INTERSIL

IM6100

CMOS 12 BIT
MICROPROCESSOR

IINMMEIRS (L




Introduction ................. e e 3
Section I: Intersil IM6100 CMOS
12 Bit Microprocessor ................ciiiiiiiiiiiannn.. 5
Introduction ... i 6
Pin Assignments ...........ciiiiiiiiiiiiiiiinaenn 8
Specifications ......... ..o 9
Architecture . ...... .. . 10
Memory and Processor Instructions ................ 12
Operate Instructions ...........ccoiiiiiiiin ... 14
Input/Output Transfer Instructions .................. 18
Internal Priority Structure ......................... 23
PDP-8/E Compatibility .............cooiiiiii... 25
Applications ...... ... 26
Section Il: Intercept Prototyping System ................ 29
Introduction ............. .. ... e I 30
Specifications ......... ... il 31
Intercept Modules ......... ... il 32
Software and Hardware Options ................... 34
Appendix |—Edge Connector Pin Assignments ..... 36
Section lll: Intercept Jr. Tutorial System ................. 37
Section IV: Intersil Data Sheets ......................... 43
IM6101/6101A CMOS Parallel Interface Element ..... 44
IM6312/6312A CMOS ROM, 1024 Word x 12 Bit ...... 59
IM6402/6403 CMOS/LSI UART .......iviiiann. 63
IM6508/6518 CMOS RAM, 1024 Bit ................. 69
IM6508C/6518C CMOS RAM, 1024 Bit ............... 75
IM6524/6524-1 CMOS RAM, 256 Bit ................ 77
IM6551/6561 CMOS RAM, 1024 Bit ................. 83
IM56S06/56526 Electronically Programmable
ROM 4096 Bit ...... .o 87
8052/7101 32 Digit A/IDPair ..., ... 89
8052A/7103A 4, DigitPair .......... ... iiian, 97

Section V: CMOS RAM Reliability Report ................ 105






INTRODUCTION

Since its founding on July 26, 1967, Intersil, Inc. has
become a company of many products and processes.

In addition to the digital CMOS devices covered in detail in
this publication, Intersil has developed and markets a line of
advanced linear products and semiconductor memories. TTL
bipolar, MOS, metal-gate CMOS and silicon-gate CMOS processes
are all represented in Intersil’s line, with the significant design
advantage that, because they were developed by a single forward-
thinking company, many of the different kinds of devices and
technologies produced by Intersil will work together for enhanced
performance and greater efficiency and flexibility of the final
developed product.

The Silicon Gate CMOS process, which was developed at
Intersil over two years ago, offers a semiconductor structure
resulting in packing densities which surpass the conventional
metal gate process 3:1. Additionally, circuit performance is im-
proved 2:1.

Mass production experience with the Silicon Gate CMOS
process, through previously announced 256 and 1024 bit CMOS
RAMs, has lead to the practicality of introducing the IM6100
microprocessor.

The IM6100 and IMG6100A are single address, fixed word
length, parallel transfer microprocessors using 12-bit, two’s com-
plement arithmetic. The processors recognize the instruction set
of Digital Equipment Corporation’s PDP8/E minicomputer. The
internal circuitry is completely static and is designed to operate
at any speed between DC and the maximum operating frequency.
Two pins are available to allow for an external crystal thereby
eliminating the need for clock generators and level translators.
The crystal can be removed and the processor clocked by an
external clock generator. A 12-bit memory-accumulator ADD
instruction is performed in 5usec by the IM6100 using a +5 volt
supply and in 2.5usec by the IM6100A using a +10 volt supply.
The device design is optimized to minimize the number of exter-
nal components required for interfacing with standard memory
and peripheral devices.

Intersil cannot assume responsibility for use of any circuitry
described other than circuitry entirely embodied in an Intersil
product. No other circuit patent licenses are implied. Intersil
reserves the right to change without notice at any time the
circuitry and specifications of any Intersil product represented
in this document.
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INTRODUCTION

IMeI00 MICROPROCESSOR

Since its founding on July 26, 1967, INTERSIL INC. has offered
its customers advanced products utilizing the semiconductor indus-
try’s most technologically sophisticated processes for the manufac-
ture of practical, economical devices.

The Silicon Gate CMOS process, which was developed at Intersil
in 1972, offers a semiconductor structure resulting in packing den-
sities which surpass the conventional metal gate process 3:1. Addi-
tionally, circuit performance is improved 2:1.

Mass production experience with the Silicon Gate CMOS proc-
ess, through previously announced 256 and 1024 bit CMOS RAMs,
has lead to the practicality of introducing the IM6100 microprocessor.

The IM6100 is a single address, fixed word length, parailel trans-
fer microprocessor using 12-bit, two’s complement arithmetic. The
processors recognize the instruction set of Digital Equipment Corpo-
ration's PDP8/E minicomputer. The internal circuitry is completely
static and is designed to operate at any speed between DC and the
maximum operating frequency. Two pins are available to allow for an
external crystal thereby eliminating the need for clock generators
and level translators. The crystal can be removed and the processor
clocked by an external clock generator. A 12-bit memory-
accumulator ADD instruction, using a +5 volt supply, is performed in
5usec by the IM6100, in 6usec by the IM6100C and in 2.5usec by the
IM6100A using a +10 volt supply. The device design is optimized to
minimize the number of external components required for interfacing
with standard memory and peripheral devices.
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DESIGN
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Silicon Gate Complementary MOS
Fully Static-0 to 8 MHz
Single Power Supply

IM6100/C V=5 volts

IM6100A V..=10 volts
Crystal Controlled On Chip Timing
Low Power Dissipation <10 mW @ 4 MHz @ 5 volts
Single Power Supply 4V < V.. < 11V
TTL Compatible at 5 Volts
Excellent Noise Immunity
—55°C to +125°C Operation

INTERFACE

]

o 0 O
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Memory—Any Speed

Control Panel

Switch Register

Asynchronous CPU—Memory and CPU—Device
Communication

64 1/0O Devices with PDP-8/E Compatible Interface
Device Controlled Input-Output

All Centrol Signals Produced By The CPU
Power-on Initialize

ARCHITECTURAL

(o]
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Executes PDP-8/E, Instruction Set

Direct, Indirect, and Autoindexed Memory Addressing

12-Bit Memory Accumulator ADD Instruction
IM6100 5usec @ +5 volts/4.0 MHz
IMB100A 2.5usec @ +10 volts/8.0 MHz
IM6100C 6usec @ +5 volts/3.3 MHz

Input-Output Instruction
IM6100  8.5usec @ +5 volts/4.0 MHz
IM6100A 4.25usec @ +10 volts/8 MHz
IM6100C 10.2usec @ +5 volts/3.3 MHz

Single-Clock, Single-Instruction Capability

Direct Memory Access (DMA)

Interrupt

Dedicated Control Panel Features

APPLICATIONS

O 0O 0O 0OO0OO0OO0OOO OO OT©OCOOo

Intelligent Computer Terminals
POS Terminals

Portable Terminals
Aerospace/Satellite System
Automotive Systems

Remote Data Acquisition Systems
Process Control
Instrumentation

Medical Electronics

Displays

Traffic Control

Navigation



PIN ASSIGNMENTS

i CO,:

Control line inputs from the peripheral

device during an I/O transfer (Table 5). -

ACTIVE ACTIVE
PIN SYMBOL LEVEL DESCRIPT ION PIN SYMBOL LEVEL ‘DESCRIPTION
r v, = ' :“Supply voltage
2 RUN The signal indicates the runstate of the
CPU and may be used to power down - address external
: the external circuitry Indicates that periphe!
3 | DMAGNT“ | H | Direct Memory Access Grant—DX Imes”" memory is not ready to transfer data.
B - | arethree-state. - The CPU state gets extended as long as
4 DMAREQ L Direct Memory Access Request—DMA WAIT is actlve The CPU is in the lowest
is granted at the end of the current in-
struction. Upon DMA grant, the CPU External
suspends program execution until the signifies
DMAREQ line is released. _IM6100.
5 | CPREQ L Control Panel Request—¢  di 'dlcated m-;u External coded minor cycle timing—
» - - terrupt which bypasses the norma! ; used in conjunction with the Select Lines
e | deviceinterruptrequest structure. to specify read ite operati
6 RUN/HLT L Pulsing the Run/Halt line causes the el VOSC OUT; | Crystalinput to
CPU to alternately run and halt by 1 | timing (also externa
changing the state of the internal 15 OSC IN See Pin 14—0SC O
RUN/HLT flip flop. clock ground)
7 |RESET | | Clears the AC and loads 77'77a mto the - - D Iti
e  PC.CPUis halted. - =
8 | INTREQ ) Peripheral device mterrupt request
L e e External coded mi cle timi
ACTIVE ACTIVE
PIN SYMBOL LEVEL DESCRIPTION LEVEL
22
23
24 ‘
25 | DX, | SeePin 16—DX,. IFETCH
26 | GND Ground EMSEL
27 | DXa Pin 16—D y Select
28 | DX, comes active, instead of the MEMSEL,
29 | LINK for control panel routines. Signal may be
30 | DEVSEL used to distinguish between control
31 | SWSEL

the execute
phase of indirectly addressed AND,
TAD, ISZ and DCA instructions so that
the data transfers are controlled by the
Data Field, DF, and not the Instruction
Field, IF, if Extended Memory Control
hardware is used to extend the address-
ing space from 4K to 32K words.




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS ~
Supply Voltage IM6100/C +4.0V to +7.0V Operating Temperature Range

IM6100A +4.0V to 11.0V Commercial 0°C to +75°C
Input or Output Voltage Applied GND -0.3V to V¢c +0.3V Industrial —40°C to +85°C
Storage Temperature Range —65°C to +125°C Military —55°C to +125°C

DC CHARACTERISTICS V.. = 5.0V = 10% (IM6100), 10.0V = 10% (IM6100A), T, = Commercial, Industrial or Military

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Logical “1” Input Voltage Viu 70% V. \Y
Logical “0” Input Voltage Vi 20%Vec \Y
Input Leakage lie OV < V,y < V¢c -1.0 1.0 LA
Logical “1” Output Voltage Vonz lour=0 V,—0.01 \'
Logical “1” Output Voltage Vou lon=—0.2mA 24 \"
Logical “0” Output Voltage Vorz loyr =0 GND +0.01 \
Logical “0” Output Voltage Voui loo =1.6 MA 0.45 \'
Output Leakage lo oVsYV, =V, -1.0 1.0 nA
Supply Current lee Vee = 5.0 volts 25 mA

Vce = 10.0 volts 10.0 mA
C.= 50 pF; TA = 25°C
Fcock = Operating Frequency
Input Capacitance Ci 5.0 pF
Output Capacitance Co 8.0 pF

ORDERING INFORMATION Circuit marking and product code explanation

IM||6|(1]]|00| |A||I]| |DL

Package—40 Pin Dip

Temperature Range
C—-0°Cto 75°C
| —40°C to +85°C
M —55°C to +125°C

Version

Specific Type

General Type Microprocessor

CMOS Process
INTERSIL, INC.
2.020
, '.,0,520_.. :
- « : SQUARE | - ,
o Dl OO OODOOOOOONO0O0O000000
. Pin Dip

. - 0.590
0.032 [ MAX
RAD '/ - I -

 MAX




ARCHITECTURE

The IM6100 has 6 twelve bit registers, a programmable logic
array, an arithmetic and logic unit and associated gating and timing
circuitry. A block diagram of the IM6100 is shown in Figure 1.

FIGURE 1
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ACCUMULATOR (AC)

The AC is a 12-bit register with which arithmetic and logical oper-
ations are performed. Data words may be fetched from memory to
the AC or stored from the AC into memory. Arithmetic and logical
operations involve two operands, one held in the AC and the other
fetched from the memory. The result of the operation is left in the AC.
The AC may be cleared, complemented; tested, incremented or
rotated under program control. The AC also serves as an input-
output register. All programmed data transfers pass through the AC.

LINK (L)

The Link is a 1-bit flip-flop that serves as a high-order extension
ofthe AC. ltis used as a carry flip-flop for 2’s complement arithmetic.
A carry out of the ALU complements the Link. Link can be cleared,
set, complemented and tested under program control and rotated as
part of the AC.

MQ REGISTER (MQ)

The MQ is a 12-bit temporary register which is program accessi-
ble. The contents of AC may be transferred to the MQ for temporary
storage. MQ can be OR’ed with the AC and the result stored in the
AC. The contents of the AC and the MQ may also be exchanged.

MEMORY ADDRESS REGISTER (MAR)

While accessing memory, the 12-bit MAR register contains the
address of the memory location that is currently selected for reading
or writing. The MAR is also used as an internal register for micro-
program control during data transfers to and from memory and
peripherals.

PROGRAM COUNTER (PC)
The 12-bit PC contains the address of the memory location from
which the next instruction is fetched. During an instruction fetch, the

PC is transferred to MAR and the PC is then incremented by 1.
When there is a branch to another address in memory, the branch
address is set into the PC. Branching normally takes place under
program control. However, during an input-output operation, a device
may specify a branch address. A skip (SKP) instruction increments
the PC by 1, thus causing the next instruction to be skipped. The
SKP instruction may be unconditional or conditional on the state of
the AC and/or the Link. During an input-output operation, a device
can also cause the next sequential instruction to be skipped.

ARITHMETIC AND LOGICAL UNIT (ALU)

The ALU performs both arithmetic and logical operations—2’s
complement binary addition, AND, OR and complement. The ALU
can perform a single position shift either to the left or to the right.
A double rotate is implemented in two single bit shifts. The ALU
can also shift by 3 positions to implement a byte swap in two steps.
The AC is always one of the inputs to the ALU. However, under
internal microprogram control, AC may be gated off and all one’s or
all zero’'s gated in. The second input may be any one of the other
registers under internal microprogram control.

TEMPORARY REGISTER (TEMP)

The 12-bit TEMP register latches the result of an ALU operation
before it is sent to the destination register to avoid race conditions.
The TEMP is also used as an internal register for microprogram
control. :

INSTRUCTION REGISTER (IR)

During an instruction fetch, the 12-bit IR contains the instruction
that is to be executed by the CPU. The IR specifies the initial step
of the microprogram sequence for each instruction and is also used
as an internal register to store temporary data for microprogram
control.

MULTIPLEXER (DX)

The 12-bit Input/Output Multiplexer handles data, address and
instruction transfers, into and out of, the CPU, from or into, the main
memory and peripheral devices on a time-multiplexed basis.

MAJOR STATE GENERATOR AND THE
PROGRAMMED LOGIC ARRAY (PLA)

During an instruction fetch the instruction to be executed is
loaded into the IR. The PLA is then used for the correct sequencing
of the CPU for the appropriate instruction. After an instruction is
completely sequenced, the major state generator scans the internal
priority network. The state of the priority network decides whether
the machine is going to fetch the next instruction in sequence or
service one of the external request lines.

PLA OUTPUT LATCH

The PLA Output Latch latches the PLA output thereby permitting
the PLA to be pipelined; it fetches the next control sequence while
the CPU is executing the current sequence.

MEMORY AND DEVICE CONTROL,
ALU AND REG TRANSFER LOGIC

The Memory and Device Control Unit provides external control
signals to communicate with peripheral devices (DEVSEL), switch
register (SWSEL), memory (MEMSEL) and/or control panel memory
(CPSEL). During I/O instructions this unit also modifies the PLA out-
puts depending on the states of the four device control lines (SKP,
C,, C4, Cy). The ALU and Register Transfer Logic provides the control
signals for the internal register transfers and ALU operation.



TIMING AND STATE CONTROL
The IM6100 generates all the timing and state signals internally.

A crystal is used to control the CPU operating frequency. The CPU

divides the crystal frequency by two. With a 4MHz crystal, the inter-

nal states will be of 500ns duration. The major timing states are

described in Figure 2.

T, For memory reference instructions, a 12-bit address is
sent on the DataX, DX, lines. The Load External Address
Register, LXMAR, is used to clock an external register to
store the address information externally, if required. When
executing an Input-Output /O instruction, the instruction
being executed is sent on the DX lines to be stored ex-
ternally. The external address register then contains the
device address and control information.

Various CPU request lines are priority sampled if the
next cycle is an Instruction Fetch cycle. Current state of the
CPU is available externally.

FIGURE 2

T,

Memory/Peripheral data is read for an input transfer
(READ). WAIT controls the transfer duration. If WAIT is
active during input transfers, the CPU waits in the T, state.
The wait duration is an integral multiple of the crystal fre-
quency—250ns for 4MHz.

For memory reference instructions, the Memory Select,
MEMSEL, line is active. For I/O instructions the Device
Select, DEVSEL, line is active. Control lines, therefore, dis-
tinguish the contents of the external register as memory
or device address.

External device sense lines, C,, C,, C,, and SKP, are
sampled if the instruction being executed is an /O
instruction.

Control Panel Memory Select, CPSEL, and Switch
Register Select, SWSEL, become active low for data
transfers between the IM6100 and Control Panel Memory
and the Switch Register, respectively.

T, T4 Ts ALU operation and internal register transfers.

Ts

This state is entered for an output transfer (WRITE). The
address is defined during T,. WAIT controls the time for
which the Write data must be maintained.

CRYSTAL :
FREQUENCY-c WU—I_
W W
states [ | Ll JInL Tl JTsL TwL I
|t T ——|
f=—Ts y
LXMAR P \
trp -~ twp
MEM/DEV/SW/CP 's
SELECT A /
‘tEN’ ¢
ox —|tas|” =—tan AL tps =1 |=-toH
(0-11) AV %
ADDRESS READ DATA WRITE DATA
XTA
XT8 \ /
xtc _f \
1M6100 TIMING AND STATE SIGNALS
AC CHARACTERISTICS (T, = 25°C), Derate 0.3% per °C
IM6100 IM6100A IM6100C
Vee = 5.0 Ve = 10.0 Vee = 5.0
PARAMETER SYMBOL f. = 4MHz f. = 8 MHz f. = 3.3MHz UNITS
 Major State Time T Lo 0l 600 s
 LXMAR Pulse Width t 240 | 120 ns
 Address Setup Time s e s
) Address qud Time 150 100 ns
| Access Time FromLXMAR 450 s s
~ Output Enable Time 150 ns
_ Read Pulse Width 3 { ns
Write Pulse Width ns
 Data Setup Time f ns
Data Hold Time ns




M
INSTRUCTIONS

. MORY AND PROCESSOR

The IM6100 instructions are 12-bit words stored in memory. The
IM6100 makes no distinction between instructions and data; it can
manipulate instructions as stored variables or execute data as
instructions when it is programmed to do so. There are three general
classes of IM6100 instructions. They are referred to as Memory
Reference Instruction (MRI), Operate Instruction (OPR) and Input/
Output Transfer Instruction (IOT).

Before proceeding further, we will discuss the Specific Memory
Organization with which the IM6100 interfaces.

MEMORY ORGANIZATION

The IM6100 has a basic addressing capacity of 4096 12- bitwords.
‘The addressing capacity may be extended by Extended Memory
Control hardware. The memory system is organized in 4096 word
blocks, called MEMORY FIELDS. The first 4096 words of memory
are in Field 0. If a full 32K of memory is installed, the uppermost
Memory Field will be numbered 7. In any given Memory Field every
location has a unique 4 digit octal (12 bit binary) address, 0000,
to 77774 (0000,, to 4095,,). Each Memory Field is subdivided into 32
PAGES of 128 words each. Memory Pages are numbered sequen-
tially from Page 00,4, containing addresses 0000-0177,, to Page 37,,
containing addresses 7600,-7777,. The first 5 bits of a 12-bit
MEMORY ADDRESS denote the PAGE NUMBER and the low order
7 bits specify the PAGE ADDRESS of the memory location within
the given Page.

FIELD 7 PAGEDT] [tocq77
PAGE 36, LOC 176,

FIELD 6 PAGE 35, LOC 175,

FIELD 5 b ]
PAGE 10, LOC 010,

FIELD 4 PAGE 07, LOC 007,
PAGE 06, LOC 006,

FIELD3 PAGE 05, LOC 005,

FIELD 2 PAGE 04, LOC 004,
PAGE 03, LOC 003,

FIELD 1 PAGE 02, LOC 0024
PAGE Oy LOC 001,

FIELDO ] PAGE 0s] (o0 , LOC 000,]

32K MEMORY 1 MEMORY FIELD 1 MEMORY PAGE
(10, FIELDS) (40, PAGES) (200, LOCATIONS)
MEMORY ADDRESS 12-BIT OCTAL MEMORY ADDRESS 4716,
o 1 2]34s]6 7 8[91011] [1 0o o0f[1 1 1]o 01]1 1 0]
4 7 1 6
£ A PAGE NUMBER 10011 = 10011 =23,
fo 1]23 4] [s]6 7 8[9 10 11] paceapDRESS 1001110 = 1001 110 = 116,
PAGE NUMBER PAGE ADDRESS
00 —37, 000 — 177,
MEMORY ORGANIZATION

During an instruction fetch cycle, the IM6100 fetches the instruc-
tion pointed to by the PC. The contents of the PC are transferred to
the MAR. The PC is incremented by 1. The PC now contains the
address of the ‘next’ sequential instruction. The MAR contains the
address of the ‘current’ instruction which must be fetched from
memory. Bits 0-4 of the MAR identify the CURRENT PAGE, that
is, the Page from which instructions are currently being fetched
and bits 5-11 of the MAR identify the locaiion within the Current
Page. (PAGE ZERO (0), by definition, denotes the first 128 words
of memory, 00004-0177.)

12

MEMORY REFERENCE INSTRUCTIONS (MRI)

The Memory Reference Instructions operate on the contents of a
memory location or use the contents of a memory location to operate
on the AC or the PC. The first 3 bits of a Memory Reference Instruc-
tion specify the operation code, or OPCODE, and the low order 9
bits, the OPERAND address, as shown in Figure 3.

FIGURE 3

0 1 2 3 4 5 6 7 8 9
T T T T I I
OP CODE 0-5 MP ADDRESS
1 ! | | 1 1 i |

| PAGE - |
RELATIVE ADDRESS

INDIRECT ADDRESSING
0 = DIRECT

10
I I

11

1 = INDIRECT
L—MEMORY PAGE

0 = PAGE 0

1 = CURRENT PAGE

MEMORY REFERENCE INSTRUCTION FORMAT

Bits 5 through 11, the PAGE ADDRESS, identify the location of
the OPERAND on a given page, but they do not identify the page
itself. The page is specified by bit 4, called the CURRENT PAGE OR
PAGE 0 BIT. If bit 4 is a 0, the page address is interpreted as a .-
location on Page 0. If bit 4 is a1, the page address specified is inter-
preted to be on the Current Page.

For example, if bits 5 through 11 represent 123, and bit 4 is a 0,
the location referenced is the absolute address 0123,. However, if bit
4 is a 1 and the current instruction is in a memory location whose
absolute address is 4610, the page address 123, designates the
absolute address 4723,, as shown below.

4610, = 100 110 001 000 = PAGE 10 011 = PAGE 23,

Location 4610, is in PAGE 23,. Location 123, in PAGE 23,,
CURRENT PAGE, will be:

J0 011 1010 011. 100 111 010 011 = 4723,

PAGE PAGE
NUMBER ADDRESS
23, 123,

By this method, 256 locations may be directly addressed, 128 on
PAGE 0 and 128 on the CURRENT PAGE. Other locations are ad-
dressed by utilizing bit 3. When bit 3 is a 0, the operand address is a
DIRECT ADDRESS. An INDIRECT ADDRESS (pointer address)
identifies the location that contains the desired address (effective
address). To address a location that is not directly addressable, not
in PAGE 0 or in the CURRENT PAGE, the absolute address of the
desired location is stored in one of the 256 directly addressable
locations (pointer address). Upon execution, the MRI will operate on
the contents of the location identified by the address contained in the
pointer location.

It should be noted that locations 0010,-0017, in PAGE 0 are
AUTOINDEXED. If these locations are addressed indirectly, the con-
tents are incremented by 1 and restored before they are used as,
the operand address. These locations may, therefore, be used for
indexing applications.

Table 1 lists the mnemonics for the five memory reference instruc-
tion, their OPCODE, the operations they perform, the number of
states and the execution time at +5.0V and +10.0V, assuming a
crystal frequency of 3.3MHz, 4MHz and 8MHz or a state time period
of 600ns, 500ns and 250ns, respectively.



It should be noted that the data is represented in Two’s Comple-  Notations applied in Table 1, are defined as follows:
ment Integer notation. In this system, the negative of a number is
formed by complementing each bit in the data word and adding ( ) Denotes the contents of the register or location within the
“1” to the complemented number. The sign is indicated by the most parenthesis. (EA) is read as “ ... the contents of the Effec-
significant bit. In the 12-bit word used by the IM6100, when bit O is tive Address”.
a “0”, it denotes a positive number and when bit 0 is a “1”, it denotes

a negative number. The maximum number ranges for this system are (( )) Denotes the contents of the location pointed to by the con-
3777, (+2047) and 4000, (—2048). tents of the location within the double parenthesis. ((PA))

is read as “ ... the contents of the location pointed to by the
contents of the Pointer Address.”

<— Denotes “ ... is replaced by ... ”
A\ Denotes, logical AND operation
V Denotes, logical OR operation

TABLE 1

MNE- | OP
MONIC | CODE

EXECUTION
TIME (u5)
NUMBER [ TV6100 | IM6100A | IMG100C
OF | +5.0V| +10.0V| +5.0V
OPERATION STATES | 4MHz | 8MHz | 3.3MHz

TAD 1s

DCA | 3,

JMP

' INCREMENT AND SKIP IF ZERO DIRECT (I = 0) ' , " 16 80 | 4.00 96

. JINCREMENT AND SKIP IF ZERO INDIRECT (I = 1, PA # 0010-0017,) ‘ 21 | 105 | 525 | 126

| INCREMENT AND SKIP IF ZERO AUTOINDEX (I = 1, PA = 0010- 00179) ol c22 Lo ss0 |

| JUMP TO SUBROUTINE DIRECT (I = 0)

| JUMP TO SUBROUTINE INDIRECT (I — 1, PA # 0010- -0017,)

LOGICAL ANDDIRECT (1 =0) . 5 5. 2.50 6.0

- Operation: (AC) <~—AC)A(EA) - e . G Ll T : ;

- Description: Contents of the EA n AC. . ~ 1
375 | 9.0

400 | 96

BINARY ADD DIRECT (I =0) 10 5.0 2.50 6.0
Operation: (AC) <—(AC) + (EA)
Description: Contents of the EA are ADD’ed with the contents of the AC and the result is stored in the AC; carry out
complements the LINK. If AC is initially cleared, this instruction acts as LOAD from Memory

BINARY ADD INDIRECT (I = 1, PA # 0010-0017,) 15 7.5 3.75 9.0
Operation: (AC) <—(AC) + ((PA))
BINARY ADD AUTOINDEX (I = 1, PA = 0010-0017,) 16 8.0 4.00 9.6

Operation: (PA) <—(PA) +1; (AC) <—f (AC) +((PA))

Operation: (EA) <—(EA) +1;if (EA) = 0000, PC <—PC + 1
Description: Contents of the EA are incremented by 1 and restored. If the result is zero, the next sequentlal
instruction is skipped."

Operation: (PA) <—((PA)) + 1;if ((PA)) = 0000, PC <—PC + 1

- Operation: (PA) <—(PA) +1; ((PA)) <—((PA)) + 1; if ((PA))= 0000, PC <—PC +1

DEPOSIT AND CLEAR THE ACCUMULATOR DIRECT (I = 0) - 11 55 | 275
Operation: (EA) <—(AC); (AC) <—0000,
Description: The contents of the AC are stored in EA and the AC is cleared.

DEPOSIT AND CLEAR THE ACCUMULATOR INDIRECT (I = 1, PA # 0010-0017,) 16 8.0 4.00 9.0
Operation: ((PA)) <—(AC); (AC) <—0000,
DEPOSIT AND CLEAR THE ACCUMULATOR AUTOINDEX (I = 1, PA = 0010-0017,) 17 8.5 4.25 10.2

Operation: (PA) <—(PA) + 1; ((PA)) <—(AC); (AC) <—0000,

~ Operation: (EA) <—(PC), (PC) <—EA + 1 - :
Descnptlon The contents of the PC are stored in the EA. The PCis incremented by 1 lmmed:ately after every

instruction fetch. The contents of the EA now point to the next sequential mstructnon (ollowmg the JMS
(return address). The next instruction is taken from EA + 1. ‘

Operation: ((PA)) <—PC, (PC) <—(PA) +1

JUMP TO SUBROUTINE AUTOINIEX(I —1,PA= 0010 00178)
Operation: (PA) <—(PA) + T:(PA)<—PC.(PO)<—PM +1 e ;
JUMP DIRECT (I = 0) 5.0 2.50 6.0
Operation: (PC) <—EA

Description: The next instruction is taken from the EA.

JUMP INDIRECT (I = 1, PA # 0010-0017,) 15 7.5 3.75 9.0
Operation: (PC) <—(PA) .
JUMP AUTOINDEX (I = 1, PA = 0010-0017,) 16 8.0 4.00 9.6

Operation: (PA) <—(PA) + 1; (PC) <—(PA)

MEMORY REFERENCE INSTRUCTIONS
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OPERATE
INSTRUCTIONS

The Operate Instructions, which have an OPCODE of 7, (111),
consists of 3 groups of microinstructions. Group 1 microinstructions,
which are identified by the presence of a 0 in bit 3, are used to
perform logical operations on the contents of the accumulator and
link. Group 2 micro instructions, which are identified by the presence
ofa 1inbit3 and a 0in bit 11, are used primarily to test the contents
of the accumulator and then conditionally skip the next sequential
instruction. Group 3 microinstructions have a 1 in bit 3 and a 1 in
bit 11 and are used to perform logical operations on the contents of
the AC and MQ.

The basic OPR instruction format is shown in Figure 4.

