precision, laser-trimmed scaling and bipolar offset resistors
provide four calibrated ranges: 0 to + 10 and 0 to + 20 volts
unipolar, —Sto +5 and — 10 to + 10 volts bipolar. Typical
bipolar offset and full-scale calibration errors of +0.1% can
be trimmed to zero with one external component each.

3. The internal buried zener reference is trimmed to 10.00 volts
with 1% maximum error and 15ppm/°C typical T.C. The
reference is available externally and can drive up 10 2.0mA
beyond the i of the refe and bipolar offset
resistors.
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Complete High-Speed
16-Bit A/D Converter

AD1376

FEATURES

Complete 16-Bit C.
and Clock

+0.003% Maximum Nonlinearity

No Missing Codes to 14 Bits Over Temperature

Fast Conversion - 14us (14 Bit)

Short Cycle Capability

Paraliel and Serial Outputs

Low Power: 645mW Typical

Industry Standard Pin Out

ter w'nh Ref

1LS8 FOR 13 BTS) BT 13

1158 FOR 16 973) 07 14 [34

PRODUCT DESCRIPTION

The AD1376 is a high resolution 16-bit hybrid IC analog-to-digital
converter including reference, clock, and laser-trimmed thin-film
components. The package is a compact 32-pin, pin-stake DIP.
The thin-film scaling resistors allow analog input ranges of
+2.5V, £5V, £10V,0t0 +5V,0t0 +10V, and 0 to +20V.
Important performance ch istics of the devices are

linearity error of +0.003% of FSR, and maximum 14-bit con-
version time of 15us. This performance is due to innovative
design and the use of proprietary monolithic D/A converter
chips. Laser-tri d thin-film resi provide the lincarity
and wide temperature range for no missing codes.

The AD1376 provides data in paralle! and serial form with
corresponding clock and status outputs. All digital inputs and
outputs are TTL compatible.

APPLICATIONS

The AD1376 is excellent for use in applications requiring 14-bit
y over ded ranges. Typical applications

include medical and unlyuc instrumentation, precision meas-

urement for industrial mbou, automatic test eqmpmcnx (ATE),

multichannel data acquisi 5 SErvo

and anywhere that excellent subxhty and wide dynax,ﬁc range in

the smallest space is required.
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AD1376 FUNCTIONAL BLOCK DIAGRAM
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PRODUCT HIGHLIGHTS

1. The AD1376 provides 16-bit resolution with maximum linearity
-error less than +0.003% (+0.006% for J grade) at 25°C.

2. Conversion time is 14us typical to 14 bits with short cycle
capability, and 16ps to 16 bits.

3. Two binary codes are available on the AD1376 output. They
are complementary straight binary (CSB) for unipolar input
voltage ranges and complementary- offset binary (COB) for
bipolar input ranges. C 1 y twos compl (CTC)

coding may be obfained by mvemng Pin 1 (MSB)/

4. The proprictary chips used in this hybrid design provide

excellent stability over temperature and lower chip count for
improved reliability.

. The AD1376 includes an internal reference and clock, with
external clock adjust pin, and a serial output.
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Monolithic 8-Bit
Video A/D Converter

AD9048

FEATURES

8-Bits; 20MSPS Minimum Word Rates
420mW Power Dissipation

No T/H Required

17pF Input Capacitance

Industry Standard Pi

PRODUCT DESCRIPTION

The AD9048 is an 8-bit, 20MSPS flash converter which is pin-for-
pin compatible with the TDC1048 unit but offers enhancements
over its predecessor. Significantly improved output driver stages
and reduced power make the AD9048 attractive for system
designs.

Full power bandwidth is 7MHz minimum, making it an ideal
choice for doing real-time conversion of video signals, where
analog frequency information of interest is seldom higher than
4MHz-5MHz.

Clocked latching comp S, ding logic, and an output
buffer register operating at minimum rates of 20MSPS make it
unncecessary to incorporate a sample-and-hold (S/H) or track-and-
hold (T/H) into designs using the AD9048. All digital control
inputs and outputs are TTL compatible.

Devices which operate over two case temperature ranges and
with two grades of linearity are available. Linearities of 0.5LSB
or 0.75LSB can be ordered for a commercial range of 0 to +70°C,
or extended temperatures of —55°C to +125°C . Units are

AD9048 FUNCTIONAL BLOCK DIAGRAM

1) D.(MSB)
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kaged in 28-pin ic DIPs and are also available as LCC CONv (7
packages. ) )
DGND DGND AGND AGND
OUTLINE DIMENSIONS
Di ions shown in inches and (mm), .,
28-Pin Cerdip Package ubmmzhnmﬁclguﬂuscmm(hnkfﬂJxD
! 1.400(37.84/MAX
l 0.100(254)° 0.085{1.40!
o.084(1.63) o0 (114) 0.075 (1.9%) REF
T
0828 (13.32)
L2 i
: L
.
[}
022 (5.50) GLASS .08 (1.52)
MAX SEALANT T\ - P—mm
o4 X J 012
| @arm
n [
0.1 (2 u 0.02 (0.5}
tﬂ%& ¥ I 0.488 (11.63)° ¥
(CTUS a:"::," sz
— T 1 0.18.(4.87) REF 3 PLCS
. . AKX NOTES
1 THS DIMENSION CONTROLS THE OVERALL PACKAGE THICKNESS.
soz e | T 2 APPLIES TO ALL FOUR SIDES.
- st ALL TERMINALS ARE GOLD PLATED.
¥
LEADNO. 1 IDENTIRIED 8Y DOT ONNOTCH
LEADS ARE SOLDER OR TIN PLATED KOVAR ORALLOY 42
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LM311 voltage comparator
general description

The LM311 is a voltage comparator that has input
currents more than a hundred times lower than de-
vices like the EM306 or LM710C. It is also de-
signed to operate over a wider range of supply
voltages: from standard *15V op amp supplies
down to the single 5V supply used for IC logic. Its
output is compatible with RTL, DTL and TTL as
well as MOS circuits. Further, it can drive lamps or
relays, switching voltages up to 40V at currents as
high as 50 mA.

features
® QOperates from single 5V supply

# Maximum input current: 250 nA

Interface Circuits

® Maximum offset current: 50 nA

® Differenual input voltage range: +30V
® Power consumption: 135 mW at 15V

Both the input and the output of the LM311 can
be isolated from system ground, and the output
can drive loads referred to ground, the positive
supply or the negative supply. Offset balancing
and strobe capability are provided and outputs can
be wire OR’ed. Although siower than the LM306
and LM710C (200 ns response time vs 40 ns) the
device is also much less prone to spurious oscilla-
tions. The LM311 has the same pin configuration
as the LM306 and LM710C.

schematic diagram and auxiliary circuits
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LF353

LF353 Wide Bandwidth Dual

BI-FET 11 ™ Technotogy

JFET Input Operational Amplifier

INTEANALLY
INTEANALLY TaaNED
Thmego

Vee O—

L

General Description Features
These devices are low cost, high speed, dual JFET input 8 Internally timmed offset voltage 10 mv
operational amplifiers with an internally timmed input offset  ® Low input bias current S0pA
voitage (BI-FET 1M technology). They require low supply  m Low input noise voltage 16 nV/fHz
current yet maintain a large gain bandwidth product and fast g (ow input noise current 0.01 pA/yHz
slevy rate. In §ddmn. wsl! matc{ted high voitage JFET input o \wide gain bandwidth 4 MHz
devices provide very low input bias and offset currents. The & High slew rate 13 V/us
LF353 is pin compatible with the standard LM1558 allowing 9 36 m
desig 10 diately upgrade the overall perf - L«?w wppfy current 3 .G‘v;A‘
of existing LM1558 and LM358 designs. '® High input impedance 10120
These ampilifiers may be used in applications such as high - Low_total hanl\omc d:sto_anon‘A y =,.1|°' KH <0.02%
speed integrators, fast D/A converters, sample and hold RL= 10k, Y°_20V9~p' W =20 Hz-20 kHz
circuits and many other circuits requiring low input offset ~® Low 1/f noise comer 50 Hz
voltage, low input bias current, high input impedance, high @ Fast settling time to 0.01% 2 ps
slew rate and wide bandwidth. The devices also exhibit low
noise and offset voltage drift.
Typical Connection Connection Diagrams
Metal Can Package (Top View)
. N Order Number LF353H
Simplified Schematic See NS Package Number H08C
1/2 Dual
Ve O
4 Dual-in-Line Package (Top View)
E dvo oureyra J r'—v'
INVERTING INPUT A —‘: ,— ouTAYT S
of IS 3
1 : et o
v : vt s

Order Number LF353J, LF353M or LF353N
See NS Package Number JOSA, MOSA or NOSE

TL/H/5649 -t
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LM363 Precision Instrumentation Amplifier

General Description

The LM363 is a monolithic true instrumentation amplifier. It
requires no external parts for fixed gains ol 10, 100 and
1000. High precision is attained by on-chip trimming of off-
set voltage and gain. A super-beta biopolar input stage
gives very low input bias current and voltage noise, ex-
tremely low offset voltage drift, and high common-mode re-
jection ratio. A new two-stage amplifier design yields an
open loop gain of 10,000,000 and a gain bandwidth product
of 30 MHz, yet remains stable for all closed loop gains. The
LM363 operates with supply voltages from t5V to +18V
with only 1.5 mA current drain.

The LM363's low voitage noise, low offset voltage and off-
set voltage drift make it ideal for amplitying low-lavel, low-
impedance transducers. At the same time, its low bias cur-
rent and high input impedance (both common-mode and
differential) provide excellent performance at high imped-
ance levels. These features, along with its ultra-high com-
mon-mode rejection, allow the LM363 to be used in the
most demanding instrumentation amplifier applications, re-
placing expensive hybrid, module or multi-chip designs. Be-
cause the LM363 is internally tnmmed, precision external
resistors and their associated errors are ehminated.

The 16-pin dual-in-line package provides pin-strappable
gains of 10, 100 or 1000. Its twmin ditferential shield drivers

eliminate bandwidth loss due to cable capacitance. Com-
pensation pins allow overcompensation to reduce band-
width and output noise, or 1o provide greater stability with
capacitive loads. Separate output force, sense and reter-
ence pins permit gains between 10 and 10,000 to be pro-
grammed using external resistors.

On the 8-pin TO-5 package, gain is internally set at 10, 100
or 500 but may be increased with external resistors. The
shield driver and offset adjust pins are omitted on the 8-pin
versions.

The LM363 is rated for 0°C to 70°C.

