












































































































































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.
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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

50




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
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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
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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).

22 LEAD CERAMIC DIP

Mmoo e Do e

.025 (0.636) A. REF.

380 (9.652)
400 (10181
¢ ) (NOTCH OPTIONAL)

'\\_--._.-_4_.-_-;_:-._-

1.080 (27.686)

ey
- — 1.110 (28.194) R ”
~.100 (2.540) 054 (1.372)
\ J‘l 080 (z 032)
I 5 200 (s 508
1 T B
i
:020 (0.508)
_/L \‘ ‘080 (1.270)
o 1016 (0.406) 043(1.092) )
coeEn 2 ‘023 (0 su;"‘ “' 060 ‘u m§ Rt (uu)

FUNCTIONAL DIAGRAM IM6551/51A

390 (9.96) 010 (0.254)
r‘no (10418 040 u 018)

|
ADDRESS ROW DECODER | |
REGISTER AND DRIVER T
1

|

T — -

Ko Ay Ag Ay 1

oATA W d
|
|
! COLUMN
! oECoDER
aw ! AND 1O
T
b hl
[N O vucpun, — =N SRS
s —
aconess
AccisTeR

A4 A5 Ag A7
cHIP SELECT l
ce REGISTER

FUNCTIONAL DIAGRAM IM6561/61 A

3248
ARRAY

717 HIGH-2 OUTPUT

r Tot4 1
ADDRESS AOW DECODER | | 3218 I
P aecisten ANDDRIVER [T ARRAY |
! |
FTT ‘ |
Fo—o———— - |
Ag Ay Az Ay ! !
! |
i oaTAlO)
i ;
! DECODER |
W i AND 110 !
: - |
b it | 1
e T 2
csy ——
csy ——t ADDRESS
‘—’ REGISTER
. Do Tttt
§ A4 As A A7 1" _HIGH-2 OUTPUT
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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
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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
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0.224F
sy —1sv vy T
LAY
RC2 RC3
I L
Y 7 1 Tl 14 B
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29 18
i oAl
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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:
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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.
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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.
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O (AS NEEDED FOR
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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
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! ! ! a2 “2)
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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.
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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 gate-to-drain capacitance of the
switch injects a charge on the reference or auto-zero
capacitor, changing its voltage. The designer, using
discrete components, is forced into critical board layouts
where charges of opposite polarity are injected to com-
pensate or neutralize the driver injection. This balance
will be upset by any unit-to-unit variation of switch
capacitance so at best the final design is a compromise.
In the 8052/7103 the critical layout has been done on
the semiconductor chip and need not concern the user.
Also, since a silicon-gate process is used for the switches,

the unit-to-unit variation is extremely low. The net
result is to give an error due to charge injection that is
so low it is difficult to measure; but certainly less than
5uV referred to the input.

2. Junction FET Op Amps.

Both the buffer and integrator use junction FET inputs
in a guarded circuit that reduces the voltage across the
FET to 3 or 4 volts. At this voltage level, input leakage
currents of 2 pA are typical. For typical component
values 2 pA leakage contributes less than 2uV of error
to the circuit. In theory, MOS FET’s would contribute
less leakage but their increased noise would more than
swamp out any improvement.

3. Zero-Crossing Flip Flop.

The problem that the zero-crossing flip-flop is designed
to solve is shown in figure 2.

CLOCK

/ PULSES
TRUE ZERO
/ CROSSING
FALSE ZERO
CROSSING

FIGURE 2. INTEGRATOR OUTPUT NEAR
ZERO-CROSSING

The integrator output is approaching the zero-crossing
point where the clock will be stopped and the reading
displayed. The clock pulse feedthrough superimposed upon
this ramp will cause a false reading by stopping the count
prematurely. For a 20,000 count instrument, the ramp is
changing approximately 0.50mV per clock pulse (10 volt
max integrator output divided by 20,000 counts). The
clock pulses have to be less than 100uV peak to avoid
causing significant errors. The circuit layout to achieve this
can be time consuming at best and impossible at worst.
The suggested circuit gets around this problem by feeding
the zero-crossing information into a flip-flop instead of
using it directly. The flip-flop interrogates the data once
every clock pulse after the transients of the previous clock
pulse and half-clock pulse have died down. Any false zero-
crossing caused by clock pulses are not recognized. Of
course, the flip-flop delays the true zero-crossing by one
count in every instance. |f a correction was not made, the
display would always be one count too high. The correction
is to disable the counter for one clock pulse at the beginning
of phase 3. This one count delay compensates for the delay
of the zero-crossing flip-flop and allows the correct number
to be latched into the display. Similarly, a one count
delay at the beginning of phase 1 gives an overload display
of 0000 instead of 0001. No delay occurs during phase 2
so that true ratiometric readings are possible.
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APPLICATIONS

Specific Circuits Using the 8052A/7103A

Figure 3 shows the complete circuit for a 4% digit
(+2.000V) full scale) A/D with LED readout using the
internal reference of the 8052A. If an external reference is
used, the reference supply (pin 7) should be connected to
ground and the 300pF reference cap deleted. The circuit
also shows a typical R-C input filter. Depending on the
application, the time-constant of this filter can be made
faster, slower or the filter deleted completely. The % digit
LED is driven off of the 7 segment decoder with a zero
reading blanked by connecting a D5 signal to RBI input
of the decoder.