Operate microinstructions from any group may be microprogram-
med with other operate microinstructions of the same group. The
actual code for a microprogrammed combination of two, or more,
microinstructions is the bitwise logical OR of the octal codes for the
individual microinstructions. When more than one operation is micro-
programmed into a single instruction, the operations are performed
in a prescribed sequence, with logical sequence number 1 microin-
structions performed first, logical sequence number 2 microinstruc-
tions performed second, logical sequence number 3 microinstruc-
tions performed third and so on. Two operations with the same
logical sequence number, within a given group of microinstructions,
are performed simultaneously.

FIGURE 4

MICROINSTRUCTION |

GROUP 1

GROUP 2
GROUP 3

-

B
+
0
1

BASIC OPR INSTRUCTION FORMAT



GROUP 1 MICROINSTRUCTIONS

Figure 5 shows the instruction format of a group 1 microinstruc-
tion. Any one of bits 4 to 11 may be set, loaded with a binary 1, to
indicate a specific group 1 microinstruction. If more than one of these

. . . . . N . 0 1 2 3 4 5 6 7 8 9 10 1
bits is set, the instruction is a microprogrammed combination of T T
group 1 microinstructions, which will be executed according to the 1 1 1 0 [cta| clL [ cmA | oML %\g g% ——| 1AC
logical sequence shown in Figure 5. L L
BSW IF BITS
Table 2 lists commonly used group 1 microinstructions, their A s,
assigned mnemonics, octal number, instruction format, logical LOGICAL SEQUENCES:
sequence, the operation they perform, the number of states and the 1—CLA, CLL
execution time at +5.0V and +10.0V, assuming a crystal frequency 2—Chan, OML
of 3.3MHz, 4MHz and 8MHz or a state time period of 600ns, 500ns 4—RAR, RAL, RTR, ATL, BSW
and 250ns, respectively. The same format is followed in Table 3 and
4 which correspond to group 2 and 3 microinstructions, respectively. GROUP 1 MICROINSTRUCTION FORMAT
EXECUTION TIME (us)
NUMBER | IM6100 | IM6100A | IM6100C
OCTAL | LOGICAL OF +5.0V | +10.0V | +5.0V
MNEMONIC | CODE | SEQUENCE OPERATION STATES | 4MHz | 8MHz | 3.3MHz
701 1 . NO O ‘RATION—Thls instruction causes a at0 state delay in program executnon wnhout affectmg 10 5.0 | 250 6.0
moithe sta!e of the IM6100. It may be used ) g synchromzatlon orasa oonvement means of deleung o : : : :
sl an mstructlon from a program. Sinndoie e )
3 INCREMENT ACCUMULATOR—-The content of the AC is mcremented by one (1) and carry 10 5.0 2.50 6.0
) = out complements the Link (L). ’ ‘
{ 7004 { 4 TROTATE ACCUMULATOR LEFr——The contents of the AC and L are rotated one bmary 15 | 75 | 375 9.0
i . iposmonto the left. AC (0) is shifted toLandLls shifted to AC (11). . P
7006 4 ROTATE TWO LEFT—The contents of the AC and L are rotated two blnary posmons o the Ieft 15 7.5 3.75 9.0
‘ ) ) AC (1) is shifted to L and L is shifted to AC (10). ‘ o ‘
-~ RAR 7010 4. 'ROTATE ACCUMULATOR RIGHT—The content of the AC and L are rotated one bmary | 1 | 75 | 375 9.0
i position to the right. AC (11) is shifted to L and L is shifted to AC (0). ] o . . 5
RTR 7012 4 ROTATE TWO RIGHT—The contents of the AC and L are rotated two binary positions to the 15 7.5 3.75 9.0
) right. AC (10) is shifted to L and L is shifted to AC (1). . ) . )
BSW 7002 | 4 BYTE SWAP—The right six (6) bits of the AC are exchanged or SWAPPED with the left six bits. 15 7.5 1 375 1. 9.0 -
. . foilenss . 'AC(O) is swapped with AC (6) AC (1) with AC(7) etc. L is not affected. - e -
CML 7020 2 COMPLEMENT LINK—The content of the link is complemented. - ‘ ’ 10 5.0 2’.50 1 6.0
CMA 7040 2 COMPLEMENT ACCUMULATOR—The content of each bitof the AC is complemented 10 | 50 | 250 | 6.0
: i Ly T | having the effect of replacing the content of the AC with its on2’s complement. i : i ; . S
CIA 7041 2,3 COMPLEMENT AND INCHEMENT ACCUMULATOR—The content of the AC is 10 5.0 2.50 6.0
- ) ) replaoed with its two's complement. Carry out complements the LINK. .
CL | 7100 A CLEAR LINK—The link is loaded with a binary 0. S 10 50 | 250 | 60
‘CLL’FlAL 471 04 1 ,4 ’CLEAR LINK—ROTATE ACCUMULATOR LEFT ’ 15 ; ’ 3.75 9.0
CLLRTL | 7106 | 14 | CLEAR LINK—ROTATE TWO LEFT. ~ o 150 | 878 | 90
CLL RAR ] 7110 ) 14 CLEAR LINK—HOTATE ACCUMULATOR RIGHT. 15 3.75 9.0
_CLLRTR | 7112 14 | CLEAR LINK—ROTATE TWO RIGHT. o 1p 75 | 3751 90
STL 7120 1,2 SET THE LINK—The LINK is loaded with a binary 1 corresponding with a microprogrammed 10 5.0 2.50 6.0
- combination of CLL and CML. ) i
1 | CLEAR ACCUMULATOR—The accumulator is loaded with binary 0's. 6.0
CLEAR ACCUMULATOH—INCREMENT ACCUMULATOR 6.0
GET THE LlNK-—The ACis cleared: the content of L i is shifted into AC (11), aois )
e i_/ThIS |sa mlcroprogrammed comb:natlon of CLA and RAL. i -
7300 CLEAR ACCUMULATOR—CLEAH LINK
7oa0 | of P— :

GROUP 1 OPERATION MICROINSTRUCTIONS
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OPERATE INSTRUCTIONS CONTINUED

GROUP 2 MICROINSTRUCTIONS
Figure 6 shows the instruction format of group 2 microinstruc- ' FIGURE 6
tions. Bits 4—10 may be set to indicate a specific group 2 micro-

instruction. If more than one of bits 4—7 or 9—10 is set, the

instruction is a microprogrammed combination of group 2 microin- 0 1 2 3 4 5 6 7 8 9 10 1

structiqns, which will be executed according to the logical sequence T T swa ] sza s | o -

shown in Figure 6. ! 1 1 TlOA el ena | sz | 7| OSR HT ) ©
Skip microinstructions may be microprogrammed with CLA, . . -

OSR, or HLT microinstructions. Skip microinstructions which have a B 81t Darc) o SMA ar SZA or SNL

0 in bit 8, however, may not be microprogrammed with skip micro- ,(Bit8is One) — SPA and SNA and SZL

instructions which have a 1 in bit 8. When two or more skip micro- 3 — OSR, HLT

instructions are microprogrammed into a single instruction, the

resulting condition on which the decision will be based is the logical GROUP 2 MICROINSTRUCTION FORMAT

OR of the individual conditions when bit 8 is 0, or, when bit 8 is 1,

the decision will be based on the logical AND. TABLE 3

EXECUTION TIME (u.s)
OCTAL| LOGICAL NUMBER| IM6100| IM6100A| IM6100C
MNEMONIC | CODE | SEQUENCE OPERATION OF +5.0v} +10.0v] +5.0V

STATES | 4MHz 3.3MHz

€]

HALT —program stops at the conclusion of the current machine cycle. If HLT is combined with others
in OPR 2, the other operations are completed before the end of the cycle

SKIP—The content of the PC is incremented by 1, to ski

SKIP ON ZERO LINK—The content of L is sampled, the next sequential instruction is skipped if
L contains a 0. If the L contains a 1, the next instruction is executed

SNA 7450 1 SKIP ON NON-ZERO ACCUMULATOR—The content of the AC is sampled; the next 10 5.0 2.50 6.0
sequential instruction is skipped if the AC has any bits which are not 0. If every bit in the AC is 0, the
next instruction is executed

SKIP ON NON-ZERO ACCUMULATOR AND SKIP ON ZERO LINK
M

5.0

S UMULATOR—The contents of AC (0) are sampled. If AC (0)
contains a 0, indicating that the AC contains a positive two's complement number, the next sequential
instruction is skipped. If AC (0 tai 1, th t instruction i ted.

SPA SNA 7550 1 SKIP ON POSITIVE ACCUMULATOR AND SKIP ON NON-ZERO 10 5.0 2.50 6.0
ACCUMULATOR

SPASNA | 7570 1| SKIP ON POSITIVE ACCUMULATOR AND SKIP ON NON-ZERO 10 | 50| 25 | 60

o L
LAS 7604 1,3 LOAD ACCUMULATOR WITH SWITCH REGISTER—The content of the AC is 15 7.5 3.75 9.0

loaded with the content of the SR, bit for bit. This is equivalent to a microprogrammed combination of
O

SKIP ON NON-ZERO ACCUMULATOR THEN CLEAR ACCUMULATOR

SKIP ON POSITIVE ACCUMULATOR THEN CLEAR ACCUMULATOR

GROUP 2 OPERATE MICROINSTRUCTIONS
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GROUP 3 MICROINSTRUCTIONS

Figure 7 shows the instruction format of group 3 microinstructions
which requires bits 3 and 11 to contain a 1. Bits 4, 5 or 7 may be
set to indicate a specific group 3 microinstruction. If more than one
of the bits is set, the instruction is a microprogrammed combination

FIGURE 7

0 1 2 4 6 7 9 10 11
of group 3 microinstructions following the logical sequence listed in T T T 1 T T
Figure 7. 1 1 1 CLA MQA * maL * * 1
| | { I 1
LOGICAL SEQUENCE: *Don't Care
1—CLA
2—MQA, MQL
3—ALL OTHERS
T LE 4 GROUP 3 MICROINSTRUCTION FORMAT
EXECUTION TIME (..s)
OCTAL { LOGICAL NUMBER| 1M6100| IM6100A| IM6100C
MNEMONIC | CODE | SEQUENCE OPERATION OF +5.0V| +10.0v| +5.0V
STATES | 4.0MHz| 8.0MHz| 3.3MHz
NOP 7401 3 NO OPERATION—see Group 1 Microinstructions 10 5.0 2.50 6.0
MQL 7421 2 MQ REGISTER LOAD—The content of the AC is loaded into the MQ, the AC is cleared and the 10 5.0 2.50 6.0
original content of the MQ is lost.
MQA 7501 2 MQ REGISTER INTO ACCUMULATOR-—The content of the MQ is OR'ed with the con- 10 5.0 2.50 6.0
- tent of the AC and the result is loaded into the AC. The original content of the AC is lost but the original
; content of the MQ is retained. This instruction provides the programmer with an inclusive OR operation.
SWP 7521 3 SWAP ACCUMULATOR AND MQ REGISTER—The content of the AC and MQ are 10 5.0 2.50 6.0
interchanged accomplishing a microprogrammed combination of MQA and MQL.
CLA 7601 1 CLEAR ACCUMULATOR . 10 5.0 2.50 6.0
CAM 7621 3 CLEAR ACCUMULATOR AND MQ REGISTER—The content of the AC and MQ are 10 5.0 2.50 6.0
loaded with binary 0's. This is equivalent to a microprogrammed combination of CLA and MQL.
ACL 7701 3 CLEAR ACCUMULATOR AND LOAD MQ REGISTER INTO ACCUMULA- 10 5.0 2.50 6.0
TOR—This is equivalent to a microprogrammed combination of CLA and MQA.
CLA SWP 7721 3 CLEAR ACCUMULATOR AND SWAP ACCUMULATOR AND MQ 10 5.0 2.50 6.0
REGISTER—The content of the AC is cleared. The content of the
MQ is loaded into the AC and the MQ is cleared.

GROUP 3 OPERATE MICROINSTRUCTIONS

FIGURE 8

IFETCH OPR 2A OPR 2B
states [TLI2L [SLIALSLILLISLISL ISLTLI2L [sLIaL s
1 | ]
XMAR L i ! |
| | | |
MEMSEL [ | J | |
1 | |
SWSEL | ! 1 [ |
1
ox RN RN NN N
© o ®

@ Instruction Address ® Switch Register, — CPU Data

@ Instruction — CPU

OSR INSTRUCTION TIMING
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INPUT/OUTPUT TRANSF

INSTRUCTIONSS (IOT)

The input/output transfer instructions, which have an OPCODE of
65, are used to initiate the operation of peripheral devices and to
transfer data between peripherals and the IM6100. Three types of
data transfer may be used to receive or transmit information between
the IM6100 and one or more peripheral I/O devices. PROGRAMMED
DATA TRANSFER provides a straightforward means of communi-
cating with relatively slow I/O devices, such as Teletypes, cassettes,
card readers and CRT displays. INTERRUPT TRANSFERS use the
interrupt system to service several peripheral devices simultane-
ously, on an intermittent basis, permitting computational operations
to be performed concurrently with the data I/O operations. Both Pro-
grammed Data Transfers and Program Interrupt Transfers use the
accumulator as a buffer, or storage area, for all data transfers. Since
data may be transferred only between the accumulator and the
peripheral, only one 12 bit word at a time may be transferred.
DIRECT MEMORY ACCESS, DMA, transfers variable-size blocks of
data between high-speed peripherals and the memory with a mini-
mum of program control required by the IM6100.

IOT INSTRUCTION FORMAT

The Input/Output Transfer Instruction format, the number of states
and the execution time at +5.0V and +10.0V, assuming a crystal
frequency of 3.3MHz, 4MHz and 8MHz or a state time period of
600ns, 500ns and 250ns, respectively is represented in Figure 9.

The first three bits, 0-2, are always set to 64 (110) to specify an
10T instruction. The next six bits, 3-8, contain the device selection
code that determines the specific I/O device for which the IOT in-
struction is intended and, therefore, permit interface with up to 64 1/O
devices. The last three bits, 9-11, contain the operation specification
code that determines the specific operation to be performed. The
nature of this operation for any given IOT instruction depends en-
tirely upon the circuitry designed into the 1/O device interface.

PROGRAMMED DATA TRANSFER

Programmed Data Transfer is the easiest, simplest, most conven-
ient and most common means of performing data 1/O. For micro-
processor applications, it may also be the most cost effective

approach. The data transfer begins when the IM6100 fetches an
instruction from the memory and recognizes that the current instruc-
tion is an IOT. This is referred to as IFETCH and consists of five (5)
internal states. The IM6100 sequences the IOT instruction through a
2-cycle execute phase referred to as I0T, and 10T Bits 0-11 of the
IOT instruction are available on DX 0-11 at 10T, - LXMAR. These bits
must be latched in an external address register. DEVSEL is active
low to enable data transfers between the IM6100 and the peripheral
device(s). Input-Output Instruction Timing is shown in Figure 10.
The selected peripheral device communicates with the IM6100
through 4 control lines—C,, C,, C, and SKP. In the IM6100 the type
of data transfer, during an IOT instruction, is specified by the periph-
eral device(s) by asserting the control lines as shown in Table 5.

The control line SKP, when low during an IOT, causes the IM6100
to skip the next sequential instruction. This feature is used to sense
the status of various signals in the device interface. The C,, C,, and
C, lines are treated independently of the SKP line. In the case of a
RELATIVE or ABSOLUTE JUMP, the skip operation is performed
after the jump. The input signals to the IM6100, DX 0-11, C,, C,, C,,
and SKP, are sampled at IOT, during DEVSEL - XT.. The data from
the IM6100 is available to the device(s) during DEVSEL-XT.. 10Tz
cycle is internal to the IM6100 to perform the operations requested
during 10T,. Both 10T, and IOT; consist of six (6) internal states.

In summary, Programmed Data Transfer performs data I/O with a
minimum of hardware support. The maximum rate at which program-
med data transfers may take place is limited by the IM6100 instruc-
tion execution rate. However, the data rate of the most commonly
used peripheral devices is much lower than the maximum rate at
which programmed transfers can take place in the IM6100. The
major drawback associated with Programmed Data Transfer is that
the IM6100 must hang up in a waiting loop while the I/O device com-
pletes the last transfer and prepares for the next transfer. On the
other hand, this technique permits easy hardware implementation
and simple, economical interface design. For this reason, almost all
devices except bulk storage units rely heavily on programmed data
transfer for routine data I/O.

EXECUTION
F IGU-R_E 9 NUMBER TIME (u.5)
OF IM6100 | IMG6100A | IM6100C
0 1 2 3 4 5 6 7 8 9 10 11 STATES | +5.0v | +10.0V +5.0V
! L ! ! | | 1 1 1 4MHz 8MHz 3.3MHz
1 1 0 DEVICE SELECTION CONTROL
1 1 ] 1 ] ] ] 1 ] 17 8.5 4.25 10.2
IOT INSTRUCTION FORMAT 10T NUMBER OF STATES/EXECUTION TIME
CONTROL LINES OPERATION DESCRIPTION
Co C, C.
5’ H ; ' H ‘ ‘ H DEV <—AC 4; The content of the AC is sent to the device.
L ‘ H H DEV <—AC;CLA The content of the AC is sent to a device and then the ACis cleared.
H =1 H | AC<—ACVDEV | Dataisreceived from a device, OR'ed with the data in the AC and the result is stored in the AC.
L L H AQ {eDEV Data is received from a device and loaded‘ into ;the AC. ; ‘ )
- H L | PC<—PC+DEV | Datafrom the device is added to the contents of the PC. This is referred to as a RELATIVE JUMP.
* L L PC <—DEV Data is received from a device and loaded into the PC. This is referred to as an ABSOLUTE JUMP.
*Don’t Care

PROGRAMMED 1/0 CONTROL LINES

18



FIGURE 10

IFETCH IOTA lo):]
INTERNAL
STATES 11 . ! l
1 1 |
LXMAR L[] T ' i
| 1 1 |
MEMSEL (L) ] I p T
1
DEVSEL (L) 1 | LI
1 |
DX (0-11) N R NN R N N
® O ® O ®
@ INSTRUCTION ADDRESS @ DEVICE DATA IN, C0, C1, C2, SKP
® INSTRUCTION ® ACOUT

@ DEVICE ADDRESS AND CONTROL

INPUT-OUTPUT INSTRUCTION TIMING

INTERRUPT TRANSFER

PROGRAM INTERRUPT TRANSFERS

The program interrupt system may be used to initiate program-
med data transfers in such a way that the time spent waiting for
device status is greatly reduced or eliminated altogether. It also pro-
‘ides a means of performing concurrent programmed data transfers
,etween the IM6100 and the peripheral devices. This is accom-
plished by isolating the 1/O handling routines from the mainline pro-
gram and using the interrupt system to ensure that these routines
are entered only when an |/O device status is set, indicating that
the device is actually ready to perform the next data transfer, or
that it requires some sort of intervention from the running program.

The interrupt system allows certain external conditions to interrupt
the computer program by driving the INTREQ input to the IM6100
Low. If no higher priority requests are outstanding and the interrupt
system is enabled, the IM6100 grants the device interrupt at the end
of the current instruction. After an interrupt has been granted, the
Interrupt Enable Flip-Flop in the IM6100 is reset so that no more in-
terrupts are acknowledged until the interrupt system is re-enabled
under program control.

FIGURE 11

EXECUTE INT IFETCH

INTREQ (L)
1 1 [
INTGNT 1 [ : |
INTERNAL '—'k) | !
INT EN FF | . ! !
IFETCH | i f——
! I
| ¥ | ® i
LXMAR e __ igh 1 |
MEMSEL (1) = = === ==~~~ :_L__J_'Ll'll_'L___r——:

® ® ®

(® ADDRESS 0000,
® DONT CARE READ
@ PC WRITTEN IN LOC 0000,

(® ADDRESS 0001,
(® INSTRUCTION FETCH FROM 0001,
OF MEM

DEVICE INTERRUPT GRANT TIMING
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DEVICE INTERRUPT GRANT TIMING

The current content of the Program Counter, PC, is deposited in
location 0000, of the memory and the program fetches the instruc-
tion from location 0001,. The return address is available in location
0000,. This address must be saved in a software stack if nested
interrupts are permitted. The INTGNT, Figure 11, signal is activated
by the IM6100 when a device interrupt is acknowledged. This signal
is reset by executing any 10T instruction as shown in Figure 12. The
INTGNT signal is necessary to implement the Extended Memory
Control hardware when more than 4K of memory is required. The
INTGNT is also useful in implementing an External Vectored Priority
Interrupt network.

The user program controls the interrupt mechanism of the IM6100
by executing the processor IOT instructions listed in Table 6. Several
of these interrupt IOT instructions are also used if the memory is
extended beyond 4K words.

FIGURE 12

IFETCH 10TA 1078
Nacanipipiniginigiginipinipinininigipg
| i ]
IFETCH [ ! !
: ® [ | |
LXMAR 1] 1o I |
] 1 | 1
MEMSEL (L) I-—L®—l ! ! !
DEVSEL (L) | [ ON S :
INTGNT 1 [ 1 !

@ INSTRUCTION ADDRESS (@ DATA TRANSFER FROM PERIPHERAL DEVICES

@ 6XXX FROM MEMORY AS CONTROLLED BY C,, C,, AND C,

@ ADDRESS 6XXX (® DATA TRANSFER TO PERIPHERAL DEVICES
AS CONTROLLED BY G,, C,, AND C,

DEVICE INTERRUPT GRANT RESET TIMING



INPUT/OUTPUT TRANSFER INSTRUCTIONS CONTINUED

TABLE 6

MONIC | CODE OPERATION

INTERRUPT TURN ON—The internal interrupt acknowledge system is enabled. The interrupt system is enabled after the CPU executes the next sequential instruction.
The INTERRUPT ENABLE TIMING is shown in Figure 13.

~—AGC and Link are cleared. Interrupt system is disabled.

PROCESSOR IOT INSTRUCTIONS

FIGURE 13

} \ IFETCH ) ION EXECUTE | ION EXECUTE ) IFETCH | EXECUTE |
STATES||||||||||1234561234561234512345
IFETCH r——' i@ S i®
LXMAR u‘l 5 i M |
1 | |
MEMSEL (L) ;_I&l ! LT !
DEVSEL (L) | ' [ — ! I 1
INTERNAL | i @ ® i I
INT EN FF
@® INSTRUCTION ADDRESS (® DON'T CARE DEV WRITE
® INSTRUCTION FETCH ® INSTRUCTION ADDRESS
® DEVICE ADDRESS (6001,) @ INSTRUCTION FETCH
@ DON'T CARE DEV READ, SAMPLE C0, C1, C2 & SKP SAMPLE REQUEST LINES
INTERRUPT ENABLE FF ON (ION)
CONTROL PANEL INTERRUPT TRANSFER FIGURE 1 4
The IM6100 control panel is implemented in software. The soft-
ware implementation of the control panel need not use any part of
the main memory or change the processor state. This is an important | EXECUTE | CPINT | \FETCH

feature since the final version of the system may not have a control
panel and the system designer would like to use the entire capacity .
of the main memory for the specific system application. . cerea | § '

The control panel communicates with the IM6100 with the Control | . o i
Panel Request, CPREQ, line. The CPREQ is functionally similar to INTERNAL - | |© ; ,'
the INTREQ with some important differences. The CPREQ is CNTRL FF | ! —
granted even when the machine is in the HALT state. The IM6100 IFETCH :

STATES

I i
is temporarily put in the RUN state for the duration of the panel LXMAR ! ._,Q| :J@| |
routine. The IM6100 reverts back to its original processor state after P [ —— — i L !
X SEL (L) i L1 LI 1
the panel routine has been executed. . ® ® ®
The CPREQ bypasses the interrupt enable system and the proc- STRUCTION FETCHED FROM
essor |OT instructions, ION and IOF, are ignored while the IM6100 8 SBR'frESfé’é’%"éAo © :_r\(l)CT ??77Iop CP MEM
is in the Control Panel Mode. Once a CPREQ is granted, the IM6100 S o LOC 0000, OF G MM @ S T . (UN1S
will not recognize any DMAREQ or INTREQ until CPREQ has been
fully serviced.
When a CPREQ is granted, Figure 14, the PC is stored in location -~ CONTROL PANEL INTERRUPT GRANT TIMING

0000, of the Panel Memory and the IM6100 resumes operation at
location 7777, of the Panel Memory. The Panel Memory would be
organized wnth RAM's in the lower pages and PROM'’s in the higher
pages. The control panel service routine would be stored in the high-
er pages in the nonvolatile PROM's, starting at 7777,. 20



A Control Panel Flip-Flop, CNTRL FF, which is internal to the
IM6100, is set when the CPREQ is granted. The CNTRL FF prevents
further CPREQ’s from being granted.

As long as the CNTRL FF is set, the Control Panel Memory
Select, CPSEL, is active instead of the Memory Select, MEMSEL, for
memory references. The CPSEL signal may, therefore, be used to
distinguish the Control Panel Memory from the Main Memory. How-
ever, during the Execute phase of indirectly addressed AND, TAD,
ISZ or DCA instructions, the MEMSEL is made active. The instruc-
tions are always fetched from the control panel memory. The oper-
and address for indirectly addressed AND, TAD, ISZ or DCA refers
first to the control panel memory for an effective address, which, in
turn, refers to a location in the main memory. A main memory loca-
tion may, therefore, be examined and changed by indirectly ad-
dressed TAD and DCA instructions, Figure 15, respectively. Every lo-
cation in the main memory is accessible to the control panel routine.

FIGURE 15

| IFETCH | INDIRECT | DCA EXECUTE |
sTATES |1 L2ldslda s Ll Ldsbd4 sy Lyl sl faLsLysl!
| | I |
IFETCH | 1 ! |
| | | ]
| ® 1 ® 1 ® 1
LXMAR | [] Im! M |
i | | |
crseL() i L] T S [ |
. ° | : |
|
MEMSEL (L) | | 1 | L
I : ! ® !
| | |
DATAF | | B ]

® INSTRUCTION ADDRESS
@ INSTRUCTION FROM CP MEMORY
® EFFECTIVE ADDRESS
@ OPERAND ADDRESS
FROM CP MEMORY

(® OPERAND ADDRESS
® DON'T CARE MAIN MEM READ
@ AC WRITTEN INTO MAIN MEMORY

“DCA INDIRECT” IN CONTROL PANEL ROUTINE

Exiting from the control panel routine is achieved by executing the

following sequence with reference made to Figure 16.
ION
JMP | 00004 (Loc 00004 in CPMEM)

The ION, 60014, instruction will reset the CP FF after executing
the next sequential instruction. The ION will not affect the interrupt
system since the CNTRL FF is still active. Location 00004 of the
CPMEM contains either the original return address deposited by the
IM6100 when the CP routine was entered, or it may be a new starting
address defined by the CP routine, for example, by activating the
LOAD ADDRESS SWITCH. CPREQ’s are normally generated by the
manual actuation of the control switches. If the CPU registers must
be displayed in real-time, the CPREQ’s must be generated by a timer
at fixed intervals.

The designer may also make use of the control panel features to
implement Bootstrap loaders in the CP Memory so that the loader
will be “transparent” to the main memory. Programs will be loaded
by DCA | POINTER instruction, the pointer being developed in the
CP RAM to point to the main memory location to be loaded.

Approximately 64 P/ROM locations are sufficient to implement all
the functions of the PDP8/E Control Panel. The IM6100 provides for
a 12 bit switch register which can be read by the IM6100 under
program control with the OR THE SWITCH REGISTER, OSR, in-
struction even without a control panel.

An RTF, 6005, instruction also resets the internal CNTRL FF.
Exiting from a panel routine can be achieved by activating the RE-
SET line since RESET has a higher priority than CPREQ as shown in
Figure 18. If the RUN/HLT line is pulsed while the IM6100 is in the
panel mode, it will ‘remember’ the pulse(s) but defer any action until
the IM6100 exits from the panel mode.

FIGURE 16
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INPUT/OUTPUT TRANSFER INSTRUCTIONS CONTINUED

DIRECT MEMORY ACCESS (DMA)

Direct Memory Access, sometimes called data break, is-the pre-
ferred form of data transfer for use with high-speed storage devices
such as magnetic disk or tape units. The DMA mechanism transfers
data directly between memory and peripheral devices. The IM6100
is involved only in setting up the transfer; the transfers take place
with no processor intervention on a “cycle stealing” basis. The DMA
transfer rate is limited only by the bandwidth of the memory and the
data transfer characteristics of the device.

| EXECUTE

FIGURE 17

The device generates a DMA Request when it is ready to transfer
data. The IM6100 grants the DMAREQ by activating the DMAGNT
signal at the end of the current instruction as shown in Figure 17. The
IMB6100 suspends any further instruction fetches until the DMAREQ
line is released. The. DX lines are tri-stated, all SEL lines are high,
and the external timing signals XT,, XTg, and XT, are active. The
device which generated the DMAREQ must provide the address and
the necessary control signals to the memory for data transfers. The
DMAREQ line can also be used as a level sensitive “pause” line.

DMA I IFETCH

DMAREQ (L) |

I [,

DMAGNT !
I
IFETCH |

® DMAREQ REMOVED AFTER DMAGNT

DIRECT MEMORY ACCESS (DMA)
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INTERNAL PRIORITY
STRUCTURE

After an instruction is completely sequenced, the major state
generator scans the internal priority network as shown in Figure 18.
The state of the priority network decides the next sequence of the
IM6100.

The request lines, RESET, CPREQ, RUN/HLT, DMAREQ and
INTREQ, are sampled in the last cycle of an instruction execution, at
time T1. The worst case response time of the IM6100 to an external
request is, therefore, the time required to execute the longest instruc-
tion preceded by any 6-state execution cycle. For the IM6100, this is
an autoindexed 1SZ, 22 states, preceded by any 6-state execution
cycle instruction. The worst case response time is, therefore, 28
states, 14 us at 5 volts.

When the 1M6100 is initially powered up, the state of the timing
generator is undefined. The generator is automatically initialized with
a maximum of 34 clock pulses. The request inputs, as the IM6100
is powered on, must span at least 58 clock pulses to be recognized,
34 clocks for the counter to initialize and a maximum of two IM6100
cycles (20 to 24 clocks) for the state generator to sample the request
lines.