Features

Offset and gain pretrimmed

12 nV/JRAz input noise (G = 500/1000)

130 dB CMRR tyical (G = 500/1000)

2 nA bias current typical

No external parts required

Dual shield drivers

Available at 0.5 uV/°C maximum drift

Can be used as a high performance op amp
Low supply current (1.5 mA typ)

Typical Connections

8-Pin Package

TL/H/5809- 1

Order Number LM383H-10,
LM3683H-100 or LM383H-500
See NS Package Number HOSC

16-Pin Package

TL/H/5609-33
16-Pin Duak-in-Line Package
COMPI COMPI SENSE OUTAUT AEF V- < HUT SuL0
1+ 15 1 u 1 ln 0 )
* s
Iu 1 ) . 0 n ' 0
Ve G188 Bc1g  Gn  Vog  Vog -INRT -BMeLD
0P ViEw TL/H/5600-2
Order Number 363D
See NS Package Number D16C
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LM565/LMS65C

LM565/LM565C Phase Locked Loop

General Description

The LM565 and LM565C are general purpose phase locked
loops containing a stable, tughly knear voltage controlted
osciliator for low distortion FM demodulation, and a double
balanced phase detector with good carner suppression The
VCO frequency 1s set with an external resistor and capaci-
tor, and a tuning range of 10 1 can be obtained with the
same capacttor. The charactenstics of the closed loop sys-
tem—bandwidth, response speed, capture and pull in
range—may be adjusted over a wide range with an external
resistor and capacitor The loop may be broken between the
VCO and the phase detector for insertion of a dignal tre-
quency divider to obtain frequency multiplication

The LM565H 1s specified for operation over the —55°C to
+125°C milttary temperature range The LMSSS5CH and
LM565CN are specified for operation over the 0°C 1o
+ 70°C temperature range

Features

® 200 ppm/°C frequency stability of the VCO

@ Power supply range of +5 to =12 volts with
100 ppm/ % typical

@ 0.2% hnearity of demodulated output

® Linear tnangle wave with in phase zere Crossings

avadable

® TTL and DTL compatbie phase deredtor

square wave output

® Adjustable hold in range from * 1% to

Applications

Modems

FSK demodutation
FM demodulation
Frequency synthesizer
Tone decoding

SCA demodulators
Telemetry receivers
Signal regeneration
Coherent demodulators

Data and tape synchromzation

Frequency multiphcation and dwision

Connection Diagrams

Metal Can Package

TIMING
CAPACITOR

TIMING
RESISTOR

VCO CONTROL

npuT VOLTAGE
AEFERENCE
veo outeut outeyt
PHASE COMPARATOR
VCO INPUT
TL/H/7853-2

Order Number LM565H or LM565CH
See NS Package Number H10C

1
V(o
2
INPUT g

N
INPYT ——

nput and
-+ 60°%
\
!
|
|
|
i
|
i
Dual-in-Line Psckage
4
PHASE e
'3
— nc
12
P NC

vco _ ¢
outryt
PHASE COMPARATOR _ 9
vCOo INPUT
REFERENCE &
ouTPUT
VCO CONTROL
VOLTAGE

- |

"
10
s

Sl

Order Number LMS65CN

—— NC

"V

TIMING
CAPACITOR
TIMING
RESISTOR

TL/H/7853-3

See NS Package Number N14A
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LM710

LM710_voltage comparator
general description

The LM710 is a high-speed voltage comparator
intended for use as an accurate, low-level digital
level sensor or as a replacement for operational
amplifiers in comparator applications where speed
is of prime importance. The circuit has a differen-
tial input and a single-ended output, with saturated
output levels compatible with practically ali types
of integrated logic.

The device is built on a single silicon chip which
insures low offset and thermal drift. The use of
a minimum number of stages along with minority-
carrier lifetime control (gold doping) makes the
circuit much faster than operational amplifiers in

Interface Circuits

saturating comparator applications. In fact, the low
stray and wiring capacitances that can be realized
with monolithic construction make the device dif-
ficult to duplicate with discrete components oper-
ating at equivalent power levels.

The LM710 is useful as a pulse height discrimi-
nator, a voltage comparator in high-speed A/D con-
verters or a go, no-go detector in automatic test
equipment. It aiso has applications in digital sys-
tems as an adjustable-threshold line receiver or an
interface between logic types. {n addition, the low
cost of the unit suggests it for applications replac
ing relatively simple discrete component circuitry

schematic* and connection diagrams

i -
1=
o
i
ot
a
. b
~ B ne

P s e “C RN,
P I3 it SR

typical applications*

Schmidt Trigger

SE————

Pulse Width Modulator

MA

== L

*Pin connections shown are for metal can.

e

Maetal Can Package

Line Receiver With
increased Output
Sink Current

Level Detector With
Lamp Driver
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LM7M

Interface Circuits

LM711 dual comparator

general description

The LM711 contains two voltage comparators
with separate differential inputs, 3 common out
put and provision for strobing each side indepen
dently. Similar to the LM710, the device features
low offset and thermal dnift, a large input voltage
range, low power consumption, fast.recovery from
large overloads and compatibility with most inte
grated logic circuits.

With the addition of an external resistor network,
the LM711 can be used as a sense amphifier for
core memories. The input thresholding, combined
with the high gain of the comparator, eliminates
many of the inaccuracies encountered with con

ventional sense amplhifier designs Further, it has
the speed and accuracy needed for reliably detect-
ing the outputs of cores as small as 20 mils.

The LM711 s also useful in other applications
where a dual comparator with OR’ed outputs s’
required, such as a double-ended limit detector By
using common circurtry for both halves, the device
can provide high speed with lower power dissipd

tion than two single comparators. The LM711 s
available 1n either an 10-lead low profile TO 5
header or a 1 4 by 1 47 metdl flat package.

schematic and connection diagrams
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typical applications

Sense Amplifier With Supply Strobing
for Reduced Power Consumption®
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outeut
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Double-Ended Limit Detector
With Lamp Driver
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GENERAL DESCRIPTION — The uA741 is a high per [o] i Amplifi
constructed using the Fairchild Planar® epitaxisl process. It is intended for 8 wide range of an-log
spplications. High common mode voltage range snd sbsence of “lstch-up™ tendencies make the
uA741 idesl for use as U voltage 1o|lowor The high gain and wide range of operating voltage provides
superior performance in integ A "] ifier, snd genersl feedback spplications.

NO FREQUENCY COMPENSATION REQUIRED

SHORT CIRCUIT PROTECTION

OFFSEYT VOLTAGE NULL CAPABILITY

LARGE COMMON-MODE AND DIFFERENTIAL VOLTAGE RANGES
LOW POWER CONSUMPTION

NO LATCH uP

e 0000

ABSOLUTE MAXIMUM RATINGS

CONNECTION DIAGRAMS
8-LEAD METAL CAN
(TOP VIEW)
PACKAGE OUTLINE 58
we

Note: Pin 4 connected to case

ORDER INFORMATION
TYPE PART NO.
741 741HM
741C 741HC

14-LEAD DiP
(TOP VIEW)
PACKAGE OUTLINE 6A

ORDER INFORMATION

Supply Volitage
Militery (741) 122V
Commercial (741C) 18V
Internal Power Dissipation (Note 1)
Metst Can 500 mwW
[o]]4 670 mW
Mini DIP 30mw
Flatpak 570 mW
Differentisl Input Voltage 230V
Input Voitage {Note 2) +15V
Storage Temperature Range
Metal Can, DIP, and Flatpek —65°C to +150°C
Mini DIP —65°C to +126°C
Opersting Temperature Range
Military (741) —B5°C to +125°C
Commercisl (741C) 0°C 10 +70°C
Leed Temperature (Soidering} i
Metal Can, DIP, and Flatpek {60 seconds) 300°C
Mini DIP (10 seconds) 260°C
Output Short Circuit Duration (Note 3} Indefinite
EQUIVALENT CIRCUIT
. o
9y
2
| oureur
—o

TYPE PART NO.
741 7410M
741C 7410C
10-LEAD FLATPAK
{TOP VIEW)
PACKAGE QUTLINE 3F
Ly — (1 1 In ¢
0rrsET oL =: p — 11
wEE D
e==p [ =1

ORDER INFORMATION
TYPE PART NO.
741 TAIFM

8-LEAD MINIDIP
{TOP VIEW)
PACKAGE OUTLINE 9T
orrser mas

ar meyt
om wrveat
ey

ORDER INFORMATION
TYPE PART NO.
741C 7417C

Notes on following pages.

*Pianar is » patented Fairchiid process.

FIGURE 9.47 Manufacturer's specification sheets for the Fairchild pA741 (Courtesy of Fair-

child Semiconductor)
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HA747
DUAL FREQUENCY COMPENSATED OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUITS

“NIML DESCRIPTION — TM uA747 is 8 peir ol hn'- pert O i
using the F Planar® process. They are intended for s wide CONNECTION DIAGRAMS
renge of anslog spplications where boerd spece or weight are important. High common mode voltage ‘:'ai‘\zg;

range and sbsence of "md--op meke IM yA747 idest 'ov use 85 0 venm follower. ‘I’M high pm

PACKAGE OUTLINE 7A

and wide range of g voitage p in . .
and generel feedback spplicstions. The uA747 is worl-cucmt and
for { The internal 6 dBIoctm roli-off insures “lbllltv in closed
loop spplicati For single ifier per see uA741 dats sheet.
L] NO"R!OUENCV COMPENSATION REQUIRED
© SHORT-CIRCUIT PROTECTION - o
® OFFSET VOLTAGE NULL CAPABILITY wta P s
® LARGE COMMON-MODE AND DIFFERENTIAL VOLTAGE RANGES NON v s vea
o LOWPOWER CONSUMPTION i EIR S
A
® NO LATCH UP :’u‘:: s, 7P T
ABSOLUTE MAXIMUM RATINGS = D Gwect
Supply Voltage = I outrut
Military (747) 122V aLe
Commercis! (747C) 118V ot d= v
internal Power Dissipation (Note 1) - | orrser
Metal Con 500 mW seute e
o 670 mw
Differential Input Voitage $30V 0
Input Voltage (Note 2) 5V 23?:“ INF PAl'l,"::
Voltage between Offset Nyll and V_ 05V 47 2470M
Storage Temperature Renge —65°C to +150°C 747C 7470C
Opersting Tempersture Range
Military (747) —85° C 10 +125°C
Commarcisl (747C) 0°C 10 70°C 10-LEAD METAL CAN
_Lead Tempersture (Soidering, 60 seconds) 300°C (TOP VIEW)
Output Short-Circuit Duration (Note 3) Indefinite PACKAGE OUTLINE 5F

EQUIVALENT CIRCUIT (Each Side)

p—o ouTPUT

ORDER INFORMATION

TYPE PART NO.
v 747 747HM
747C 747THC

Nates on following peges.
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Operational Amplifiers

BiMOS

! (Y

H917 ) |

FEATURES:

All Types
8-LEAD TO6

H:1787

CA3130, CA3130A, CA3130B

Operational Amplifiers

With MOS/FET Input/ COS/MOS Output

@ MOS/FET input stage provides:
very high 2 = 1.5 TQ (1.5 X 1012Q)) typ.
very low Il = § pA typ. at 15-V operation
2 pA typ. at 5-V operation
8 Common-mode input-voltage range includes
negative supply rail; input terminals can
be swung 0.5 V below negative supply rail
® COS/MOS output stage permits signal swing

Ideal for
single-supply
applications

to either (or both) supply rails

|nbgra§ed-c|rcu|t opmhonal -mplmers that combine the
advantages of both COS/MOS and bipolar transistors on a
monolithic chip.

Gate-protected p-channel MOS/FET (PMOS) transistors
are used in the input circuit to provide very-high-input
impedance, very-low-input current, and exceptional speed
performance. The use of PMOS field-effect transistors in
the input stage resuits in common-mode input-voltage
capability down to 0.5 volt below the negative-supply
terminal, an important attribute in singte-supply applica-
tions.

A ] y MOS (COS/MOS) transistor-
pair, capuble of swinglng the output voltage to within 10
millivolts of either supply-voltage terminal (at very high
values of load impedance), is employed as the output
circuit.

The CA3130 Series circuits operate at supply voltages
ranging from 5 to 18 volts, or +2.5 to +8 volts when using
split supplies. They can be phase compensated with a
single external capacitor, and have terminals for adjust-
ment of offset voltage for applications requiring offset-null
capability. Terminal provisions are also made to permit
strobing of the output stage.