A voltage translation network is connected between the
comparator output of the 8052A and the auto-zero input
of the 7103A. The purpose of this network is to assure that,
during auto-zero, the output of the comparator is at or
near the threshold of the 7103A logic (+2.5V) while the
auto-cap is .being charged to VREfF (+1.0 volts for a
2.000V instrument). Otherwise, even with zero volts in,

some reference integrate period would be required to
drive the comparator output to the threshold level. This
would show up as an equivalent offset error. Once the
divider network has been selected, the unit-to-unit varia-
tion should contribute less than a tenth of a count error.
A second feature of the network is that it holds the source
of switch 3 to = +4V during the integrafe and deintegrate
cycles of positive input voltages. During this time, the
comparator output is clamped by an internal diode on the
7103A to = +5.7 volts. Since the gate of switch 3 is at
+5 volts for this off condition, the +1 volt Vgs of the FET
assures the switch is off to the 1 or 2 pA leakage level.
Finally, the back-to-back diodes are used to lower noise.
In the normal operating mode they offer a high impedance
and long integrating time constant to any noise pulses
charging the auto-zero cap. At startup or recovery from an
overload, their impedance is low to large signals so that the
cap can be charged up in one auto-zero cycle.

- 35V
4.7K 1500 5 4 3 2 1
150 7447
a— t+— — — —— a
L —— —— —— b gy
L ===y /E: | IE= 1 THH I__I a B2
15042 i — - ] B4
2 l Y e o s e { B8
N\ S — R
— ] 3 RBI
5V —{ 7| +5V BUSY [28]
2| 4% DIG/3% DIG Lsp D127}
(2] an d I~ 47K
L——{3| PoLARITY D2 E_e“}-"i
NOTE: FOR 3% DIGIT )
TIE PIN 2 LOW AND [4] run/HOLD D3 [25
CHANGE CLOCK TO 12KC (5] cowe. o b7
-15V —{G | -15V Ms8 88 [23} %wm
———{7 | REFERENCE 84 [22] 8052A L
8 | REF.CAP 1 82 |21} -15v—{T] 15V INT. OUT [14}
S L U o 14} _L
5ol
SIGNAL 100K ¢—{ 9| REF.CAP2 LsB 81 [20} {2] comp out +BUF IN[13}— P
° 0l
e o - {10] ANALOG INPUT msp ps [19}— s — (3] ReF car +INT IN [12}—
= —{17] ANALOG GND STROBE [18] 51062 300PF [ REF BYPASS  — INT IN[TT
=51 77}
= {12] cLock In Az N [17} 5 | GND - BUF IN|[10 100K
cLock [13] uNDERRANGE A-ZOUT _T_e_}-—————~—‘ 300K 6 | REF OUT BUF OUT[9
L <LK
[13] OVERRANGE ~ DIGITAL GND E} 100t 7 | REF SUPPLY +15v|8 15V
120KC = 3 READINGS/SEC
-1V
*For finer resolution on scale factor adjust, use a
- = 10 turn pot or a small pot in series with a fixed

resistor.

FIGURE 3. 8052A/7103A 4%: DIGIT A-D CONVERTER

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 refer-
ence capacitdr and auto-zero capacitor are each shown as
1.0uF. These relative large values are selected to give greater
immunity to PC board leakage since smaller capacitors
are adequate for charge injection errors or leakage errors
from the 8052/7103. 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 *14 volts) 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 .22uF value for

the integrating cap is selected for PC considerations alone
since the very small leakage at the integrator input is nulled
at auto-zero. A very important characteristic of the inte-
grating cap is low dielectric absorption. A polypropylene cap
gave excellent results in the application. In fact a good test
for dielectric absorption is to test the subject cap in this
circuit with the input tied to reference. This ratiometric
condition should read 1.0000 and any deviation is probably
due to dielectric absorption. In this test poly-carbonate caps
typically read .9992, polystyrene, .9997 and polypropylene,
1.0000. The increased temperature coefficient of poly-
propylene is of no consequence in this circuit. The
dielectric absorption of the reference cap and auto-zero
cap are only important at power-on or when the circuit is
recovering from an overload. Thus, smaller or cheaper caps
can be used here if accurate readings are not required for
the first few seconds of recovery.

101




Max 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 0 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.

For many dedicated applications where the input signal
is always one polarity, the delay of the comparator need
not be a limitation. Since the non-linearity and noise do not
increase substantially with frequency, up to 500kHz clock
rate may be used. For a fixed clock frequency, the extra
count or counts caused by comparator delay will be a
constant and can be subtracted out digitally.

The minimum clock frequency is established by leakage on
the auto-zero and reference cap. With most devices, mea-
surement cycles as long as 10 seconds give no measurable
leakage error.

AUXILIARY INPUTS/OUTPUTS

The 7103 and 7103A include several pins that allow them
to operate conveniently in more sophisticated systems.
These include:

1. 4%/3% (Pin 2). When high (or open) the internal
counter operates as a full 4% decade counter with a

complete measurement cycle requiring 40,000 counts. .

When held low, the least significant decade is cleared and
the clock is fed directly into the next decade. A measure-
ment cycle now requires only 4000 clock pulses. All 5
digit drivers are active in either case with each digit
lasting 200 counts with pin 2 high (4% digit) and 20
counts for pin 2 low (3% digit). The only difference
between 7103A and 7103 is that they were tested with
this pin high and low respectively. Actually, most 7103
will operate satisfactorily in a 4% digit application.
They simply have not received the more complex
testing required to prove it.

