






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Specifications Power +5 Vpc£0.2 Vpg, 16 mA typical

Address Space .

. Environmental Temperature:

Selectable— O0H to preset upper limit . CIM-230: —40°C to +85°C
Preset lower limit to FFH (—40°F to +185°F)
Single address CIM-230C: 0°Cto +70°C

Factory Setting—O00H to BFH, inclusive ’ (+32°F to +158°F)

Humidity: 0to 90%

Timeout Period , noncondensing

Selectable— 4, 8, or 16 CIMBUS clock cycles

Factory Setting—16 clock cycles Physical Length: 6.30 in. (160 mm)

. Width: 3.94 in. (100 mm)
. . : Height: 0.55 in. (13 mm)
DIBL Availabl
ines Avallable Weight: 4 oz. (110 gm)

8 Data )
8 Address
8 Interrupt
5 Timing + strobes Order Information
5 Handshake CIM-230 Distributed Input/Output Bus
24 Power + ground ) Interface Board

(See Table | for DIB pin/signal definitions.) CIM-230C Oto +70°C (Commercial) ver-

sion

Connectors Documentation ‘

CIMBUS Pin-in-socket DIN 41612 CIM-230M Distributed /O Bus (DIB)
Recommended mating CIM-230 and CIM-230C DIB
connectors: interface Board Hardware

Winchester 96S-6033-0531-2 ‘ Reference Manual
Elco 008257-096-649-124 (#420306595-001)

DB 60-pin locking header CIMBUSM CIMBUS System Specification
Recommended mating (#420306681-001)
connectors:

3M 3334-6060
Amp 88479-9

(Connector provided)

< DISTRIBUTED INPUT/OUTPUT BUS (DIB) >

1 DIB
INTERFACE
INTERRUPTS 8 | FAIL-SAFE TIMER

TIMER 1

WATCHDOG |, Vo
ADDRESS TIMER CONTROL DATA

DECODE LOGIC BUFFER
AND

BUFFER AN
i ON-BOARD SYSTEM BUS .
1 /
CIMBUS

INTERFACE

< CIMBUS SYSTEM BUS >

TUITiS097-2

FIGURE 2. CIM-230 DIB Interface Board Block Diagram
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Table 1. DIB Pin Assignments

Pin Mnemonic Signal Name Pin Mnemonic Signal Name

1 INT1 2 INT2

3 INT3 INTERRUPT 4 INT4 INTERRUPT

5 INTS REQUESTS 6 INT6 REQUESTS

7 INT7 8 INTO

9 RESOUT/ RESET OUT 10 PORTREADY/ PORT READY

" GND GROUND FOR +5V 12 IODAQU/ 110 DATA OUT/

13 GND GROUND FOR +5V 14 GND GROUND FOR +5V
15 OUTCK/ OUTPUT CLOCK/ 16 IODAIN/ 11O DATA IN/

17 OUTEN OUTPUT ENABLE 18 INPEN INPUT ENABLE

19 GND 20 FAIL/ FAIL/

21 GND 22 M1 INSTRUCTION FETCH
23 GND 24 ADR15

25 GND - 26 ADR14

27 GND 28 ADR13

29 GND GROUND FOR +5V 30 ADR12 ADDRESS

31 GND 32 ADR11 LINES

33 GND 34 ADR10

35 GND 36 ADRS

37 GND 38 ADRS8

39 GND 40 GND

41 DAT7 42 GND

43 DAT6 44 GND

45 " DAT5 46 GND

47 DAT4 DATA 48 GND GROUND FOR +5V
49 DAT3 LINES 50 GND .

51 DAT2 : 52 GND

53 DAT1 54 GND

55 DATO 56 GND

57 +5V +5V DC POWER 58 +5V +5V DC POWER

59 IGND ISOLATED GROUND 60 IGND ISOLATED GROUND
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Z National Semiconductor

CIM™-311 and CiM-311C
Power I/0O DIB™ Boards

microCMOS

@ Allows the instant addition of popular
solid state relay racks to a CIMBUST"l
system

* Provides high voltage/current switching

o |solates switching-induced noise from
the computer bus

* Provides terminal strips for interface
connections

@ Four maskable interrupts on positive
or negative-going signals, or on any
change of state

O Interfaces to a CIMBUS system via the
~ Distributed 1/0 Bus (DIB)

O —40°C to +85°C or 0°C to 70°C
(commercial version) operating
temperature ranges

microCMOS and CMOS technology
provides high reliability

8 Built solely with components burned in
to A+ levels '

Product Overview

The CIM-311 and CIM-311C Power 1/0 DIB Boards
are members of the SERIES/800™ line of CMOS In-
dustrial Microcomputers (CIM) from National Semi-
conductor Corporation. SERIES/800 is a complete
family, including CPU, memory expansion, and digital
and analog I/0 boards. Also included is a real-time,
multitasking operating system, BLMX-80C. The line
uses the microCMOS NSC800™ microprocessor,
which combines the benefits of the execution
speeds of NMOS microprocessors with the power
dissipation and environmental characteristics of
CMOS, and executes the Z80 instruction set. The
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complete line is compatible with the CIMBUS, a doc-
umented scheme for board interconnection (see the
CIMBUS specification). The microCMOS technology
employed, combined with the single-wide Eurocard
form factor of the boards, makes the SERIES/800
line appropriate for many applications in harsh envi-
ronments, such as numeric machine control, pipeline
monitoring and control, robotics, industrial instrumen-
tation, and uninterruptable power supplies.