The internal priority is RESET, CPREQ, RUN/HLT, DMAREQ,
INTREQ, and IFETCH.

IFETCH

If no external requests are pending, the IM6100 fetches the next
instruction pointed to by the contents of the PC. The IFETCH line is
active during the cycle in which the instruction is fetched. External
devices can monitor DX, 0-2, during IFETCH-XT, to determine the
functional class of the current instruction. For example, the external
memory extension hardware must know when JMP or JMS instruc-
tions are fetched to implement the Extended Memory Control.

The Programmable Logic Array, PLA, in the IM6100 sequences
the IM6100 to execute the fetched instruction. All INDIRECT and
AUTOINDEX Memory Reference Instructions go through a common
state sequence to generate the Effective Address, EA, of the
operand. The subsequent sequence, referred to as the EXECUTE
phase, is controlled by the functional class of the instruction. The
EXECUTE phase of AND, TAD, DCA, JMS, JMP and OPR Group 3
Microinstruction consists of only one cycle. ISZ and 10T have a 2-
cycle EXECUTE phase. OPR Group 1 and Group 2 Microinstructions
have an optional second cycle, depending on the microcoding of the
OPR instructions. An IM6100 cycle consists of 5 states, T,, T,, T,
T, and T, with an optional sixth state, T,, for Output Transfers
(WRITE).

The state sequence for internal (processor) and external 10T
instructions are identical. The Device Address and Control bits are
available in the External Address Register for internal 10T instruc-
tions. External hardware, for example Extended Memory Control,
can control the C-lines for data transfers to implement Get Flags
(GTF), Return Flags (RTF), and Clear All Flags (CAF) instructions.
External Control of the C-lines is necessary to implement these
internal 10T instructions since the flag bits may be distributed both
inside and outside the IM6100.

FIGURE 18
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INTERNAL PRIORITY STRUCTURE CONTINUED

RESET

The Reset initializes all internal IM6100 flags and clears the AC
and the LINK. The machine is halted.

The IM6100 remains in the Reset state as long as the Reset line
is low as shown in Figure 19. The DX lines are three stated. The
IM6100 continues to provide the external timing signals XT,, XT and
XT¢. All SEL lines are high.

The PC is set to 7777,. In most applications, the higher memory
locations utilize P/ROM’s or ROM’s. Therefore, a power-up routine
starting at the highest memory location can be used to initialize the
system.

FIGURE 19

| EXECUTE | RESET |

REQUESTS SAMPLED AT T1 OF THE FINAL EXECUTE PHASE

EXECUTE MAY BE 5/6 STATES
PCIS SET TO 7777,
CPUHALTS

RESET TIMING

RUN/HALT

RUN/HLT changes the state of the IM6100’s RUN/HLT flip-flop.
Pulsing the line low causes the IM6100 to alternately run and halt
as shown in Figure 20. The RUN/HLT line is normally high. The
IM6100 recognizes the positive transition of the signal.

The RUN/HLT flip-flop can be put in the halt state under program
control by executing the HLT, 7402, instruction. When the IM6100
is halted, RUN/HLT is functionally identical to the CONTINUE switch
of the PDP8/E control panel.

If the IM6100 is in the halt state, the RUN signal is low. The RUN
signal can be used to power down external circuitry for a low power
system. ‘

The RUN/HLT can also be used to make the IM6100 execute one
instruction at a time as shown in Figure 21. The RUN/HLT combines
the functional features of STOP, CONTINUE, and SINGLE
INSTRUCTION as defined by the PDP8/E Control Panel.

FIGURE 20
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PDP-8/E
COMPAT

ILITY

The IM6100 and the PDP-8/E* of Digital Equipment Corporation
are software compatible. The basic PDP-8/E paper-tape software
system supplied by Digital Equipment Corporation will operate prop-
erly with the IM6100. This basic software package includes Binary
Loaders, PAL Il Assembler, Symbolic Editor, Dynamic Debugging
Technigue (DDT), Octal Debugging Technique (ODT), 23 Bit Floating
Point Package and FOrmula CALculator (FOCAL)*. The IM6100 will
execute the complete set of CPU diagnostics for PDP-8/E.

Since the bus structure of the IM6100 can be adapted to provide a
subset of the PDP-8/E OMNIBUS* signals, as shown in Figure 22, all
programmed 1/O interfaces for the PDP-8E, for example, Teletype,
Papertape Reader/Punch, etc., will operate with the IM6100 without
any hardware or software modification.

The Direct Memory Access, DMA, structure of the IM6100 and
PDP-8/E are different, the IM6100 DMA structure is similar to the
PDP-8 1-CYCLE BREAK, but not compatible.

The IM6100 handles 4K words of memory directly. Like the
PDP-8/E, an external Extended Memory Control element can be
used to extend the addressing space up to 32K. All necessary
control and timing signals to implement the memory extension con-
troller are generated by the IM6100.

The Extended Arithmetic Element, EAE, and the User Flag, UF,
processor options of the PDP-8/E cannot be used with the IM6100.
The EAE is used for hardwired Multiply/Divide and the UF for
timesharing.

The IM6100 treats the Control Panel as a programmed I/O device
with certain special features. The Control Panel has a dedicated INT
request line to the IM6100 and the control panel program can reside
in a separate memory, distinct from the normal program memory.
The control panel service routine can be made transparent to the
user and the user program can occupy the entire 4K of main
memory. The bootstrap routines may also reside in the dedicated
control panel memory. Unlike the PDP-8/E, the IM6100 bootstrap
routines and the loaded user programs, can, therefore, share
common address space.

FIGURE 22
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PLICATIONS

ALL CMOS SYSTEM

The IM6100 microprocessor family provides for the capability of
building an all CMOS system with no additional support components.
The CMOS RAM devices are organized 256 x 1 (IM6524), 1024 x 1,
(IM6508/18) or 256 x 4 (IM6551/6561). They have internal address
latches and operate synchronously with an address strobe. A 1024
x 12 bit mask programmable CMOS ROM (IM6312) is also provided.
The IM6402/6403 is an industry standard UART with the option of

operating directly from a high frequency crystal. The IM6101, Parallel
Interface Element (PIE), provides all the signals necessary to com-
municate with an external device including a vectored priority
interrupt chain. For example, a parallel Teletype interface can be
designed with only two logic elements—the IM6101 for control and
the IM6403 for data handling. The dynamic power dissipation of the
CMOS system will be less than 60mW at +5 volts. (Figure 23.)

FIGURE 23
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GENERAL PURPOSE IM6100 SYSTEM

A few auxiliary circuits are necessary to permit the IM6100 to be
operational in a general purpose environment. They include
transceivers (DM8833) to buffer the DX lines, address latches

(SN74174) and buffers for control lines. The IM6100 requires only
6 additional packages to interface with standard bipolar or MOS
RAM’s, P/ROM’s or FPLA’s. (Figure 24.)
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256 x 12 RAM, 2K x 12 P/ROM MEMORY SYSTEM

A low power nonvolatile memory system with extremely low
standby power requirements can be constructed as shown below.
A 256 x 12 RAM, 2K x 12 P/ROM organization seems to be suffi-
cient for typical microprocessor applications. Provisions are made,
however, to expand the RAM-P/ROM capacity up to 4K words. The
P/ROM devices are power strobed with PNP transistors. The CMOS
RAM’s have extremely low quiescent power requirements, less than

FIGURE 25

READ/WRITE

300 uW for a 256 x 12 array, and they can be made nonvolatile
with an inexpensive battery backup. The system designer can
reduce memory power dissipation considerably with CMOS RAM’s
and power strobed P/ROM'’s since the memory utilization of micro-
processors is typically less than 30%. The power dissipation of the
system shown below is less than 0.5watts at 5 volts. (Figure 25.)

XTC
CRYSTAL ADDRESS STROBE 1 1
CST WE
0 A PACKAGES | IM6s24
1 THRU 10 256 x 1
} -0 oo L _—cmos ram
+5 CS2
*5] (0) Z (11) T
GND| (12 (12)
INTERSIL
o F24 (] DATA BUS
DATAIN ADDRESS BUS =12 x 4 PROM - -
CONTROL| . 7415138 A o | [inTeRsiL INTERSIL
LXMAR A Yo CE VCC 5624 5624
ADDRESS "' g .
STROBE  — T T T
MEMSEL & INTERSIL INTERSIL INTERSIL
¥ MEMORY | ms624 5624 5624
+5 SELECT (L) x I i l A
A
—B Y4 o~ . : 1 \
C s »——J |__[inteRsic INTERSIL
2N3467 6 Y6 S624 5624 5624
G2A __ v7—
. by 1 1
TONEC OF 3708 DECODER
I | INTERSIL INTERSIL INTERSIL
5624 5624 5624

3 )y I\

TRANSPARENT CONTROL PANEL

A unique feature of the IM6100 is the provision for a dedicated
completely independent control panel with its own memory separate
from the main memory. The concept of a “transparent” control panel
is an important one for microprocessors since microprocessor based
production systems normally do not have a full fledged panel and the
system designer would like to use the entire capacity of the main
memory for the specific system applications. A number of panel
options which can greatly increase the usefulness, flexibility and

reliability of the system, such as test, maintenance and diagnostic
routines, bootstrap loaders, etc., can be incorporated just by in-
creasing the size of the panel memory to handle more software.
The panel can be considered as a portable device which can be
plugged into a socket on the CPU board, whenever the panel
functions are needed, and disconnected, when not needed, without
disturbing any part of the user program. (Figure 26.)
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APPLICATIONS CONTINUED

IM6100 TO CMOS RAM INTERFACE

The IM6100 provides all the control signals to interface directly
with standard CMOS RAM’s. Since the CMOS RAM’s have internal
address latches, the address information on the DX lines is latched

4MHz
XTL

i

INTERSIL
IM6100

CMOS
MICROPROCESSOR

internally with the address strobe. Address, Data-in and Data-out
can be multiplexed on the DX lines without any degradation in
performance. (Figure 27.)

FIGURE 27
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INTRODUCTION

INTERCEPT provides you an easy economical means
of prototyping user systems and evaluating the IM6100 family
of devices in typical configurations. INTERCEPT, packaged for
bench or desk top operation, is dimensioned 10-3/4"" X 16-1/2"" X
2-7/8" and precisely duplicates the functions and timing of the
IM6100 microprocessor. The simplified bus structure, being three-
state TTL compatible and fully buffered, eases 1/0 handling and
memory operation. The basic PDP-8/E* papertape software sup-
plied by Digital Equipment Corporation will operate properly with
INTERCEPT without any software or hardware modifications. The
design features of the prototyping system give the user complete
flexibility in developing both software and hardware.

Standard PDP-8 programs require the IM6100 micro-
processor to have a Control Panel, 6900-CONTRL, 4K words of
RAM, 6901-M4KX12, and a PDP-8/E compatible Teletype inter-

ntersit

face, 6902-CPUTTY — the basic modules provided in INTERCEPT.
Four 72 pin-36 position edge connectors are provided on a common
bus (Figure A). The basic modules utilize three connectors and the
fourth is provided as a user option. Access to the bus is available
under the unit (Figure B) for user options or for attaching 6904-
INTBUS, the Universal Bus. Two Amplimite High Density 20 @
25 position pin and socket connectors are provided, uncommitted,
at the back of the case, as well as a 9 position connector for tele-
type interface (Figure C). A 5 volt, 3 amp power supply is provided
permitting 1.0 amps for user option modules.

With INTERCEPT, the user has a fully interactive facility
to generate and test user programs and peripheral interfaces before
committing to a masked ROM pattern and a final hardware con-
figuration.

Figure B.

Figure C.

*Trademark Digital Equipment Corp.
® AMP INC., Harrisburg, PA
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MEMORY
ORGANIZATION
NONVOLATILITY

CLOCK RATE ALL
INPUT SIGNALS ALL
OUTPUT SIGNALS ALL

POWER REQUIRED

DIMENSIONS 6900-CONTRL
6901-M4KX12
6902-CPUTTY

CONNECTOR ALL CARDS

6901-M4KX12
6901-M4KX12
6901-M4KX12

6900-CONTRL

6901-M4KX12
6902-CPUTTY

6900-CONTRL

1024 x 1 CMOS Static RAM — IM6508
4096 x 12 — Four 1024 x 12 Arrays
40 Days @ 25°C
4 MHz
TTL Compatible
TTL Compatible
900 mMA @5V DC
DC Output of Power Supply
5+ 5% Volts
3 Amps at 40°C
AC Input
105-125 or 210-250 Volts at 57-63 Hz
45 Watts Max. at Full Load Rating
400mA @5V DC
700mA @5V DC
10-3/4" x 16-1/2"" x 2-7/8"
6" x 8-1/2" x 3/4"
6" x8-1/2"" x 3/4"
72-Pin — 36 Position, 0.100" Pin-to-Pin Spacing
Four 72-Pin — 36 Position Sockets, 0.100"
Pin-to-Pin Spacing

INTERCEPT PROTOTYPING SYSTEM
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INTERCEPT

6900-CONTRL
CONTROL PANEL MODULES

The 6900-CONTRL consists of all the component parts of
INTERCEPT except 6901-M4KX12 and 6902-CPUTTY. 6900-
CONTRL is organized in two modules: The first, 6903-CONTROL-
1,-is a PC board which contains logic and memory and is inserted
into the 6900 bus. The second, 6903-CONTROL-2, consists of the
case and front panel of INTERCEPT, which contains an array of
switches and indicators to facilitate processor operation and
maintenance. The logic and memory card, 6903-CONTRL-1, is
connected to the control panel module, 6903-CONTRL-2, with a
flat cable. The control panel module requires 900 mA at 5 V DC.

The operator may start and stop program execution,
examine and modify the contents of the main memory, modify
and display internal processor operation, manually load and
execute machine language programs or bootstrap and execute

Figure D.

programs via the Teletype or a high speed tape reader. Since the
microprocessor register and internal control signals are not available
externally, the modification and display of internal processor
information must be done under program control. The console
program resides in the console memory which is organized as
16 x 12 RAM—-256 x 12 P/ROM. The console operations are
completely transparent to the user.

Provisions are made for single instruction and single clock
processor operation. The processor state information can also be
displayed in real time. The user defined routines are implemented
with the “USER FN’"’ switch.

Additional information on the 6900-CONTRL module
is provided in Applications Bulletin MO006 entitled ““IM6100
Operator Console”.

Figure E.
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MODULES

6901-M4K X12
4096 X 12 NONVOLATILE
CMOS MEMORY MODULE

The 4096 x 12 nonvolatile CMOS memory module con-
sists of 48 CMOS static RAMs (IM6508), providing the user with
49152 bits of random access memory. The module provides for
memory expansion by utilizing the Field Select input and is fully
decoded and buffered for TTL compatibility. The 3K Write Protect
provision enables the user to block the upper 3K words of memory
as “read-only” to simulate RAM-ROM configurations. The entire
memory may be write protected. The 500mAH Nickel Cadmium
battery back-up guarantees data retention up to 40 days and is
automatically recharged when the module is powered. If the
battery voltage falls below the level required to guarantee data
retention, even momentarily, an LED indicator illuminates when
the module power is restored. A switch is provided to protect
the memory module from stray signals when inserting or removing
it from a “live’” system. The module requires 400mA at 5 V DC
and is dimensioned 6 x 8-1/2"" x 3/4".

Additional information on the 6901-M4KX12 module is
provided in Applications Bulletin M004 entitled “’Static Memory
Systems For the IM6100". A blank printed circuit board can be
ordered by specifying the number 6901.

6902-CPUTTY
IM6EIOO/TELETYPE™ MODULE

The 6902-CPUTTY module forms the nucleus of the
three-state bus-organized prototyping system. The module contains
the IM6100 microprocessor with a DEC®@ PDP-8/E compatible
parallel Teletype interface. The microprocessor signals are buffered
with standard high current three-state buffers and transceivers to
define a TTL compatible bus.

All IM6100 signals are available externally. The input
control signals have pull-up resistors to permit open collector
wire-ANDing of the request lines. The memory signals are three-
stated when the IM6100 grants a Direct Memory Access request
permitting the peripheral device, which requested the DMA, to
access memory using the same bus lines as the processor.

Since the 6902-CPUTTY module will be principally used
for prototyping, provisions are made to stop the free running
crystal controlled oscillator and to introduce a TTL compatible
clock externally. Gating is provided to ensure integral clocking.

The module contains the required logic to transfer data
between the IM6100 and an ASR-3320-3JC Teletype keyboard/
reader and printer/punch. A Universal Asynchronous Receiver/
Transmitter, UART, is provided for parallel-serial data formatting.
In view of the fact that the interface is PDP-8/E compatible, DEC
PDP-8 software will operate properly without any modification.
The serial data formatting is RS-232 compatible and the interface

®Trademark — Teletype Corporation
®Trademark — Digital Equipment Corporation, Maynard, MA
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Figure F.

provides for 20mA current loops. The module requires 700mA at
5V DC and is dimensioned 6" x 8-1/2"" x 3/4".

Additional information on the 6902-CPUTTY module is
provided in Applications Bulletin MO05 entitled “Teletype Inter-
face For the IM6100 CMOS Microprocessor”’. A blank printed
circuit board can be ordered by specifying the number 6902.



SOFTWARE AND
HARDWARE OPTIONS

The following additional hardware modules and software
packages are also available from Intersil Inc.

6904-INTBUS UNIVERSAL BUS

The 6904-INTBUS shown in Figure H has a bus structure
as defined in Appendix 1. The panel provides for eight 72 Pin-36
Position connectors with 1-1/4"" connector to connector spacing. A
3’ x 2" Flat Flexible Cable is provided to permit attaching the
6904-INTBUS to INTERCEPT for user expansion. The power
supply for the 6904-INTBUS is user supplied.

6905-WIREWP
UNIVERSAL
WIREWRAP MODULE

The Universal Wirewrap module shown in Figure | permits
the user to prototype and incorporate user interfaces to the 6900
system. The module provides for all standard dual in line pin
spacings.

6906-EXTEND
EXTENDER MODULE

The Extender module shown in Figure J enables the user
to extend any 6900 card for servicing, testing, trouble-shooting
and debugging.

OO0 LEMC
EXTENDED MEMORY
CONTROLLER MCDULE

The 6907-EMC Module together with the 6904-INTBUS
permits the user of INTERCEPT to expand the memory up to 32
K words.

6909-RRELAY
READER RELAY

This 2V%" x 3%" PC card provides a means for remote
reader control and protection against noise induced by line
surges when interfacing ASR33 to the INTERCEPT PROTOTYP-
ING SYSTEM. '
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EXTENDED SOFTWARE
PACKAGE 6982-QFO8L-AC

The basic PDP-8/E papertape software kit assists the user
in creating and editing programs and in debugging and correcting
programs after assembly or compilation. Additional information
on the software is provided in the Applications Bulletin M003
entitled “IM6100 CMOS Microprocessor Basic Software’’.

PDP-8/E EXTENDED SOFTWARE KIT
DOCUMENTATION

Small computer handbook (8E, 8F, 8M)

PDP-8 pocket reference card

Introduction to programming

PDP-8 family comrhonly used utility routines

4K assemblers PAL I11/MACRO-8

Self-starting binary loader (PDP-8E, 8M, 8F only)

BINARY PAPERTAPES

Self-starting binary loader

PAL I

DDT”

ODT (LOW)

ODT (HIGH)

Symbolic editor

RIM punch ASR 33 high memory
OCTAL memory dump

Binary punch ASR 33

PDP-8 23 BIT floating point package
RIM papertapes

Binary loader

DIAGNOSTIC SOFTWARE KIT
0985 IDIAGH]

‘ This software package consists of programs to perform
extensive tests on the processor, memory and the Teletype.

35

FOCAL-8
©982-I5-LFOCA)

FOCAL-8 is an interactive algebraic language. FOCAL's
desk calculator mode of operation makes the full computational
power of the processor available to the user in response to simple
sentence structured keyboard commands. FOCAL is similar to
BASIC, ALGOL and FORTRAN in many respects. However, it is
more easily learned. The dynamic combination of computational
capability and simplicity makes FOCAL-8 an ideal language for
on-line problem solving without having to master a complex pro-
gramming language. FOCAL requires only 4K words of RAM and a
Teletype. Yet, it offers a full range of mathematical functions,
extendable 1/0 and versatile self-editing capabilities.

FOCAL-8

Document
Binary Papertape
Listing

FOCAL-8 remove/replace

Binary papertape
Listing
FOCAL-8 8K overlay (8/E)

Binary papertape
Listing

E98L-FOPALAN
PAL-Ml FORTRAN
CROSS ASSEMBLER

FOPAL-Ill is a cross assembler written in standard
FORTRAN. The cross assembler is functionally identical to the
PDP-8/E PAL-Ill Assembler, supplied with the Extended Software
Package. It will run on any computer installation that supports
FORTRAN.

*Trademark Digital Equipment Corp.



69/0IFDOS
INTERCEPT FLOPPY DISC
OPERATING SYSTEM

DESCRIPTION

The 6970-IFDOS Floppy Disc Operating System is
designed to facilitate development of software for an IM6100
microprocessor-based system. An ASCIl terminal such as the
ASR33 is required, as well as at least 4K words of memory
(included with the INTERCEPT prototyping system).

HARDWARE

The hardware components of 6970-IFDOS consist of
two completely interfaced floppy disc drive mechanisms with
all electronics, power supplies, and cables necessary to add
over four (4) million bits of “on line” mass storage capability to
the INTERCEPT prototyping system. All components are
contained in a single covered enclosure which is rack
mountable or can be placed on any flat surface. The interface
module is inserted directly into the INTERCEPT bus and
is connected to the disc system via a multi-conductor
ribbon cable.

Features:

* IBM 3740 compatible media with multiple sources

e Software compatible with DEC RX8 for the PDP-8
minicomputers

* Intelligent disc drive/controller formatter/interface communi-
cations which provide the ability to:
* Detect, identify, and correct errors resulting from mechanical,

electrical, media or human malfunction

* Completely format a diskette within industry standards

* Automatic transparent self tests on disc related equipment are
performed at times when system throughput is least affected

¢ Flexible Programmed Input/Output for applications that
require direct communications between user programs and
the storage system
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SOFTWARE

Features:

* A file system which maintains a catalog of user files on floppy
disc and performs file handling and input/output operations
as specified by user

* A keyboard monitor which provides communication between
the user and the operating system thereby enabling simple
commands to enter and delete files in the user catalog,
transfer files between memory and mass storage, print the
user file catalog, and call system programs

* An easy to learn text editor which allows the user to create
and modify ASCII text at the console terminal

* An extremely fast and flexible assembler which accepts
source programs created by the editor and produces binary
output for subsequent loading and execution

* A binary loader which loads and executes assembler output
files and facilitates loading of existing binary paper tapes’

¢ An octal debugger which allows the user to examine, modify,

- and control execution of programs from the terminal

* Numerous utility programs for absolute block copying and
dumping of floppy discs, system data handling, control of
system parameters, and printing of system program catalogs

DIAGNOSTIC SOFTWARE
e Binary programs to test the floppy disc system and interface.
* A listing of the programs

PHYSICAL SPECIFICATIONS
* DIMENSIONS Height 10.5 inches

Width 19 inches

Depth 22.5 inches
* WEIGHT 54 |bs
* POWER REQUIREMENTS

110 volts @ 60 Hz or 200 volts @ 50 Hz

2.0 Amps 1.5 Amps
The software component of 6970-IFDOS can be ordered sep-
arately by specifying order number 6980-ISOFT. The listing for
6980-ISOFT can be ordered separately by specifying 6980-ILIST.
The Diagnostic Software can be ordered separately by specify-
ing 6985-IDIAG-3.
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1-

PROCESSOR

INTRODUCTION

The INTERCEPT JR. TUTORIAL SYSTEM is ideal as a low
cost educational tool for the student, hobbyist or designer.

The fully assembled and factory tested system provides
battery operation and a user-supplied power supply option
for the evaluation of the IM6100 family of devices. The sys-
tem, which recognizes the instruction set of Digital Equip-
ment Corporation’s PDP-8*, is designed with a modular
concept to enable the user to purchase only those mod-
ules which meet his requirements.

A practical exposure to microprocessors, RAMs, P/ROMs
and Input/Output Interfacing can be achieved with the
Tutorial System and the Owner’'s Handbook supplied.

*Trademark-Digital Equipment Corporation, Maynard, MA.

OFF/ON
POWER
SWITCH

CMOS
MICRO-

MONITOR ROM ROM EXPANSION

SOCKET

0950-INTERCEPT JR.
MODULE

INTERCEPT JR. provides an all CMOS computer on a 10" x
11" double sided PC board. A multiple function calculator
type keyboard in concert with a 1024 x 12 CMOS ROM
(IM6312) monitor provides control functions, a serial boot-
strap loader, a microinterpreter as well as user accessibility
as a switch register via an instruction. Memory addresses
and data are displayed in octal on two four-digit LED dis-
plays. The IM6100 CMOS microprocessor interfaces via a
three-state bus with 256 x 12 CMOS RAM. Four D cell
batteries allow for non-volatile RAM and battery operation.
External terminals permit the user to provide a 5 volt or 10
volt power- source. The 10 volt supply, in conjunction with
changing the crystal, permits the evaluation of the Intersil
high speed, or “A” version, components. A socket is pro-
vided for evaluation of a user generated CMOS ROM
(IMB8312/12A). Three edge connectors with 44 pins on
0.156" pin-to-pin spacing are provided for expansion to the
optional boards available.

MODULE
SOCKETS
(BEHIND CELLS)

........ iy

RESET

SWITCH

KEYBOARD
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4 "D"” CELLS

256 x 12
CMOS RAM

DISPLAY



TUTORIAL

690l-M 1K X12
JR.RAM MODULE

The JR. RAM MODULE, utilizing twelve (12) IM-
6518 1024 x 1 CMOS RAMS on a 4%2" x 6%2" PC
board, provides a convenient memory extension
module. Non-volatility is assured by two (2) pen-
light batteries which are provided.

N2227)

magaigas)

ul

0952-P2K X12
JR. PROGRAMMABLE
ROM-B/ROM MODULE

The JR. P/ROM MODULE provides the user with
twelve (12) sockets organized on a 4¥2" x 6%2"
PC board. The user has the option of utilizing the
IM5623, 256 x 4, or IM5624, 512 x 4 three-state-
output Avalanche Induced Migration (AIM) pro-
grammable bipolar P/ROMs to obtain from 256
to 2048 words of program. Each of the four (4)
rows of sockets are power strobed to permit
0.75 watts average when the P/ROMs are ac-
cessed.

0903-PIEART
JR.SERIAL I/OMODULE

The JR. SERIAL I/O MODULE featuring the IM-
6101 CMOS Parallel Interface Element (PIE) and
the IM6403 CMOS Universal Asynchronous Re-
ceiver Transmitter (UART) provides the user with
serial I/0O capability with both RS232 and 20 mA
current loop interfaces. The IM6100 controls the
UART via the PIE. The CMOS ROM monitor con-
tains a bootstrap routine for loading programs
from the 6953-PIEART using BIN** formatted
media.

**Digital Equipment Corporation Binary Format
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095 -AUDVIS

JR. AUDIO VISUAL MODULE

The JR. AUDIO VISUAL MODULE provides the
user with an excellent tutorial device. A switch
register, acting as an input, can be loaded into
two LED display registers providing both binary
and seven segment octal readout. A volume
controlled speaker can be “clicked” or used to
produce tones by controlling the rate at which
the speaker is pulsed. A display control on-off

switch is provided for power conservation.

6950—INTERCEPT JR. MODULE

BLOCK DIAGRAM

6952—P2KX12 JR. P/ROM MODULE 6951—M1KX12 JR. RAM MODULE

6957-AUDVIS JR. PARALLEL 1I/0

DECODE &
CONTROL

Enable

CALCULATOR
KEYBOARD

MONITOR
TIMER

ADDRESS
DISPLAY

MEMORY
DISPLAY

RAM | im-6312-001 Pt CMOS RAM
CMOS RAM el | cmos 1kxi2 oeKETS 1024 x 12
256 x 12 ROM __SOCKETS WITH BATTERY
MONITOR EXPANDABLE BACKUP
256 x 12 TO 2048 x 12
CONTROL BUSH -
IM6100 MANUAL
CMOS MICRO- BINARY
PROCESSOR INP
DATA BUS DXe-DX7; ur
ow 6953—PIEART JR. SERIAL /O MODULE
Sel
MULTIPLE
lor FUNCTION

SERIAL
INTERFACE
DRIVERS

IM6101
CMOS PIE

IM6403
CMOS UART

READER
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4 DIGIT
OCTAL
DISPLAY.

12 BIT
BINARY
DISPLAY

! 1 =
120UTPUT 12 INPUT
BITS BITS

EXTERNAL I/0 CONNECTOR



MICROINTERPRETER SIMPLIFIES
PROGRAM ENTRY

EXAMPLE:

Add 7,, (0007,) which is stored in memory
location 22,, (00264), to 15,, (0017;), which is
stored in memory location 23,, (0027¢), and
store the result in 21,, (00254).

PROGRAM

0020 CLA /Clear Accumulator
0021 TAD 0026 /Read Location 0026
0022  TAD 0027 /Add Location 0027
0023 DCA 0025 /Deposit Result in 0025

0024 HLT [Halt
KEYBOARD OPERATION AND DISPLAY DISPLAY
OPERATION KEYBOARD ENTRIES (Left to Right) ADDRESS MEMORY
0020  EIEE CFEFE
=1 T ZH e miimiilwillm
o)) () | o =3 o P e
I T 2 =z -
] o = v = =
PROGRAM
=1z = Tz e
(=)0)ee)  HOE (FEEE
II_II II _II I:I ,—I’ 7 I_II I’ _Il I:I
EXIT FROM
MICROINTERPRETER {
SET =N it Ty
EXECUTE M. LR | U LU
PROGRAM === = === p—
I 2 S =1 2
'ﬁ"l' I -z = == | =
*Don’t Care

Answer is displayed as 00265 (22,).
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FEATURES

e IM6100 Compatible

e Low Power — typ <5.0uw standby
e 4-11V Supplies

e High Speed

e Static Operation

PRELIMINARY
CMOS PARALLEL
INTERFACE
ELEMENT
IM6101/6101A

GENERAL DESCRIPTION

The IM6101 and IM6101A Parallel Interface Elements
(PIE) are high speed low power silicon gate CMOS general
purpose devices which provide addressing, interrupt and
control for a variety of peripheral functions such as UARTs,
FIFOs, Keyboards, etc. The PIE is designed to eliminate
external logic. Data transfers between the Intersil IM6100
CMOS Microprocessor and the IM6101 are via 10T instruc-

INSTRUCTIONS (DX 8, 9, 10, 11)

tions, control lines and DX bus. Data transfers between
peripheral devices and the DX bus are controlled by the
PIE via 2 read, 2 write, 4 sense and 4 flag functions. The
A and B registers program write polarities, sense po-
larities, sense levels or edges, flag values and interrupt
enables. The vector register has 10 bits writeable from the
IM6100 and 2 bits indicating the highest priority SENSE
input that generated the interrupt.