2. Run/Hold (Pin 4). When high (or open) the A/D
will free-run with equally spaced measurement cycles
every 40,000/4,000 clock pulses. If taken low, the
converter will continue the full measurement cycle that
it is in and then hold this reading as long as pin 4 is
held low. A short positive pulse (greater than 300ns)
will now initiate a new measurement cycle beginning
with 10,000/1,000 counts of auto zero. Of course if
the pulse occurs before the full measurement cycle
(40,000/4,000 counts) is completed, it will not be
recognized and the converter will simply complete the
measurement it is in. An external indication that a full

measurement cycle has been completed is that the first
strobe pulse (see below) will occur 100/10 counts after
the end of this cycle. Thus, if Run/Hold is low and has
been low for at least 100/10 counts, the converter is
holding and ready to start a new measurement when
pulsed high.

3. Strobe (Pin 18). This is a negative going output pulse
that aids in transferring the BCD data to external
latches, UARTs or microprocessors. There are 5 negative
going Strobe pulses that occur in the center of each of
the digit drive pulses and occur once and only once for
each measurement cycle starting 100/10 pulses after the
end of the full measurement cycle. Digit 5 (MSD) goes
high at the end of the measurement cycle and stays on
for 200/20 counts. In the center of this digit pulse (to
avoid race conditions between changing BCD and digit
drives) the first Strobe pulse goes negative for % clock
pulse width. Similarly, after 200/20 clock pulses, digit 4
goes high and 100/10 pulses later the Strobe goes
negative for the second time. This continues through
digit 1 (LSD) when the fifth and last Strobe pulse is sent.
The digit drive will continue to scan (unless the
previous signal was over-range) but no additional Strobe
pulses will be sent until a new measurement is available.

INTEGRATOR
OUTPUT

AUTO- | SIGNAL REFERENCE
ZERO INT. INTEGRATE
10,000/1000| 10,000/ 20,000/2,000
COUNTS 1,000 COUNTS MAX.
COUNTS

<——— FULL MEASUREMENT CYCLE
40,000/4,000 COUNTS

BUSY |

OVER-RANGE
WHEN APPLICABLE

UNDER-RANGE 3350555203
WHEN APPLICABLE 5555550

| EXPANDED SCALE BELOW |

piciTscan [1 Imi Iml Ds

FOR OVER-RANGE .

] ] ﬂ r] Da
I ___ritoes
Mm__n___re
N _IL b1

1000/

|<—100

COUNTS

stroee [ TTTT

REFERENCE
SIGNAL INTEGRATE -~{=~ INTEGRATE
DIGIT SCAN []Ds
FOR OVER-RANGE | L 1
J1°s 0 iy I
I L _I M
J1°2 1 N
gLl I I

FIGURE 4. TIMING DIAGRAM
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4. Busy (Pin 28). Busy goes high at the beginning of
signal integrate and stays high until the first clock pulse
after zero-crossing (or after end of measurement in the
case of an over-range). The internal latches are enabled
(i.e., transferred during the first clock pulse after busy
and are latched at the end of this clock pulse. The
circuit automatically reverts to auto-zero when not
BUSY so it may also be considered a A-Z signal. A very
simple means for transmitting the data down a single
wire pair from a remote location would be to AND
BUSY with clock and subtract 10,001/1,001 counts from
the number of pulses received (as mentioned previously
there is one NO count pulse in each reference integrate
(cycle).

5. Over-range (Pin 14). This pin goes positive when the
input signal exceeds the range (20,000/2,000) of the
converter. The output F-F is set at the end of Busy and
is reset to zero at the beginning of Reference integrate
in the next measurement cyéle.

6. Under-range (Pin 13). This pin goes positive when the
reading is 9% of range or less. The output F-F is set at
the end of busy (if the new reading is 1800/180 or less)
and is reset at the beginning of signal integrate of the
next reading.

7. Polarity (Pin 3). This pin is positive for a positive
input signal. It is valid even for a zero reading. In other
words, +0000 means the signal is positive but less than
the least significant bit. The converter can be used as a
null detector by forcing equal (+) and (—) readings. The
null at this point should be less than 0.1 LSB. This
output becomes valid at the beginning of reference
integrate and remains correct until it is re-validated for
the next measurement.

8. Digit Drives (Pins 19, 24, 25, 26 and 27). The digit
drives are a positive going signal that each last for 200/20
clock pulses. The scan sequence is Dg (MSD), Dg,
D3, D2 and Dq (LSD). All five digits are scanned even
when operating in the 3% digit mode. The scan is
continuous unless an over-range occurs. Then all digit
drives are blanked from the end of the strobe sequence
until the beginning of Reference Integrate when Dg will
start the scan again. This gives a blinking display as a
visual indication of over-range.

9. BCD (pins 20, 21, 22 and 23). The Binary coded
Decimal bits Bg, B4, B2 and B1 are positive logic signals
that go on simultaneously with the digit driver.