The CA3130 Series is supplied in standard 8-lead TO-5 style
packages (T suffix), 8-lead duu-in-line formed lead TO-5
style “DIL-CAN" packages (S suffix). The CA3130 is
avaiiable in chip form (H suffix). The CA3130 and CA3130A
are also available in the Mini-DIP 8-lead dusl-in-line plastic

PHAST COMPENSATION  Tag

©) wureut

OFFSET
NULL

LRI TS TLAY

TOP VIEW
S and T Suffixes
Fig.1 — Functionai disgrams for the CA3130 series.

636

® Low V;p5: 2 mV max. (CA31308)

u Wide BW: 15 MHz typ. (unity-gain crossover)
® High SR: 10 V/us typ. (unity-gain follower)

u High output current (Ig): 20 mA typ.

m High AQ(: 320,000 (110 dB) typ.

8 Compensation with single external capacitor

APPLICATIONS:
® Ground-referenced single-supply amplifiers
u Fast sample-hold amplifiers
= Long-duration timers/monostables
® High-input-impedance comparators
(ideal lmarlaco wlth digital COS/MOS)
® High-input-imp ideband amplifiers
® Voltage followers
(e.g., follower fo: single-supply D/A
converter)
u Voltage regulators
(permits control of output voitage
down to zero volts)
@ Peak detectors
u Single-supply full-wave precision rectifiers
@& Photo-diode sensor amplifiers

package (E suffix). All types operate over the full mititary-
temperature range of -55°C to +125°C. The CA3130B is
intended for applications requiring premium-grade
specifications. The CA3130A offers superior input
characteristics over those of the CA3130.

AL O
wv vyt D

TOP viEw

szcs- 20800

E Suffix



Linear integrated Circuits
CA3140, CA3140A, CA3140B Types

The CA3140B, CA3140A, and CA3140 are integrated-circuit
operational amplifiers that combine the advantages of high-
voltage PMOS transistors with high-voltage bipolar
transistors on a single monolithic chip. Because of this
unique combination of technologies, this device can now
provide designers, for the first time, with the special
performance features of the CA3130 COS/MOS operational
amplifiers and the versatility of the 741 series of industry-
standard operational amplifiers.

The CA3140, CA3140A, and CA3140 BIMOS operational
amplifiers feature gate-protected MOS/FET (PMOS)
transistors in the input circuit to provide very-high-input
impedance, very-low-input current, and high-speed
performance. The CA3140B operates at supply voltages
from 4 to 44 volts; the CA3140A and CA3140 from 4 to 36
voits (either single or dual supply). These operational
amplifiers are internally phase-compensated to achieve
stable operation in unity-gain follower operation, and,
additionally, have access terminais for a supplementary
external capacitor if additional frequency roll-off is desired.
Terminals are also provided for use in applications
requiring input offset-voltage nulling. The use of PMOS
field-effect transistors in the input stage results incommon-
mode input-voltage capability down to 0.5 voit below the
negative-supply terminal, an important attribute for single-
supply applications. The output stage uses bipolar
transistors and includes built-in protection against damage
from load-terminal short-circuiting to either supply-rail or
to ground.

The CA3140 Series has the same 8-iead terminal pin-out
used for the 741" and other industry-standard operational
amplifiers. They are supplied in either the standard 8-lead
TO-5 style package (T suffix), or in the 8-lead dual-in-line
formed-lead TO-5 style package “DIL-CAN" (S suffix). The
CA3140.is available.in chip form (H suffix). The CA3140A.
and CA3140 are also available in an 8-lead dual-in-line

MinOIP BiMOS Operational Amplifiers
CA3140AE
§owey With MOS/FET Input/Bipolar Output
FEATURES:
B MOS/FET Input Stage
(a) Very high input impedance (Zyy) — 1.5 TQ typ.
| Types (b) Very low input current (1) — 10 pA typ. at = 15 V
8-Lesd TO-6 All Types (c) Low input-offset voltage (V)p) — to 2 mV max.
':,':""&f't;'.';:""' 8-Leed TO5 (d) Wide common-mode input-voltage range (ViCR)—
“DIL-CAN" (T Suffix) can be swung 0.5 volt below negative supply-voltage
(S Suftix) rail
H-1787 H-1528 (e) Output swing complements input common-mode range
(1) Rugged input stage — bipolar diode protected

a Directly replaces industry type 741 in most applications
@ Includes numerous industry operational
amplifier categories such as general-pur-
pose, FET input, wideband ( high slew rate)
u Operation from 4-to-44 volts
Single or Dual supplies
m Internally compensated
® Characterized for * 15-volt operation
and for TTL supply systems with
operation down to 4 volts
® Wide bandwidth — 4.5 MHz unity
gainat+15Vor30V;3.7 MHzat5 Vv
B High voitage-follower slew rate — 9 V/us
® Fast setting time — 1.4 us typ.
to 10 mV with a 10-Vp-p signal
® Output swings to within 0.2 volt
of negative supply
m Strobable output stage

APPLICATIONS:

® Ground-referenced single-supply amplifiers
in automobile and portable instrumentation

® Sample and hold amplifiers

® Long-duration timers/multivibrators
(microseconds—minutes—hours)

® Photocurrent instrumentation

| Peak detectors 8 Active filters

@ Comparators

m Interface in 5 V TTL systems & other
low-supply voltage systems

m All standard operational amplifier applications

® Function generators B Tone controls

W Power supplies B Portable instruments

@ Intrusion alarm systems

o (O @® smrone
NV INPUT @— ! OXM
v pr O ®oursur
” v ® wt’
o TOP VIEW
TOP VIEW Fig. 1 — Functional disgrams of the E Suffix pacs-a008
S ond T Suffixes CA3140 series.
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MM5387AA, MM53108 digital alarm clocks

general description

The MM5387AA, MMS53108 digital alarm clocks are
monolithic MOS integrated circuits utilizing P-channel
low-threshold, enhancement mode and ion-implanted
depletion mode devices. They provide all the logic
required to build several types of clocks and timers
with up to four display modes (time, seconds, alarm
and sleep) to maximize circuit utility, but are specifi-
cally intended for clock-radio applications. Both devices
will directly-drive 7-segment LED displays in either a
12 hou: format (3% digits) with lead-zero blanking,
AM/PM indication and flashing colon, or 24 hour
format {4 digits) thiough hard-wire pin selection; the
timekeepuing  tunction operates from either a 50 o
60 H7 input, also through pin selection. Outpets consist
ot display drivers, sleep (e.g., timed radio turn-off), and
alatin enabie. A power Ll indication maode s provided
to inform the user of incortect time display by flashing
all ""ON’ digits at a 1 Hz rate, and is cancelled by
simply resetting time. The device operates over a supply
range of 24—-26V which does not require regulation.

The MM53108 s electrically identical to the
MMS5387AA, but with mirror-image pin-out to facilitate
PC board layout when designing a ““module’’ whére the
LED display and MOS chip are mounted on the same
side; the MM5387AA is more suited for ““L" shaped
module designs {vertical LED display, horizontal com-
ponent board). Both devices are supplied in a 40-lead
dual-in-line package.

features

50 or 60 Hz operation

Single power supply

12 or 24 hour display foimat
AM/PM outputs

Leading-zero blanking } 12
24-hour alarm setting

All counters are resettable
Fast and slow set controls
Power failure indication
Elimination of illegal time
Direct interface to LED displa
9-minute snoose alarm
Presettable 53-minute sieep tir

(MM53108) pin-out

applications
Alarm clocks

Desk clocks

Clock radios
Automobile clocks
Stopwatches
Industrial clocks

Clocks

how format

display ot turn “ON™
vs

ner

Available m tandard (MMG3B7AA) or mitror unage

Portable clocks
Phctography timers
Industrial timers
Appliance timers
Sequential controllers

block diagram

QUTPUT 33119

COMMON
sounce
1ranoun o MLY

sevect

AL ) -
Nyt CLL o % Ba—e1 N
L)

SELECT

anp—em

™
SECONDS
COUNTER

ALAMM OUT
ALARM OFF

SLEEP OUT

ALARM
MINUTES
COUNTER

ALARM COMPARATOR

168 —> M
(M p—rbc

ALARM
HOURS
SOUNTER

oS
OF HAs
oIGIT

10 MRS
o1GIT

T0 105
OF MINS
oGt

»in 18-
e m—
ron
ALARM OIS L 119 29)
n
SECONDS DiS
e
"o
i)
sLowset OL-D
M0
FASTSEL. oL.
10y
T Note. MM53108 pin ions shown in par

FIGURE 1
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functional description

A block diagram of the MM5387AA, MM53108 digital
clock radio circuit is shown in Figure 7. The various
display setting modes are listed in Table |, and Table I
shows the setting control functions. The following
description is based on Figure 1 and refers to both
devices as thev are electrically identical.

60 or 60 Hz Input: A shaping circuit (Figure 3} is pro-
vided to square the 50 or 60 Hz input. This circuit
allows use of a liltered sinewave input. The circuit is ¢
Schmitt trigger that is designed to provide about 6V o
hysteresis. A simple RC filter such as shown in Figure 7
should be used to remove possible line-voltage tran-
sients that could either cause the clock to gain time or
damage the device. The shaper output drives a counter
chain which performs the timekeeping function.

50 or 60 Hz Select Input: A programmable prescale
counter divides the input line frequency by either
50 o1 60 to obtain a 1 Hz time base. This counter is
programmed to divide by 60 simply’ by leaving 50/
60 H/ select unconnecied, pull-down to Vpp is pro-
vided by an internal depletion load. Operation at 50 H:
is programmed by connecting 50/60 Hz seiect to Vgg

Display Mode Select Inputs: In the absence of any of
these three inputs, the display drivers present time-of-

day information to the appropriate display digits.
Internat depletion pull-down devices allow use of simple
SPST switches (o select the display mode. 1 more than

one mode is sclected, the priorities are as noted n
Table ). Alternate display modes are selected by apply-
ing Vgg to the appropriate pin. As shown in Figure 1
the code converters receive time, seconds, alarm and
sigep information from appropriate points in the clock
crfcuitry. The display mode select inputs contro! the

connection diagrams

Dual-in-Line Package

AM OUTPUT u L:- ™ OUTPUT
10HRS -8 ¢ }— coLont N2
HRs - 1 =1 5 12/24 HR SELECT
MRS - ¢ — — nc
MRS » ——f -:—ummsu:_qv
MRS - b —f imun-mv
HRS - ¢ — = FAST SET iINPUT
was - ¢ — L sLowser meut
uns « — 22 secomo oiseiay meur
10MINS 1= %_Aum DISPLAY INPUT
[LLL - [— sueer oiseLAY iNPUT
TBMINS - o — Voo
13 2
104INS - — f— Vg3
OMINS - ¢ -% [— sLeer ouTPUY
1OMINS - ¢ f—ALARM ~OFF~ INPUT
NS -1 = 2 aLanMouTPUT
MINS - g il 24 suooze meut
MINS -2 | 12 ourpur comsson sounce
NS % 22 s -«
MINS o —“1 L2 wws . ¢
TOP VIEW
Order Number MM5387AAN
See Package 24

FIGURE 2(a}. MM5387AA

gating of the desired data to the code converter inputs
and ultimately (via output drivers) to the display digits.

Time Setting Inputs: Both fast and slow setting inputs
are provided. These inputs are applied either singly or
in combination to obtain the control functions listed in
Table 1l. Again, internal depletion pull-down devices .
are provided; application of Vgg to these pins affects
the control functions. Note that the control functions
proper are dependent on the selected display mode.
For example, a hold-time control function is obtained
by selecting seconds display and actuating the slow set
input. As another example, the clock time may be reset
to 12:00:00 AM, by selecting seconds display and actu-
ating both slow and fast set inputs.