FUNCTIONAL DIAGRAM

1000 - READ2 0000 - READ1 ox(@11) =
LXMAR —] e SEL3
1001 - WRITE 2 0001 - WRITE1 DEVSEL —| aopRess | SELS
1010 - SKIP3 0010 - SKIP1 7o me100 { "NTENT AND  le— SELS ADDRESSING
XTC —»| CONTROL | o o
1011 - SKIP4 0011 - SKIP2 ; Loaic Ly
C1 = |-
1100 - WVR 0100 - RCRA c2 - < prin | PRIORITY SELECTION
TO FROI
1101 - WCRB 0101 - WCRA INT/SKP = L~ PROUT | OTHERPIE'S
1110- SFLAG3 0110- SFLAG1
1111 - CFLAG3 0111 - CFLAG1 FLAGS SENSE vF;fExfTDé
6007 - CAF (Internal 10T) vaael iaaal 150,
clears interrupt requests IRER) RER] IREE]
TO PERIPHERAL DEVICES
PACKAGE DIMENSIONS ORDERING INFORMATION
2020
DL 40 Pin DIP Max. M 6 1 0A I DL
(ol (9 () 07 8 () G T\Jﬁ AR 'r? A W 19 [ F] G ] -} -I_
0.032 T Package — 40 Pin DIP
RAD. ™\ | :1:9)(0 Temperature Range
| —40°C to +85°C
M —55°C to +125°C
T ICRCRCRSI [L'J JORE] :‘JVI'J?_‘JU DRCACRCRCRORC ©
0.520 Specific Type
SQUARE 0.050 0.165
TYP. -.' r MAX. General Type
b iy ’1_? !
_‘}.o .008 LV 1' *dj 'Hf{r i ‘FLL 2 j‘ y jr F—CH,SES CMOS Process
0600 | :':51: _] ] 0.100 oovwn Toa2s INTERSIL INC.
REF. +0.010 £0.010 +0.002 MIN.
REGISTER BIT ASSIGNMENTS
DX o|1|2]3fals]e]7]s]a]o]n FL - Flag
CONTROL REGISTER A FL4|FL3|FL2| FL1|wP2 WP1 1e4 [1€3|1E2 [1E0| WP - Write Polarity
IE - Interrupt Enable
CONTROL REGISTER B sLa[st3|sL2|sL1|spa|sp3|sp2[sp1 SL - Sense Level
INTERRUPT VECTOR REGISTER INTERRUPT VECTOR SPRI SP - Sense Polarity
SPRI - Sense Priority
INSTRUCTION REGISTER — PIE ADDRESS | = PIE CONTROL
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage
IM6101
IMG6101A

Applied Input or

Operating Temperature Range

+8.0V
+12.0V

Operating Voltage Range

Industrial
Military

—40°C to 85°C
—55°C to 125°C

Output Voltage GND --0.3V to Vg +0.3V IM6101 4V to 7V
Storage Temperature Range —65°C to 150°C IMB101A 4V to 11V
DC CHARACTERISTICS V¢ = Operating Voltage Range T = Temperature Range

PARAMETER SYMBOL CONDITIONS MllN TYP MAX UNITS
Logical “*1” Input Voltage VIH 70% Vce Y,
Logical “’0" Input Voltage ViL 20% Ve \Y
Input Leakage IR 0V SV|N SV -1.0 1.0 MA
Logical 1" Output Voltage VoH2 |louT=0 Ve - 0.01 \
Logical “"1"" Output Voltage VOH1 |!oH =-0.2mA 24 \Y
Logical 0" Output Voltage VoL2 |[lout=0 GND +0.01 \Y
Logical “0"" Output Voltage VoL1 |loL= 2.0mA 0.45 \Y
Output Leakage lo Qv <Vg <Vce -1.0 1.0 HA
Supply Current Icct ViN = Ve 1.0 HA

|CC2 VCC=5V f|M6100=4 MHz 1.0 mA
Input Capacitance Cj 5 7 pf
Output Capacitance Co 10 pf
Input/Output Capacitance Cip 8 10 pf
AC CHARACTERISTICS Tp = 25°C C| = 50pf Derate 0.3%/°C plus 2 times V¢ tolerance.
PARAMETER SYMBOL CONDITIONS MIN MAX UNITS

Delay from DEVSEL to READ tbR IM6101 V= 5V 180 ns

IM6101A VCC =10V 90 ns

Delay from DEVSEL to WRITE tow IM6101 Vee = 9V 100 180 ns

IMB101A VG = 10V 50 90 ns
Delay from DEVSEL to FLAG toE IM6101 Vo= 5V 200 ns
IM6101A VCC= 10V 100 ns
Delay from DEVSEL to C1, C2 tbe IM6101 VCC = BV 160 ns
IM6101A Voo = 10V 80 ns
Delay from DEVSEL to SKP/INT tp IM6101 V(= 5V 190 ns
IM6101A VCC= 10V 95 ns
Delay from DEVSEL to DX tbA IM6101 Vo= 5V 280 ns
IM6101A VCC= 10V 140 ns
LXMAR pulse width t XMAR IM6101 Vo= 5V 200 ns
IMB101A Vi = 10V 100 ns
Address setup time tADDS IM6101 Vo= 5V 50 ns
IMB101A Ve = 10V 25 ns
Address hold time tADDH IM6101 Vo= 5V 150 ns
Data setup time thg IM6101 Vo= 5V 100 ns
IM6101A Vo = 10V 50 ns
Data hold time tDH IM6101 Vo= 5V 100 ns
IM6101A VCC= 10V 50 ns
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TIMING DIAGRAM

Timing for a typical IOT transfer is shown below. During
IFETCH the processor obtains from memory an 10T
instruction of the form 6XXX. During the IOTA the
processor places that instruction back on the DX lines
@ and pulses LXMAR transferring address and control
information for the 10T transfer to all peripheral devices.
A low going pulse on DEVSEL while XTC is high @ is
used by the addressed PIE along with decoded control

I0T INSTRUCTION

information to generate C1, C2, SKP and controls for data
transfers to the processor. Control outputs READ1 and
READ2 are used to gate peripheral data to the DX lines
during this time. A low going pulse on DEVSEL while XTC
is low (B) is used to generate WRITE1 and WRITE2
controls. These signals are used to clock processor accumu-
lator instruction data into peripheral devices.

————IFETCH CYCLE { I0TA CYCLE < 10TB CYCLE—————|
1 2 3 4 5 1 2 3 4 5 6 1 2 3 4 5 6
XTC \ / \ / \ /
ILXMAR
txmar T\ \
MEMSEL \ / - («—taADDH
tADDS ¢
ox011 (D X_@ X7 (X @ Y7 A X 7 727,
DA> | tDs l<—tDH
DEVSEL X 4 AW 4
DR = |= DR »>— DWW
READ (NEGATIVE POLARITY) X
tpw —
WRITE (POSITIVE POLARITY) .
WRITE (NEGATIVE POLARITY) 3L_7
tIDF»{ |=
CFLAG R
SFLAG
-+ IDF =
FLAG (VIA WCRA COMMAND) }( -------------------
tpD| = f— ““DI
SKP/INT INTERRUPT DATA SKIP 7 INTERRUPT DATA
‘DC"" -— —-»{ ‘_‘DC
ci,c2 X

Sense FF are sampled
when LXMAR is high by

the PIE. edge of T2,

All PIE timing is generated from IM6100 signals LXMAR,
DEVSEL, and XTC. No additional timing signals, clocks,
or one shots are required. Propagation delays, pulse width,
data setup and hold times are specified for direct inter-
facing with the IM6100.

Interrupts are sampled by
the IM6100 on the rising

DX data, CO, C1, C2, and
SKP are read by the IM6100
on the rising edge of T3.
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PIE ADDRESS AND INSTRUCTIONS

The IM6100 communicates with the PIE and with peri-
pherals through the PIE via IOT commands. During the
IOTA cycle (See Figure 1) an instruction of the form
6XXXX is loaded into all PIE instruction registers. The
bits are interpreted as shown below.

The 5 address bits (3-7) are compared with the select
inputs SEL3, SEL4, SEL5, SEL6, SEL7 to address 1 of
31 possible PIE’s. Address zero is reserved for IOT'’s internal
to the IM6100. The four control bits are decoded to select
one of 16 instructions.

PIE INSTRUCTION FORMAT

o 1 2 3 4 5

6 7 8 9 10 1

1 1 0 ADDRESS CONTROL
CONTROL MNEMONICS ACTION
0000 READ1 The READ instructions generate a pulse on the appropriate read outputs. This signal is
1000 READ?2 used by the peripheral device to gate data onto the DX bus to be “OR’ed’” with the
IM6100 accumulator data. The IM6100 accumulator is cleared prior to reading peri-
pheral data when CO is asserted low.
0001 _ WRITE1 The WRITE instructions generate a pulse on the appropriate write output. This
1001 WRITE?2 signal is used by peripherals to load the IM6100 accumulator data on the DX lines into
peripheral data registers. The IM6100 AC is cleared after the write operation when the
CO input is asserted low.
0010 SKIP1 The SKIP instructions test the state of the sense flip flops. If the input conditions have
0011 SKIP2 set the sense flip flop, the PIE will assert the SKP/INT output causing the IM6100 to
1010 SKIP3 skip the next program instruction. The sense flip flop is then cleared. If the sense flip
1011 SKIP4 flop is not set, the PIE does not assert the SKP/INT output and the IM6100 will execute
the next instruction.
0100 RCRA The Read Control Register A instruction gates the contents of CRA onto the DX lines
during time@to be “OR’’ transferred to the IM6100 AC.
0101 WCRA The Write Control Register A, Write Control Register B and Write Vector Register
1101 WCRB instructions transfer IM6100 AC data on the DX lines during time(5)of IOTA into
1100 WVR the appropriate register.
0110 SFLAGI1 The SET FLAG instructions set the bits FL1 and FL3 in control register A to a high
1110 SFLAG3 level. PIE outputs FLAG1 and FLAG3 follow the data stored in bits FL1 and FL3
of CRA.
0111 CFLAG1 The CLEAR FLAG instructions clear the bits FL1 and FL3 in control register A to
111 CFLAGS3 a low level.
(6007)g CAF IM6100 internal 10T instruction CLEAR ALL FLAGS clears the interrupt requests
by clearing the sense flip flops.

PRIORITY FOR VECTORED INTERRUPT

A hardware priority network uniquely selects a PIE to
provide a vectored address. The first IOT command of any
type, after the IM6100 signal INTERRUPT GRANT goes
high, resets the line INTGNT to a low level. The signal
INTGNT is used to freeze the priority network and enable
vector generation. The highest priority PIE has PIN tied

to Vge. The lowest priority PIE is the last one on the
chain. The vector address generated by the PIE consists
of 10 bits from the vector register and two bits that indicate
the sense input within the highest priority PIE that gen-
erated the interrupt.

47




INTGNT FROM POUT OF TO PIN OF
D" D’_ PIN previous piE - | POUT NEXT PIE

! ‘HDD_[}—I

VECTOR ENABLE

PIE INTERRUPT

0 1 2 3 4 5 6 7 8 9 10 M

VECTOR REGISTER VPRI
VPRI Conditions
00 SENSE1
01 SENSE2 and not SENSE1
10 SENSE3 and not (SENSE2 or SENSE1)
1 SENSE4 and not (SENSE3 or SENSE2 or SENSE1)

I/0 CONTROL LINES (C1 and C2)

The type of input-output transfer is controlled by the selected PIE by activating the C1, C2 lines as shown below.
These outputs are open drain.

C1 c2
H DEV/PIE =«— AC Write
H AC--AC VDEV/PIE "OR" Read
L PC-«— VECTOR ADDRESS Vectored Interrupt

INTERRUPT/SKIP (INT/SKP)

Interrupt and skip information are time multiplexed on the If the SENSE flip flop is set, the INT/SKP line is driven low
same lines. Since the IM6100 samples skip and interrupt to cause the IM6100 to skip the next instruction. This
data at separate times (see Figure 1) there is no degradation output is open drain.

in system performance. The PIE samples the sense flip flops :
and generates an interrupt request for enabled bits on the CONTROL REGISTER A (CRA)

rising edge of XTC. Interrupt requests are asserted by The CRA can be read and written by the IM6100 via the
driving the INT/SKP line low. During IOTA of SKIP RCRA and WCRA commands. The format and meaning of
instructions the INT/SKP reflects the SENSE flip flop data. control bits are shown below.

0o 1 2 3 4 5 6 7 8 9 10 M

FL4|FL3|FL2| FL1{wP2 wP1 1E4 | IE3| IE2| IE1
FL(1-4) Data on FLAG outputs corresponds to data 1E(1-4) A high level on INTERRUPT ENABLE
in FL (1-4). Changing the FL bits in CRA enables interrupts.
changes the corresponding FLAG output.
WwP(1,2) A high level on WRITE POLARITY bits

causes positive pulses at the WRITE outputs
(see Figure 1).
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CONTROL REGISTER B

The CRB can be written by the IM6100 via the WCRB
instruction. It has no read back capability. The format and
meaning of control bits are shown below.

SL4| SL3|SL2|SL1

SP4 | SP3| SP2 | SP1

SL(1-4) A high level on the SENSE LEVEL bits
causes the SENSE inputs to be level sensi-
tive. A low level on the SL bits causes the
SENSE inputs to be edge sensitive. An
interrupt request is recognized only if a
sense line is set up to be edge sensitive.

PERIPHERAL INTERFACE LINES

SENSE (1-4) The sense inputs are used to set the flip
flops SENSE FF. Conditions for setting
SENSE FF, levels or edges and positive or
negative polarities, are set by control bits SL
and SP in CRB. The SENSE FF’s are sampled
on the rising edge of XTC. Interrupt requests
are generated when the sense flip flops are set
and interrupts are enabled (SENSE FF and
IE). Sense flip flops are reset on two
conditions.

1. Vectored interrupt resets highest priority
SENSE FF on selected PIE.

2. SKIP instruction resets corresponding
SENSE FF if set.

READ (1,2) The READ outputs are activated by the read
instructions and are used by peripheral
devices to gate data onto the DX lines for
transfer to the IMG6100 (see Figure 1).
READ lines are active low.

SP(1-4)

WRITE (1,2)

FLAG (1-4)

A high level on the SENSE POLARITY bits
causes the sense flip flop to be set by a high
level or positive going edge. A low level
causes the sense flip flop to be set by alow
level or negative going edge.

The WRITE outputs are activated by the
write instructions and are used by peripheral
devices to load IM6100 AC data from the
DX lines into peripheral data registers (see
Figure 1). Output polarity is controlled
by the WRITE POLARITY bits of
CRA. A logic one causes pulses to be positive
while a logic zero causes pulses to be
negative.

The FLAG's are general purpose outputs
that can be set and cleared under program
control. FLAG1 follows bit FL1 in CRA and
etc. FLAG's can be changed by loading new
data into CRA via the WCRA commands.
In addition, FLAG1 and FLAGS3 can be set
and cleared directly by the commands
SFLAG1, CFLAG1, SFLAG3 and CFLAGS.
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PIN DEFINITIONS

ACTIVE ACTIVE
PIN | SYMBOL LEVEL DESCRIPTION PIN | SYMBOL LEVEL DESCRIPTION
1 Vee +5 volts 8 SEL 3 TRUE Matching SELECT(3-7) inputs with PIE
2 INTGNT | H A high level on INTERRUPT GRANT addressing on DX(3-7) during IOTA selects a
inhibits recognition of new interrupt requests PIE for programmed input output transfers.
and allows the priority chain time to 9 SEL ¢4 TRUE See Pin 8 -- SEL 3
uniquely specify a PIE. 10 | LXMAR H A positive pulse on LOAD EXTERNAL
3 PRIN H A high level ON PRIORITY IN and an ADDRESS REGISTER loads address and
interrupt request will select a PIE for control data from DX(3-11) into the address
vectored interrupt. register.
4 SENSE 4 | PROG The SENSE input is controlled by the SL 11 | SELS TRUE See Pin 8 — SEL 3
(sense level) and SP (sense polarity) bits of 12 | SEL6 TRUE See Pin 8 — SEL 3
control register B. A high SL level will cause 13 | XTC H The XTC input is a timing signal produced by
the sense flip flop to be set by a level while a the microprocessor. When XTC is high a low
low SL level causes then sense flip flop to be going pulse on DEVSEL initiates a ““read”
set by an edge. A high SP level will cause the operation. When XTC is low, a low going pulse
sense flip flop to be set by a positive going on DEVSEL initiates a write operation.
edge or high level. A high AIE (interrupt 1a | seL7 TRUE See Pin 8 — SEL 3
enable) level generates an interrupt request
whenever the sense flip flop is set. 15 | DX 0 TRUE Data transfers between the microprocessor and
5 SENSE 3 | PROG See pin 4 — SENSE 4 PIE take place via these input/output pins.
6 SENSE 2 | PROG See pin 4 — SENSE 4 16 | DX 1 TRUE See Pin 15 — DX 0
7 SENSE 1 | PROG See pin 4 — SENSE 4 17 | DX 2 TRUE See Pin 15 — DX 0
18 DX 3 TRUE See Pin 15 — DX 0
19 | DX 4 TRUE See Pin 15 — DX 0
20 | DX 5 TRUE See Pin 16 — DX 0
2019181716 1514131211 10 9 8 7 6 5 4 3 2 1
IM6101 C
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
ACTIVE ! ACTIVE
PIN { SYMBOL LEVEL DESCRIPTION PIN | SYMBOL LEVEL DESCRIPTION
21 DX 6 TRUE See Pin 15 — DX 0 34 c2 L See Pin 33 — C1
22 DX 7 TRUE See Pin 15 — DX 0
23 DX 8 TRUE See Pin 156 — DX 0 35 | READ1 PROG Outputs READ1 and READ2 are used to gate
24 DX 9 TRUE See Pin 15 — DX 0 data from peripheral devices onto the DX bus
25 DX 10 TRUE See Pin 156 — DX O for input to the IM6100. Note the data does
26 DX 11 TRUE See Pin 15 — DX 0 not pass through the PIE.
27 GND
28 | DEVSEL| L The DEVSEL input is a timing signal 36 | WRITE1 PROG | Outputs WRITE1 and WRITE2 are used to
produced by the microprocessor during 10T gate data from the IM6100 DX bus into
instructions. It is used by the PIE to generate peripheral devices. Data does not pass
timing for controlling PIE registers through the PIE.
and “read’’ and “‘write’’ operations. .
29 | FLAG4 | PROG | The FLAG outputs reflect the data stored in 37 | READ2 | PROG | See Pin 35 — READ1
control register A. Flags (1-4) can be set or 38 | WRITE2 PROG See Pin 36 — WRITE1
reset by changing data in CRA viaa WRA
(write control register A) command. FLAG1 39 | SKP/INT L The PIE asserts this line low to generate
and FLAG3 can be controlled directly by interrupt requests and to signal the IM6100
PIE commands SFLAG1, CFLAG1, when sense flip flops are set during SKIP
SFLAG3 and CFLAG3. instructions. This output is open drain.
30 FLAG3 PROG See Pin 29 — FLAG 4
31 FLAG 2 PROG See Pin 29 — FLAG 4 40 | POUT H A high level on priority out indicates no
32 FLAG 1 PROG See Pin 29 — FLAG 4 higher priority PIE interrupt requests are
33| ¢ L The PIE decodes address, control and priority outstanding. This output is tied to the PIN
information and asserts outputs C1 and C2 input of the next lower priority
during the IOTA cyc'e to contral the type of PIE in the chain.
data transfer. These outputs are open drain
for bussing and require a pullup register
to Vee-
C1(L), C2(L) - vectored interrupt
C1(L), C2(H) - READ1, READ3 or
RRA commands
C1(H), C2(H) - all other instructions
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APPLICATION

INTRODUCTION

The IM6101, Parallel Interface Element (PIE), provides a
universal means of interfacing industry standard LSI devices
and peripheral equipment controllers to the IM6100
Microprocessor.

The IM6100 configures each PIE for a specific interface
during system initialization by programming the control
registers within the PIE for write enable polarities, sense
polarities, sense edges or levels, flag values and interrupt
enables.

The data transfer between the IM6100 and the peripheral
devices does not take place through the PIE. The Parallel
Interface Element provides the steering signals for data
transfers. This approach was chosen since all the standard
LSI elements such as Keyboard chips, UARTs, FIFOs, etc.
have internal storage latches and they require only control
-signals to take data from the bus or to put data on the bus.
If some user defined peripheral interfaces do not have
these built-in storage elements, discrete CMOS or low power
Schottky. latches, or flip-flops, must be provided to store
the data from the IM6100 until the peripheral device is
ready to accept it and to latch data from the peripheral
devices until the IM6100 asks for it.

INTERRUPT HANDLING WITH PIE’S

The PIEs provide for a vectored priority interrupt scheme.
Up to 31 PIEs may be chained to obtain 124 interrupt lines.
The microprocessor will recognize, identify and start
servicing the highest priority interrupt request within
30.5us at 4 MHz.

The INTREQ lines from all PIEs are wire-ANDed together.
A PIE generates an interrupt request, if any one of its

four sense lines, which are interrupt enabled, become active

by driving the INTREQ line to the IM6100 low. If no
higher priority requests are outstanding (RESET, CPREQ,
HLT or DMAREQ), the IM6100 will grant the request at
the end of the current instruction. The content of the
Program Counter is deposited in location 0000g of the
memory and the program fetches the next instruction from
location” 0001g. The return address is hence available in’
location 0000g. This address must be saved in a software
stack if nested interrupts are allowed.

The IM6100 activates the INTGNT signal high when an
INTREQ is acknowledged. The INTGNT is reset by exe-
cuting any 10T instruction. The PlIEs use the INTGNT
signal to freeze the priority network and to uniquely
specify the PIE with the highest priority interrupt request.
The PIE with the highest priority request sends a unique
vector address to the IM6100 when the processor executes
the first 10T instruction after the INTGNT. It is
recommended that the internal processor instruction,
Interrupt Off (IOF - 6002g) be used for vectoring. IOF, in
this context, is a NOP since the interrupt system is auto-
matically disabled after an interrupt grant.

The 12-bit vector address generated by the PIE consists of
10 high order bits from the vector register, defined by the
user during system initialization, and two low order bits
which indicate the sense input that generated the interrupt.
Therefore, if the instruction in location 0001g is IOF -
6002g, the processor will branch to 1 of 4 locations,
depending on which of the sense lines within a PIE
generated the request. Each one of these locations must
contain a Jump instruction pointing to the specific service
routine for the corresponding sense input. The 30.5us
interrupt acknowledge time at 4 MHz consists of 14us
(max) to recognize an interrupt request, 3us to grant an
interrupt request, 8.5us to execute the IOF for vectoring
and 5.0us to execute a Jump instruction to a specific
service routine.

PIN INSTRUCTION FORMAT

The IM6100 communicates with the PIEs using the
Input-Output Transfer (10T) instructions. The first three
bits, 0-2, are always set to 6g (110) to sepcify an 10T
instruction. The standard DEC* convention is to set the
next 6 bits, 3-8, to specify 1 of 64 1/O devices and then
to control the operation of the selected 1/O device by.
using bits 9-11. However, the DEC interfaces are not
standardized since a specific pattern of bits 9-11 could
specify completely different operations in different 1/O
devices. For example, the pattern 000 in bits 9-11 could
mean a read operation for Interface A, a write operation
for Interface B, a skip instruction for Interface C and so
on since the operation for any 10T instruction depends
entirely upon the circuitry designed into the 1/O device
interface.

The 10T instruction format for the PIE is different from
that used by DEC interfaces. The first three bits are, as
usual, set to B6g to indicate an 10T instruction. The next
5 bits, 3-7, specify 1 of 31 PIEs and then the operation of
the selected PIE is controlled by bits 8-11 in 16 uniquely
specified ways. For example, the specific pattern 0000 in
bits 8-11 means exactly the same operation for all PIEs,
namely activate READ1 line.

Of the 32 possible combinations of bits 3-7, the pattern
00000 is reserved for internal Processor 10T instructions
and hence not available as a PIE address. The 6900
Prototyping System assigns bit patterns 00001 and 00010
for the PDP-8/ET compatible Teletype interface and these
two addresses also must not be used for PIEs if the 6900
System is used for prototyping.

* Digital Equipment Corporation, Maynard, MA

T Registered Trademark, Digital Equipment Corporation
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ASYNCHRONOUS SERIAL INTERFACE WITH
PIE AND UART

The 1M6402/03 Universal Asynchronous Receiver/
Transmitter is a general, purpose programmable serial device
for interfacing an asynchronous serial data channel to a
parallel synchronous data channel. The receiver converts a
serial word with start, data, parity and stop bits to a
parallel data word and checks for parity, framing and data
overrun errors. The transmitter section converts a parallel
data word into a serial word with start, data, parity and
stop bits. The data word length may be 5, 6, 7 or 8 bits.
Parity may be odd or even. Parity checking and generation
can be inhibited. The number of stop bits may be 1 or 2
or 1% when transmitting a 5 bit code.

The IM6204/03 can be used in a wide variety of applications
including interfacing modems, TeletypesT and remote data
acquisition systems to the IM6100 microprocessor. The
IM6403 makes provisions for a crystal oscillator and internal
divider chain to specify the data transfer rate. In the
IM6402 the data transfer rate is controlled by an external
timing source, for example, a Baud Generator.

A functional block diagram of the PIE/UART/IM6100
interface is shown below. The UART is configured, in
this specific example, to interface with an ASR-33 Teletype
which has a data format that consists of 11 bits — a start
bit, 8 data bits and 2 stop bits. The UART is clocked at
16X the data rate. For the 10 character per second ASR-33,
the UART clock frequency would be 1.76 KHz. The
configuration shown is compatible with the DEC BIN and
RIM paper tape formatting.

PIE/UART/IM6100 INTERFACE

il

An 8-bit data word from the IM6100 Accumulator is
loaded into the Transmitter Buffer Register via inputs
TBR8-TBR1 when the Transmit Buffer Register Load
(TBRL) signal makes a zero to one transistion. A high
level on Transmit Buffer Register Empty (TBRE) indicates
that the buffer is ready to accept a new character for
transmission. The microprocessor checks the status of
TBRE via SENSE2 before it transmits a new character to
the UART by pulsing WRITE1. The start bit, data bits
and stop bits appear serially at the Transmit Register
Output (TRO).

A serial data stream on the Receiver Register Input (RRI)
is clocked into the Receive Buffer Register. A high level on
Data Received (DR) indicates that a character has been
received. The contents of Receiver Buffer Register appear
on the outputs RBR8-RBR1 when a low level is applied to
Receiver Register Disable (RRD) input. The RBR outputs
are tristated when RRD is high. A low level on Data
Received Reset (DRR) clears the DR flag. RRD and DRR
may be tied together to clear DR as the register data is
being read. The microprocessor monitors the status of the
DR flag via SENSE1 to see if a new character has been
received before it reads the information stored in the
buffer register by pulsing READ1 low.

The UART interface uses only the low order 8 bits of
the IM6100 data bus (DX) to receive and transmit
characters.

T Registered trademark for Teletype Corporation

DX (0)
§ §
DX(11) < o
1M6100
LXMAR
DEVSEL .
INTGNT
XTC
g § é )
& M
SKP —&
INTREQ fa—"
€0 f+—vcc
DX (4) DX (4)
] ~—
guw,gg og'z- N> TBR (8) RBR (8) __/———f
Xak g N} UART me
-qZ S N
IM6402 —
SELECT CODE: Re={ Dx (0 y.‘“’ 1
DX (11) DX (11)
SEL3=0 Ne>] PIE N—=] TBR (1) RBR (1) |-
R Ner] 1M6101 DRR
SEL6=1 N READ1 RDR
= TBRL PI=1 No Parity
SEL7=0 \ig
Nl WRITET SENSET
Nt ?ERE CLS1=CLS2=1 8 DataBits
Nesf DX (11) SENSE2 RRI TRO SBS =1 2 Stop Bits
1 ‘ RRC=TRC=176 KHz 110 Baud Rate

—————
110 BAUD SERIAL PORT
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PIE CONTROL REGISTER ASSIGNMENTS FOR 1M6402 UART INTERFACE:

0

1

2 3 4 5 6 7 8

9 10 N

an[*

*

WRI *

* &l» *

r o+ |E2 u?l

0

1

2 3 4 5 6 7

CRBI“

*

sL2 sul REER

WP1=0

IE2=1
IE1=1

SL2=0;SP2=1
SL1=0;SP1=1

Active low WRITE1 (TBRL)

Active low READ1

Interrupt enable for SENSE2 (TBRE)
Interrupt enable for SENSE1 (DR)

If vectored interrupts are used

(PIN = 1 or is part of a priority
chain) the Interrupt Vector Register
must be loaded with the desired

vector address.