INTERFACING WITH UARTS
AND MICROPROCESSORS

Figure 5 shows a very simple interface between a free-
running 8052A/7103A and a UART. The five Strobe pulses
start the transmission of the five data words. The digit 5
word is 0000XXXX, digit 4 is 1000XXXX, digit 3 is
0100XXXX, etc. Also the polarity is transmitted indirectly
by using it to drive the Even Parity Enable Pin (EPE). If
EPE of the receiver is held low, a parity flag at the receiver
can be decoded as a positive signal, no flag as negative.

SERIAL OUTPUT
TO RECEIVING UART

TRO

UART

cPE 1M6402 TBAL

TBR
A

Dag D3 D2 D1 B1 B2 Bg Bg

NC

Ds STROBE

7103/7103A

POL RUN/HOLD F——0 +5

FIGURE 5. SIMPLE 7103/7103A TO UART INTERFACE

A more complex arrangement is shown in Fig. 6. Here the
UART can instruct the A/D to begin a measurement se-
quence by a word on RRI. The Busy signal resets the Data
Ready Reset (DRR). Again Strobe starts the transmit
sequence. A quad 2 input multiplexer is used to superimpose
polarity, over-range, and under-range onto the Dg word
since in this instance it is known that Bp = B4 = Bg = 0.

L

TRO RRI DRR
DR
1M6402
| EE TBRL
TBR
A
12 3 4 5 6 7 8
v 2y 3y
ENABLE
L
74C157 = =
(s}
w
-
1A 2A 3A » 18 28 3B
D4 D3 D2 D7 B1 By Ba Bg P O U
0O V N
L E D
R E
L] ps 7103/7103A R
STROBE
RUN/HOLD +5
susy —— F—AA—0
100pf 10K
FIGURE 6. COMPLEX 7103/7103A TO UART
INTERFACE

Circuits for the 7103/7103A to interface directly with
three popular microprocessors are shown in Figures 7, 8 and
9. The main differences in the circuits are that IM6100
with its 12 bit word capability can accept polarity,
over-range, under-range, 4 bits of BCD and 5 digits
simultaneously where the 8080 and the MC6800 with 8
bits words need to have polarity, over-range and under-range
multiplexed onto the Digit 5 word — as in the UART
circuits. In each case the microprocessor can instruct the
A/D when to begin a measurement and when to hold
this measurement.
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DCMOS
RELIABILITY REPORT

DCMOS RAM RELIABILITY REPORT —IM6523, IM6508, IM6100

The purpose of this report is to present the reliability program to control and evaluate Intersil’s Silicon Gate Complementary MOS
Technology. Extensive reliability characterization has been performed on the following CMOS devices:

1. IM-6523, 256x1 Asynchronous RAM

2. IM-6508, 1024x1 Synchronous RAM

3. IM-6100, Microprocessor

RELIABILITY PROGRAM
Intersil has an established program to qualify, monitor, and perform failure analysis on products, as required, to ensure a high standard of
reliability for various applications.

During the design phase of a new product, Reliability determines and isolates failure modes by submitting samples from each processed
run to accelerated evaluation tests. Once the failure mechanisms are identified, corrective action is initiated at processing, manufacturing, or
final test to ensure reliability of product.

To monitor the effectiveness of instituted corrective action, Reliability receives samples from processed runs and submits these to extended
life testing at elevated temperatures. All runs have lot traceability, and records maintained, which are kept on file providing complete historical
data from processing to eventual extended life testing. Traceability to wafer run number is maintained throughout manufacturing.

All failures which occur during reliability evaluation are processed through Intersil’s Failure Analysis Laboratory, which is equipped
to perform electrical testing, bench test analysis, SEM, micromanipulator probing, optical inspection up to 1000X, microsectioning, and
chemical analysis.

TABLE |
INTERSIL 100% PROCESSING
INTERSIL
PROCESSING STEP CONDITIONS SPEC NO. MIL-STD-883A
Pre-Cap Visual Class B QAP-213 Method 2010.2
Stabilization Bake 150°C 24 hr. Min. FPS-107 Method 1008.1 Cond. C
Temperature Cycle —65°C to +150°C FPS-101 Method 1010.1 Cond. C
10 Cycles

Centrifuge 30,000G Y1* Axis FPS-110 Method 2001.1 Cond. E
Hermeticity

Fine Leak Helium 5 x 1077 cc/sec FPS-109 Mezhod 1014.1 Cond. Aor B

Gross Leak Fluorocarbon FPS-104 i/Jethod 1014.1 Cond. C1
Final Electrical Per Applicable Spec.

*Packages to 24 leads (> 24 leads, 10,000G).

i38510 RELIABILITY PROGRAM

Intersil’s in-house reliability program, i38510, offers as standard processing SEM, positive traceability, MIL-STD-883 Level B processing and
MIL-M-38510 controls (reference data sheet “i38510 Reliability Program,” dated July, 1974).

MEAN-LIFE EVALUATION

Mean-life evaluation is achieved by selecting random samples from finished goods on a periodic basis. These represent standard production
parts, which passed all 100% inspections (table I) and Group A quality conformance. High temperature operating life tests are performed
under accelerated conditions to reduce testing time and to speed up potential failure mechanisms. Failure analysis is routinely performed on
all rejects to assure that results are pertinent and provide timely corrective action. Details of life test results are shown in Table Il.

These tables consider the following two categories of failures:
Category 1: Operable Failure

These devices have characteristics which have changed according to our data sheet specifications, but still function normally.