Output C S C : All display out-
put drivers are open-drain devices with all sources
common {Figurz' 4a). The common source pin should
be connected to Vss.

12 or 24 Hour Select Input: By lcaving this pin uncon-
nected, the outputs lor the mostsigniticant display
digit {10’s of hours) are programmed to provide a
12-hour display format. An internal depletion pull-
down device is again provided. Connecting this pin to
Vsgs programs the 24-hour display format. Segment
connections for 10’s of Hours in 24-haur mode are
shown in Figure 6.

Power Fail Indication: 11 the power o the integrated
circuit drops, indicating a momentary ac power failure
and possible loss of clock, all "ON* segments will
flash at 1 Hz rate. A fast or slow set input resets an
internal power failure latch and returns the display to
normal,

Dual-In-Line Package

) . “.
P OUTPUT E w e A ouTruT
COLON (1 Ha) f—1omuRs -vac
12/24 KR SELECT — P HRS -
4 37
Ne — b— HRS -y
s %
$9/%0 H SELECT ] e "R
50/80 Hz INPUT p—HRS - b
FAST SET INPuT —
SLOW SET 1NPUT —]
SECOND DISPLAY INPUT =——

ALARM OISPLAY INPUT —"
SLEEP DISPLAY INPUT —|T
ol

SLEEP OUTPUT

ALARM "OFF~ iNpUT .
ALARM OUTPUT =1
snooze Ut —

-1
OQUTPUT COMMON SOURCE —'—'.

MRS - ¢
s 4 2

TOP VIEW
Order Number MM53108N
See Package 24
'F|GURE 2(b}. MM53108 (Mirror Image Pin-Out)
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functibnal description {Continued)

Alarm Operation and Output: The alarm comparator
(Figure 1) senses coincidence between the alarm count-
ers (the alarm setting) and the time counters (real time).
The comparator output is used to set a latch in the
alarm and sleep circuits. The latch output enables the
alarm output driver (Figure 4b) which is used to
control the external alarm sound generator. The alarm
latch remains set for 59 minutes, during which the alarm
will therefore sound if the latch output is not tempor-
arily inhibited by another latch set by the snooze alarm
input or reset by the alarm “OFF " input.

Snooze Alarm Input: Momentarily connecting snooze
to Vgg inhibits the alarm output for between 8 and 9
minutes, after which the alarm will again be sounded.
This input is pulled-down to Vpp by an internal deple-
tion device. The snooze alarm feature may be repeatedly
used during the 59 minutes in which the alarm latch
remains set.

Alarm 'OFF” Input:  Momentarily connecting alarm
"“OFF"” to Vgg resets the alarm latch and thereby

50/60 Hz
NPT

HICH V"

Vss

silences the alarm. This input is also returned to Vpp by
an internal depletion device. The momertary alarm
“OFF” input also readies the alarm latch for the next
comparator ougput, and the alarm will automatically
sound again in 24 hours {or at a new alarm setting).
I it is desired to silence the alarm for a day or more,
the alarm “OFF" input should remain at Vgs.

Sleep Timer and Output: The sleep output can be used
to turn “OFF” a radio after a desired time interval of up
to 59 minutes. The time interval is chosen by selecting
the sleep display mode, (Table 1) and setting the desired
time interval {Table 11}. This automatically results in a
current-source output which can be used to turn “ON" a
radio {or other appliance). When the sleep counter,
which counts downwards, reaches 00 minutes, a latch
is reset and the sleep output current drive is removed,
thereby turning “OFF’ the radio. This turn “OFF"
may also be manually controlled (at any time in the
countdown) by a momentary Vgg connection to the
Snooze input. The output. circuitry is the same as the
other outputs (Figure 4b).

50/86 Hz
ouTeUT

* Effoctively

FIGURE 3. 50/60 Hz Input Shaping Circuit

COMMON SOURCE BUS

>

outPuY
{OPLN DHAWN)

FIGURE 4(a). Segment Outputs

Vss
FROM
ALARM OR SLEEP
COMPARATOR
ourruy
Voo

FIGURE 4(b). Alarm and Slesp Outputs
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MM5387AA, MM53108

functional description (continued)

TABLE i. MM5387AA, MM53108 Displsy Modes

*SELECTED
DISPLAY MODE DIGIT NO. 1 DIGIT NO. 2 DIGITNO.3 DIGITNO. 4
T Divgilay 10°s of Hours & AM/PM Hours 10°s of Minutes Minutes-
Seconuds Dinplay Hlankmi Minutey W's o Sacomndy Secomds
Alarm Display 10's of Hours & AM/PM Hours 10's of Minutes | Minutes
Sleep Display Rlanked Blanked 10°s of Minutes . Minutes

SR e

My e it ngptiod, the diplay oot ane m
v onnde, Dine (oo othor sunde sulo tod)

Vo

smater ol Slnep (oventictns
alt oiharal, Atérm '

TARLF It MMRIR7ZAA, MMAI 08 Satting Contral Functions

SELECTED CONTROL . . T
DISPLAY MOBDE INPUT , CONTROL FUNCTION
*Time Slow Muttes Advance at 2 Hz- Rate
« Fant Mmutes Advance at 60 Hz Rate
ot Minutes, Advanee at G0 Hz Rae
’ Alarm Slow Alarm Minutes Advance &t 2 H7 Rate
Fast Alarm Minutes Advance at 60 Hz Rate
Both Atarm Resets 40 12:00 AM {Midnight) (12-Hour Format}
Both Alarm Resets to 00:00 (24-Hour Format)
Seconds Slow input to Entire Time Caunter is Inhibited {Hoild)
§ast Seconds ail 10's of Seconds Reset to Zero Withouwt
4 Cany 1o Minutes
Heosthy Pirne Hevets 1o 12 00-00 AM (Mictight) (12 Hote Fonna
Hoin Lame Hesets to O0.00.00 (24 Vo T oomat).
Sleep Slow Subtracts Count at 2 H2
Fast Subtracts Count at 60 Hz
Both Subtracts Count at 60 Hz

*When setting time sloep minutes will decrement at rate of time counter, until the sisep
counter reaches 00 minutes {sieep counter will not recycle).

T
Vgg + 20V ~
K . 3 !
. 100-200 .
.:5 7 o 4 A ouTPUT
= m-—-—* —);&—Q—I‘U—cmn
w L] g I SOURCE
« 5
2
= V4 5—* f— O vgg
£ 2 . ”
8L A L - — |
1
0 1H ALLLYY ¥ SLEEP
0 1 2 3 L] 5 vispLAY
GUTPUT (DRAIN) VOLTAGE SELOW Vgg Switch A must be ganged with Sleep display as shown.
FIGURE 5. Typical Output Current FIGURE 6. 24‘Hour Opers@ion:
Characteristics of MM5387AA, MM53108 10’s of Hours Digit Connections
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typical applications

Figure s a schemauc diagiom ol a general puipose alanm clock cucuit (12-hour mode) using the MMS387AA or
MME™'08 and a 3 1/2-digit LED display.

) SR S D S
v T}hjl— ff' TF Tl— T}_ TI‘

S8/80 Hs nreun Stuw AT ALAKWM s coNns s ALARM woolr
siier sritct wy "e PSP AY  OISFLAY  DIMLAY 1
Ves
COMMON SOURCE
. ALARM
= ™ omve
e ALaru \
[ oyt . m
(0 on
0 - LITL] SV o wree
ave Whive
S o = — Y CLTTRITTHTEY 18300 MINUILS N NS
NI MM AM b d s b g < ¢ L aAd by < 4 ¢ t 2 b g ¢
AA
rrrrrrrrrrrr1rTrrrroTTT M4
v Von
Hy
1D DiseLAY
X st 4 ATHGE
r=q4-—=--=
“ 1
.| |
t |
QRICHTNESS OPrIoN Y
| contao |
I Voo =1 -
| SRy |
FIGURE 7
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Calculators |

MM5734 8-function accumulating memory calculator

general description

The single-chip MM5734 calculator was developed using
a metal qate PP chanoel enhancement and depletion mode
MOS/L S wechnaology withy o ponsary obpect of dow el
product cost. A complete calculator as shown i Figure 1
requires only the MMS5734 calculator chip, an X-Y matrix
keyboard, an NSA1198 or NSA1298 LED display and a
9V battery.

Keyboard decoding and key debounce circutry, all
clovks and  tiowng generators, power on clea, and 7
segment outpul display decoding ate included on chip,
and require no external components. Segments and digits
can usually be driven directly from the MM5734, as the
segments tyoically source 8 mA of peak current and the
digit drivers sink 20 mA mm

Leading zero suppresston and o floating negative sign
aHow convenient reading of the display and conserve
power The MMLH734 08 capable ol sensimg a low battery
voltage and mdicates thas by displaystg a decimal pornt
gt erght. Up to 8-digits tor positive numbers and 7
for pegative nvnbers can e displayed, withy the negative
stgn displayed e the 8th posttion. Fypueal canent dinn
of a complete calculator displaying five “'5's" 15 256 mA.

The MM5734 s capable of decoding a keyboard matnix
s shown i Frgure 1 Thiee possible models are shown
Fapoe 2] Musteatien o keyboard scheme
which includes all 8 luncoons with only 23 keys by
using a function key (F).

)

e Foagqune

features

8 digit, {7-negative), capacity

& fancnons (1, - X, . X2 /X, 1%, %)
Convement dlgebr wic notation

Fully protected accumulating memory . M=)
Automatic constant independent of memory
Floating input/floating output

Power-on clear®

On-chip oscillator*

Direct 9V battery compatibility

L ow system cost

Direct digit drive of LED display

1 ow cost XY keyboid matrix

‘ Reguires no external components

cnnnection diagram

Dual-1n-Line Package

keyboard outline

04—t np—>0s ¥ cst) %* oo
01 ¢—{2 ul—bor £ | x2"|ex+|os
o, o
02 «—{3 26— 06 [ el Bl o
o1 e—q1 20— 02 x| mn* me*| x* |06
“ \ 2 8 Pin Dtﬂ:rfmmn wx |\ x| = |os
K1 K4 Keyboad Inputs
— r |9 | x |os
X2 —»|6 n VOB IN1, IN2 General Purpose inputs
X1 N 2 > asc Progeammabiae as 4 sle|-|o3
External Oscillintor
e —»|s uf—es, D1- DI Digit Outputs R RN Sd
Sa-S, Segment Outputs 3 =
> > ¢l o] =|m
osc 9 » S spp Decimal Point Segment ¢
Xe K} K2 KI
5 P ) 1of— ne Output
[e] General Purpose Output *Double Function Key
N1 —p[1 w—»s. Vpp -9 Volts
vss 0 Volts
spp {7 17— Sy
5 ¢—113 wh—»s.
[ e L | e—inz
TOP VIEW

Order Number MM5734N
See Puckage 23
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functional description

The MMS734 is a calculator clup which contains five
data registers: (1) entry, {2) accumulator, (3) 2 working
and (4) memory, each consisting of 8 digits, sign, and
decimal point. The entry register is always displayed. It
contains digit entries from the keyboard, and results of all
functions except M+ and M—. The accumulator is used in
all arithmetic functions and stores a copy of the entry
register on all results. This allows another number to be
entered without losing an intermediate result. Multiply
and divide requires three registers to perform the function
and save the divisor, or multiplier. The working register
is provided to perform these functions in conjunction
with the entry and accumulator registers. A second
working register is used to store the constant in chain
operations while performing X2 or 1/X. This allows
chain operation using )(2, 1/X and \/3(

The memory register is used only to store a number to be
used later. It is fully protected chiring all operatinns,
and s only madifiod by depresang a *MS M o
“M " key. Power-on clears all of the registers including
the memory register.