SENSE2 (TBRE) active on 0 to 1 transition
SENSE1 (DR) active on 0 to 1 transition

PIE ADDRESS AND CONTROL ASSIGNMENTS:

EXTERNAL COMMANDS OCTAL CODE ACTION
0 1 2 3 456 7 8 9 10N 6340  Activate RRD low to transfer Receiver
[1 v ojo v vt 0jo o0 0 o Register contents onto the DX lines and
101 Address READ? clear the Data Received Flag.
6341  Activate TBRL low to transfer data from
[‘ ! °|° T ﬂ 0 o o ’] the DX lines to the Transmit Buffer
WRITET Register.
L’ T o I S 1 1 1 o | s o 1 o | 6342  Skip the next instruction if the internal
T SENSE FF1 was set by a positive transi-
tion on Data Received (DR) and then
clear SENSE FF1.
IT T o l o 1 1 1 ﬂ o o 1 1 6343  Skip the next instruction if the internal
SKiP2 SENSE FF2 was set by a positive transi-
tion on Transmit Buffer Register Empty
(TBRE) and then clear Sense FF2.
INTERNAL COMMANDS
0 1 2 3 4 5 6 7 8 9 101
[+ OT o 1 1 1 0Jo 1 o 0] 6344  ‘OR’ transfer Control Register A to the
10T Address RCRA AC.
[+ 7 oJo 1 1 1 oo 1 0 1] 6345  Transfer AC to Control Register A
WCRA
L‘ ! °| 01 1 1 0 | 1.1 0 1] 6355  Transfer AC to Control Register B
WCRB
[v 1 ofo 1 1 1 o[1 1 o o] 6354  Transfer AC (0-9) to Vector Register
WVR (0-9)
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Subroutines for programmed 10T transfers:

Program Listing:

/REFER TO THE APPLICATION BULLETIN MB8S§
/"ROM BASED SUBROUTINE CALLS WITH THE
- /IM6166” FOR THE IMPLEMENTATION OF A
/SOFTYARE STACK. THE ROUTINES IN THIS
/NOTE ASSUMES THAT THE SUBROUTINES ARE
/ARE RESIDENT IN RAM AND ARE CALLED BY
/THE CONVENTIONAL JMS INSTRUCTIONo

#3200

/INPUT=0UTPUT ROUTINES FOR UART
/INPUT ROUTINE READS AN 8§=BIT CHAR
/FROM THE UART INTO THE AC RIGHT
/JUSIFIEDo THE OUTPUT ROUTINE XMTS
/A CHAR FROM THE AC TO THE UART AND
/THEN CLEARS THE ACo

/USER DEFINED MNEMONICS

RUART=6 340 /READ UART DATA
WUART=6341 /WRITE UART
SKPDR=6342 /SKP IF DATA RECD

SKPTBR=6343 /SKP IF XHMT RDY

32@@ G666 INPUT, & /ZENTRY FOR SUBROUTINE
3281 6342 SKPDR

3202 5281 JMP o=} /YAIT FOR DATA READY
3263 72606 cLAa

3204 6340 RUART /4C<= UART

3265 6267 AND KB377 /STRIP B-3

3266 5660 JMP I INPUT /RETURN

3207 @377 K@8377, 8377

3216 @689 OUTPUT, &

3211 6343 SKPTBR

3212 5211 JMP o=} /YAIT FOR XMT RDY
3213 6341 WUART

3214 7266 CLA /WRITE UART & CLA
3215 5616 JMP I OUTPUT /RETURN
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TELETYPE INTERFACE WITH PIE

A simple economical program controlled serial interface for Flag line to control the Teletype paper tape reader, as

a Teletype can be built using only the Parallel Interface shown below. Timing for proper transmit pulse widths,
Element. The interface uses one Sense line to receive setting and clearing FLAG1, and proper receiver sampling
serial data, one Flag line to transmit serial data and one times, testing SENSE1, is created via software timing loops.

PIE Control Register Assignments

0
CRAL- PR .l. * -L; PR

o 1 2 3 4 5 6 7

crB [+ o+« st o+« spi

SL1=1;SP1 =0 SENSE1 is level sensitive and active low.

IM6100/PIE/TELETYPE INTERFACE

4 MHz

i

DX (0) —Q—

RRBB/IKRORE

DX (11)

m g

IM6100

Zm=e  O0%
sQux @
XoE =
~os 2| Fiact
SE;‘EES::?DE: Rz ox (0 TELETYPE TRANSMIT
SEL4=0 Nl
SEL5 - 1 oo IMe101 SENSE TELETYPE RECEIVE
SEL6 = 0 ]
SEL7=0 i FLAGY TELETYPE READER CONTROL
N
[N]
Nt
Nes{ DX (11)
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PIE Address and Contro! Assignments:

EXTERNAL COMMANDS

10T Address SKIP1

|11011o1ooo110

SFLAG1

L1 1 0|1 o 1 0 00 1 1 11

CFLAG1

L1 1 OL‘l o 1 o0 o1 1 1 0]

SFLAG3

L1 1 OLI o 1 0 011 11 1]

CFLAG3

INTERNAL COMMANDS

9 10 M

7 8
11 0}1 0 1 O OJO 1 0 (ﬂ

10T Address RCRA

WCRA

WCRB

OCTAL CODE ACTION

6502

6506

6507

6516

6517

6504

6505

6515

6514

Skip and clear if SENSE1 is low — used
to detect the status of the receive line.

Set FLAG1 to put the transmit line
high (“MARK"’)

Clear FLAG1 to put the transmit line
low (“'SPACE")

Set FLAG3 to enable the paper tape
reader

Clear FLAG3 to disable the paper tape
reader

‘OR’ transfer Control Register A to AC

Transfer AC to Control Register A

Transfer AC to Control Register B

Transfer AC (0-9) to Vector Register
(0-9)
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Subroutines for programmed 10T transfers:
Transmit character routine:

The transmit routine takes an 8-bit character from the
Accumulator and transmits it to the Teletype via FLAG1.
FLAGH1 is initially set high or “mark”. For each character,

Program listing:

the program sends out a start bit (“space” - zero), 8 data
bits with the least significant bit first and 2 stop bits
(“mark’ - one).

/TELETYPE XMT ROUTINE

/FLAG! 1S INITIALISED TO 1| (MARK)
/CHAR TO BE XMTED IN AC4-11
/NOMINAL BIT TIME 9.69 MS

/4MHZ OPERATION FOR IM6188

/AC AND L CLEARED AFTER XMT

/USER DEFINED MNEMONICS

TMARK=6586
TSPACE=6587

/XMT MARK (1)
/XMT SPACE(8)

/SAVE AC

/-8 IN TEMP2
/RESTORE AC

/START BIT
/TIME OUT BIT

/XMT 8 DATA BITS LSB FIRST

3000
3000 G666 XMT. 7]
3061 3168 DCA TEMP1
3962 1235 TAD M8
3863 3161 DCA TEMP2
3664 1160 TAD TEMPI
3865 65087 TSPACE
3006 4225 JMS DELAY
3667 7618 LOOP, RAR
3918 7430 SZL
3911 5214 JMP o+3
312 6507 TSPACE
3913 7416 SKP
3014 6566 TMARK
315 4225 JMS DELAY
3916 2161 I1SZ TEMP2
3917 5287 JMP LOOP
3920 6506 TMARK
3921 4225 JMS DELAY
3g22 4225 JMS DELAY
3323 7360 CLA CLL
3924 5680 JMP 1 XMT
3325 @666 DELAY, 06E6
3926 3160 DCA TEMP1
3m27 1236 TAD M693
3930 3162 DCA TEMP3
3331 1168 TAD TEMPI
3932 2162 1SZ TEMP3
3333 5232 JUP o=1
3834 5625 JMP 1 DELAY
3035 7776 M8, 7770
3836 6513 M693, 6513

%160
01660 ©666 TEMPl, 0000
@161 B8686 TEMP2, G063
pl62 0686 TEMP3, 00068

/XMT BIT IN L
/JMP IF 1

/XMT 6

/XMT 1

/TIME OUT BIT

/9,082 MS NOMINAL <.1% ERROR
/XHT 8 BITS

/STOP BIT

/2 STOP BITS

/RETURN

/9.043 MS
/SAVE AC

/=693 IN TEHWP3
/RESTORE AC
/TIME OUT LOOP
/9.869 HS

/RETURN
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Receiver character routine:

The receive routine accepts a serial data string from the
Teletype which consists of a start bit, 8 data bits with the
least significant bit first and 2 stop bits and assembles them,
right justified, into an 8-bit word in the Accumulator. Each
bit is sampled in the middie of the bit interval. The user can
read character by character from the Teletype reader by

turning the reader off after receiving each character and
then reenabling it under program control to fetch the next
character in sequence. The routine assumes that the program
is waiting for a character from the Teletype.

Program listing:

*3100

/TELETYPE RECEIVE ROUTINE

/SENSE1 IS INITIALISED TO BE LEVEL
/SENSITIVE AND ACTIVE LOW

/AC AND L ARE CLEARED. CHAR I.J AC 4-11

/USER DEFINED MNEMONICS

SKPLOW=65082 /SKP IF TTY IN IS @
RDRON=6516 /ENABLE RDR
RDROFF=6517 /RDR OFF
3188 @068 RCVE, @000
3101 7389 cLA CLL
3182 1235 TAD M8
3183 3161 DCA TEMP2 /-8 IN TEMP2
3164 6516 RDRON /ENABLE RpR
3185 6562 START, SKPLOW
3186 53085 JMP -1 /VAIT FOR START BIT
31867 1338 TAD M349
3116 3162 DCA TEMP3 /=349 IN TEMP3
3111 2162 I1SZ TEMP3
3112 5311 JMP -1 /7172 BIT DELAY
/74.532 MS
3113 6582 SKPLOW
3114 5385 JMP START /FALSE START BIT
3115 6517 RDROFF /G0O0D START BIT
/TURN OFF RDR
3116 4225 DATA, JMS DELAY /FULL BIT DELAY TO THE
/MIDDLE OF NEXT BIT
/<+«15% ERROR
3117 17108 CLL
3128 6502 SKPLOW
3121 17920 CML /L=1 IF MARK
3122 17010 RAR
3123 2161 1SZ TEMP2
3124 5316 JMP DATA /RCVE 8 BITS
3125 7012 RTR
3126 17812 RTR /RIGHT JUSIFY
3127 57090 JMP 1 RCVE /RETURN
3138 7243 M349, 7243
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FEATURES

O IM6100 Compatible

O Low Power - typ. 5.0pW Standby
0 4-11V Vg Operation

o High Speed

O Static Operation

CMOS RO
1024 WORD X 12 BIT
IMG312/1M6312A

GENERAL DESCRIPTION

The IM6312 and IM6312A are high speed lower power
silicon gate CMOS static ROMs organized 1024 words by
12 bits. In all static states these units exhibit the microwatt
power requirements typical of CMOS. The basic part
operates at 4-7 volts with a typical 5 volt 25°C access time
of 250 ns. Higher operating voltages, 4-11 voits, are avail-
able with the A version. Signal polarities and functions are
specified for interfacing with the IM6100 microprocessor.

ORDERING INFORMATION

MERMORY CIRCUIT MARKING AND PRODUCT CODE EXPLANATION

DE

L Package

DN — Ceramic 18 pin DIP

Temperature Range
| — Industrial (—40°C to —85°C)
A — Military ( —55°C to +125°C)

Specific Type

General Type
Read Only Memory (ROM)

CMOS Process
INTERSIL INC.

M 6 3 12 |

FUNCTIONAL DIAGRAM

OPERATION

Addresses and data out are multiplexed on 12 lines, DXO-
DX11. Addresses are loaded into an on chip register by the
falling edge of STR. Data out, corresponding to the latched
address, is enabled when STR and OEL are low and OEH
is high and the decoded state of DX0 and DX1 aretrue. The
RSEL output defines an area in the 4096 word addressing
space dedicated to RAM. It can be programmed by DXO0,
DX1, DX2, and DX3. This output eiminates a four bit reg-
ister and decoder for the high order address bits to select
RAM.

PACKAGE DIMENSIONS

18 LEAD CERAMIC DIP

Il W e T e e B W

285
TYP.
900 |
i “TYR. ™
» 100 055
. ==t e
040 | |
| TYP. T
150 200
1 1 mMax.
) B _ v
I : | i
! |
J | | - *
\ 125
008 / L o 032 016 | 043
o12TYP == AT Rer, 71T o2z T —~ o0 %

NOTE: Board drilling dimensions will equal standard prac-
tice for .020 diameter lead.

CONNECTION DIAGRAM

{— 10F 12-]I
TO OUTPUT | | U
BUFFERS | | RSEL [1]0O [is] vee
« : : STR [2] [17] OEL
12 BIT DX11-5 D I 128 x 8 | ToDX OEH [3] 6] DX11
- ADDRESS g E ARRAY LINES
DX(0-11) REGISTER 1 I 0
¢ I | oxo [1] 1M6312 1] DX
I | pX1 5] 2] Dx9
II : DX2 [5] 3] Dx8
L ] DX3 (7] [12] DX7
- - DX4 [&] [11] DX6
GND | 10| DXS
Y DEC [:
STR Dx«,
oxa TOP VIEW
Pin 1 is designated either
DX0, DX0 = by a dot or a notch.
r—{ DX1, DX1 TJPROGRAMMABLE “0" ENABLES
OEH____DO_DC e ouTPUT
r “Q"SELECTS RAM
OEL ‘D& AND DISABLES
ROM OUTPUT
e o vee —|PrROGRAMMABLE
L D21 vee 7] RAM RSEL
DX2, DX2,Vce : SELECT i
DX3, DX3. Ve PROGRAMMABLE

INVERTING (H)
NONINVERTING (L)
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage IM6312
Supply Voltage IM6312A

Applied Input or Output Voltage
Operating Temperature Range

Industrial IM6312/12Al
Military IM6312/12AM

+8.0V
+12.0V
GND-0.3V to Vgg to .3V

—40° to 85°C
—55° to 125°C

DC CHARACTERISTICS 1M6312 Vg =4-7 volts, IM6312A Vo =4-11 volts  TA=Temperature Range
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Logical “1” Input Voltage ViH 70% Voo \Y
Logical “O” Input Voltage ViL 20% Voo \Y
Input Leakage i OV < VN £ Ve -1.0 +1.0 pA
Logical “1” Output Voltage VoH loyt =0 Vg - -0t v
Logical “O” Output Voltage VoL loyt =0 GND + .01 \
Output Leakage lo OV < Voyt = Ve -1.0 1.0 pA
Supply Current Icc VIN = VCC or GND 1.0 pA
Input Capacitance Cin 5.0 7.0 pf
Output Capacitance Cout 6.0 10.0 pf
AC CHARACTERISTICS Ta = 25° CL = 50pf
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Access time from STR tac  [IM6312 Vge = 5.0V 200 400 ns
IM6312A Vgg = 10.0V 90 200 ns
Output enable time ten  |IMB312 Veg =5.0V 100 200 ns
IM6312A Vo =10.0V 60 120 ns
Strobe positive pulse width tsTr |IM6312 Vee =5.0V 200 70 ns
IM6312A Vog = 10.0V 120 80 ns
Address setup time taApps |IM6312 Vgg =5.0V 25 -10 ns
IM6312A Vge =10.0V 20 0 ns
Address hold time taADDH {IM6312 Veg =5.0V 100 40 ns
IM6312A Vgg =10.0V 60 30 ns
Propagation to RAM Select trs IM6312 Vgg =5.0V 80 180 ns
IM6312A Vgg =10.0V 70 120 ns

SWITCHING WAVEFORMS

tsTR
STR N

tac

tADDH

DX

tADDS |*«—]
/rj,//,//,// ADDRESS e

DATA OUT

OEH

tEN —

tEN —»

OEL

RsEL .- 7

<——IRSEL
- 7
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CUSTOM ROM PROGRAMMING

IM6312/IM6312A programming information is generated
from the PAL Ill Symbolic Assembler as a “second pass”
binary paper tape. A separate tape is required for each
1024 word ROM pattern, i.e. a separate symbolic should
be generated for each 1024 word block of memory used,
(0000-1777)g, (2000-3777)g, (4000-5777)g and
(6000-7777)g. A header is added to the front of each tape
giving customer ID, chip select and RAM select program-
ming information. The header consists of 15 ASCII char-
acters generated from a standard teletype. Channel 8 is

}
|
>
|
E

CHANNELS CHARACTER
7 S Y
87654 321
v
°
OQ 000 o 0OO | RUBOUT
COLUMN—>] © O O o [oN |
00 o o OO0 |Ss
A [o}Ne] O o0 L
[e] [¢)o) <] 0
o o0 o 0
(6] 00 o O 4
oo O o O T
OO0 O o0 T
(e Jo] o 0O F
[eNe] o 00O F
O 0 o0 0O F
00 © 00 F
o0 O o0 L
O 0C 00O o0 ®ee | RUBOUT
)
o
O o LEADER )
(&) )
© o (o] SET LOCATION
° TO (0200)g
000 ° SET LOCATION
° TO (6000)g
AAA o BBB | TYPICAL OCTAL
ccCcCoeDDD NUMBER ABCD
)
XX Xo XXX CHECK SUM
XX X o XXX
© o TRAILER
[+] [
@ °
SPROCKET HOLES )
—N————

The example shown above has a customer ID and pattern
ISL 004. chip selects are programmed to recognize ad-
dresses (6000-7777)g or (3072-4095)15. RAM select is

always punched. The header begins with a rubout
followed by 6 alphanumeric characters identifying the
customer and the pattern number. Next are 2 letters de-
signating true, false or don'’t care for inputs DX0 and DX1
to chips select gate A (see functional diagram), and 4
letters designating true, false, don’t care for inputs DXO,
DX1, DX2 and DX3 to the RAM select gate B (see func-
tional diagram). Next is one letter (H or L) designating
RSEL as active high or active low. RSEL function is
inhibited when all RSEL inputs are VCC and RSE is active
high. The leader ends with a rubout.

COMMENTS

Sprocket holes

Begin header

3 letter customer ID
(A-Z, 0-9) are allowable

3 number customer pattern number
(A-Z, 0-9) are allowable

DXO0 chip select programming

DX1 T-true, F-false.

DX1 ram select programming
DX2 T-true, F-false, V-don't care

RSEL is active low
End header

} Sprocket holes

PAL Il Symbolic Assembler “second pass” output is of
this form. Channel 8 only, punches indicate leader or
trailer. An address is designated by a punch in channel 7.
12 bits of data are represented by two adjacent columns.
DX0-DX5 are represented by channels (6-1) in the first
column. DX0-11 are represented by channels (6-1) in the
second column.

active low for addresses (0000-0400)g or (0000-0255)1¢.
For programs using less than 1024 words, the unused
locations are automatically programed to a logic one.
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A MINIMAL MICROPROCESSOR SYSTEM

IM6100
uPROCESSOR

LMA

MSEL

XTC

DX (0- 1)
(0-255)
RSEL  Vcc |- —1 A3 Vee - P— A3 Vee - — A3 Vee
STR OEL — A2 Ag — A2 Ag — A2 Ag
OEH oNI | >—] A4 WE s, WE | A WE
DXO  DX10 4 b— Ag csq— — Ag csq (— 5— Ag csq
DX1 px9 |—o b Ag loa 2 b— Asg log > As loa |2
DX2 DX8 [—e s Ag lo3 ; b Ag ™ : b Ag lo3 ?o
DX3  DX7 |— L a; 102 L a; I02 L a; I02
DX4 DX6 |—< — GND o1 I — GND to1 — GND 101 2
~ono pxs STR €Sy [— — STR €85 — — sTR  cs;
IM6312 IM6561 IM6561 IMB561
1024 x 12 256 X 4 256 X 4 256 X 4
ROM RAM RAM
ADDRESS SPACE N Y

(3072 - 4095)49

ADDRESS SPACE (0000 - 0255)19
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FEATURES

© QOperation from DC to 4.0 MHz

o Low Power - typ.<10mW @ 3.0 MHz

o 4V-11V Operation

o Programmable Word Length, Stop Bits and Parity

o Automatic Data Formatting and Status Generation
o Compatible with Industry Standard UART’s
o Crystal Operation—I1M6403

CcMOS/LSI
UNIVERSAL
ASYNCHRONOUS
RECEIVER
TRANSMITTER
(UART) 1M6402/6403
IM6402A/6403A

GENERAL DESCRIPTION

The IM6402 and 1IM6403 are CMOS/LSI subsystems for
interfacing computers or microprocessors to an asyn-
chronous serial data channel. The receiver converts
serial start, data, parity and stop bits to parallel data
verifying proper code transmission, parity, and stop bits.
The transmitter converts parallel data into serial form
and automatically adds start, parity, and stop bits. The
data word length can be 5, 6, 7 or 8 bits. Parity may be
odd or even. Parity checking and generation can be in-
hibited. The stop bits may be one or two or one and one-
half when transmitting 5 bit code.

ORDERING INFORMATION

CIRCUIT MARKING AND PRODUCT CODE EXPLANATION

L] 6 4 02 1 DL

I 1 T
Package—40 Pin DIP
Temperature Range
1-40°C to +85°C
M -55°C to +125°C
Specific Type
G | Type
CMOS Process
INTERSIL INC.

PACKAGE DIMENSIONS

2.020

Max.
DL 40 Pin DIP
el 5 (ol ) () 18] (% () ) () G (6 ) R G [ GG
i T
0.032 1 |
RAD. ™ | 0.590
i MAX.
ogo| nmmmmmmmmm
0.520
'— 0.050 _ 0.165
SQUARE TYP. 'H’ MAX.
‘\___U__]] 4; I H‘W Iy —l 1 002
5 i — Y
‘ ~ooos Y TE T ELY | ! _jreee
0.600 ooso || _| |- o100 0.018 .“__ 0125
REF. +0.010 +0.010 +0.002 MIN.

The IM6402 and IM6403 can be used in a wide range of

_applications including modems, printers, peripherals and

remote data aquisition systems. CMOS/LSI technology
permits operating clock frequencies up to 4.0 MHz (250K
Baud) an improvement of 10 to 1 over previous PMOS
UART designs. Power requirements, by comparison, are
reduced from 300mw to 10mw. Status logic increases
flexibility and simplifies the user interface.

The IM6402 differs from the IM6403 on pins 2, 17, 19, 22,
and 40 as shown in the connection diagram. The IM6403
utilizes pin 2 as a control and pins 17 and 40 for an inex-
pensive crystal oscillator as shown on page 5. TBREmpty
and DReady are always active. All other input and output
functions of the IM6402 and IM6403 are as described.

CONNECTION DIAGRAM

Vce die ~ 403 NOTE
NOTE []2 390 EPE
GND 3 38[J CLS1
RRD C}4 37 cLs2
RBR8 []5 36[1 SBS
RBR7 6 350 PI
RBR6 []7 341 CRL
RBR5 []8 331 TBR8
RBR4 ]9 321 TBR7
RBR3 10 313 TBR6
RBR2 C]11 300 TBRS
RBR1 12 290 TBR4
PE J13 281 TBR3
FE CJ14 270 TBR2
OE 15 26 0 TBR1
SFD 16 25 TRO
NOTE 17 241 TRE
DRR []18 231 TBRL
DR CJ19 221 TBRE
RRI OJ20 211 MR
NOTE: | PIN | IM6402 | 1M6403
2 N/C | CONTROL
17 RRC | OSC IN
40 TRC |osc ouTt
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage

Input or Output Voltage Applied

Storage Temperature Range

Operating Temperature Range
Industrial IM6402A/03Al
Military IM6402A/03AM

DC CHARACTERISTICS vgic =4V to 11V, TA = Industrial or Military

IM6402A/03A

+12.0V

GND - 0.3V to VCC+ 0.3V
-65°C to 150°C

-40°C to +85°C
-55°C to +125°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Logical “1” Input Voltage ViH 70% VCC \Y
Logical “0” Input Voltage ViL 20% VCC \
Input Leakage L OV VIN VCC -1.0 1.0 A
Logical “1” Output Voltage VOH IOUT =0 VCC -'0.01 \
Logical “0” Output Voltage VoL IOUT =0 GND +0.01 \%
Output Leakage lo OV Vo VCC -1.0 1.0 HA
Supply Current IM6402A/03A lcc VIN =VCC ' 5.0 500 pA
Input Capacitance CIN 7.0 8.0 pF
Output Clearance Co 6.0 10.0 pF
AC CHARACTERISTICS Ve =10.0V, CL = 50pF, TA = 25°C
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Clock Frequency IM6402 fclock D.C. 6.0 4.0 MHz
Crystal Frequency IM6403 crystal D.C. 8.0 6.0 MHz
Pulse Widths CRL, DRR, TBRL tpw 100 40 ns
Pulse Width MR tpw See switching time 400 200 ns
Input Data Setup Time tSeT waveforms 1, 2, 3 30 0 ns
Input Data Hold Time thoLD 50 30 ns
Output Propagation Delays tpd 40 70 ns
SWITCHING WAVEFORMS
CLS1, CLS2, SBS, P, EPE SFD OR RRD
T.?:;; ( VALID DATA )( VALID DATA )C ‘&
TBRL ;r :;::?Rngg
- tHoLD tHOLD 1=— l«—tpp
tPW———
FIGURE 1. FIGURE 2. FIGURE 3.

DATA INPUT CYCLE CONTROL REGISTER LOAD CYCLE

STATUS FLAG OUTPUT DELAYS
OR DATA OUTPUT DELAYS
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage

Input or Output Voltage Applied
Storage Temperature Range
Operating Temperature Range

Industrial IM6402/03I

IM640L2/03

+7.0V

GND -0.3V to Vg t0.3V
-65°C to +150°C

-40°C to +85°C

Military IM6402/03M

-55°C to +125°C

DC CHARACTERISTICS VCC =50+—- 10%. Tao= Operating Temperature Range

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Logical “1” Input Voltage VIH VCC_ 2.0 \Y
Logical “0” Input Voltage Vi 0.8 \
Input Leakage e OV=V = Vee -1.0 1.0 nA
Logical “1” Output Voltage VoH lop= —0.2mA 2.4 \Y
Logical “0" Qutput Voltage VOL IOL = 2.0mA 0.45 \'
Output Leakage lo OV=Vy=Vcc -1.0 1.0 mA
Supply Current lcc Vin = GND or V(i Output Open 1.0 100 A
Input Capacitance CIN 7.0 8.0
Output Capacitance CO 8.0 10.0 pF
AC CHARACTERISTICS V
cc= 50V, T
A= 25°C
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Clock Frequency IM6402 felock D.C. 3.0 2.0 MHz
Crystal Frequency IM6403 fcrystal D.C. 4.0 3.58 MHz
Pulse Widths CRL, DRR, TBRL tpW 150 50 ns
Pulse Width MR tpw See switching time 400 200 ns
Input Data Setup Time tgeT waveforms 1, 2, 3 50 20 ns
Input Data Hold Time thoLD 60 40 ns
Output Propagation Delays tpd 80 120 ns

IM6403 UNIVERSAL ASYNCHRONOUS RECEIVER TRANSMITTER

WITH ON CHIP 4/11 STAGE DIVIDER

The IM6403 differs from the IM6402 on three inputs, TRC,
RRC, and pin 2, and two outputs TBRE and DR.

Outputs DR and TBRE are not three-state, but are always
active.

TO RECEIVER REGISTER 16X
—>— CLOCK AND TRANSMITTER

4/11 STAGE REGISTER 16X CLOCK

DIVIDER

CONTROL LOW - 11 DIVIDER STAGES
CONTROL HIGH - 4 DIVIDER STAGES

PIN 17 c
1 : {E ¢
—
xTaL []
PIN 40| .
DIVIDE
PIN 2 CONTROL
L— oNcHIP

EXTERNAL

The divider chain output acts as a 16X clock to both
thereceiver register and transmitter register. Consequent-
ly both receiver and transmitter operate at the same
frequency. The TRClock and RRClock inputs are used
for a crystal oscillator while pin 2 controls the number
of divider stages.

The on chip divider and oscillator allow an inexpensive
crystal to be used as a timing source rather than addition-
al circuitry such as baud rate generators. For example,
a color TV crystal at 3.579545MHz results in a baud rate
of 109.2 Hz for an easy teletype interface.
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FUNCTIONAL BLOCK DIAGRAM

TBR8 TBR1
TBRE * I
| 4 TRANSMITTER BUFFER REGISTER I |
| PARITY 1 |
TBRL __{_, TRA#almI;TER l sToP l Loaic TRANSMITTER REGISTER ] L START I |
AND
TRC —™1  conTROL —l 1 ‘ 1 I
| —! MULTIPLEXER J }
' ! |
| > tRO
| { |
cLs1 — { sBS
| |
cLs2 — CONTROL |— sFD
AL REGISTER | €PE
RESET ! PI
I |
| | mi
| = f T
MULTIPLEXER
] L J START [
RRC RECEIVER LOGIC |
| TIMING
AND
ORR CONTROL STOP PARITY JL RECEIVER REGISTER | |
LOGIC LOGIC l l
| y—v{ RECEIVER BUFFER REGISTER I |
DR *~- I
| THREE l
sFD —4 X X7 <— STATE — %{ L'— | rro
L ] BUFFERS ]
OE FE PE RBR8 RBR1

*These outputs are three state (IM6402) or always active (IM6403).

TRANSMITTER OPERATION

The transmitter section accepts parallel data, formats it
and transmits it in serial form on the TROutput terminal.

Data is loaded into the transmitter buffer register
from the inputs TR1 through TR8 by a logic low on the
TBRLoad input. Valid data must be present at least
tggT prior to-and tyg p following the rising edge
of TBRL.If words less than 8 bits are used, only the least
significant bits are used. The character is right justified
into the least significant bit, TR1. The rising edge

1

of TBRL clears TBREmpty. 1, to 11, clock cycles later data
is transferred to the transmitter register and TREmpty is
cleared. ', cycle later transmission starts. Output data is
clocked by TRClock. The clock rate is 16 times the data
rate. 15, clock cycle later TBREmpty is resetto a logic high.