Category 2: Catastrophic Failure
Devices with catastrophic failures, which would fail to perform the expected logical functions.
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TABLE Il
SUMMARY LIFE TEST/STORAGE DATA

DEVICE | year of SAMPLE REJECTS DEVICE HRS.
TYPE | mfg. TEST SIZE |CATASTROPHIC | OPERABLE x 103
6523 1973 Op. Life +125°C +5V 201 0 0 236.0
6523 1974 Op. Life +125°C + 5V 332 1 3 1,352.0
6523 1975 Op. Life +125°C + 5V 94 0 0 93.0
6523 TOTAL 627 1 3 1,681.0
6508 1974 Op. Life +125°C + 5V 36 0 0 69.0
6508 1975 Op. Life +125°C + 5V 485 0 2 637.0
6508 1975 Op. Life +125°C + 10V 37 0 0 67.0
6508 1975 Storage + 150°C 65 0 0 65.0
6508 1975 Dynamic Life
+125°C +5V 25 0 0 25.0
6508 TOTAL - 668 0 2 863.0
6100 1975 Op. Life +125°C +5V 30 0 1 57.0
TABLE [l
FAILURE RATE CALCULATIONS
REJECTS EQUIV. DEVICE HRS. FIR %/1K HRS. @
DEVICE A* B** @ +55°C x 106 60% CONFIDENCE
6523 1 16.81 .012
6508 0 8.38 .011
6100 0 .57 .160
1 25.76 .008
6523 4 16.81 .031
6508 2 8.38 .038
6100 1 .57 .350
7 25.76 .033

*A = Catastrophic
**B = Catastrophic + Operable

The above calculations are based on the following:

1. 10:1 acceleration factor for + 125°C Op. Life and Storage Life @ + 150°C to + 55°C.

2. No weight given to infant mortalities (i.e. failures at or below 168 hours of test time).

3. Reference MIL-STD-690A. Graph for F/R at 60% confidence level.
It should be noted that of the 7 rejects shown, only one was catastrophic. Therefore, our failure rate of 0.008% at 60%
confidence level should be used to represent actual field use at +55°C.

FAILURE MECHANISMS
FIGURE 1

INFANT
MORTALITY

WEAR OUT

FAILURE RATE

RANDOM

TIME

The above curve represents the typical failure rate pattern which can be expected from any group of devices under test. It shows three
major regions which concern the reliability engineer; infant mortality, random failures and wear out.
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Each of the three areas of the curve have their own specific failure mechanisms and can be described as follows:

a.

lonic Contamination (sodium ions, etc.)

This has been one of the more serious problems in MOS manufacturing. Generally, contamination is mobile positive charges trapped
within the gate oxide causing a threshold voltage drift. N-Channel is more susceptible than P-Channel as the mobile ions are pushed into
the gate region due to the direction of the electrostatic field (see Figure 2).

FIGURE 2 FIGURE 3
P-CHANNEL N-CHANNEL MICROCRACK
AL AL
POLY SI POLY SI {02 Si02
+ +
{ \ AL
e —= J w1 J
P-CHANNEL N-CHANNEL $1
SUBSTRATE N— SUBSTRATE P— VERTICAL OR UNDERCUT OXIDE STEP CONTOURING $;j02 STEP ALLOWS A
CAUSES A SHOULDER WHICH CAN MORE UNIFORM DEPOSITION OF
CAUSE A MICROCRACK. ALUMINUM.
ELECTROSTATIC FIELDS PUSH ELECTROSTATIC FIELDS PUSH
CONTAMINATION AWAY FROM GATE CONTAMINATION INTO GATE

The ionic contamination phenomenon is detected during the infant mortality region by high temperature bias testing. Also, the silicon
gate process allows the device to be subjected to high temperature gettering, which cleans the oxide and prevents further precaution,
each wafer run is monitored for C-V drift by Quality Control.

. Polarization

Polarization is another drift phenomenon which can occur if the gate oxide contains polarizable molecules. This problem is usually
present if phosphorus glass is left in the gate region. Polarization is a wear out phenomenon with a strong dependence on temperature
(i.e. the higher the temperature the sooner it will occur).

. Microcracks

A random type failure mode is microcracks. This, as the name implies, is the formation of minute cracks in the aluminum metallization
which usually occurs over a step. Microcracks can be prevented by contouring the steps before metal deposition (See Figure 3). This
failure mode can be detected by thermal cycling or running the circuit under accelerated life conditions.

Quality Control performs in-line inspection of the metal system for microcracks using its scanning electron microscope (SEM).

d.

Oxide defects can cause dielectric breakdown in the MOS structures, which generally result in an electrical short. This failure mode is
seen in both infant mortality and random areas of the reliability curve. Operating life test or high voltage stress test can be used to
screen for this mechanism, which is mainly voltage sensitive.

. Packaging assembly problems such as bond wire breaking or failing to adhere to bonding pad, floating die, and improper sealing are all

screenable using Intersil’s 100% processing listed in Table I.

The curve shown in Figure 4 indicates our reliability status versus manufacturing time. It can be seen that we have significantly improved
our overall reliability each year. This has been achieved by constant surveillance of our ultra-clean processing. Written procedures have been
set-up, which are rigorously followed at each specific processing step.

Production and Quality Control carefully control and monitor phosphorus doping concentrations at intermediate and top side levels by C-V
plotting taken daily. For each metallization run, our evaporators are checked for contamination by C-V plotting to ensure stability of threshold

voltages.