The MM5734 performs the +, X ond ‘=
functions using algebraic notation. This requires the use
of a mode register and a terminate flag. The mode
register directs the machine to the proper function (add,
subtract, multiply or divide) with each new key entry.
After the function has been performed, the key entered
is used to modify the mode register

The terminate flag is set on and sometimes on “%"
and “C.” This signifies the end of the problem. The
MMS734 allows for full floating entries and intermediate
results.

If the terminate flag is set, a 1, =" “X" or "+" key
signals the beginning of a new problem. The number
being displayed is copied into the accumulator register
and the mode register assumes the morde of the key

entered. The termmate tag s always tosot by the )
“_ X and = keys.

READY/ -
or Sy $1] Se| SafSc |3 s-I .IS- Sc|SafSe| 51| Sy |or)
K4, Voo
X3 h __1 NSATISE
MMST34 V=
X2 Vss
X1 nnlm ] X (1 X
vifuzfuifuafusoe]uros] n-l ‘:{; J
A Cs R %
. e
e ] d .
VX K L N
N e e Na.
i U [ x
A RS A -
. Ne- e Ne.
ol ol Pol Pot
e . Ne.
ot ' No- =
N e e Ne.
FIGURE 1A. Complete Calcul S
e 3 x2 g e x3 x2 i
N e e e e Ne.
R N U N \TTTX @ MYMR @ M-MC Q. -
N e e- e Ne- Ne- e

FIGURE 1(b). Optional Keys

FIGURE 1(c). Optional Keys
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OPERATION IN THE ADD AND SUBTRACT MODE

%
x| ex o
sl mem-] .

Y| ma| me| |7

cs | % |oo x| MR mc) % Jos

oo

w | v x|+ os V| we |- )

FIGURE 2

_If the terminate flag is set, an “="" key will result in a
constant add/subtract. The number in the acgumulator
will be added to (or subtracted from) the number being
displayed. The result is right-justified and displayed in
the entry register. Accumulator and mode registers are
not altered, allowing for constant operations.

It the terminate flag is not set and a number has been
entered from the keyboard, or memory register, a “+,”
“=' X" or “+" key will result in an addition or sub-
traction. The entry register will be added to or subtracted
- from the accumulator and the new running total will be
displayed in the entry register and copied into’ the
asccumulator ragistor. The mode wil ba alteredl according
to which key is entered.

If the terminate flag is not set, and a number has not
been entered from the keyboard, or memory, 3 “'+,*
v X key will only change the mode register
to the new key entry.

I the terminate flag is not set, an “="" key will add/
subttact the nimber being disptayed (a/tBom the number
Ity the accumulator registen. Lo number being displaysd
is’ transferred to the accumulator, and the result of the
operation is displayed in the entry register. The terminate
flag is set, conditioning the calculator for constant, add/
subtract operation. The number being displayed previous
to the =" key is stored in the accumulatgr as the
constant.

Operation of the “%" key in add/subtract mode, with
the terminate flag reset, will multiply the accumuialor
by the last entry, divide the result by 100, and display it
in the entry register. The mode register remains as it
was in the add/subtract mode. All of the above—is re-
quired to perform the percent add on or discount
problems. Depression of an =" key after the %" key
will either tax or discount the original number as a
function of the mode register and the last entry.

Operation of the %"’ key in add/subtract mode, with
the terminate flag set, wilt shift the decimal point of the
number being displayed two places to the left and copy
it into, the accumulator register. The mode is set to
multiply and the terminate flag remains set.

Operation in the Multiply Mode

If the terminate flag is set, an ‘=" key will result in a
constant multiply operation. The number being displayed
is multiplied by the constant stored in the accumulator
register. The result is displayed in the entry register and
the accumulator and mode registers are not altered,
allowing for constant operation. Repeated depressions of
the ‘=" key can be used to raise a number to an integer
power, i.e., “C,” “C, 6.2, "X, "=' "=’ "=’
computes 5.2%.

The constant in multiplication, as well as in addition,
subtraction and division is the last number entered. For
the sequence: “C,” "C.” “3," " "4 "X} “2,"
“*=*' the constant multiplier for future problems is 2.

If the terminate flag is not set, an "=’ key will signai
the end of a problem. The number in the display will be
multiplied by the contents of the accumulator, and the
results will be displayed in the entry register. The number
previously in the entry register is stored in the accumu-
lator register and the terminate flag is set.

If the terminate flag is not set, and a number has been
entered from the keyboard or memory register, a “'+,”
“= X or "+ key will result in a multiplication.
The number being displayed will be multiplied by the
number residing in the accumulator register. The result
will be copied into the accumulator and displayed in the
entry register. The mode register-is updated as a function
of the key depressed.

Operation of the "%’ key while in multiply mode looks
exactly the same as an ““="" key except the decimal point
of the display is shilted twe positions (o the loft hefore
the multiplication takes place.

Operation in the Divide Mode

I

If the terminate flag is set, an “'=" key will result in
constant divide operation. The number being displayed
is thivided by the constnt stored in the accumulator
register. The accumulator and mode registers are not
altered allowing for constant operations. Repeated de
presatuny uf the =" hoy will 1esibt iy tepoated divishse
by the constant. Thus, it is possible to raise a number to
a negative power using the sequence “C,” “C,” “1,”
“s" “No.,” =" "=" etc.

If the terminate flag is not set, an “=" key wil signal
the end of a problem. The number in the accumulator
register will be divided by the number being displayed.
The result is transferred to the entry register and dis-
played. The terminate flag is set and the divisor is stored
in the accumulator register.

If the terminate flag is not set, a '+, "= “X" or "'+
key will result in a division. The number in the accumu-
lator register will be, divided by the number being
displayed. The results are displayed in the entry register,
and a copy of the result is stored in the accumulator. The
mode register is modified to reflect the latest key entry.

Operation of the “%’' key while in divide mode looks
exactly the same as the “="" key, except the decimal
point of the display is shifted two positions to the left
before division takes place.
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Electronic Telephone

The Complete Electronic

Telephone Circuit
MC34010/11A — Tp = —20°to +60°C, Case 711, 777

Piezo
Sound
Element

Ceramic

Resonator D
r=-—---—"~=-
|

Hook Switch
rre-TT"7

172]3]A I
4/5/6|8B ! Tone
7(8(9 (2:|'> DTMF Ringer
+0]#]D ] Line
Keypad | Voltage
— -
P T Interface Speech
MPU 1| (MC34010 | | Network
- only)
|
[ Y DR P
Receiver
MC34010 /1A
Electret
Microphone
The conventional transformer-driven telephone handset
Features

is undergoing major innovations. The bulky transformer is
disappearing. So are many of its discrete components,
including the familiar telephone bell. They are being

placed with integrated circuits that perform all the major
handset functions simply, reliably and inexpensively . . .
functions such as 2-to-4 wire conversion, DTMF dialing,
tone ringing, and a variety of related activities.

The culmination of these capabilities is the Electronic
Telephone Circuit, the MC34010/11A. These IC's place all
of the above mentioned functions on a single monolithic
chig.

These telephone circuits utilize advanced bipolar linear
(12L) technology and provide all the necessary elements of
amodem tone-dialing telephone. The MC34010 even incor-
porates an MPU interface circuit for the inclusion of auto-
matic dialing in the final system.

648

® Provides All Basic Telephone Functions, Including DTMF
Dialer, Tone Ringer, Speech Network and Line Voltage
Regulator

® DTMF Generator Uses Low-Cost Ceramic Resonator with
Accurate Frequency Synthesis Technique

o Tone Ringer Drives Piezoelectric Transducer and Satis-
fies EIA-470 Requirements

® Speech Network Provides Two—Four Wire Conversion
with Adjustable Sidetone Utilizing an Electret Transmitter

@ On-Chip Regulator Insures Stable Operation Over Wide
Range of Loop Lengths

© 12 Technology Provides Low 1.4 Volt Operation and High
Static Discharge Immunity

® MC34010P Provides Microprocessor Interface Port for
Automatic Dialing Features




Tone Ringers

The MC34012 and MC34017 Tone Ringers are designed circuit MUST function when a ringing signal is provided, and
to replace the bulky bell assembly of a telephone, while MUST NOT ring when other signals (speech, dialing signals,
providing the same function and performance under a vari- noise) are on the line. The MC34012 series and the
ety of conditions. The operational requirements spelled cut MC34017 series were designed to meet those
by the FCC and the EIA, simply stated, are that a ringer requirements.

MC34012 — Tp = —20° to +60°C, Case 626, 751

R C1
Tw L

Ring

Oscilistor Frequency

Piezo
c2 et  SOUNd
Element
___________________ J
o Complete Telephone Bell Replacement Circuit with e Push Pull Output Stage for Greater Qutput Power
Minimum External Components Capability (MC34017)
® On-Chip Diode Bridge and Transient Protection ® Base Frequency Options — MC34017-1: 1.0 kHz
e Direct Drive for Piezoelectric Transducers MC:MO: ;‘21 go%kﬂz
. ® Base Frequency Options — MC34012-1: 1.0 kHz ) -3: 500 Hz
i MC34012-2: 2.0 kHz ® Input Impedance Signature Meets Bell and EIA
! MC34012-3: 500 Hz Standards

® Rejects Rotary Dial Transients

MC34017 — Tpo = —20° to +60°C, Case 626, 751
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Linear Products

DESCRIPTION

The PCF8200 1s a CMOS nloyratud
circuit for generating good quality
speech from digital code with a program-
mable bit rate. The circuit is primarily
intended for applications in microproces-
sor controlled systems, where the
speech code 1s stored separately.