A second pulse on TBRLoad loads data into the
transmitter buffer register. Data transfer to the transmitter
register is delayed until transmission of the current char-
acter is complete. Data is automatically transferred
to the transmitter register and transmission of that char-
acter begins one clock cycle later.

| |
TBRL L I L |
LOCK
-~ |1 cLock - |e1cLO
TBRE |
> [ 1, to 1/, CLOCKS —»{ -, CLOCK
TRE ‘
- |} 1 CLOCK ~| }=1, CLOCK
TRO | DATA |
® ® © ©® N EnD OF LAST STOP BIT

TRANSMITTER TIMING (NOT TO SCALE)
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RECEIVER OPERATION

Data is received in serial form at the Rinput. When no
data is being received, Rinput must remain high. The
data is clocked through the RRClock. The clock rate is
16 times the data rate. @ Alow level on DRReset clears
the DReady line. During the first stop bit data is
transferred from the receiver register to the RBReg-
ister. If the word is less than 8 bits, the unused most

significant bits will be a logic low. The output character
is right justified to the least significant bit RBR1. A logic
high on OError indicates overruns. An overrun occurs
when DReady has not been cleared before the present
character was transferred to the RBRegister. A logic
high on PError indicates a parity error. © % clock cycle
later DReady is reset to a logic high, FError is evaluated.
A logic high on FError indicates an invalid stop bit was
received, a framing error.

/—BEGINNING OF FIRST STOP BIT

RBR1-8, OE, PE

FE

ARl 11 10 1
—»-| =7, CLOCK CYCLES
X
DRR 8__]
DR I
— % CLOCK CYCLE
® ©

RECEIVER TIMING (NOT TO SCALE)

START BIT DETECTION

The receiver uses a 16X clock for timing. @ the start
bit could have occurred as much as one clock cycle before
it was detected, as indicated by the shaded portion. The

center of the start bit is defined as clock count 7',. If the
receiver clock is a symetrical square wave, the center of
the start bit will be located within +1/, clock cycle, £, bitor
+3.125% giving a receiver margin of 46.875%. The receiver
begins searching for the next start bit at the center of
the first stop bit.

RRI INPUT E@a

START

\‘__ COUNT 7Y, DEFINED

CENTER OF START BIT

j<———————— 7% cLOCK CYCLES ——— >
8!, CLOCK CYCLES ————— ]

INTERFACING WITH THE IM6100 MICROPROCESSOR

- DXO-11 —_
A 12 A 8 A 8
IM6100 DXx0-11 TBR RBR
MICROPROCESSOR
LMA LMA [—" DRR IM6402
DSEL DSEL 1M6101 READ 1 RRD UNIVERSAL
PARALLEL  gepge on ASYNCHRONOUS
xre xre INTERFACE +on. _ RECEIVER
c1 - c1 ELEMENT TRANSMITTER
SENSE 2 TBRE
c2 c2
SKP SKP/INT
INT .‘_I
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PIN ASSIGNMENT AND FUNCTIONS

less than 8 bits the TBR8, 7, and 6 inputs
are ignored corresponding to the
programmed word length.

IM6403-OSCOUT

PIN SYMBOL DESCRIPTION PIN SYMBOL DESCRIPTION
1 vCC +5 Volts Supply 13 PE A high level on PARITY ERROR indicates
2 IM6402-N/C . No Connection received parity does not match parity pro-
IM6403-Control | 4/11 Stage Divider grammed by control bits. When parity is
High: 4 Stage inhibited this output is low.
Low: 11 Stage 14 FE A high level on FRAMING ERROR
indicates the first stop bit was invalid.
3 GND Ground indic
4 RRD A High level on RECEIVER REGISTER 15 OE B dugh Jevel on r‘gé’efvzzﬁ’,?g ERROR
DISABLE forces the receiver holding cleared before the last character was
ister outputs RBR1-RBR8 to a high : ;
;g\g;::dance ate transferred to the receiver buffer register.
5 RBR8 The contents of the RECEIVER BUFFER 16 SFD A highlevel on STATUS FLAGS DISABLE
forces the outputs PE, FE, OE, DR, TBRE
REGISTER appear on these three-state [P
outputs. Word formats less than 8 charac- to a high impedance state.
ters are right justified to RBR1. 17 IM6402-RRC The RECEIVER REGISTER CLOCK is
6 RBR7 See Pin 5 - RBR8 IM6403-OSCIN | 16X the receiver data rate.
7 RBR6 See Pin 5 - RBRS 18 DRR A low level on DATA RECEIVED RESET
X clears the data received outputDR, to a
8 RBRS See Pin 5 - RBR8 low level.
9 RBR4 See Pin 5 - RBR8 19 |° DR A high level on DATA RECEIVED
10 RBR3 See Pin 5 - RBR8 indicates a character has been received
11 RBR2 See Pin 5 - RBR8 and transferred to the receiver buffer
Pj - RBR register.

12 RBR1 See Pin$ 8 20 RRI Serial data on RECEIVER REGISTER
INPUT is clocked into the receiver
register.

201§1B 17 16 1514 13 1211 10 9 8 7 6 5 4 3 1
IM6402/03 c
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
PIN SYMBOL DESCRIPTION PIN SYMBOL DESCRIPTION
A high level on MASTER RESET clears ;
21 MR PE, FE, OE, and DR to a low level and sets 27 TBR2 See Pin 26 - TBR1
glge Itrar}zsmit}er output to a high level after 28 TBR3 See Pin 26 - TBR1
clock cycles. 2 i -
22 TBRE A high level on TRANSMITTER BUFFER 33 ﬁggg 2’36 g;" gg ) ISE:
REGISTER EMPTY indicates the trans- ee Fin
mitter buffer register has transferred its 31 TBR6 See Pin 26 - TBR1
data to the transmitter register and is 32 TBR7 See Pin 26 - TBR1
23 TBRL LerY fIOr nIeW d’l?i;aﬁ.\NSMITTER BUFFER 3 TBRS See Pin 26 - TBR!
ow level on .
REGISTER LOAD transfers data from 34 CRL A high level on CONTROL. REGISTER
: h . LOAD loads the control register.
inputs TBR1-TBR8 into the transmitter 35 PI A high level PA HIBIT inhibi
buffer register. A low to high transition on igh level on PARITY INHIBIT inhibits
TBRL indicates data transfer to the trans- ?anty generation, parity checking and
mitter register. If the transmitter register orces PE output low.
is busy, transfer is automatically delayed 36 SBS A high levelon STOP.BIT SELECT selects
so that the two characters are transmitted 1.5 stop bits for 5 character format and 2
end to end. stop bits for other lengths.

24 TRE A high level on TRANSMITTER 37 CLS2 These inputs program the CHARACTER

6 REGISTER EMPTY indicates completed LENGTH SELECTED. (CLS1 low CLS2
transmission of a character including low 5 bits) (CLS1 high CLS2 low 6 bits)
stop bits. (CLS1 low CLS2 high 7 bits) (CLS1 high

25 TRO Character data, start data and stop bits CLS2 high 8 bits)

appear serially at the TRANSMITTER 38 CLS1 See Pin 37 - CLS2
REGISTER OUTPUT. 39 EPE When Pl is low a high level on EVEN
26 TBR1-TBR8 Character data is loaded into the PARITY ENABLE generates and checks
TRANSMITTER BUFFER REGISTER via : . even.parity. A low level selects odd parity.
" inputs TBR1-TBR8. For charactertormats 40 IM6402-TRC The TRANSMITTER REGISTER CLOCK

is 16X the transmit data rate.
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FEATURES

Low Power - typ <5.04W standby

Excellent Speed Operation

TTL or CMOS Compatible On Inputs and Outputs
4V-11V VCC Operation

Static Operation

On-Chip Address Register

CMOS RAM

1024 BIT
IM6508/IM6518
IM6508A/IM6518A

GENERAL DESCRIPTION

The 1IM6508/18 are high speed, low power, silicon gate
CMOS 1024 bit static RAM’s organized 1024 words by 1
bit. In all static states these RAM’s exhibit the microwatt
power requirements typical of CMOS. Inputs and three
state output are TTL compatible. The basic part operates
at 4 to 7 volts with a 5V, 25°C access time of 350 ns and
supply current of 100uA. Faster access times and lower
supply currents are offered in a DASH-1 version. Higher
operating voltages are offered in an “A’" version. Data
retention is guaranteed to 2.2 volts on all parts.

PACKAGE DIMENSIONS
16 LEAD CERAMIC DIP f l %

015 MIN

NOTE 098
B[
700 - 005—

CONNECTION DIAGRAMS

L

012 15°

csi[i]e 18] Vee

stR ]| @ ~ 16] Vec STR [2] 17] Cs2
Ao [2] E o Ao E E Dy
A 3] 4] WE A [ [15] we
A [4] 6508 %As A2 [5]  imesiz  [14] A
Adé 1] A A 7] [12] A,
N2 fOs ool 1]
o [B] 9]As GND [ [10] As

TOP VIEW TOP VIEW

Pin 1 is designated either by a dot or a notch.

ORDERING INFORMATION

MEMORY CIRCUIT MARKING AND PRODUCT CODE EXPLANATION:
IM 6 5 08A-11 DE
T T T T

; Package

DE - Ceramic 16 pin D(P
DN - Ceramic 18 pin DIP

Temperature Range
I - Industrial (-40°C to +85°C)
M - Military (-55°C to +125°C)

Specific Type

General Type
Random Access Memory (RAM)

CMOS Process

INTERSIL INC.

Write Enable and Chip Select functions are active in the low
state. These functions are specified for easy interface to
common |/O data busses. On chip address registers (clocked
by the falling edge of STR) can often improve system
performance and reduce package count. The two additional
chip selects available on the IM6518 allow faster system
design and reduced interconnect by multiplexing addresses,
data in and data out on the same lines.

These devices are ideally suited for memory systems
requiring low operating power, high performance or non-
volatility (battery backup).

W W W W W\

18 LEAD CERAMIC DIP I %

785
Tve
L E—m— e a—— a—
900
we T ™
085 .
-t 1vr TYe

RULILLILSS

o L .l Ly @

012

13

b

I

016

043 m
023 060

FUNCTIONAL DIAGRAM 1M6518
The IM6508 functions as if CSq, CSZ, and STR were tied together.

32 x32
ARRAY

ADDRESS ROW DECODER
™| REGISTER AND DRIVER [

it

Ag Ay Az A3 A,

DATAIN
ouTPUT
COLUMN
DECODER
WRITE . AND 110
ENABLE T
csy —]
[ yp— ADDRESS

As Ag A; Ag Ay

1" = HIGH:2 OUTPUT

CELL




IM6508A/18A

IMB508A-1/18A-1
ABSOLUTE MAXIMUM RATINGS

Supply Voltage +12.0V
Input or Output Voltage Applied GND -0.5V to Vg 10.5V
Storage Temperature Range -65°C to +150°C
Operating Temperature Range
Industrial -40°C to +85°C
Military -55°C to +125°C

DC CHARACTERISTICS Vi =4V to 11V, T = Industrial or Military

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Logical ‘1" Input Voltage ViH 70% VCC \%
Logical ““0” Input Voltage ViL 20% VCC \%
Input Leakage Iy OVSVINS Ve -1.0 1.0 MA
Logical ‘1" Qutput Voltage VoH louT=0 VCC -0.01 \YJ
Logical “0"" Qutput Voltage VoL louT=0 GND + 0.01 \%
Output Leakage lo V<V, < Vee -1.0 1.0 UA
Supply Current  IMG6508A/18A Icc VIN =Vce 5.0 500 MA
lce Vee = STR =3.0V 0.1 10 MA

IM6508A-1/18A-1 Icc VIN = Vce 1.0 100 MA

Icc Vee = STR = 3.0V 0.01 1.0 MA

Input Capacitance Cin 5.0 7.0 pF
Output Capacitance Co 6.0 10.0 pF

AC CHARACTERISTICS Ve = 50V, 10V C_=50pF, Tp = 25°C

IM6508A-1/18A-1 IM6508A/18A
PARAMETER SYMBOL Vc:c UNITS
MIN MAX MIN MAX
Access Time From STR tac 5 200 350 ns
10 95 150 ns
Output Enable Time tEN 5 120 210 ns
10 b5 a0 ns
Output Disable Time tpIs 5 120 210 ns
10 55 20 ns
STR Pulse Width (Positive) tSTR 5 135 235 ns
10 65 95 ns
STR Pulse Width (Negative) tSTR 5 200 350 ns
10 95 150 ns
Write Pulse Width (Negative) twp 5 135 235 ns
10 65 95 ns
Address Setup Time tADDS 5 5 10 ns
10 5 10 ns
Address Hold Time tADDH 5 60 105 ns
10 30 45 ns
Date Setup Time tps 5 135 235 ns
10 65 95 ns
Data Hold Time tpH 5 0 0 ns
10 0 0 ns

70




ABSOLUTE MAXIMUM RATINGS

Supply Voltage

Input or Output Voltage Supplied

+8.0V

GND -0.5V to Vg +0.5V

IM6508/18

IM6508-1/18-1

Storage Temperature Range -65°C to +150°C
Operating Temperature Range
Industrial -40°C to +85°C
Military -55°C to +125°C
DC CHARACTERISTICS v, =5.0V £10% Ta = Industrial or Military
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Logical ‘1" Input Voltage VIH Vee -20 Vv
Logical 0" Input Voltage ViL 0.8 Vv
Input Leakage L OVSVINS Ve -1.0 1.0 MA
Logical 1" Output Voltage VOH?2 loyT =0 Ve -0.01 \Y%
Logical 1" Output Voltage VOH1 IOH = -0.2 mA 2.4 \Y%
Logical 0" Output Voltage VoL2 louT =0 GND +0.01 Vv
Logical “0" Output Voltage VoL1 ioL = 2.0 mA 0.45 \Y
Output Leakage o 0VSVy< VCC -1.0 1.0 MA
Supply Current  IM6508/18 Icec VIN = Vce 1.0 100 MA
lcc Vee=STR=3.0V 0.1 10 7
IM6508-1/18-1 Icc VIN = Voo 0.1 10 UA
Icc Vge = STR=3.0V 0.01 1.0 HA
Input Capacitance CIN 5.0 7.0 pF
Output Capacitance Co 6.0 10.0 pF
AC CHARACTERISTICS Voo © 5.0V £10%, C|_= 50 pF (One TTL Load), T = Industrial or Military
PARAMETER SYMBOL IME508-1/18-1 IMG508/18 UNITS
MIN MAX MIN MAX
Access Time From STR taC 300 460 ns
Output Enable Time tEN 180 285 ns
Output Disable Time iDIS 180 285 ns
STR Pulse Width (Positive) tSTR 200 300 ns
STR Pulse Width (Negative) tSTR 300 460 ns
Write Pulse Width (Negative) WP 200 300 ns
Address Setup Time tADDS 7 15 ns
Address Hold Time tADDH 90 130 ns
Data Setup Time DS 200 300 ns
Data Hold Time tDH 0 0 ns
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SWITCHING WAVEFORMS AND SWITCHING TIME LOAD

STR

STR

TR —
N
tac

A0-A9

%,

VALID
.
'ADDS tADDH

€S 0R CS;
(6518 ONLY)

DATA OUT

The IM6508 output is active when STR
is low. The IM6518 output data latch
retains the data when STR returns high.

FIGURE 1. READ CYCLE
USTR tSTR
STR N /V . .
tADDS tADDH The IM6508 performs a write operation
z ;;W when STR = WE = 0. The IM6518 per-
A0-A9 VALID
forms a v..ite operation when STR = CS4
= CSp = WE = 0. The write operation is
CS18CS2 N 72 & terminated on any positive edge from
i — STR or CSq or CSy or WE.
we N % 4
s DH
DATA IN // / VALID
FIGURE 2. WRITE CYCLE
~
STR (6508)—-{t \
S N The IM6508 output is high impedance
818 CSy (6518)—4 N when STR = 1 or WE = 0. The IM6518
fois = output is high impedance when CSq or
e ]K y 4 CSy=10rWE =0.
tpis p—g— —— tEN
OUTPUT ACTIVE _>< HIGH 2 ACTIVE
FIGURE 3. OUTPUT ENABLE
1M6508 IM6518
STR| WE | OPERATION OUTPUT STR | CS1| CS2| WE | OPERATION OUTPUT
0 0 Write High Resistance 0 0 0 0 Write High Resistance
0* 1 Read Memory Data 0*| o0 0 1 Read Memory Data
1 X Hold High Resistance 1 00 1 Read Memory Data
X 0 1 X Hold High Resistance
* Addresses are loaded on chip by the falling X 1 0 X Hold High Resistance
edge of STROBE.
OQUTPUT
v tise  Yran 201

FROM 50% TO 50%

DELAY TIMES ARE MEASURED

50 pF

I

FIGURE 4. SWITCHING TIME WAVEFORMS AND LOAD
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GUARANTEED AC CHARACTERISTICS

ACCESS TIME FROM STR
tac INCREASES 0.3%/°C

400 |—\
N} 350
H 9
o 1200 |
£ 200 < STANDARD ——
N 150
~l DpasH1 ]
95
™ e
80
4 5 6 7 8 9 10 N

SUPPLY VOLTAGE (VOLTS)

MINIMUM STR PULSE WIDTH (NEGATIVE)

t5TR INCREASES 0.3%/°C

\
400 \ BT
2
= L
.'Lz 200 STANDARD
200
[ ]es
i S A
N DASHT | 0
Tty
80
4 5 6 7 8 9 10 n
SUPPLY VOLTAGE (VOLTS)
INPUT DATA SETUP TIME
tps INCREASES 0.3%/°C
300 \
Y
\\ 235
N,
200 \\
2 N
zg' N3 {_STANDARD
S ] a5 |
100 DASH-1 —3
[
65 4
|
L

4 5 6 7 8 9
SUPPLY VOLTAGE (VOLTS)

10

1

OUTPUT ENABLE TIME

OUTPUT DISABLE TIME
teny AND tpg INCREASE  0.3%/°C

400
300
E
220
w
2 200 N K
o«
(o]
2
1
& 20 N\IST/I\NDARD 4
100 DASH-1 '
] 0-1
4 5 6 7 g 9 10 M
SUPPLY VOLTAGE (ns)
WRITE PULSE WIDTH
twp INCREASES 0.3%/°C
300 \\
235
\‘4
200 P
\
£ AN AN TANDARD
A N s
3 s TN T
t = 95
100 DASH-1 ~—
SSay
65
f
[
4 5 6 7 8 9 10 N

SUPPLY VOLTAGE (VOLTS)
DYNAMIC POWER REQUIREMENTS
AT 1 MHz Ipyn = (CURVE VALUE)
(OPERATING FREGUENCY)/ (1 MHz)

5.0

a5

1

40 LA

35

3.0

25

2.0
15

SUPPLY CURRENT (mA/MHz)

1.0

05

4 5 6 7 8 9
SUPPLY VOLTAGE (VOLTS)

10 n

GUARANTEED DC CHARACTERISTICS

OUTPUT SOURCE CURRENT
IoH DECREASES 0.3%/°C

MINIMUM STR PULSE
WIDTH (POSITIVE) _
tgTR INCREASES 0.3%/°C

300 ]\
\
235
\{
200 S
z N, STANDARD
= 155 g
o
=
Lﬁ e
95
100 .l bask 1
= - 65
4 5 6 7 8 9 10 1
SUPPLY VOLTAGE (VOLTS)
ADDRESS HOLD TIME
tADDH INCREASES 0.3%/°C
140
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105
100
N
= N
£ g0 N
I
g 60 80 TR stanparD
s \‘f\L 45 |
0 NN DAsH-1 ~] |
29
20

4 5 6 7 8 9
SUPPLY VOLTAGE (VOLTS)

DELTA ACCESS TIME

PER 100 pF LOAD CAPACITANCE
Atpc INCREASES 0.3%/°C

10 n

50

45

EN
=]

w
o

Atac/100 pF LOAD

4 5 6 7 8 9 10

SUPPLY VOLTAGE (VOLTS)

OUTPUT SINK CURRENT
o DECREASES 0.3%/°C

/

4

/|

-25
_ 20
<
E
=
Z -15
o<
o
=)
o
5 -1.0
a.
5 A
o //
-0.5 7 (
par
=
0
0 0.1 0.2

Vge — OUTPUT VOLTAGE (VOLTS)
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45
/ 4.0
e
/’ E 35
e
va - 2 30
A Vee =10 o
S 25
Q
§ 2.0
1 e £
et — 5s
Vee =SV o / Pe
1.0 y, v
05 Va
0
03 04 05 0 0.1 0.

2

Ve = 10V
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TYPICAL 4K x 8 NONVOLATILE MEMORY PLANE WITH INTERFACE TO A TTL BUS

4TO 11 VOLT (+ DIODE DROP)

7445 BCD/DECIMAL DECODER

T +5V TTL SUPPLY
OPEN COLLECTOR

Wil S
GUARANTEED 10 ns VAR 1 2 1024-4095
ADDRESS SETUP ‘
TIME _L— c T
r——, —
y— D
0-1023
0 r c8q
/10
/ A0-A9
/8
7
DI
7810 OPEN
COLLECTOR
WE
D
0 IM6508

|||>——Wr *—
|||———

ADDRESSES

/B DATA TO MEMORY

TTL BUS, DATA FROM MEMORY

8
/S~ DATA FROM MEMORY » WOULD HAVE A PULLUP
RESISTOR TO V¢
- Lma
A rw

LMA ___/

ADDR VALID W

DATA FROM MEMORY X HIGH Z @( vm.uoj HIGH Z NEW DATA

DATA TO MEMORY VAL’IDM
.

R/W 7

READ MODIFY WRITE WAVE FORMS

3 CELLS
3.7v

X4

X8
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FEATURES

© Low Power — typ < 5.0 uW standby

© Excellent Speed Operation

© TTL Compatible On Inputs and Outputs
@ 5V Vgg Operation

o Static Operation

© On-Chip Address Register

CMOS RAM
1024-BIT
IMG508C/IM6518C

GENERAL DESCRIPTION

The IM6508/18 are high speed, low power, silicon gate
CMOS 1024 bit static RAM’s organized 1024 words by 1
bit. In all static states these RAM’s exhibit the microwatt
power requirements typical of CMOS. Inputs and three
state output are TTL compatible. The basic part operates
at 5 V, 0°C to 75°C, with an access time of 600 ns and a
supply current of 1.6 mA.

Write Enable and Chip Select functions are active in the low
state. These functions are specified for easy interface to

PACKAGE DIMENSIONS

16-LEAD
PLASTIC DIP

250

o
|10 J SN [ D D Dy Ot |
28 .180 760 TYP.
[‘ “‘ MA)( 765 MAX.

4
£ S

U

TYP.
r \4 NoM

.020 TYP.
NOTE 1

CONNECTION DIAGRAMS

s, [e E Vee
seijo ™~ 6] Vee sTR[Z] 7] cs,
Ao [2 [15) D1 Ao [3] 5] o
A ] [14] we A [ 5] we
e 1M6508 [13] A9 A2[5]  mesis  [14] Ag
A3 E [12] Ag A3 (6] ] A
Ag E E Az Aqgf7 E A
Do [7] [10] A6 oo [E 1) A
ano 8] 5] As ono [3 5] s
TOP VIEW TOP VIEW

Pin 1 is designated either by a dot or a notch.

ORDERING INFORMATION

common |/O data busses. On chip address-registers (clocked
by the falling edge of STR) can often improve system
performance and reduce package count. The two additional
chip selects available on the IM6518 allow faster system
design and reduced interconnect by multiplexing addresses,
data in and data out on the same lines.

These devices are ideally suited for memory systems re-
quiring low operating power, high performance or non-
volatility (battery backup).

—

nrﬁrﬁr—u—lrﬂr—n—nﬁ

18-LEAD
PLASTIC DIP

7°
~
.020 060 020 TYP.

FUNCTIONAL DIAGRAM IM6518

The IM6508 functions as if CSq, CSp, and STR were tied together.

ROW
—>| DECODER |—|

AND DRIVER 32 x 32
ARRAY

ADDRESS
REGISTER

A?;f AT Af AT
DATA IN T l

COLUMN

OUTPUT

DECODER
WRITE AND 1/0
ENABLE T
s, —f
cs, —| ADDRESS
r REGISTER

A5 Aghs Aghy

STR

“1”=HIGH-z OUTPUT

MEMORY CIRCUIT MARKING AND PRODUCT CODE EXPLANATION:

IM 6 5 08 | PE
i T——Package

PE — Plastic 16 pin DIP
PN — Plastic 18 pin DIP

Temperature Range
C — Commercial (0°C to +75°C)

Specific Type

General Type
Random Access Memory (RAM)

CMOS Process

INTERSIL INC.




ABSOLUTE MAXIMUM RATINGS

Supply Voltage

Input or Output Voltage Supplied

Storage Temperature Range

Operating Temperature Range

Commercial

+7.0V

GND —-0.5V to Vg +0.5V

—65°C to +150°C

0°C to +75°C

DC CHARACTERISTICS Vg =5.0 V £ 5%, TA = Commercial

PARAMETER SYMBOL CONDITIONS MIN TYPT_' MAX UNITS
Logical ““1"" Input Voltage VIH Vce -2.0 \Y
Logical ‘0"’ Input Voltage ViL 0.8 \
Input Leakage L OV<V|NSV(cCe -5.0 5.0 MA
Logical 1" Output Voltage VOH2 louT =0 Vce -0.01 \Y
Logical “1*" Qutput Voltage VOH1 IoH =-0.2 mA 2.4 \Y
Logical 0" Output Voltage VoL2 louT=0 GND +0.01 \Y
Logical 0"’ Output Voltage VoL1 loL=1.6mA 0.45 \%
Output Leakage o 0V<Vy<\Vce -5.0 5.0 MA
Supply Current  IM6508/18 Icc VIN = Vce 1.0 1.6 mA
Input Capacitance CIN 5.0 7.0 pF
Output Capacitance Co 6.0 10.0 pF
AC CHARACTERISTICS Vcc=5.0V +5%, CL =50 pF (One TTL Load), Ta = Industrial or Military
PARAMETER SYMBOL MIN IM6508/18 MAX UNITS
Access Time From STR tAC 600 ns
Output Enable Time tEN 375 ns
Output Disable Time tDIS 375 ns
STR Pulse Width (Positive) tSTR 395 ns
STR Pulse Width (Negative) tSTR 600 ns
_ Write Pulse Width (Negative) twP 395 ns
Address Setup Time tADDS 20 ns
Address Hold Time tADDH 170 ns
Data Setup Time tDS 395 ns
 Data ;Hdld Time tDH 0 ns
TRUTH TABLES
1IM6508 1IM6518
STR| WE | OPERATION OUTPUT STR | CS1| CS2| WE | OPERATION OUTPUT
0 0’ Write High Resistance 0 0 0 0 Write High Resistance
0" | 1 Read Memory Data 0"l O 0 1 Read Memory Data
1 X Hold High Resistance 1 0 0 1 Read Memory Data
* Addresses are loaded on chip by the falling ))2 (1) 2) ; SOId High Resfstance
edge of STROBE. old High Resistance
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FEATURES

o | ow Power Operation

o Excellent Speed Operation

e TTL or CMOS Compatible On Inputs and Outputs
® 4V - 11 Vg Operation

e Static Operation

o On-Chip Address Register

CMOS RAM

256 BIT
IM6524/24-1
IM6524A/IM6524A-1

GENERAL DESCRIPTION

The IM6524 is a high speed, low power, silicon gate CMOS 256
bit static RAM organized 256 words by 1 bit. In all static states
this RAM exhibits the microwatt power requirements typical of
CMOS. Inputs and three state output are TTL compatible. The
basic part operates at 4 to 7 volts with a 5V, 25°C maximum
access time of 355 ns and supply current of 50uA. Faster
access times and lower supply currents are offered in a DASH-1
version. Higher operating voltages are offered in an “A” version.
Data retention is guaranteed to 3 volts on all parts.

PACKAGE DIMENSIONS

16 LEAD CERAMIC DIP ? .

294
ft————————— 808 Mnxv———!

MAX

194
MAX

015 MIN

NOTE 095 .
——| 05 130 TV
700 =.005-

CONNECTION DIAGRAM

mAle 6] Ve
Ao [2] [15] A2
str [3] [1a] A3
o8 [4 IM6524 5] o
csy [5] [12] we
Do [6] [11) A7
Ay E E Ag
GND [3] 9] As
TOP VIEW

Pin 1 is designated either-by a dot or a notch.

ORDERING INFORMATION

MEMORY CIRCUIT MARKING AND PRODUCT CODE EXPLANATION:
M 6 5 24A-1 I DE

TTTTTL

DE - Ceramic 16 pin DIP

Temperat Range
| - Industrial (-40° C to +85°C)
M - Military (-55°C to + 125°C)

pecific Type

General Type
Random Access Memory (RAM)

CMOS Process

INTERSIL INC.

Write Enable and Chip Select functions are active in the low
state. These functions are specified for easy interface to common
/0 data busses. On chip address registers (clocked by the
falling edge of STR) can often improve system performance
and reduce package count. The two additional design and re-
duced interconnect by multiplexing addresses, data in and data
out on the same lines.

These devices are ideally suited for memory systems requiring
low operating power, high performance or nonvolatility
(battery backup).

FUNCTIONAL DIAGRAM IM6524

The IM6524 functions as if CSq, CS2 and STR were
tied together.