LIFE TEST RESULTS
FAILURES AS A FUNCTION OF TIME
TEME;(:ERA- FAILURE TIME POINT HOURS
CIRCUIT TEST VYOLTAGE TURE SAMPLE | 168| 500 | 1iC( | 2 | 3| 5| 10K
6523 Op. Life 5.0 125 43 0 0 1 0 0 0 0
6523 Op. Life 5.0 125 143 4 1 1 1 0 0
6523 Op. Life 5.0 125 441 7 0 0 0 0
6508 Op. Life 5.0 125 12 0 0 1 0 0 0
6508 Op. Life 5.0 125 29 0 0 0 0 0
6508 Op. Life 5.0 125 74 0 1 0 0
6508 Op. Life 10.0 125 37 0 0 0 0
6508 Op. Life 5.0 125 426 0 0 0
6508 Storage — 150 65 0 0 0
6100 Op. Life 5.0 125 30 1 0 0 1
1,300 12 2 3 2 0 0 0
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FAILURE RATE %/1,000 HRS.

FIGURE 4

STATIC LIFE TEST CIRCUIT
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ARIZONA

Liberty Electronics
3130 N. 27th Avenue
Phoenix, AZ 85017
Tel: (602) 257-1272

R. V. Weatherford Co.
311 W. Earll Drive
Phoenix, AZ 85017
Tel: (602) 272-7144
TWX: 910-951-0636

CALIFORNIA

Elmar Electronics
2288 Charleston Road
Mt. View, CA 94042
Tel: (415) 961-3611
TWX: 910-379-6561

Intermark Electronics Inc.
1020 Steward Drive
Sunnyvale, CA 94086
Tel: (408) 738-1111
TWX: 910-339-9312

Liberty Electronics
124 Maryland St.

El Segundo, CA 90245
Tel: (213) 322-8100
TWX:910-348-7111

Liberty Electronics
8248 Mercury Court
San Diego, CA 92111
Tel: (714) 565-9171
TWX: 910-335-1590

Schweber Electronics
3000 Red Hill Avenue -
Costa Mesa, CA 92626
Tel: (714) 556-3880
TWX: 910-595-1720

R. V. Weatherford Co.
1550 Babbitt Avenue
Anaheim, CA 92805
Tel: (714) 547-0891
633-9633
TWX:910-593-1334

R. V. Weatherford Co.
6921 San Fernando Road
Glendale, CA 91201

Tel: (213) 849-3451
TWX: 910-498-2223

R. V. Weatherford Co.
1095 E. Third Street
Pomona, CA 91766
Tel: (714) 623-1261
TWX: 910-581-3811

R. V. Weatherford Co.
7872 Raytheon Drive
San Diego, CA 92111
Tel: (714) 278-7400
TWX: 910-335-1570

FRANCHISED DISTRIBUTORS

COLORADO

Century Electronics
8155 W. 48th Avenue
Wheatridge, CO 80033
Tel: (303) 424-1985
TWX: 910-938-0393
Elmar Electronics
6777 E. 50th Avenue

Commerce City, CO 80022

Tel: (303) 287-9611
TWX: 910-936-0770

R. V. Weatherford Co.
3905 Mariposa Street
Englewood, CO 80110
Tel: (303) 761-5432
TWX: 910-933-0173

CONNECTICUT

Arrow Electronics
295 Treadwell Street
Hamden, CT 06514
Tel: (203) 248-3801
TWX: 710-465-0780

Schweber Electronics
Finance Drive

Commerce Industrial Park
Danbury, CT 06810

Tel: (203) 792-3500
TWX: 710-456-9405

FLORIDA

Arrow Electronics

1001 NW 62nd Street
Suite #402

Ft. Lauderdale, FL 33309
Tel: (305) 776-7790
TWX: 510-955-9456

Diplomat/Southland, Inc.
1771 N. Hercules Avenue
Clearwater, FL 33515
Tel: (813) 443-4514
TWX: 810-866-0436

Schweber Electronics
2830 N. 28th Terrace
Hollywood, FL 33020
Tel: (305) 927-0511
TWX: 510-954-0304

GEORGIA

Schweber Electronics
4126 Pleasantdale Road
Atlanta, GA 30340

Tel: (404) 449-9170

ILLINOIS

Schweber Electronics
1275 Brummel Avenue

Elk Grove Village, |L 60007

Tel: (312) 593-2740
TWX: 910-222-3453

INDIANA

Advent Electronics, Inc.
8505 Zionsville Road
Indianapolis, IN 46268
Tel: (317) 297-4910
TWX: 810-341-3228

MARYLAND

Arrow Electronics
4801 Benson Avenue
Baltimore, MD 21227
Tel: (301) 247-5200
TWX: 710-236-9005