ORDERING INFORMATION

PCF8200

CMOS Male/Female Speech

Synthesizer

Objective Specification

FEATURES

e Male and female speech with
good quality

e Speech-band from 0 to 5kHz

e Bit rate between 455 bits/second
and 4545 bits/second

e Programmable frame duration

e Programmable speaking speed

o CMOS technology

e Operating temperature range -40
to +85°C

e Single 5V supply with low power
consumption and power-down
stand-by mode

® Interfaces easily with most
pop micr: P s and
microprocessors through 8-bit
parallel bus or I2C bus

L] Sof! er dabl
(paraliel bus or I12C bus)

e BUSY-signal and REQN-signal
hardware readable

o Internal low-pass fliter and 11-bit
D/A converter

APPLICATIONS

e Telecommunications

e Video games

e Aids for the handicapped

© Industrial control equipment
e Automotive

e Irrigation systems

word

DESCRIPTION

TEMPERATURE RANGE

ORDER CODE

PIN CONFIGURATION

0.4 Package

W

24-Pin Plastic DIP (SOT-101A)

-40°C to +35°C PCF8200PN
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FEATURES

s TIMING FROM MICROSECONDS
THROUGH HOURS

OPERATES IN BOTH ASTABLE 'AND
MONOSTABLE MODES

ADJUSTABLE DUTY CYCLE

HIGH CURRENT OUTPUT CAN SOURCE
OR SINK 200mA

OUTPUT CAN DRIVE TTL
TEMPERATURE STABILITY OF 0.005%

PER °C
NORMALLY ON AND NORMALLY OFF
OUTPUT

APPLICATIONS

PRECISION TIMING

PULSE GENERATION
SEQUENTIAL TIMING

TIME DELAY GENERATION
PULSE WIDTH MODULATION
PULSE POSITION MODULATION
MISSING PULSE DETECTOR

EQUIVALENT CIRCUIT

PIN CONFIGURATION

F PACKAGE ! T PACKAGE
wwo [0 3 vee vee
~e [ (5] we
orscnance
LY [ oiscuance
— o™ @ | rumesnoro
~e [ [ rumeswoio contaoL
vt Tace
mesr [3] oy
oo Sheaties

ABSOLUTE MAXIMUM RATINGS
Vokage

+18vV
NESS5 +16V
Power Dissipation 600 mW
T

Neg 0°C to +70°C
SESSST -55°C to +125°C
-65°C to +150°C

Lead Temperature
(Soldering, 60 seconds) +300°C
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FEATURES
TIMING FROM MICROSECONDS TO
S

HOUR!
REPLACES TWO 555 TIMERS

OPERATES IN BOTH ASTABLE,
MONOSTABLE, TIME DELAY MODES
HIGH OUTPUT CURRENT
ADJUSTABLE DUTY CYCLE

TTL COMPATIBLE

TEMPERATURE STABILITY OF 0.005%
PER°C

ABSOLUTE MAXIMUM RATIONS
Suggg Voltage
56

+18V
NES56 +16V
Power Dissipation W
Operating Temperature
al
Nggge 0°C to +70°C
SES556 ~55°C to +125°C
SES556C. -55°C to +125°C
Storage Temperature
o -85°C to +150°C
Lead Temperature
(Soldering, 60 sec) +300°C

APPLICATIONS
PRECISION TIMING
SEQUENTIAL TIMING

PULSE SHAPING

PULSE GENERATOR
MISSING PULSE DETECTOR
TONE BURST GENERATOR
PULSE WIDTH MODULATION
TIME DELAY GENERATOR
FREQUENCY DIVISION

PIN CONFIGURATION

A PACKAGE

P—
P—y,

Zenwet veitops [3]

[ vee
() o

[5) nreaneie

INDUSTRIAL CONTROLS e (3] D
PULSE POSITION MODULATION ouew 3] [ me
APPLIANCE TIMING v ] ) v
TRAFFIC LIGHT CONTROL
TOUCH TONE ENCODER arewes 7] 5] treer
BLOCK DIAGRAM
1 Vec
orcHanae I DISCHARGE
|
At % | o0
| L4
couTROL vOLTAGE i o —
neser | :‘;"“‘ _
|
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I
o ! -
|
>0 L
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1
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‘Three Terminal-Positive Regulato

SG7800A/7800AC/7800/7800C/140/240/340

DESCRIPTION

The SG7800A/7800/140 series of positive regulators offer self
contained, fixed-voitage capability with up to 1.5 amps of load cur-
rent and input voitages up to 50 voits. (SG7800A senes only)

These units feature a unique on-chip trimming system to set the

to within £ 1.5% of nominal on the SG7800A series,
$2.0% on the SG140/240 series, and +4.0% on the SG7800/340
series. The SG7800A versions also offer much improved line and
load regulation charactenstics.

All protective features of thermal shutdown, current limiting, and
safe-area control have been designed into these units and smce
these regulators require only a small output capacitor for

FEATURES

o Output voltage set internally to 1.5% on SG7800A
* Input voitage range to 50 volts max. on SG7800A
e Two volt input-output difterential

o Excellent line and load regulation

o Foldback current limiting

e Th ] rlioad p! i

¢ Voltages available — 5V, 6V, 8V, 12V, 15V, 18V,
20V, 24V

tory performance, ease of application is assured.

Although designed as fixed-voitage regulators, the output voltage
can be increased through the use of a simple voltage divider. The

ABSOLUTE MAXIMUM RATINGS

low quisscent drain current of the device-insures good regulation Device Input  7800A Series Input Voltage
when this method is used. vo“'P“ow' Voitage "'W' Voltage (0-:;»0! shorted
Product is available in hermetically sealed TO-3, TO-39 and TO-66 v Tasv 50V sV
power packages as well as the plastic TO-220 package. 6V sV 50V asv
av asv sov asv
12v 35V SOV asv
15v asv 50V asv
SIMPLIFIED SCHEMATIC 18V asv sV asv
4—- — — 0 20v sV sov 35V
- ~ I o Vin 24V oV 50V sV
o o ¥ *see note next page
~ an e
ST e | oo
N 'j o 1}; o SG7800A/T800/140 -55°C to +150°C
o :}-l L‘ - $G240 0°C to +150°C
as o SG7800AC/7800C/340 0°C to +125°C
>—~—<°' Storage Tempersture Range —85°C 10 +150°C
Typical Power/Thermal Characteristics
Package K (TO-3) [R(TO-46) [P (TO-220) [T
25°C Case
- Rated Power 20w | 15W | 15W | 2w
25°C Ambeent
- Rated P 43w 30w | 20w |row
S o - Design Current 15A| 154 | 10A [0.5A
"t i Therm. Res. 8JC (*C/W) 30| so 3o [1s
0JA (°C/W) 3| 40| 60 |120
CONNECTION DIAGRAMS CHIP LAYOUT
GROUND #-Packege
T0-220
FRONT VIEW
ouTuT 1- Input
2 ~ Output
3 - Ground
Tab ~ Ground
K-Packege
T0-3
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| Three Terminal Positive Regulators

SG7800A/7800AC/7800/7800C/140/240/340

CHARACTERISTIC CURVES

PEAK OUTPUT CURRENT vs. INPUT-OUTPUT DIFFERENTIAL
- -~ . B et

INPUT-OUTPUT VOLTAGE vs. LOAD CURRENT

MINIMUM
—

K.R &P Pxg Only

“vo - 20 mv

|
!

|
H

Output Current-Amps

PO PO —— |
* . f ) [

Load Current - Amps

A » » e
Input-Output Voltage Differentia-Volts

RIPPLE REJECTION vs. FREQUENCY TEMPERATURE COEFFICIENT OF OUTPUT VOLTAGE

Ripple Rejection - d8

Output Voitage Change - %

)

. e
Junction Temperature - °C

Note: Operation at high input voltages 1S dependent upon load current When load current 1s less than 5 mA. output will nise out of regula-
tion as input-output differential increases beyond 30 voits Note aiso from curve above. that maximum load current is reduced at high volt-
ages The 50 volt input rating of the SG7800A sernes refers to ability to withstand high line or transient conditions without damage Since

the regqul S current 15 . the output may fall out of regulation at high input voltages under nominal loading
APPLICATIONS
FIXED OUTPUT REGULATOR CIRCUIT FOR INCREASING OUTPUT VOLTAGE
M.:' 1 osarexx |7 TUV':;' ol ! ‘cnn_—‘ ? ovrt
uu.nl . 3 Lo 3 - .L
T on.r .[ - T or.F
[ S C— a2
SINCREASING VALUE OF QUTPUT CAPACITOR —
IMPROVES SYSTEM TRANSIENT AESPONSE a2y =
TAEQUIRED ONLY IF REGULATOR IS LOCATED AW Vo vax (1037) ¢ rom2

APPRECIABLE DISTANCE FAOM POWER SUPPLY F1L TER
ADJUSTABLE OUTPUT REGULATOR, 7 to 30 VOLTS

HIGH OUTPUT CURRENT, SHORT CIRCUIT PROTECTED
o2

Nyt e [nu— et 'l sarses |2 Pu'mol
- :
™erze
n: ' ) ourryr
3GTeXX —o Jon.r .
T P . r.f
onl ; Lows . o
e l
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Amp, 5 Volt Positive Regulator

SG123/5SG223 | SG323

Description Features
The SG123 1s a three terminal, three amp, five volt * 3A Output Currents
regulator similar to the LM123 but with a special low e Full Internal Protection

voltage zener instead of the band gap reference. The SG123
has superior load r [ lower input-output

minimums, lower quiescent current, and better temperature
coefficient. The circuit 1s specified identically to the

LM123 and is pin for pin compatible with that device. SCHEMATIC
The SG123 uses special processing techniques to achieve —gy
reliable operation at high temperatures and high current o ’f’o" IR = I jn )

o}

* 7.0 V Minimum input Voltage, Typical
o Zener Reference for Top Performance

levels for extended periods of time.

The S5G123 has been designed for ease of operation as well * s
as performance. It 1s completely internally phase o0 [ 1_4 3 \ud
compensated, and requires no external capacitors unless G
used with long lead lengths or high speed transients.

The device is protected by thermal shutdown, standard

current imiting, and an instantaneous power limiting o2,
circuit sensitive to high input voltages. In addition, the

power transistor is an upgrade of previous three terminal

designs and is unusually rugged.

Operation i1s guaranteed over the junction temperature
rangeof 55°C to +150°C. The $G223 is a similar
device guaranteed to operate from — 25°C to +150°C.
The SG323 1s guaranteed over the junction temperature
range of 0°Cto | 125°C.

CONNECTION DIAGRAM CHIP LAYOUT

Absolute Maximum Ratings

Input Voltage 20V
Power Dissipation Internally Limited
Operating Junction Temperature Range
SG123 —55°C to +150°C
$G223 -25°Cto +150°C
$G323 0°Cto +125°C
Storage Temperature Range ~ 65°Cto 4 150°C
TOP VIEW Lead Temperature (Soldering, 10 sec) 300°C
K-Package
T0-3
Electrical Characteristics (Note 1)
$G123,8G223 $G323
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Output Vohtage VIES e 47 5 53 | 48 5| s2( v
V<V 15V
Output Voltage ‘7)5< |'<‘< 3A. P Z 30w 4.6 54 | 475 5.25 v
Line Regulation (Note2) | 3 ey 2w < 15v 5 | 25 57 25 | mv
= 28¢ =
Load Regulation (Note 2) ; < |25<C3'Av 7.5 25 | 100 25 | 100 mv
Quiescent Current (7)5<V |S<V3AS 15v. 12 20 12 20 mA
T = 25°C
Short Circuit Current Limit |V 3 50 3 50 A
vV =75 4 55 4 55 A
Long Term Stability 35 35 mv
Thermal Reststance Junction
to Case (Note 3) 2 2 °C/W

Note 1: Unless otherwise noted, specifications apply for 55°C < T < + 150°C for the SG123, 25°C < T < 4 150 C
for the $G223. and 0" < T < - 125 C for the SG323 Specifications apply for P < 30W.

Note 2: Load and line regulation are specified with high speed tests 1n order to separate their effects from temperature
coefficient Pulse testing 1s required with a pulse width < 1 ms and a duty cycle < 5%.

Note 3: The junction to ambient thermal resistance of the TO-3 package i1s about 35°C W.
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SG723[723C

ral-Purpose Positive Regulator

This regulator is designed for use with either positive or negative
supplies as a series, shunt, switching, or floating regulator with currents
up to 150mA. Higher current requirements may be accommodated
through the use of external NPN or PNP power transistors.