ADDRESS ROW DECODER
REGISTER ’_’ AND ORIVER [P
1616
T T T T ARRAY

Ao Ay Az Ay

DATAIN
ouTPUT

COLUMN
DECODER

white ___| AND 10
ENABLE T
csy —t
csy —f ADDRESS
l" REGISTER

Ra As Ag A7

STR
1 _HIGH-2 OUTPUT

CELL

|

CELL
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CMOS TO CMOS
ABSOLUTE MAXIMUM RATINGS

Supply Voltage
Input or Output Voltage Applied
Storage Temperature Range

Operating Temperature Range
Industrial
Military

DC CHARACTERISTICS Vcc =4V to 11V, TA = Industrial or Military

IM6524A/24A-1

+12.0V

GND -0.3V to Vcc +0.3V
-65°C to +150°C

-40°C to +85°C
-55°C to +125°C

PARAMETER SYMBOL CONDITIONS MIN TYP @D MAX UNITS
Logical “1” Input Voltage VIH 70% Vcc Vv
Logical “0” Input Voltage ViL 20% Vcc \"
Input Leakage hL 0V < VINS Vee -1.0 .001 1.0 UA
Logical “1” Output Voltage VOH louT =0 Vcg -0.01 Vee \"
Logical “0” Output Voltage VoL lout =0 GND GND + 0.01 \
Output Leakage I'e} 0V < Vo< Voo -1.0 .01 1.0 MA
Supply Current IM6524A Icc VIN = Vce, GND 0.1 500 UA
Icc Vce = 4.0V 0.05 50 MA
IM6524A-1 lcc VIN = Vcc, GND 0.01 100 UA
lcc Vce = 4.0V — 10 MA
Input Capacitance CIN 5.0 7.0 pF
Output Capacitance Co 6.0 10.0 pF
@ TYP are 25°C, 5V numbers
AC CHARACTERISTICS Vcc = 5.0V, 10V CL = 50 pF, TA = 25°C
‘ IM6524A-1 IM6524A
PARAMETER SYMBOL Vee UNITS
. MIN MAX MIN MAX
Access Time From Strobe tas 5 210 320 ns
10 135 190 ns
Output Enable Time teEN 5 115 170 ns
' 10 80 105 ns
Output Disable Time tDIS 5 70 100 ns
A 10 55 70 ns
Strobe Pulse Width (Positive) tsSTR 5 70 90 ns
10 50 65 ns
Strobe Pulse Width (Negative) tSTR 5 210 320 ns
10 135 190 ns
Write Pulse Width (Negative) twp 5 145 240 ns
10 110 160 ns
Address Setup Time tADDS 5 7 12 ns
10 5 10 ns
Address Hold Time tADDH 5 85 145 ns
. 10 55 85 ns
Data Setup Time tps 5 150 255 ns
10 115 165 ns
Data Hold Time tDH 5 15 30 ns
. 10 10 20 ns
Read Cycle Time toycLE 5 280 410 ns
10 185 255 ns
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CMOS TO TTL IM6524/24-1
ABSOLUTE MAXIMUM RATINGS
Supply Voltage +7.0V
Input or Output Voltage Supplied GND -0.3V to Vg +0.3V
Storage Temperature Range -65°C to +150°C
Operating Temperature Range
Industrial -40°C to +85°C
Military -55°C to +125°C
DC CHARACTERISTICS VcC = 5.0V £10% Ta = Industrial or Military
PARAMETER SYMBOL CONDITIONS MIN TYP D MAX UNITS
Logical “1” Input Voltage VIH Vce -2.0 \
Logical “0” Input Voltage VIL 0.8 Y
Input Leakage L OV <VIN s VCe -1.0 .001 1.0 MA
Logical *“1” Output Voltage VOH2 loyT =0 Vcc -0.01 Vee \
Logical “1” Output Voltage VOH1 IoH =2.0 mA 2.4 Vv
Logical “0” Output Voltage VoL2 louT =0 GND GND + 0.01 \"
Logical “0"” Output Voltage VoL1 loL = 2.0 mA 0.45 \"
Output Leakage Te) 0V<Vy<sVee -1.0 01 1.0 MA
Supply Current IM6524 lcc VIN = Vce 0.1 50 MA
Ilcc Vce = 4V 0.1 5.0 MA
IM6524-1 Iicc VIN = Vce 0.01 10 HA
Ilcc Vce = 4V — 1.0 UA
Input Capacitance CIN 5.0 7.0 pF .
Output Capacitance Co 6.0 10.0 pF

@ TYP are 25°C, 5V numbers

AC CHARACTERISTICS Vi =5.0V 10%, C| =50pF (One TTL Load), Ta=Industrial or Military

IM6524-1 1IM6524
PARAMETER SYMBOL UNITS
MIN MAX MIN MAX
Access Time From Strobe tAS 315 455 ns
Output Enable Time tEN 175 230 ns
Output Disable Time tDpIsS 105 135 ns
Strobe Pulse Width (Positive) tsTR 95 130 ns
Strobe Pulse Width(Negative) tSTR 315 455 ns
Write Pulse Width (Negative) twp 200 345 ns
Address Setup Time tADDS 10 18 ns
Address Hold Time tADDH 125 210 ns
Data Setup Time tps 220 365 ns
Data Hold Time tpH 15 30 ns
Read Cycle Time tcycLE 410 585 ns
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SWITCHING WAVEFORMS AND SWITCHING TIME LOAD

tsTR tSTR
STR ./
N

tAs
A0-AT VALID W The IM6524 output is active when
¢ CS, = CS; = 0 and WE = 1. The output
'ADDS [ 'ADDH data latch maintains data when
CS1 AND CS2 &\ STR returns high.
tEN

DATA OUT % VALID

FIGURE 1. READ CYCLE

tSTR ISTR
STR V
N Z
tADDS tADDH
A0-A9 VALID

CS1 AND CS2 W / %
we N4/ %

tps tDH
DATA IN VALID

FIGURE 2. WRITE CYCLE

Pl

Z The IM6524 performs a write operation
when CS, = CS, = STR = WE = 0. The
write operation is terminated on any

// / positive edge from CS, or CS, or STR
or WE.

——I DIS  f——

CS1 OR CS2
— 1DIS |- The IM6524 output is high impedance
e when CS; or CS; = 1 or WE = 0.
] tpis  [=— tEN

OuTPUT ACTIVE )( HIGH Z ACTIVE

FIGURE 3. OUTPUT ENABLE

VIN

OUTPUT
trise = tfall = 20 ns ‘
DELAY TIMES ARE MEASURED

50 pF
FROM 50% TO 50% I

FIGURE 4. SWITCHING TIME WAVEFORMS AND LOAD
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GUARANTEED AC CHARACTERISTICS

ACCESS TIME FROM STR -
MINIMUM STROBE

PULSE WIDTH (NEGATIVE) OUTPUT ENABLE TIME OUTPUT DISABLE TIME
tas AND tsTR INCREASE 0.3%/°C ten INCREASES 0.3%/°C tpis INCREASES 0.3%/°C
400

200 f\ 140
_ 320 | 130
Z 300 120
; N X - 110
5 N z N g il
g [N TN o0 i N e ' g
° N I 2 N N sto e N__sT0
2 200 AN T il 3T 105 :o v 70y - 70
[ DASH-1 1351 AN i f 0 ~J DASH-1 55
100 DASH-1 807 60 ——
™~ 50
100
4 5 6 7 8 9 10 1 4 s 6 7 8 9 10 1 4 5 6 7 8 9 10 1
SUPPLY VOLTAGE (VOLTS) SUPPLY VOLTAGE (VOLTS) SUPPLY VOLTAGE (VOLTS)
MINIMUM STROBE .
PULSE WIDTH (POSITIVE) WRITE PULSE WIDTH ADDRESS HOLD TIME
tsTR INCREASES 0.3%/°C twp INCREASES 0.3%/°C tappH INCREASES 0.3%/°C
200
5
150 X
300 ve
4
. NP s ™ [X] B
£ 400 %0 _ ¢
« N 2
o UEAN s B RST 160 § 100 N o0 85|
N JessiT? 70 z | 145 | 1 R ANPL I~
N I ] DASH-1 110 L
% [ _DASH 1 100 [_DASH-1 55
] 50
4 5 6 7 8 9 10 M 4 5 6 7 8 9 10 11 4 5 6 7 8 9 10 Mn"
SUPPLY VOLTAGE (VOLTS) SUPPLY VOLTAGE (VOLTS) SUPPLY VOLTAGE (VOLTS)
INPUT DATA SETUP TIME DYNAMIC POWER REQUIREMENTS DELTA ACCESS TIME
tps INCREASES 0.3%/°C AT 1 MHz Ipyn =(CURVE VALUE) PER 100pF LOAD CAP
(OPERATING FREQUENCY)/(1 MHz) tac INCREASES 0.3%/°C
5.0
as
£ a0 ] 8c [\
300 \\ § a5 a N
N 255 E < \
N £ 30 S w0 AN
7 N z 1 o = \\
g N E 25 /,‘ ] \\
» 200 STD 1651 =] S
_D 150 ‘T ; 20 —2 a0 \
- DASH-1 115] g s d N
2 20
100 @ 10 ™
05
0
4 5 [ 7 8 9 10 1 4 5 6 7 8 9 10 1 4 5 6 7 8 9 10 1
SUPPLY VOLTAGE (VOLTS) SUPPLY VOLTAGE (VOLTS) SUPPLY VOLTAGE (VOLTS)
GUARANTEED DC CHARACTERISTICS
OUTPUT SOURCE CURRENT OUTPUT SINK CURRENT
loq DECREASES 0.3%/°C lo DECREASES 0.3%/°C
mEE 7
A—4 vec = 1ov, / A4 N
" 1/ " Vee = 10V /
< - d A - : //
o _2 L '/ ! 5‘ 2 Z Vee =5V
/ A vee =5V = /
7
A A
1 ; P4
y.ard zd
VA
7
1 2 3 0 01_02 03 04 05 06 07
Vcc —OUTPUT VOLTAGE (VOLTS) OUTPUT VOLTAGE (VOLTS)
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TYPICAL LOW COST CMOS MICROPROCESSOR SMALL MEMORY SYSTEM

Vcc

IM6100

CMOS

12 BIT
MICROPROCESSOR

1of1

Rq
Rz
36V —
DX LINES ,  (ADDRESS & DATA) —
742
(LOAD EXTERNAL iz Ao
LXMAR |, ADDRESS REGISTER)
£
XTC ,  (READ WRITE)
74
(MEMORY
MEMSEL |, SELECT)
74
Y 4
’ﬁ T s
CSst WE STR Vcc DN Dout An OEL OEH STR Vcec Dxp,
(0-11)
IM6524 IM6312
256 x 1 cs2 RAMSEL 1K x 12
RAM CMOS ROM
10f 12 1ot 1

Typical power dissipation for the memory is 75pW

FUNCTIONAL WAVEFORMS

| .

i

XTC } l
|

|

MEMSEL " I |

LXMAR

(0-31); ////// READ DATA W %( WRITE DATA ><

[]
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FEATURES

o Low Power Operation

o Excellent Speed Operation

o TTL or CMOS Compatible On Inputs and Outputs
o 4V—11V VCC Operation

o Static Operation

© On-Chip Address Register

CMOS RAM
1024 (256 X 4) BIT
IM6551/1M6561

IMB551A/IM6561A

GENERAL DESCRIPTION

The IM6551/61 are high speed, low .power silicon gate
CMOS 1024 bit static RAM's organized 256 words by 4
bits. In all static statesthese RAMs exhibitthe micro-
watt power requirements typical of CMOS. Inputs and
three state outputs are TTL compatible. The basic part
operates at 4 to 7 volts with a 5V, 25°C access time of
200nS and supply current of 100uA. Faster access times
and lower supply currents are offered in a DASH-1 ver-
sion. Higher operating voltages are offered in an “A”
version. Data retention is guaranteed to 2.0 volts.

Write Enable and Chip Select functions are active in the
low state. Chip Selects (IM6551 CS, IM6561 CS1 and

PACKAGE DIMENSIONS

18 LEAD CERAMIC DIP r W W 1—1;—1%
?lS(TZJ!]
1‘—"—'41—;0:'::s--_‘._.‘
= -
Juo‘(::zo) usu (1 210) — mo (z o

055 01390 g r_
: 150 (3.81
040 (‘ ou) {4 [reana

1
' zon (sm)
/—_—\ - ) Y
1
° 50

i
25 (a ns)
032 (o 813, _{ L R
gl

008 (.203)
TYP. e

012 (.308) .
016 (0.406) 3 (1.092)

023 (0.584) os (1.524)

CONNECTION DIAGRAMS
A3 II1 Vee Aq [T [22] Vee

Az 2] 7] As Az [2] [21] as

a 3] [ig] rrw Ay [3] [20] R/W

Ao [4] [15] csq Ao [4] [19] cs

as [5] IM6561 [1a] Vo, as 5] _LE STR

as [6] ) [13] vo3 ag [} 1M6551 E 3

a7 [7] [12] 102 a7 (7] 16} DO4

GND [8] [11] 104 ano [8] [15] Ota

stR (9] [19] cs; o1y [9] [1a] DOy

TOP VIEW Do, @‘ [13] O13

Pin 1 is designated by oz [17] [1z] oo,

a dot or a notch.

ORDERING INFORMATION

MEMORY CIRCUIT AND PRODUCT CODE EXPLANATION:

TOP VIEW

6 5 S51A | DN
rT

i
- -
E—————————- Package

DN - Ceramic 18 pin DIP
DF - Ceramic 22 pin DIP

T t Range
- |nduslnal (-40°C to +85°C)
M - Military (-55°C to +125°C)

Specific Type

G | Type
Random Access Memory (RAM)

CMOS Process

INTERSIL INC.

CS2) are level sensitive and may occur after the falling
edge of the STR without affecting access time. On chip
address registers and chip enable register (1IM6551 CE)
are clocked by the falling edge of STR. These signals must
be valid for a setup time (tADDS) prior to and a hold time
(tADDH) following the falling edge of STR. On chip
registers can improve system performance and reduce
package count. Chip selects allow faster system design
and reduced interconnect by multiplexing addresses,
data in and data out on the same lines.

These devices are ideally suited for memory systems re-
quiring low operating power, high performance or non-
volatility (battery backup).
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ABSOLUTE MAXIMUM RATINGS
Supply Voltage
Input or Output Voltage Applied

+12.0V
GND —0.3V to VCC+0.3V
Storage Temperature Range -65°C to +150°C

Operating Temperature Range
Industrial IM6551A/61Al
Military IM6551A/61AM

-40°C to +85°C
-55°C to +125°C

DC CHARACTERISTICS v =4V to 11V, Tp = Operating Temperature Range

IMB551A /61A

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Logical “1” Input Voltage ViH 70% VCC \Y
Logical “0” Input Voltage ViL 20% Vi Y
Input Leakage I“_ 0V<V,N sVCC -1.0 1.0 A
Logical “1” Output Voltage VOH 'OUT:0 VCC-O.O1 \"
Logical “0” Output Voltage VOL 'OUT:O GND+0.01 \
Output Leakage o OV<V, <V -1.0 1.0 MA
Supply Current lcc Vin“Vee 5.0 500 MA
lcc Veg=30V 0.1 10.0 A
Input Capacitance CIN 5.0 7.0 pF
Output Capacitance CO 6.0 10.0 pF
AC CHARACTERISTICS VCC =5.0V, 10V CL = 50pF, TA = 25°C
PARAMETER SYMBOL IM6551A/61A UNITS
MIN TYP MAX
Access Time From STR tac 120 180 ns
Output Enable Time tEN 60 90 ns
Output Disable Time tpis 60 90 ns
STR Pulse Width (Positive) tsTR 60 30 ns
STR Pulse Width (Negative) tsTR 110 72 ns
Write Pulse Width (Negative) twp 120 80 ns
Address Setup Time tADDS 25 12 ns
Address Hold Time tADDH 60 0 ns
Data Setup Time tps 60 30 ns
Data Hold Time tby 30 0 ns
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage
Input or Output Voltage Supplie

Storage Temperature Range

Operating Temperature Range
Industrial IM6551/611
Military IM6551/61M

+8.0V
GND —-0.3Vto Ve 103V

-65°C to +150°C

-40°C to +85°C
-55°C to +125°C

DC CHARACTERISTICS v =5.0V +10% T = Operating Temperature Range

IM6551/61

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Logical “1” Input Voltage ViH Vo220 \
Logical “0” Input Voltage ViL 08 Vv
Input Leakage L 0VsV|\NSVee -1.0 1.0 LA
Logical “1” Output Voltage VoH1 log=-0.2mA 2.4 \
Logical “0” Output Voltage VOL1 'OL: 2.0mA 0.45 \
Output Leakage 'O OVSVo SVCC -1.0 1.0 UA
Supply Current 'CC VIN:VCC 1.0 100 MA
lCC VCC=3.0V 0.1 10.0 HA
Input Capacitance CiN 5.0 7.0 pF
Output Capacitance Co 6.0 10.0 pF
AC CHARACTERISTICS V(o = 5.0V +10%, C| = 50 pF, Ty = Industrial or Military
PARAMETER SYMBOL IM6551/61 UNITS
MIN TYP MAX
Access Time From STR tac 240 360 ns
Output Enable Time tEN 120 180 ns
Output Disable Time tpis 120 180 ns
STR Pulse Width (Positive) tgTR 120 60 ns
STR Pulse Width (Negative) tsTR 220 150 ns
Write Pulse Width (Negative) twp 240 160 ns
Address Setup Time tADDS 50 25 ns
Address Hold Time tADDH 120 0 ns
Data Setup Time tbs 120 60 ns
Data Hold Time tDH 60 0 ns

85




SWITCHING WAVEFORMS AND SWITCHING TiME LOAD

1STR
STR ‘/ \\

1$TR |

tac
tADDS tADDH
CE
IM6551 only y/
ss?é'(l;rs % Py
tEN
DATA OUT % VALID
FIGURE 1. READ CYCLE
tSTR tSTR
STR N //
tADDS tADDH
A0-A9 7/ VALID
CE
IM6551 only 52;2225 . / /
SE(I:.:I(':’TS @ ﬁ Jy
Pt WP ——3y
Y % /
1Ds tDH
DATA IN / VALID

—{ tois

CS1 OR CS2
tpIs

FIGURE 2. WRITE CYCLE

R/W r\
tois

OUTPUT ACTIVE

X

tEN
HIGH Z ACTIVE

FIGURE 3. OUTPUT ENABLE

MEMORY FUNCTION TABLE IM6551/61

STR|CS1|CS2**|WE|OPERATION OUTPUT
0O 0 0 Write High Resistance
0| O 0 1 Read Memory Data
X |0 1 X Hold High Resistance
X1 0 X Hold High Resistance

VIN

tRISE

trise = tfan = 20 ns

DELAY TIIES ARE MEASURED

FROM 50% TO 50%

The IM6551/61 output data latch
maintains data when STR returns high.

The IM6551/61 perform a write
operation when CS1 =CS2=STR=WE =
0. The write operation is terminated on
any positive edge from CHIP SELECTS
or STR or WE.

The IM6561 output is high impedance
when CS1 or CS2 =1 or WE =0. The
IM6551 output is high impedance
whenever latched CE is highorCS =1 or
WE = 0.

*Addresses are loaded on chip by the falling edge of STR.

**IM6551 latches CE on the falling edge of STR. Changes in CE while STR
is low will not affect the IM6551 operation. The IM6561 does notlatch CS2.
Changes in CS2 are recognized by the IM6561 at any time.

_ro OuUTPUT
50 pF

FIGURE 4. SWITCHING TIME WAVEFORMS AND LOAD
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4096 BIT (1024 X 4)

IM56S06

ELECTRICALLY PROGRAMMABLE IM56S26

READ ONLY MEMORY

ELECTRICAL CHARACTERISTICS

COMMERCIAL GRADE V¢e = 5V 5% TA=0to 75°C
MILITARY GRADE Vg =5V +10% TA = —55°C to 125

Ig = 250uA MAX @ 0.4V
Ig = 40uA MAX @ 4.5V
Vig =2V MIN V,_ = 0.8V MAX.
Ve =L.BV MAX @ —12mA
BVn = 5.5V MIN @ TmA
lCC = mA MAX
Cin = 10pF MAX Cout = 12pF MAX
Vo =0.45V MAX @ 1T6mA
Vou = 2.4V MIN @ lgy = —20mA (56526)
lo =40uA MAX @ Vg = 2.4V
—40uA MAX @ Vo = 0.4V
loLk = 100uA MAX @ Vg = 5.5V
Isc = —15mA MIN, —60mA MAX @ Vg =0V (56526)

CE1 AND CE2 MUST BOTH BE AT A LOGIC LOW
LEVEL TO ENABLE THE MEMORY.

tpp ADDRESS TO OUTPUT =
50NS MAX COMMERCIAL GRADE,
60NS MAX MILITARY GRADE
CHIP ENABLE TO OUTPUT =
25NS MAX COMMERCIAL GRADE,
30NS MAX MILITARY GRADE

PINOUT:

56506 — Open Collector OQutputs
56526 — Tri-State, Active Pull-Up, Outputs

CONNECTION DIAGRAM

Ag[]1® ~ 18 [ Ve
As[] 2 17 []Ar
A3 16 [ ]As
Az} 4 15[ ]Ag
Ao[]s 1470y
Mm[e 13[7]0,
A7 12103
ce1[]s 11[]04
ano[]o 10 []ce2

°c

PROCESSING

Oxide isolation, Schottky, shallow diffusions two layer
metal.

PROGRAMMING

One chip enable pin is used to supply power to the pro-
gramming circuitry during programming. The programming
procedure will be very similar to that for Intersil’s gold
doped parts so that minimal programmer design changes
will be necessary to make a generic board set.

BLOCK DIAGRAM

Ag— |
A
— INPUT
1
Ap BUFFERS o 406 (64x64) 81T
AND y ARRAY OF "AIM
A3—  10Fes 7 PROGRAMMABLE
As—] DECODER ELEMENTS
Ag—|
DD
Ag—|
Ar— INPUT 8 4.16 INPUT
Ag BUFFERS 7 MULTIPLEXIERS
Ag—]
CE1— CHIP
40UTPUTS
cEa—  ENRBLE

BN

01 02 03 04
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IM56S06/26

ORDERING INFORMATION

18 Pin Ceramic DIP

TYPE ouT TEMP. RANGE PACKAGE* ORDER NO.
IM56S06 ocC 0°C to +75°C 18 Pin Cer DIP IM56S06CJ
IM56S06 ocC 0°C to +75°C 18 Pin Ceramic DIP IM56S06CD
IM56S06 ocC —55°C to +125°C 18 Pin Cer DIP IM56S06MJ
IM56S06 -0C ~55°C to +125°C 18 Pin Ceramic DIP - - IM56S06MD
1IM56S526 3s 0°C to +75°C 18 Pin Cer DIP IM5626CJ
IM56S26 3S 0°C to +75°C 18 Ceramic DIP IM5626CD
IM56S26 3s —55°C to +125°C 18 Cer DIP IM5626MJ

' IM56526 3s —55°C to +125°C IM5626MD

*For package details and dimensions, see “Package’’ section, page
** Available on special order only. '
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3%2 DIGIT
A/D PAIR

8052/7101

FEATURES

@ Guaranteed zero reading for 0 volts input

@ Auto-zero; auto polarity

@ 5pA input current typical

® Single reference voltage

® |atched parallel (full-time) BCD output for LCDs or
data busing

True polarity at zero count for precise null detection

® On-board clock and reference

ORDERING INFORMATION

Part | Temp. Range Package Order Number
8052 | 0°Cto 70°C | 14 pin plastic DIP ICL8052CPD
8052 | 0°Cto 70°C | 14 pin ceramic DIP | 1CL8052CDD
7101 | 0°Cto 70°C | 40 pin plastic DIP | ICL7101CPL
7101 | 0°C to 70°C | 40 pin ceramic DIP | 1CL7101CDL

GENERAL DESCRIPTION

The 8052/7101 A/D Pair, with its parallel BCD outputs, is
ideally suited for data processing applications or interfacing
with 3%-digit Liquid Crystal Displays. No external circuitry
is required to demultiplex the information. In addition, it
has a “‘start/reset” input and ‘‘busy’’ output thatallows easy
synchronization to system requirements. The 8052/7101
provides 4%-digit accuracy in a 3%-digit format with typical
system performance like 5pA input leakage, auto-zero to
10uV with less than 1uV/°C drift and Linearity to 0.002%.

The 8052/7101 A/D pair also features conversion rates
from 10 seconds to 30 per second, making them ideally

suited for a wide variety of applications.

CONNECTION DIAGRAM
8052 Analog Signal Conditioner

_v INTEGRATOR
cc |1
[ ] &0
comP BUFFER
out | 2 B e
REF INTEGRATOR
car [ 3 2] iy
REF [, 17] INTEGRATOR
BYPASS (=IN)
GNDI 5 L__J7o] BUFFER
(=IN)
v
REF 1 REF 9 | BUFFER
ouT ouT
REF
SUPPLYE E*Vcc

CONNECTION DIAGRAM

7101 Digital Processor

nef 1 40| auTo-zERO CAP
sw2 sws sw4 10k
So—N
ReFcAP | 2 1 |swe swi I l 3glsusv
INT
COUNTER OVERRIDE |2 - JSIANALOG INPUT
Ne l 4 STROBE 37| ReF cap
sool 5 E_—“ 36| RESET/START
9 l—
400[ 6 . ) 35| ne
HUNDREDS u
200( 7 H 5 M 3A|Nc
S—°H |:
w08 g 33| GATED cLK oUT
5
=
80| 9 ° 32|*Vss
) o
F w o E
E 2 <] @ j
40 | 10 3 i j 31| -Vge
TENS 4 2 &f‘k
201 | 18 £ VA 30| comp inpuT
v o
[¥3 © w
1012 g 88| 29| ANALOG GND
—ﬁ &5
LT B 2Bl 78] cukcar
8 {13 H 2k
J_ g - wd
al1a L < H 27| NC
UNITS —
2|15 zeINc
|16 L— 25| cLk cap/EXT CLK
Ne |17 =l Eall Call 24| APEX
DIGITAL GND [ 18 23| OUT OF RANGE
EXT COUNTER INPUT [ 19 L 22| POLARITY
7000 [ 20 21]nep INPUT
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ABSOLUTE MAXIMUM RATINGS

Power Dissipation (Note 1)
Storage Temperature

500mW
—65°C to +150°C

8052 ONLY
Supply Voltage 18V
Differential Input Voltage 30V
Input Voltage (Note 2) +15V
Output Short Circuit Duration,
All Outputs (Note 3) Indefinite

Note 1: Dissipation rating assumes device is mounted with all leads
welded or soldered to printed circuit board in ambient
temperature below +70°C. For higher temperatures, derate
10mwW/°C.

Operating Temperature 0°C to +70°C

Lead Temperature (Soldering, 60 Sec.) 300°C
7101 ONLY

Source Current (Ig) 100mA

Drain Current (Ip) 100mA

Digital Inputs 5mA

vtiov— 25V

Digital Input V= to vVt

Note 2: For supply voltages less than +15V, the absolute maximum
input voltage is equal to the supply voltage.

Note 3: Short circuit may be to ground or either supply. Rating
applies to +70°C ambient temperature.

7101 ELECTRICAL CHARACTERISTICS (V' =+5.0V, V™ = =15V, Ta = +25°C unless otherwise specified)

7101
PARAMETER SYMBOL CONDITIONS UNITS
MIN TYP MAX
Clock Frequency fin C = 1500 pF 20 kHz
External Clock In IINL Vin=0V 0.35 1.0 mA
External Clock In HINH ViN =+5.0V 0.35 1.0 mA
Reset/Start hINL ViNn=0V 0.8 2.0 mA
Internal Counter Override liINH Viy =+5.0V 0.35 1.0 mA
External Counter Input
BCD VoL loL = 1.6 mA 0.25 0.4 \Y
BCD VoH lon = -200 uA 2.4 4.5 \
Out-of-Range VoL loL =3.2mA 0.25 0.4 \Y
Out-of-Range VoH loy =400 uA 24 4.5 Y
Polarity, Apex, Busy, 1000 VoL loL = 0.8 mA 0.25 04
Polarity, Apex, Busy, 1000 VoH loy = -200 uA 24 45 \Y
Gated Clockout VoL loL =0.3mA 0.25 0.4 Vv
Gated Clockout "VoH loy = —200 uA 2.4 45 Y,
Switches 1, 3,4, 5,6 RDS(ON) 400 Q
Switch 2 Rps(on) 2500 Q
+5.0 V Supply Current lec 15 25 mA
—-15 V Supply Current lec™ 3.0 5.0 mA
+5V
v INPUT 1
PHOJECTION
6k
1
t o—-*L——DO—o
—O Vin 15k tVIN
Vo
Vin INPUT
1 = Voo PROTECTION
External Counter Input
Output Internal Counter Override Start/Reset

TYPICAL INPUT/OUTPUT SCHEMATICS




8052 ELECTRICAL CHARACTERISTICS (Vg =15V, Ta = +25°C unless otherwise specified)

8052

CHARACTERISTICS CONDITIONS IiN VP TAAX UNITS
OPERATIONAL AMPLIFIER
Input Offset Voltage Vem = 0V 20 50 mV
Input Current (either input) Vem = 0V 5 50 pA
Common-Mode Rejection Ratio Vem = 210V 70 90 dB
Non-Linear Component of Common-Mode Vem =22V 110 dB
Rejection Ratio™
Large Signal Voltage Gain RL = 10kQ 20,000 V/V
VouT = %10V
Slew Rate 6 V/us
Unity Gain Bandwidth MHz
Output Short-Circuit Current 20 50 mA
COMPARATOR AMPLIFIER
Small-Signal Voltage Gain Ry = 30k§2 4000 VIV
Positive Output Voltage Swing +12 +13 \%
Negative Output Voltage Swing -2.0 -2.6 \%
VOLTAGE REFERENCE
Output Voltage 15 1.75 2.0 \%
Output Resistance 5 ohms
Temperature Coefficient 40 ppm
Supply Current Total l T 6 [ 12 mA
*This is the only component that causes error in dual-slope converter.
SYSTEM ELECTRICAL CHARACTERISTICS
(V4+=+15V, V4 =450V, V_=—-15V, Tp = +25°C, Clock Frequency Set for 3 Reading/Sec)
CHARACTERISTICS CONDITIONS 8052/710101) UNITS
MIN TYP MAX
Zero Input Reading Vin = 0.0V -0.000 +0.000 +0.000 Digital
Reading
Ratiometric Reading Vin = VRet. +0.998 +1.000 +1.001 Digital
Reading
Linearity over * Full Scale (error off -2V < Vjp < +2V 0.1 1 Digital
reading from best straight line) Count
Error
Rollover error (Difference in reading for -Vin=+Vijh = 2V 0.1 1 Digital
equal positive & negative voltage near full Count
scale) Error
Noise (P-P value not exceeded 95% Vin =0V
of time) Full scale = 200.0mV 0.2 Digital
Full scale = 2.000V 0.05 Count
Leakage Current into Input Vin =0V 5 30 pA
Zero Reading Drift Vin =0V 1 5 uv/c
0°<Ta<70°C
Scale Factor Temperature Coefficient Vin = +2V 3 15 ppm/°C
0°<Tp<70°C
(ext. ref. 0 ppm/°C)

(1) Tested in 3% digit (2,000 count) circuit shown in Fig. 1 clock frequency 20kHz.
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CIRCUIT DESCRIPTION

Figure 1 shows a typical circuit fora DVM. A minimum of
external components is required since the chips have an on-
board clock and a medium-quality (40ppm/°C) internal
reference. The circuit also shows the switching required for
two scale factors: 2.000V and 200.0mV full scale.