Schweber Electronics
5640 Fisher Land

Rockville, MD 20852
Tel: (301) 881-3300
TWX: 710-828-0536

MASSACHUSETTS

Arrow Electronics
96D Commerce Way
Woburn, MA 01801
Tel: (617) 933-8130

Kierulff Electronics, Inc.
13 Fortune Drive
Billerica, MA 01821

Tel: (617) 667-8331
TWX: 710-390-1449

Schweber Electronics
213 Third Avenue

Waltham, MA 02154
Tel: (617) 890-8484

MICHIGAN

Schweber Electronics
86 Executive Drive *
Troy, MI 48048

Tel: (313) 583-9242

Sheridan Sales

24543 Indoplex Drive
Farmington, M1 48024
Tel: (313) 477-3800



IVHNNESOTA

Arrow Electronics

9700 Newton Avenue South
Bloomington, MIN 55431
Tel: (612) 887-6400

TWX: 910-5676-3125

Schweber Electronics

7402 Washington Avenue South

Eden Prairie, MN 55343
Tel: (612) 941-5280

NEW JERSEY

Arrow Electronics
Pleasant Valley Avenue
Moorestown, NJ 08057
Tel: (609) 235-1900
TWX: 710-897-0829

Diplomat/IPC, Corp.
490 South River Drive
Totowa, NJ 07512
Tel: (201) 785-1830

Schweber Electronics
43 Belmont Drive
Somerset, NJ 08873
Tel: (201) 469-6008

NEW MEXICO

Century Electronics

121 Elizabeth NE
Albuquerque, NM 87123
Tel: (5605) 292-2700
TWX: 910-989-0625

NEW YORK

Arrow Electronics

900 Broad Hollow Road
Farmingdale, NY 11735
Tel: (516) 694-6800
TWX: 510-224-6494

Harvey Federal Electronics
P.0. Box 1208
Binghamton, NY 13902
Tel: (607) 748-8211

TWX: 510-252-8093

Schweber Electronics
2 Townline Circle
Rochester, NY 14623
Tel: (716) 461-4000

Schweber Electronics
Jericho Turnpike

Westbury, NY 11590
Tel: (516) 334-7474
TWX: 510-222-3660

FRANCHISED DISTRIBUTORS

NORTH CAROLINA

RESCO

701 Georgetown Road
Raleigh, NC 27608
Tel: (919) 832-2077
TWX: 510-928-0590

OHIO

Arrow Electronics
3100 Plainfield Road
Dayton, OH 45432
Tel: (613) 253-9176

Schweber Electronics

23880 Commerce Park Road
Beachwood, OH 44122

Tel: (216) 464-2970

Sheridan Sales

P.O. Box 37826
Cincinnati, OH 45222
Tel: (513) 761-56432
TWX: 810-461-2670

PENNSYLVANIA

Schweber Electronics
101 Rock Road

Horsham, PA 19044
Tel: (215) 441-0600

Sheridan Sales

1717 Penn Avenue
Suite #5009
Pittsburgh, PA 15238
Tel: (215) 244-1640

TEXAS

Schweber Electronics
14177 Proton Street
Dallas, TX 75240

Tel: (214) 661-5010
TWX: 910-860-5493

Schweber Electronics
7420 Harwin Drive
Houston, TX 77036
Tel: (713) 784-3600
TWX: 910-881-1109

. R. V. Weatherford Co.

10836 Grissom Lane
Dallas, TX 75229

Tel: (214) 243-1571
TWX: 910-860-5544

R. V. Weatherford Co.
3500 West T. C. Jester
Houston, TX 77019
Tel: (713) 688-7406
TWX:910-881-6222

UTAH

Century Electronics

2258 South 2700 West
Salt Lake City, UT 84119
Tel: (801) 972-6969
TWX: 910-925-5698

WASHINGTON

1750 132nd Avenue N.E.
Bellevue, WA 98005
Tel: (206) 453-8300
TWX: 910-443-2526

R. V. Weatherford Co.
541 Industry Drive
Seattle, WA 98188
Tel- (206) 243-6340
TWX: 910-444-2270

WISCONSIN

Arrow Electronics

434 W. Rawson Avenue
Oak Creek, Wi 53514
Tel: (414) 764-6600
TWX:910-262-1193

CANADA

R.A.E. Ind. Elect. Ltd.

1629 Main Street
Vancouver, British Columbia
Canada V6A 2W5

Tel: (604) 687-2621

TWX: 610-929-3065

Zentronics Ltd.

99 Norfinch Avenue
Downsview, Ontario
Canada M3N 1W8
Tel: (416) 635-2822
TLX: 02-21694

Zentronics Ltd.

8146 Montview Road
Town of Mount Royal
Montreal, Quebec
Canada H4P 2L7

Tel: (514) 735-5361
TLX: 05-827535

Zentronics Ltd.

141 Catherine Street
Ottawa, Ontario
Canada K2P 1C3
Tel: (613) 238-6411
TLX: 053-3636



ALABAMA

K & E Associates, Inc.
Suite 122

3313 Mem. Pkwy. SE
Huntsville, AL 35801
Tel: (205) 883-9720
TLX:5944 21

ARIZONA

Shefler-Kahn
2017 N. 7th Street
Phoenix, AZ 85001
Tel: (602) 257-9015
TWX: 910-951-0659

CALIFORNIA

Daniels & Doty Sales Co.

5575 Magnatron Blvd.
San Diego, CA 92111
Tel: (714) 560-6266

COLORADO

Parker-Webster

8000 E. Girard Avenue
Suite #209

Denver, CO 80231

Tel: (303) 751-2600
TWX: 910-935-0881

FLORIDA

EIR, Inc.

400 E. Hwy. 436
Casselberry, FL 32707
Tel: (305) 830-9600
TWX: 810-853-9213

ILLINOIS

Dekotech, Inc.