@ Positive or negative supply operation

@ 0.03% line and load regulation

® Output adjustable from 2 to 37V

® Low standby current drain

@ 0.002%/°C average temperature variation

PARAMETERS 723' 723! UNITS

Operating Temperature Range ~55 10 +125 0to +70 oC
Package Types T, J T*. 4N -
Input Voltage Range 9.5 to 50 9.5 to 50 \
Output Voltage Range 2.01t0 37 201t0 37 \"
Input/Qutput Differential 3.0 to 38 3.0t038 \
Load Regulation® 3 0.15 0.2 % Vout
Line Regulation V= 12 to 40V 0.2 0.5 % Vout
Ripple Rejection Cyef = SuF; f = 50Hz to 10KHz 86 (typ) 86 (typ) dB
Reference Voltage 6.95 - 7.35 6.80 — 7.50 \4
Temperature Stability 0.015 0.015 %/0C
Output Noise Voltage C,of = 0; BW = 100Hz to 10KHz 20 (typ) 20 (typ) uV rms
Standby Current Drain 35 4.0 mA
Minimum Load Current [ [\ mA
Long Term Stability 0.1 (typ) 0.1 (typ) %/khr

Uparameters apply at T = +250C, except temperature stability is over temperature ranges.

2ﬁ\npl:n for t

t junction P

. T
when the unit 1s operating under conditions of high dissipation.

3L =1t050mA.

*T-package is TO-96 (can height 240" max., 230"’ min.)

$G723/723C Chip

See T-Package for pad functions)
vote Vz (Pin X) 13 available only in
1 or N-Package

coovme

High Current Regulstor
External NPN Transistor
IL=1Aa

CONNECTION DIAGRAMS

w A

NON INVEATING.
vour o}
Torview & WY
el Jen [
Poctage | WAUT
. L cumngar
o' SENSE
L comnet
ato cow 1y cumnen
wH O s

J

v-
'ﬁ\\vm

OR IMVERTING
eyy

w9 mveRTInG
-t

K
cunnent
et
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Vout = 7 10 37 volts
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Basic Low Voltage

Regulator

Vout ™ 2to 7 volts



LM117/LM217/LM317 3-Terminal Adjustable Regulator

General Description

The LM1 I7/LM217'/LM317 are adjustable 3 terminal
positive voltage regulators capable of supplying in excess
of 1.5A over a 1.2V to 37V output range. They are
exceptionally easy to use and require only two external
resistors to set the output voltage. Further, both hine
and load requlation are better than standard fixed regula-
tors. Also, the LM117 is packaged in standard transistor
packayes which are eastly mounted and handled.

In addition to higher performance than fixed regulators,
the LM117 series offers full overload protection
available only in IC's. Included on the chip are current
limit, thermal overload protection-and safe area protec-
tion. All overload protection circuitry remains fully
functional even if the adjustment terminal is
disconnected.

Features

Adjustable output down to 1.2V
Suaranteed 1.5A output current

Line reguiation typically 0.01%/V

Load tegulation typically 0.1%

Current limit constant with temperature
100% electrical burn-in

Ehiminates the need to stock many voltages
Standard 3-lead transistor package

80 dB ripple rejection

Normally, no capacitors are needed unless the device is

Besides replacing fixed regulators, the LM117 is useful
in a wide variety of other applicaticni. Since the regu-
lator is “'floating” and sees only th input-to-output
differential voltage, supplies of seveial hundred volts
can be regulated as long as the rm. ximum input to
output differential is not exceeded.

Also, it makes an especially simple ad ustable switching
reqguldtor, a programmable output ‘egulator, or by
connecting a fixed resistor between th: adjustment and
output, the LM117 can be used as & precision current
regulator. Supplies with electronic sitdown can be
achieved by clamping the adjustment t rminal to ground
whicn programs the output to 1.2V vhere most loads
draw little current.

The LM117K, LM217K and LM317K are packaged in
standdard TO-3 transistor packages wtile the LM117H,
LM217H and LM317H afe packaged in a solid Kovar
base TO-39 transistor package. The LA1117 is rated for
opuetation ttom  55°C to 4150°C, “he LM217 troin
~25"C to +150°C and the LM317 frory 0°C to +125°C.
The LM317T and LM317MP, rated fo operation over a
0"C to +125”C rungu, sre available in a TO-220 plastic
package and a TO-202 package, respect vely.

For applications requiring greater o itput current in
excess of 3A and BA, see LM150 siriec and LM138
series data sheets, respectively. For th- negative comple-
ment, see LM137 series data sheet.

LM117 Series Packages and Power Capability

srrudted tar from the input filter capacitors in which RATED DESIGN
case an input bypass 1s needed. An optional output DEVICE | PACKAGE POWER Loap
capacitor can be added to improve transient response. DISSIPATION | CURRENT
The adjustment terminal can be bypassed to achieve LM117 T03 20w 15A
very high ripple rejections ratios which are difficult t:':i:; 70-39 w 0.5A
ach R ) 3 X 3
10 achieve with standard 3-terminal regulators. AT 70230 ToW TSA
Connectlon Diagrams 1 MI17IM T0-202 7.5W 0 BA
(TO-3 STEEL) (T0-39)
Metel Can Packeg » Metal (T0-220) (T0-202)
Con Package Plastic Package Plastic Packege
ADJUSTMENT "
ot O o)
- Vo‘"
ADNSTMENT E E f=—Vour
cumn H . 1
oL 1Pyt outrur )
eAsE IS ouTVT Lol :
SOTTOM view SOTTOM viEw
UIRIR)
Order Number Order Nufnber:
LMI17K STEEL ittt o B
LM217K STEEL LM217H
LM317K STEEL LMITTH ans v
Ses Packege KO2A Sea Package HO3A . b
Vour vour
FRONT viEw
Order Number: Order Ni .
LM317T prikstiiea
657 See Packege TO38 See Package PO3A
Tab Formed Devices
LM317MP TB
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Linear Products

DESCRIPTION

This monolithic integrated circuit con-
tains all the control circuitry for a regulat-
ing power supply inverter or switching
regulater. Included in a 16-pin dual-in-
line package is the voitage reference,
error amplifier, oscillator, pulse-width
modulator, pulse steering flip-flop, dual
alternating output switches and current-
limiting and shut-down circuitry. This de-
vice can be used for switching regulators
of either polarity, transformer-coupled
DC-to-DC converters, transformerless
voitage doublers and polarity converters,
as well as other power control applica-
tions. The SG3524 is designed for com-
mercial applications of 0°C to +70°C.

ORDERING INFORMATION

SG3524

§MPS Control Circuit

Product Specification

FEATURES

o Compiete PWM power control
circuitry

® Single ended or push-pull
outputs

o Line and load regulation of 0.2%

¢ 1% maximum temperature
variation

® Total supply current Is less than
10mA

o Operation beyond 100kHz

PIN CONFIGURATION

D', F, N Packages
== O 9 v
om et (7] of
MO’:E [V0) ewrrens
(:‘c‘xE [13) couscrons
(&E [17] couscrons
"E E]n-nuu
o (7] Em
anowo 7] 3] compessanon
TOP VEW -

NOTE:
1. SOL-Meieased in large SO package only.

DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP 0 to +70°C SG3S24N
16-Pin Cerdip 0 to +70°C SG3524F
16-Pin SOL 0 to +70°C SG3524D

BLOCK DIAGRAM
vaer (o)
~ o= s
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serial transmission of

Parallel and

the data byte
A6 = 10100110

Transmitter

Standard Digital BUS-Interfaces
Communication between a computer and a peripheral may be

a) Simplex where information can be transmitted in one direction only, e.g.
computer to (non-intelligent) printer, keyboard to computer.

b) Half duplex where information may be transmitted in both directions but
in only one direction at a time, e.g. IEEE 488 bus

c) Full duplex where information may be transmitted in both directions
simultaneously, e.g. VDU.

It is now a universal standard to transmit computer data in bytes comprising
a seven-bit ASCII code with the eighth bit as a parity test. The data byte
may be transmitted in parallel, when all eight bits are transmitted on eight
separate transmission lines, or serially when the data bits are transmitted
separately, in a serial sequence, down a single transmission line

In both cases the data may be transmitted with synchronous clock pulses
(synchronous transmission). Additional lines for handshaking

may also be present.

Line 7 I ' I
Line 6 0 ——
Line 5 I ! I

0
Line 4

Receiver

0
Line 3
Line 2 l ! L -
Line 1 | ! [ -

0 Transmitter | 0 I 1ivfoeito]r]|o] Receiver
Line 0 - ' H

—_ . |
Start bit

(a) PARALLEL transmission (b) SERIAL

Parallel transmission has the advantage of speed (about eight times faster
than serial transmission). However, it requires eight times as many transmit-
ting and receiving circuits, at increased cost, which are also prone to
cross-talk and have poor noise immunity. Parallel transmission is usually
limited to cases where the transmitter and receiver are situated close to each
other, resulting in connecting cable lengths of 20 m or less.

Serial transmission is used for long-range (20 m to many kilometres)
communications where the cost of multiple data transmission lines would be
high, and where facilities for multiple lines may not even exist (e.g. tele-
phone lines). The use of a single transmission line can allow circuits with
good noise immunity properties to be used at an overall economic cost.

To allow different peripherals to be interfaced to different computing
systems, with minimal hardware and software effort, standard interfacing
systems have been developed. Of these the IEEE 488 (GPIB) bus (parallel
transmission) and the RS 232C (serial transmission) are now -universally
recognised standards.
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IEEE 488 (GPIB) Bus

The standards for this bus were set by the Institute of Electrical and
Electronics Engineers (USA) in October 1975 (IEEE document number
ANSI MC 1.1, 1975) and accepted as an international standard in 1980.

Fig. ¢ This interface is also. known as the HP-IB (Hewlett Packard Interface
structure Bus) and, more recently, as the GPIB (General Purpose Interface Bus).
Connector Function Abbreviation
pin number %
-5 Data Valid pav |¥ £
7 Not Ready For Data ~ NRFD 1% 3
8 Not Data ACcepted NDAC|§ €
T
5 End Or Identify EOI e
9 InterFace Clear tFC gc
10 Service ReQuest SRQ § °
1 ATtentioN ATN | S g
17 Remote ENable REN JZ ©
IEEE 488
CONTROLLER
( ! Y o
Device 1 | | Device 2 Device 3
only able to talk only able to listen able to tatk and histen
{e.g counter) } (e.g. signal generatori {e.g. digital muitimeter)|
£ VN
1 oio1
2 D102
3 D103
4 0 DI04  Data
DATA BUS >13 at2 0put/OutBUt 105 pus
14 D106
15 D107
— 16 D108

The TEEE 488 bus is primarily designed for connecting instrumentation to
a central controller (usually a computer) for purposes of creating fully
automated/data-logging measurement systems. At present some 220 differ-
ent manufacturers produce equipment which is either partially or wholly
IEEE 488 bus compatible.

The basic bus structure is shown in fig. ¢  Devices connected to the bus
may be

a) A controller

b) A talker only

¢) A listener only

d) A talker and a listener.
The controller is responsible for the overall operation of the system by
issuing the appropriate commands to other devices on the bus. As might be
expected any system may only have one controller, which is usually a
minicomputer with data-recording facilities. A talker only is a peripheral
which can only transmit information (e.g. a frequency counter), whilst a
listener only can only receive information (e.g. a signal generator). A talker
and listener can both transmit and receive information (e.g. a digital
multimeter). During operation, the controller will dictate whether a4 given
device is a talker. listener or is idle (disconnected from the bus).
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T Lable connector

Voaew o nto ferniaie end ot socret
which s sumilar to the sov ket on
ananstrument’s rear panet

Jata mput output U DG DOy Data inpui output 5

itgnput outour 2 00 0106 Data input output 6
Data nput outpur 3 D13 D!07 Data input vutput 7
Oata nput outpur 4 DIOA D108 Data input output 8
t o ident fy LOI REN Remnte enable
Detd vald DAV GND6
St ready tor sty NRED GND7
Vot daty eccepted NDAC GNDR Ground returns
Tnteetgce Ciear 1w e GND9 for prns 6 11
Service request SRQ GND10
Attention ATN GND11

Shiela Logic GND

GPIB Connector Signal Descriptions

Description

Lines DIO1 through DIO8 are used to transfer addresses, control information and data The
formats for addresses and control bytes are detined by the IEEE 488 standard Data formats
may be ASCII (with or without parity) or binary DI01 1s the Least Significant Bit (bit 0).