The system uses the time-proven dual-slope integration with
all of its advantages, i.e., non-critical components, high
rejection of noise and AC signals, non-critical clock fre-
quency and true ratiometric readings. At the same time,
it eliminates one of the basic disadvantages of dual-slope
conversion: separate positive and negative reference sources.
In this system, the negative reference is generated by
charging the reference capacitor to the positive reference
potential and then switching it into the circuit inverted
when a negative reference is required. Due to the very low
leakage and charge injection of the FET switches, the
positive and negative references track each other to 10uV
over a wide temperature range. This assures a very small
error between positive and negative scale factor and, thus,
excellent linearity from (+) full-scale to (—) full-scale
(.002% typical). )

The measurement cycle for the 8052/7101 has three phases.
These are auto-zero, integrate input, and integrate reference.
At the end of a measurement the system automatically
reverts to the auto-zero mode until a new measurement
is initiated. If an over-load has not occurred in the previous
measurement, 10 milliseconds of auto-zero is sufficient to
null any offsets to 10uV. At power on, or after an overload,
100 milliseconds is required to assure the auto-zero capaci-
tor has charged to the correct value.

Start Conversion

Prior to conversion, the reset-start input must be held low
to inhibit conversion (during auto-zero). Conversion is

£l 20

100k 12
RANGE
SWITCH
~~
0.224F
sy —1sv vy T
LAY
RC2 RC3
I L
Y 7 1 Tl 14 B
INTEGRATOR
IN REF OUT COMPARATOR |
6 INT |
3000F REF
4b I
003 REF COMP | 3 |
10,.;] <L 1k 1.0V | I
L—-3 )2
1 ®S 1”2 ANALOG AUTO-ZERO CAP
S RANGE GND
i SWITCH = i 1uF TYP,
V, A7
SS GG 14F TYP IN914
1k < REF =
i REF CAP 1 CAP 2 | AUTO-ZERO CAP

29 18
i oAl
— —L-GnD

initiated by a positive transition on the start-reset line. (It
must therefore return to the low state prior to completion
of conversion in order to allow proper auto-zero function.)
The positive transition generates a clear pulse which resets
all internal logic (counters, etc.) and sets the clock enable,
thus initiating the conversion sequence.

Integrate Input

During the first period, switch #4 is closed (all others open),
applying the input potential to the buffer input. Since the
amplifier offsets are stored on the auto-zero capacitor, the
integrator’s slope is determined solely by the input voltage.
The input voltage is integrated for exactly 1000 counts,
thus reaching an integrator output proportional to the
integral of the input for a fixed time.

Integrate Reference

At the end of 1000 counts, switch #4 is opened, the polar-
ity flip-flop is set, and the integrate reference period begins.
Depending on the polarity, switch #5 or #6 is closed,
connecting the buffer input to ground or 2Vyef. This causes
the integrator to ramp towards its quiescent (auto-zero)
point with a slope proportional to +Vyef or —Vyef. When
the integrator crosses its quiescent auto-zero point, the
comparator changes state, causing the zero crossing detector
to generate a conversion complete signal which inhibits the
clock and loads the logic information into the output
latches. Switch #5 (or #6) is opened, switches #1, #2, and
#3 are closed, and the system returns to a quiescent auto-
zero mode, awaiting the next initiate. conversion signal. If
2000 counts are received prior to zero crossing, an out-of-
range signal is generated which sets the ‘‘out-of-range”
output and resets the system.

Note 1: Internal reference out =~ 1.8V, reference input= 1,000 volts for 1.999
volt scale and 100mV for 199.9mV scale.

External components shown are suggested for 3 readings/sec.

Parallel BCD outputs and other latched outputs are strobed at end of
conversion and retain data until completion of next conversion.
Start/Reset should remain Low during Auto-Zero. Conversion is
initiated by a positive pulse on start pin. (minimum width 100nsec).
Component values *20% typ.

Note 2:
Note 3:

Note 4:

Note 5:

LED DISPLAY

DRIVER

BCD OUTPUT
—

Pﬁ— 9’:0‘1”? -—(l334|5|6 ______ —I
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FIGURE 1. 3% DIGIT A/D CONVERTER FUNCTIONAL DIAGRAM
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7101 Digital Processor Controls

Two pins are included on the 7101 that allow the user to
externally control the gain of the converter. The first pin,
“Internal Counter Override”, if held high, will inhibit the
carry pulse from the internal counter that switches the
converter from signal integrate to reference integrate. As
long as this input is high, the converter will remain in the
signal integrate mode. At the same time, it enables the
other pin, External Counter Input, to supply this transition
pulse from external sources. One technique for changing
the gain of the system would be to hold “Internal Counter
Override’’ high through the first N carry pulses. This would
increase the signal integrate time by a factor of N+1 and,
thus, the sensitivity of the system by N+1. Since the
number of suppressed pulses could be controlled digitally,
the system could accomodate signals from *2.000V to
+200.0mV (or lower, if time permits) without changing
the external analog scale factor components. By using
more complex external logic and both inputs, the user
could digitally set offset (tare) and scale factor to convert
voltages to physical units such as ‘“‘degrees centigrade”,
“pounds”’, or ““feet”.

A ““BUSY"” pin is provided which permits interrogating the
8052/7101 to determine the status of the conversion.
During the signal integrate and reference integrate periods,
the ““busy’’ line is high until the conversion is complete,
at which time “busy’’ line goes low. This transition can be
used to signal ‘‘new data available”.

The ““Apex’ pin provides a digital signal which goes high
during the reference integrate period.

“OUT-OF-RANGE" is indicated by a latched "“low” on pin
23 for counts over 2000. The BCD digital values are “’high”’
(true), except 1000 which is “low"".

A positive polarity of the analog input signal is indicated
by a “’high’’ state at the output of the “polarity’’ latch on

pin 22.
300
~
I
¥
N
g 100 N
w \
=}
(e}
w
E 30 N
% \
o
—
o
z 10 N
o
o
>
=
3
30 100 300 1000 3000
CLOCK CAPACITOR — pF
FIGURE 2.

The 7101 has an internal clock which requires a single
capacitor between Pins 25 and 28 to operate. Figure 2
shows the typical capacitor value required to give the
desired frequency.

During auto-zero, the clock is internally gated-off with
Pin 28 high and Pin 25 low. When “start-reset’” goes high,
starting a measurement cycle, the clock starts counting
with Pins 25 and 28 immediately changing phase. The
counting continues until the end of the measurement
cycle, at which time the clock is returned to its auto-zero
condition.

In a typical application where visual readings are required,
three readings per second is near the optimum speed. Faster
readings make it difficult to resolve individual readings,
while at slower rates the reader has to wait too long between
measurements. In this application, 40% of the time (133mS)
could be allocated to auto-zero and 60% (200mS) to signal
and reference integrate. Since a measurement cycle consists
of 3,000 clock pulses maximum, this dictates a clock
frequency of 15kHz. Also, since the dual-slope technique
of A/D conversion is not first-order dependent on clock
frequency, the *20% variation of clock frequency from
unit-to-unit would result in no measurable error. However,
in some applications, a more precise clock frequency would
be desired. For instance, if precise rejection of 60Hz is
required, the signal integrate phase (1,000 counts) would
have to contain an integral number of 60Hz periods. For
these applications, an external clock can be used by deleting
the capacitor and connecting the external clock to Pin 25.
However, if the clock is run asynchronously with start/reset,
there will be one clock pulse of uncertainty in the integrate
signal time, depending on where in the clock pulse period
the start/reset went high. This will show up as one count
of noise for signal near full-scale. This noise or jitter can be
avoided by synchronizing the start/reset pulse to the
negative-going edge of the external clock. Pin 33, Gated
Clock Out, is a buffered output of the clock (internal or
external) that is off (low) during auto-zero and in phase
with Pin 25 during measurement.

Component Selection

Except for the reference voltage, none of the component
values are first order important in determining the accuracy
of the instrument. While this is undoubtedly an advantage
of this approach, it does make the selection of nominal
component values arbitrary at best. For instance, the
reference capacitor and auto-zero capacitor are each shown
as 1.0ufd. These relatively large values are selected to give
greater immunity to PC board leakage since much smaller
capacitors are adequate for charge injection errors or
leakage errors from the 8052/7101.

The ratio of integrating resistor and capacitor is selected to
give 9-volt swing for full-scale inputs. This is a compromise
between possibly saturating the integrator (at £14V) due
to tolerance build-up between the resistor, capacitor, and
clock and the errors a lower voltage swing could induce
due to offsets referred to the output of the comparator.
Again, the .22ufd value for the integrating capacitor is
selected for PC board considerations alone since the very
small leakage at the integrator input is nulled at auto-zero.
A very important characteristic of the integrating capacitor
is low dielectric absorption. A polypropylene capacitor
gave excellent results. In fact, a good test for dielectric
absorption is to use the capacitor in this circuit with the
input tied to reference. This ratiometric condition should
read 1.000 and any deviation . probably due to dielectric
absorption. In this ratiometric condition, a polycarbonate
capacitor contributed an error of approximately 0.8 digit,
polystyrene about 0.3 digit, and polypropylene less than
0.05 digit. The increased T.C. of polypropylene is of no
consequence in this circuit. The dielectric absorption of the
reference capacitor and auto-zero capacitor are only impor-
tant at power on or when the circuit is recovering from an
overload. Thus, smaller or cheaper capacitors can be used
here if accurate readings are not required for the first few
seconds of recovery.
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The back-to-back diodes on the comparator output are
recommended in the 200.0mV range to reduce the noise
effects. In the normal operating mode, they offer a high
impedance and long integrating time constant to any noise
pulses charging the auto-zero capacitor. At start-up or
recovery from an overload, their impedance is low to large
signals so the capacitor can be charged in one auto-zero
cycle. If only the 2.000V range is used, a 100k resistor in
place of the back-to-back diodes is adequate for noise
effects.

Maximum Clock Frequency

The maximum conversion rate of most dual-slope A/D
converters is limited by the frequency response of the
comparator. Even though the comparator in this circuit
is all NPN with an open loop gain-bandwidth product
of 300MHz, it is no exception. The comparator output
follows the integrator ramp with a 3uS delay. At a clock
frequency of 160kHz (6uS period), half of the first refer-
ence integrate period is lost in delay. This means that the

meter reading will change from O to 1 with 50uV in, 1 to
2 with 150uV, 2 to 3 at 250uV, etc. This transition at mid-
point is considered desirable by most users. However, if
the clock frequency is increased appreciably above this,
the instrument will flash 1 on noise peaks even when the
input is shorted.

Some circuits use positive feedback or a latch to solve the
delay problem. However, unless the comparator voltage
swing, the comparator gain, and the integrator gain are
carefully controlled, this circuit can generate anticipation
errors that greatly exceed the 3uS delay error. Also, it is
very susceptible to noise spikes. A more controlled approach
for extending the conversion rate is the use of a small
resistor in the integrator feedback loop. This feeds a small
pulse to the comparator to get it moving quickly and
partially compensate for its delay.

The minimum clock frequency is established by leakage on
the auto-zero and reference capacitor. With most devices,
measurement cycles as long as 10 seconds gave no measur-
able leakage error.

APPLICATIONS

8052/7101 3% Digit LCD DPM/DVM

Figure 3 illustrates an application where the 8052/7101
interfaces with a Liquid Crystal Display. The CD4054 and
CD4055s are Liquid Crystal Display Drivers (4-segment and
7-segment, respectively) which provide the level shifting
(up to 30Vp.p at Vpp—Vgg = 15V) necessary to drive the
LCD. Overrange is indicated by a special character. If
blanking of any part of the display is required on overload,

Pin 23 (7101) can be used to drive Pin 7 on those display
drivers via an inverter and level shift such as CD4009 or
74C903 or another CD4054. Display applications requiring
a plus sign rather than a blank indication for positive analog
input levels (i.e., +1.999 versus 1.999) need to invert the
“polarity’’ logic output level which is normally high for
positive analog input signals.

: : I : I I
| | 1
4 AB C o ABCDEFG ABCDEFG ABCDEFG BP
+5V +2T0 -6V
O (AS NEEDED FOR
co's)
1154 5 6 3 7
1 coaoss 9~ 15) 71 9~ 15) 71 ©~15) 7 Lco
12 Qe CD4055 6 cDaoss ™ 6} €D4055 6 SQUARE-WAVE
09 11 13 8 16 4236581 4235818 4235816 (DISPLAY FREQ. IN)
L
= I _}_l _l_l L O w8
100k
~15V O 0415y ——l
2 20 23— —— es——
(5~8) (9~12) (13~ 16)
36 f————0 START/RESET-
39 f——0 BUSY
30 7101
INS14
Wf
IAUTO-ZEHOCAP
1 40 2 37 21 38 29 25 28 18 32 31
1uF ANALOG 1500pF DIGITAL +5V  —15V
REF CAP GND GND
100k
AN O—AAN—
100mV [-
0.014F =

FIGURE 3. 8052/7101 3% D

|

IGIT LCD DPM/DVM
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8052/7101/6100/6101 Set

The circuit in Figure 4 interfaces the 8052/7101 A-to-D
converter chip set to an IM6100* microprocessor, using the
6101* Parallel Interface Element. Hex Tri-state Buffers
(e.g., MMB80C95¥) are used to control bus access from the
7101 during read operations.

Conversion is initiated by activating the WRITE 1 line
(positive going). The converter pair will then convert the
analog input to digital form, and latch the data in the 7101.
The busy line will go low as the conversion ends, and this
transition is sensed by the SENSE 1 line, triggering an inter-
rupt. The interrupt routine should read the 12-line data
word, and then the polarity, 1000 and out-of-range lines.

Sufficient time must be allowed for the auto-zero loop to
settle before retriggering a conversion. Ten milliseconds of

auto-zero is sufficient to null any offsets to 10 microvolts.
At power-on or after an overload, 100 milliseconds is
required to assure the auto-zero capacitor has charged to
the correct value. This time delay may be implemented
conveniently using the IM6102 (Memory Extender/Time
Delay Device).

Some skeletal service routines for this connection are given
on page 7 and 8.

*References:

Intersil IM6100 CMOS 12-bit Microprocessor
Intersil IM6101 Parallel Interface Element
National MM80C95 Hex CMOS Tri-State Buffers

12 BIT DATA BUS

ANY BUS LINE (7 ~ 12) BUS LINE (1~ 6) BUS LINE (12) BUS LINE (12)
8US BUS
LINE LINE
! ! ! a2 “2)
*80C95 *80C95 *80C95 5V
5 ?
100k ~15v
_15v a_ 022uF ]
(READ
. S————— — pe——
3 205 510 RS 2 21,0526 T 6<zs
(READ 1) Dx (LX MAR) Dx
35 10 0
(SENSE) (DEVSEL)
30 7 2 0
(BUSY) (INT GNT)
2 39
30 7101 MB101 5 LAl 13 IM6100
PIE iy P
300pF 3 .
— iCy)
k2] 34
ITE 1 (INT/SKP
< WRITE 1§36 39 £
<500 CLK.CAP
9 —_— 27 8
40 2 37 21 38 29 18 25 28 36 3 a0 26
[ (START'RESET) 1
1 g I i -JT- (PRIN)  (PROUT)
< | 1500pF
JL (DIGITAL GND) )
= = 9 =
= 100k
Ain

100mV/

0.014F

I

*MMB0C95 HEX TRi-STATE BUFFER (3 EA)

FIGURE 4. 372 DIGIT PARALLEL BCD DATA ACQUISITION SYSTEM

8052/7101/6100/6101 APPLICATION PROGRAM

A possible set-up and service routine for the connection is given below.

/ASSUME PIE SELECT IS SET TO 54, INTERRUPT VECTOR TO 2000

(OCTAL)
/INITIALIZE ROUTINE: SET-UP FOR NO INTERRUPT
1200 7200 CLA
1201 1240 TAD SSCRA
1202 6545 WCRA 54
1203 7200 CLA
1204 1241 TAD SSCRB
1205 6555 WCRB 54
1206 7200 CLA
1207 1242 TAD SSvV
1210 6556 WVR 54
1220 0000 CONVERT, 0
1221 1243 TAD SSCRAI

/SET-UP CONTROL REGISTER A

/SET-UP CONTROL REGISTER B

/SET-UP VECTOR REGISTER

/INITIATE CONVERSION SUBROUTINE
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8052/7101/6100/6101 APPLICATION PROGRAM (CON'T)

1222 6545 WCRA 54
1223 6541 WRITE1 54
1224 5620 JMP | CONVERT
1240 0040  SSCRA, 0040

1241 0000  SCRRB, 0000

1242 2000  SSVV, 2000

1243 0041 SSCRAI, 0041

0000 0000  INTRPT, )

0001 6002 IOF

0140 0000  AD1, )

0141 0000  AD2, )

0160 0000  TEMP1, )

2000 5210  VV, JMP ATOD
2010 3160  ATOD, DCA TEMP1
2011 6540 READ1 54
2012 3140 DCA AD1
2013 6550 READ2 54
2014 7040 CMA

2015 3141 DCA AD2

/ - —— ———
2020 1160 TAD TEMP1
2021 6001 ION

2022 5400 JMP | INTRPT

/SET-UP CONTROL REGISTER A
JTHE WRITE PULSE STARTS CONVERSION

/RETURN

/WP 1 SET HI, IE1 SET LO

/SL1, SP1 SET LP, NEGATIVE EDGE SENSE
/VECTOR ADDRESS

/WPI SET HI, IE1 SET HI

/ENTRY POINT FOR INTERRUPT
/DISABLE INTERRUPT, JUMP TO VECTOR ADDRESS

/FIRST WORD OF DATA
/SECOND WORD OF DATA
/TEMPORARY STORAGE

/JUMP TO SERVICE POINT

/SAVE AC

/READ BCD LINES

/AND STORE

/READ POLARITY, 1000, AND OVERRANGE
/COMPLEMENT TO THE TRUE

/AND STORE

/ANY OTHER WORK

/RESTORE AC

/RESTORE INTERRUPT

/RETURN

PACKAGE DIMENSIONS
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PRECISION PAIR FOR A-D CONVERTERS

4. DIGIT PAIR
8052A/7103A
32 DIGIT PAIR
8052/7103

FEATURES

® Accuracy guaranteed to =1 count over entire 20,000
counts (8052A/7103A)

ranging capability

@ Medium quality reference (40ppm typical) on board
® Blinking display gives visual indication of over-range

® Six auxillary inputs/outputs are available for interfacing
to UARTS, Microprocessors or other complex circuitry

+15V

5pA input current typical

Single reference voltage required

All outputs TTL compatible

i}l—eawf—
8 Y71
REF.OUTI6

INT.

| REF.
T 4|

300PF

REFACOMPW3

10uF

REFERENCE

ANALOG
INPUT lo

ORDERING INFORMATION

3% Digit Pair

Part Temp. Range

Guaranteed zero reading for 0 volts input

True polarity at zero count for precise null detection

Over-range and under-range signals available for auto-

Order Number

GENERAL DESCRIPTION

The 8052A/7103A with its multiplexed BCD outputs and
digit drivers is ideally suited for the visual display DVM/
DPM market. Accuracy is outstanding with performance
like: BpA input leakage, auto-zero to 10uV with less than
1uV/°C drift; linearity of 0.002%; scale factor temperature
coefficients of 3ppm/°C (with external reference). The
system uses the time-proven dual-slope integration with all
its advantages, i.e., non-critical components, high rejection
of noise and a-c signals, non-critical clock frequency,
almost perfect differential linearity and true ratiometric
readings. At the same time it has reduced or eliminated
many of the sources of error that have limited dual-slope
accuracy. With the 8052A/7103A pairs, critical board
layout is no longer required to give low charge injection
by the switches and elaborate ground planes are not
necessary to keep clock pulse transients out of the com-
parator circuit.

The 8052/7103 (3% digit pair) features conversion rates
from 1 measurement every 10 seconds to 30/second,
making them ideally suited for a wide variety of appli-
cations.

0.22uF 1 -
H ,— — ,— —
SEVEN
R o W N S N L A o
hINT. OUT q L == — |_| {—pecope
14 — — —
INTEGRATOR |
comP. | POLARITY D5 D4 03 D2 01
- G (NN £ S ¢ € C TS
¢ uT | O
MSB LSB 21987
-1.2vo0 2| | MULTIPLEXER 22 B4
| | 23,88
! ‘ (L [ [T '
I | |
HINT.N B | |—L:TCH| LATCHHLATCH |
| t !
| |
TR TYP | L COUNTERS J |
| |
AZ OUT A LIN,
\ZOUT AZINL COMP.IN, |
17 |
o0 ZERO
sw3 CROSS. |
DET. CONTROL LOGIC |
|
|
|
1 s 4 12 2 14 13 bﬁ 28 Jl
—_— —_——— e — ————— —_— —_— [ —_—— _—;< —_— —_—— —
DIGITAL RUN/  CLOCK 4%DIGIT/ OVER UNDER STROBE BUSY
GND  -15V HOLD IN  3%DIGIT RANGE RANGE

FIGURE 1. FUNCTIONAL BLOCK DIAGRAM

4% Digit Pair
Part Temp. Range Package Order Number

8052 0°Cto70°C
8052 0°Cto 70°C
7103  0°Cto 70°C
7103  0°Cto 70°C

14 pin plastic DIP
14 pin ceramic DIP 1CL8052CDD
28 pin plastic DIP
28 pin ceramic DIP ICL7103CDI

ICL8052CPD

ICL7103CPI

8052A 0°C to 70°C 14 pin plastic DIP  ICL8052ACPD
8052A 0°C to 70°C 14 pin ceramic DIP ICL8052ACDD
7103A 0°Cto 70°C 28 pin plastic DIP  ICL7103ACPI

7103A 0°C to 70°C 28 pin ceramic DIP |CL7103ACDI
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ABSOLUTE MAXIMUM RATINGS

Power Dissipation (Note 1)
Storage Temperature

500 mW
—65°C to +150°C

8052, 8052A
Supply Voltage 18V
Differential Input Voltage +30V
Input Voltage (Note 2) +15V
Output Short Circuit Duration,
All Outputs (Note 3) Indefinite

Note 1: Dissipation rating assumes device is mounted with all
leads welded or soldered to_printed circuit board in
ambient temperature below +70°C. For higher temper-

atures, derate 10mW/°C.

SYSTEM ELECTRICAL CHARACTERISTICS

Operating Temperature 0°C to +70°C
Lead Temperature (Soldering, 60 Sec.) 300°C
7103, 7103A
Source Current (lg) 100 mA
Drain Current (Ip) 100 mA
Digital Inputs 5 mA
V+tto V— 25V
Digital Input to V* V—to V+
Digital Input to V— V+tito V—

Note 2: For supply voltages less than £15V, the absolute maximum
input voltage is equal to the supply voltage.
Note 3: Short circuit may be to ground or either supply. Rating

applies to +70°C ambient temperature.

(V44 =+15V, V4. = +6V, V_ = —15V Clock Frequency Set for 3 Reading/Sec)

8052/7103(1) 8052A/7103A(2)
CHARACTERISTICS CONDITIONS MIN VP MAX MIN TYpP VAX UNITS
Zero Input Readi Vin = 0.0V 0 | 0000 | +0.000 | —0.0000 | +0.0000 | +0.0000 |29t
ero Input Reading Eull Scale = 2.000V —-0.00 +0.000 . —0. 0. . Reading
. . . Vin = VRef Digital
3 in ef.
Ratiometric Reading (3) Full Scale = 2.000V +0.999 +1.000 +1.001 +O.9999 +1.0000 | +1.0001 Reading
Linearity over * Full Scale Digital
(error of reading from -2V < Vi <+2V 0.2 1 0.5 1 Count
best straight line) Error
Differential Linearity
diff
(difference between worse _2V < Vi <42V 01 01 LSB
case step of adjacent counts
and ideal step
Rollover error (Difference in . '
reading for equal positive & Digital
19 for equatp ~Vip = +Vip ~ 2V 0.2 1 05 1 |Count
negative voltage near full
Error
scale)
Noise (P-P value not Vin = 0V
exceeded 95% of time) Full scale = 200.0mV 20 uVv
} Full scale = 2.000V 50 30
Leakage Current at Input Vinh = 0V 5 30 3 10 pA
Zero Reading Drift XgnngoAvg 10°C 1 5 0.5 2 |uv/rc
Vip = +2V
Scale -Ffactor Temperature 0<Ta< 70°C 3 15 2 5 |ppm/°C
Coefficient o
(ext. ref. 0 ppm/°C)

(1) Tested in 3% digit (2,000 count) circuit shown in Fig. 3 clock frequency 12 kHz. Pin 2 7103 connected to Gnd.
(2) Tested in 4% digit (20,000 count) circuit shown in Fig. 3 clock frequency 120 kHz. Pin 2 7103A open.
(3) Tested with a low dielectric absorbtion integrating capacitor. See Component Selection Section.
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8052 ELECTRICAL CHARACTERISTICS (Vs = £15V unless otherwise specified)

8052 8052A
CHARACTERISTICS CONDITIONS MIN L — l NAX | MIN | VP I VIAX UNITS
EACH OPERATIONAL AMPLIFIER
Input Offset Voltage Vcw =0V 20 50 20 50 mV
Input Current (either input) Vcm =0V 5 50 2 10 pA
Common-Mode Rejection Ratio Vcm = 210V 70 90 70 90 dB
Non-Linear Component of Common- _
Mode Rejection Ratio™ Vewm = £2V 10 10
Large Signal Voltage Gain R = 10k§2 20,000 20,000 V/V
Slew Rate 6 6 V/us
Unity Gain Bandwidth 1 1 MHz
Output Short-Circuit Current 20 100 20 100 mA
COMPARATOR AMPLIFIER
Small-signal Voltage Gain R = 30k 4000 V/V
Positive Output Voltage Swing +12 +13 +12 +13 \Y%
Negative Output Voltage Swing —2.0 —-2.6 —-2.0 26 \Y
VOLTAGE REFERENCE
Output Voltage 1.5 1.75 2.0 1.60 1.756 1.90 \Y
Output Resistance 5 5 ohms
Temperature Coefficient 50 40 ppm/°C
Supply Current Total | i 6 I 12 l l 6 l 12 ‘ mA
*This is the only component that causes error in dual-slope converter.
7103 AND 7103A ELECTRICAL CHARACTERISTICS (V*t=+45.0, V—= —15V, Ta=25°C)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
I
linL Vin=0 2 .6 mA
1 1
I‘\:l Clock In, Run/Hold, 4%/3% linH Vip = 45V 1 10 A
U
. linL Vin=0 A 10 HA
. Comp. In linH Vin = +5V A 10 | wA
¢}
U All Outputs VoL loL =1.6ma .25 40 \Y,
B1,B2,B4,Bg
T = —1TmA 2.4 .
p |P1.D2,D3, D4, D5 VoH 'on = —1m 42
U Busy, Strobe, VOH IoH = —10nA 4.9 4.99 v
T Over-range, Under-range
s Polarity
S
W .
| Switches 1, 3,4,5, 6 RDs ON 400 Q
T Switch 2 Rps ON 1200 Q
c Switch Leakage (All) ID OFF 2 pA
H
S
U
P [ +5V Supply Current Icct 20 30 mA
P { =15V Supply Current Icc— 4 6 mA
L
Y
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THEORY OF OPERATION

Figure 1 shows a function diagram for an A/D converter
using the 8052/7103 pair. In this circuit, each measurement
cycle is divided into four equal parts. The first part, phase 1,
is the auto-zero cycle. The switch driver decoder recog-
nizes this state and turns on hex switches number 1, 2, and
3. Switches 1 and 2 impress a voltage equal to VREF across
the reference capacitor. Switch 3 closes a loop around the
integrator and comparator. The purpose of this loop is to
charge up the auto-zero capacitor until the integrator
output does not change with time. During the second part,
Phase 2, switches 1, 2 and 3 are opened and switch 4 is
closed. If the input voltage is zero, the buffer, integrator
and comparator will see the same voltages that existed in
the previous state. Thus, the integrator output will not
change but will remain stationary during the entire signal-
integrate cycle. |If VN is not equal to zero, an unbalanced
condition exists compared to the auto-zero cycle and the
integrator will generate a ramp whose slope is proportional
to V|N. At the end of this cycle, the sign of the ramp is
latched into the polarity F/F. The final part, reference
integrate, includes phases 3 & 4. The switch driver decoder
uses the output of the polarity F/F in deciding whether
to close switch 5 or 6. If the input signal was positive,
switch 6 is closed and a voltage which is VREF more nega-
tive than during auto-zero is impressed on the buffer
input. If the input signal was negative switch 5 is closed and
a voltage which is VREF more positive than during auto-
zero is impressed on the buffer input. Thus, the reference
capacitor generates the equivalent of a (+) reference or a
(—) reference from the single reference voltage with negli-
gible error. The reference voltage returns the output of the
integrator to zero. The time, or number of counts, required
to do this is porportional to the input voltage. Since the
reference cycle can be twice as long as the signal integrate
cycle, the input voltage required to give a full scale
reading = 2 VREF. The circuit, as described to this point,
is not new to this application. It has been used successfully
for several years. However, this system makes three major
contributions to the accuracy of this circuit. These are:
(1) low charge injection, (2) junction FET op amp, and
(3) zero-crossing flip-flop.

1. Low Charge Injection.

During auto-zero, there is no problem in charging the
capacitors to the correct voltage. The problem is getting
the switches off without changing this voltage. As the
gate is driven off, the ga<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>