10001 W. Grand Avenue
P.O. Box 306

Franklin Park, IL 60131
Tel: (312) 455-5100
TWX: 910-227-1761

INDIANA

Delesa Sales
Executive Office Park

2118 Inwood Dr., Suite #117

Ft. Wayne, IN 46805
Tel: (219) 483-9537
TWX: 810-332-1407

Delesa Sales

10026 E. 21st Street
Indianapolis, IN 46229
Tel: (317) 894-3778

FRANCHISED SALES REPRESENTATIVES

KANSAS

KEBCO
P. O. Box 4805
Overland Park, KS 66204

MARYLAND

New Era Sales, Inc.
Suite #407

Empire Towers

7300 Ritchie Highway
Glen Burnie, MD 21061
Tel: (301) 768-6666

MICHIGAN
Giesting & Associates

18700 Farmingdale Avenue

Livonia, Ml 48152
Tel: (313) 477-6060

MISSISSIPPI

K & E Associates, Inc.
Route 4, Box 70
Corinth, MS 38824
Tel: (601) 287-5369
TWX: 510-984-0766

MISSOURI

KEBCO

11722 Studt Lane
St. Louis, MO 63141
Tel: (314) 569-2660

NEW JERSEY

Barrett Associates
140 Barclay Center
Route 70

Cherry Hill, NJ 08034
Tel: (609) 429-1551
TWX: 710-896-0881

NEW MEXICO

Shefler-Kahn

10200 Menaul N.E.
Albuquerque, NM 87112
Tel: (505) 296-0749

NEW YORK

Nycom, Inc.

10 Adler Drive

East Syracuse, NY 13057
Tel: (315) 437-8343

Components Plus

40 Oser Avenue
Hauppauge, NY 11787
Tel: (516) 231-9200

NORTH CAROLINA

B. T. Funderburk, Inc.
5933 Ponderosa Drive
Raleigh, NC 27612
Tel: (919) 782-3493

OHIO

Crest Comp Sales

8505 Tanglewood Avenue
Chagrin Falls, OH 44022
Tel: (216) 543-9808

Giesting & Associates
3247 Donneybrook Lane
Cincinnati, OH 45239
Tel: (513) 851-7800
TWX: 810-459-1611

Giesting & Associates
1900 Euclid Avenue
Cleveland, OH 44115
Tel: (216) 621-4240

Giesting & Associates
249 Winding Way
Dayton, OH 45429
Tel: (513) 293-4044

Giesting & Associates
570 South State Circle

.Galion, OH 44833

Tel: (419) 468-3737
OREGON

LD Electronics

P.O. Box 626

Beaverton, OR 97005

Tel: (503) 649-8556, 649-6177
TWX: 910-467-8713

TEXAS

Southern State Marketing Inc.
13500 Midway, Suite #208
Dallas, TX 75240

Tel: (214) 387-2489

Southern State Marketing Inc.
6006 Bellaire, Suite #118
Houston, TX 77081

Tel: (713) 665-0991

UTAH

Parker-Webster

3522 South 300 West

Salt Lake, City, UT 84115
Tel: (801) 261-1058

WASHINGTON

LD Electronics

14506 N.E. 169th St.
P.O. Box 663
Woodenville, WA 98072
Tel: (206) 485-7312

CANADA

Penryn Electronics Sales
2255 Candurand Street
Montreal, Quebec
Canada H2G 126

Tel: (514) 279-4507

Penryn Electronics Sales
80 Bloor Street West
Toronto, Ontario
Canada M5S 2V1

Tel: (416) 923-9323






INTERSIL FIELD SALES OFFICES

CALIFORNIA

10710 Tantau Avenue
Cupertino, California 95014
Tel: (408) 996-5000
TWX: 910-338-0171
20715 S. Avalon Blvd., Suite #370
Carson, California 90746
Tel: (213) 5632-3544
TWX: 910-346-7636

COLORADO

2 Parker Place, Suite 101

2600 South Parker Road

Denver, Colorado 80232
Tel: (303) 750-7004

FLORIDA

1001 N.W. 62nd Street, Suite #309
Fort Lauderdale, Florida 33309
Tel: (305) 772-4122
TWX: 510-955-9883

ILLINOIS

201 Ogden Avenue, Suite #230
Hinsdale, Illinois 60521
Tel: (312) 986-5303 .-
TWX: 910-651:-0859

MASSACHUSETTS

2 Militia Drive, Suite 12
Lexington, Massachusetts 02173
Tel: (617) 861-6220
TWX: 710-326-0887

MINNESOTA

6550 York Avenue, South, Suite #307
Minneapolis, Minnesota 55435
Tel: (612) 925-1844
TWX: 910-576-2780

NEW JERSEY

560 Sylvan Avenue
Englewood Cliffs, New Jersey 07632
Tel: (201) 567-5585
TWX:710-991-9730

‘OHIO

195 Byers Road
Dayton, Ohio 45342
Tel: (513) 866-7328

TEXAS

12820 Hillcrest Drive, Suite #118
Dallas, Texas 75230
Tel: (214) 387-0539
TWX: 910-860-5482

CANADA

37 Haslemere Avenue
Brampton, Ontario
Canada L6W 2X3

Tel: (416) 457-1014

INTERS[IL

10710 N. Tantau Ave., Cupertino, Calif.-95014, (408) 996-5000, TWX 910-338-0228