Attention. This signal is asserted by the Controller to indicate that it 1s placing an address or
control byte on the Data Bus ATN 1s de-asserted to allow the assigned Talker to place status or
data on the Data Bus The Controller regains control by reasserting ATN

End or Identify. This signal has two uses as i1ts name imphies A talker may assert EO!
simultaneously with the last byte of data to indicate end of data The Controlier may assert EOIl
along with ATN to initiate a Paraliel Poll

Service Request. This line s iike an interrupt 1t may be asserted by any device to reqguest the
Controlier to take some action The Controlier must determine which device is asserting SRQ
by conducting a Senial Poll at its eariiest opportunity

Interface Clear Tnis signal is asserted only by the System Controller in order to imtialize ail
*device interfaces to a known stale

Remote Enable This signal is asserted only by the System Controller its assertion does not

place devices into Remote Control mode. REN only enables a device to go remote when
addressed to listen

Not Ready For Data This handshake line is asserted by a listener to indicate it1s not yet ready
for the next data or control byte

Not Data Accepted This handshahke line 1s asserted by a Listener to indicate it has not yet
accepted the data or control byte on the DIO lines

Data Vaiid. This handshake line 1s asseried by the Taiker to indicate that a data or contro! byte
has been placed on the DIO lines and has had the minimum spectfied setthng time.
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EIA RS 232C Serial Interface

The Electronics Industry Association (EIA) RS 232C interface standard
allows for two full duplex data channels transmitting serial data, either
synchronously or asynchronously, with or without handshake. The RS 232C
(versions A and B are now obsolete) signal levels are shown in fig.a b from
which it should be noted that the binary 0 (also called a Space or o~
condition) is more positive than the binary 1 (also called the Mark or Orr
condition). This can present problems when interfacing RS 232C to TTL (a
common requirement) since not only is there a considerable difference
between the two signal voltage levels but the signal logic is inverted as well.

Connection between RS 232C devices is via a standard 25-pin connector
(Cinch or Cannon chassis-mount, female-type DB-25S) illustrated in fig. C
which also lists the pin connections. Unlike the IEEE 488 bus, the RS 232C
interface is designed for connection between two devices only—usually a
computer and a peripheral. Consequently if a computer wishes to communi-
cate with more than one peripheral, a separate RS 232C interface must be
provided for each peripheral. In addition, all RS 232C lines, unlike the
IEEE 488 bus, are unidirectional, transfering data in one direction only, a
factor which greatly simplifies both the hardware and software control of the
interface.

Rarely is the full RS 232C standard implemented, with the majority of
systems requiring only a subset of the electrical circuits. This has led to a
re-defining of the RS 232C interface in terms of subsets called Level 1.
Level Il and Level III which are defined as:

LEVEL I Pin 2 Transmitted Data
Pin 3 Received Data
Pin 7 Logical Ground
Pin 1 Protective Ground
LEVEL I1 Level 1+
Pin 6 Data Set Ready
Pin 8 Data Carrier Detect
Pin 20 Data Terminal Ready
LEVEL III Level I1+
Pin 4 Request to Send
Pin 5 Clear to Send
Pin 22 Ring Indicator

} Channel 1

} Channel 1

Level I is normally used with equipment tied directly to cach other, such as
a terminal or a printer connected directly to a computer. Level I1 is normally
used where a certain amount of handshaking is required, and is most often
encountéred in acoustic couplers (for transmission over a normal GPO
telephone line, etc). Level 11l is used where a more precise and detailed
control over data flow is required, such as in auto-answer modems. As such,
Level IIl implementation may be considered as reserved for specialist
equipment.
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425V
Binary O Rinary O
SPACE SPACE
OFF OFF
i?V.noise immunity
+3v
',In&é(efmina(e
.region ;
-3v
2V noise iImmunity
Binary 1 Binary 1
MARK MARK
ON ON
- -25Vv
Fig.(c) EIA RS232C
interface pin assign- {a) Transmitter (b} Receiver

ments

Circuit \
. . . 1
Pin number Mnemo:.ic Description 3

e e 006000000 00
AA Protective Ground e e 0000000000 ~ DB-25S cor

1
2 BA Transmitted Data 14 ®
3 BB Received Data
4 CA Request to Send  CHanNeL 1
5 cB Clear to Send
6 cc Data Set Ready
7 AB Logical Ground
8 CF Data Carrier Detect

12 : Reserved for testing

1 — Unassigned

12 SCF Received Line Signal Detector

13 scB Clear to Send CHANNEL 2

14 SBA Transmitted Data

15 DB Transmitter Signal Element Timing

16 SBB Received Data CHANNEL 2

17 DD Receiver Signal Element Timing

18 — Unassigned

19 SCA Request to Send CHANNEL 2

20 CcD Data Terminal Ready ]'

21 CG Signal Quality Detector

22 CE Ring Indicator

23 CH/CI Data Signal Rate Select

24 DA Transmit Signal Element Timing

25 — Unassigned
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EIA Standard RS-232C is an established specification
defining the |Qgic levels and impedances at the modem/
terminal interface. This has been a well-accepted stan-
dard for low data-rate systems. Maximum data rate is
about 20 kilobaud.

49w +12V

RS-232C
DATA COMMUNICATIONS

Employing a voltage-mode type driver, RS-232C
requires dual polarity logic signals and power supplies.
The data is unidirectional and not dusive to party-
line operation. Hysteresis is generally employed in
RS-232C receivers and a single power supply is required
at the receiver end. Termination is not required.

+5.0V

Slew
rate

control

Stw-12V

EIA RS-232C

Driver Qutput Voltage
(2 =3k 107 k1)

15V < Vo <50V
50V>Vp >-15V

Oriver Output Voltage Ivgl<2s v
(Zy ==

Driver Output Impedance 2o > 300
{Power Supplies = 0)

Oriver Short-Circuit Current higl<0.5amp

Driver Siew Rate % <30 V/us

Receiver Input Impedance

7 k12 > Rjy >3 kO

Receiver Input Voitage lvyl<2sv
Receiver Output with Open Input Mark (high)
Receiver Output with 300 £2 to Gnd of Input Mark {high)
Receiver Output with +3.0 V on Input Space (low}
Receiver Qutput with -3.0 V on lnput Mark (high)

Baud Rate

BR < 20 kilobaud
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EiA RS-232¢
ZUUIGUN DATA COMMUNICATIONS

MC1488 — Quad RS-232C Driver, Output Current Limiting

The MC1488 is a quad inverting TTL or DTL input
line driver for RS-232C. It is designed to operate on £9
to 12 V power supplies and at a temperature range of
0'to 70°C. vee [ 7] Vee
Features include guaranteed power-off output im- ot & E@ 2] inewe 01
pedance and output current limiting.
ouwut a [7] 5] neus 02

1ot 1 -] (=] ovsu 0

|qu [5] 1nwus 1
Vou VoL tPHL we = 7] tneut €2

@ Vec/VEE =90V @ Vec/VEe = 190V 1o |@cy = 16pF owee 1] [ v

Volts Min Volits Max mA ns Max one [ < 3 Output €
6.0 -6.0 6.0 t0 12 175

NS

$econd sources available.

MC1489 — Quad RS-232C Receiver, 0.25 V Input Hysteresis

The MC1489 quad inverting RS-232C receiver fea- Temperature range is 0 to 70°C and power supply
tures 250 mV of input hysteresis. The threshold window requirement is a single +5 supply.
may be shifted by means of the response control input. Second sources available.

MC1489A — Quad RS-232C Receiver, 1.1 V Input Hysteresis

The MC1489A is an improved version of the MC1489. g
it features 1.1 voits of input hysteresis for improved nowt A [ 3 Vee
performance when slow-slewing input signals are present
. . . g g pr Rewonee ~ 3 Inpwt O
in noisy environments. Controt A
v a [} (=] Gomeere
Secand sources ars available. tnput & E (5] ouwer 0
o et O (2] o e
Device tnput Vi | Input ViLy (@ Ry =390 0 S T Rewonse
Number Volts Volits ns Max ouwte D Conver
MC1489 101015 0.75 10 1.25 50 P (=] oviour €
MC1489A | 1.75102.25 | 0.7610 1.25 50
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| A — 0 0 [} 0 1 1 1 1
_— - 1 1
. 6 [ — 0 ° 0 1 1 0 1 1 0 ° 0 1 0 9
its
s{sfzf" o 1 2 3 4 5 6 7
| Row
o|lo|o]o 0 NUL | DLE SP (] @ P p
0|0 |o0]1 1 SOH | pc1 |7 1 1 A Q a q
] 0 1 0 2 STX pc2 | - 2 B R b r
ojo|1]1 3 ETX | DC3 # [ a c s c s
0 1 0 0 4 EOT DC4 $ 4 D T d t
U
of1{of1 5 ENQ | NAK % 5. E u e u
of1|1]o 6 ACK | SYN. & 6 3 v t v
0 1 1 1 7 BEL ETB ) 7 G w g w
1 [} 0 0 8 BS- CAN ( 8 H X h x
1 ({001 9 SKIP HT EM ) 9 | Y i y
1 0 1 0 10 (a) LF suB * : J 4 i z
11011 11() VT ESC + ; K [ k
11]o|lo| 12¢) | FF-| Fs - L ' I
1 ]1]0] 1] 13(d) CR GS - = M B m
1 1 1 0 14 (e) SO |HOMERS . — N n ~
111 ] 1] 150 s |NEWLINE 2 o o |DELRUB
ASCII Code Table
Abbreviations For Control Characters

NUL null FF form feed CAN cancel

SOH start of heading CR carriage return EM end of medium

STX start of text SO shift out SuB substitute

ETX end of text SI shiftin ESC escape

EOT end of transmission DLE data link escape FS file separator

ENQ enquiry DC1 device control 1 GS group separator

ACK acknowledge DC2 device control 2 RS record separator

BEL bell DC3 device control 3 us unit separator

BS backspace DC4 device control 4 SP space

HT horizontal tabulation ~ NAK negative acknowledge DEL delete

LF linefeed SYN synchronous idle

vT vertical tabulation ETB end of transmission block
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NUMBERS CONVERSION TABLE

______________________________________________________ o e e

DECIMAL BINARY OCTAL HEXADEC m
10 2 8 16
& % @ $
0 0 0 0 1
1 1 1 1 2
2 10 2 2 4
3 11 3 3 8
4 100 4 4 16
5 101 5 5 32
6 110 6 6 64
7 111 7 7 128
8 1000 10 8 256
9 1001 11 9 512
10 1010 12 A 1024
11 1011 13 B 2048
12 1100 14 C 4096
13 1101 15 D 8192
14 1110 16 E 16384
15 1111 17 F 32768
16 10000 20 10 65536
17 10001 21 11 131072
18 10010 22 12 262144
19 10011 23 13 524288
20 10100 24 14 1048576
32 100000 40 20 4294967296
50 110010 62 32 -
60 111100 74 3C -
6.4 1000000 100 40 -
100 1100100 144 64 -
200 11001000 310 c8 -
255 11111111 377 FF -
Ex. & 39 = Z 00100111 = @47 = $27
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