The CIM-311 Power 1/0 DIB Board permits the in-
stant addition of the popular models of solid state
relay racks available from numerous vendors to a



CIMBUS system. It interfaces via the Distributed In-
put/Output Bus, versus the CIMBUS, and therefore
does not reside in a CIMBUS card cage (see Figure
1). Instead, it mounts wherever it is convenient for
the application, and does so in the same fashion as
the solid state relay rack, via six threaded standoffs.
The CIM-311C is identical to the CIM-311, with the
only difference being its operating temperature
range (0°C to +70°C versus —40°C to +85°C). The
Distributed Input/Output Bus (DIB) is detailed in the
DIB Specification and CIM-230 DIB Board Hardware
Reference Manual (#420306595-001).

The ability to easily add solid state relays (SSRs) is
important to an industrial-oriented microprocessor-
based system. These devices provide an isolated,
and highly reliable interface to the real world. Gener-
ally, the SSRs are available in various ratings for AC
input, AC output, DC input, and DC output. Industrial-
type barrier strips are provided on the SSR racks for
_connection to the devices to be monitored or con-
trolled.

In addition, the CIM-311 can generate up to four
maskable interrupts on positive-going signals, nega-
tive-going signals, or any change of state from the
SSRs. The board measures 6.6 in x 14.0 in (167 mm
x 356 mm). '

Functional Description

The CIM-311 Power I/0 DIB Board is made up of
six functional blocks:

¢ DIB interface

® Address decode and buffer

* |/0 control logic

e Data buffers -

¢ Interrupt logic

¢ |/0 interface
DIB Interface
The interface to the Distributed 1/0 Bus (DIB) is via
a 60-pin locking header. This is a high-density con-
nection that is resistant to vibration and corrosion.
This connector allows for convenient mass termina-
tion without cable dressing, allowing easy implemen-

B

tation of the DIB mutlidrop feature. The connector is
keyed to prevent incorrect insertion.
Address Decode and Buffer

The CIM-311 can be set for any address on a four-
byte boundary within the 256 CIMBUS /0 port
range with onboard jumpers. Each address which
falls within the selected range represents both an 8-
bit input port and an 8-bit output port, with' the actual
direction determined by the 1/0 control logic.

/0 Control Logic

The 1/0 control logic receives the specific address
from the address logic, if it falls within the selected
range, and then provides activation strobes and/or
logic levels to select the required function on the
CIM-311 board. This circuitry determines whether
the required function is input or output, and which of
the onboard resources are involved (I/0, interrupts,
or power/processor fail).

Data Buffer

The data buffer consists primarily of - bidirectional
transceivers. Data direction and input/output clock-
ing is controlled by the /O control logic.

Interrupt Logic

The interrupt logic provides for four optional inter-
rupts from one input port. As selected by user-in-
stalled jumpers, any or all of input lines 0, 1, 2, or 3
(each port has eight lines) of port 0 (each board has
four input/output ports) can generate interrupts. The
user can also select whether the interrupt is gener-
ated on a positive-going signal, a negative-going sig-
nal, or any change of state.

It masks are desired for these interrupts, bits 4, 5, 6,

and 7 of output port 3 are utilized. This reduces the
number of possible output lines by four.

The interrupts can be connected to any of the eight
CIMBUS interrupts via the DIB through the CIM-230
DIB Interface Board.

Interface Drivers And Receivers

On-board buffers/latches and level translation logic
provide the interface to the SSR racks.

i

FIGURE 1. Example of a CIMBUS system utilizing 32 solid state relay inputs and 32
outputs. Both the input rack and the output rack connect to the CIM-311, which, in turn,
interfaces to a CIMBUS system via the DIB.
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CPU Interface

Each CIM-311 (there can be up to 64 on the DIB)
has four unique 1/O addresses, as set by user-se-
lected jumper placement. Each address represents
both eight input lines and eight output lines, or two
1/0 ports. The interface for the CPU is as if the 1/0
ports are located on the CPU board, due to the
CIM-230 DIB Interface Board providing the transla-
tion between the CIMBUS and the DIB. A single
NSCB800 1/0 instruction is all that is required to drive
or access any port.

Output Operations

Each time the CPU executes an output instruction
for a CIM-311, the value of every bit in the data
byte must first be formulated. If a bit is set (logical
“1"), the corresponding SSR is energized, or re-
mains energized. If a bit is reset (logical “0"), the
corresponding SSR is deenergized, or remains deen-
ergized.

If the CPU board in the CIMBUS system should fail
or hang up for any reason, the CIM-230 DIB Inter-
face Board will assert the FAIL/ signal. This forces
all CIM-311 outputs to a deenergized state.

Input Operations

For input operations, the meaning for each bit is re-
versed. The CPU executes an input instruction with
the desired port address. If a bit in the received data
byte is reset, the SSR is energized; if it is set, the
SSR is not energized.

The device providing the excitation to the SSR will
dictate whether one read of the port values is ade-
quate to determine the-intended state of the inter-
face. Some devices generate “contact bounce” for
a longer period of time than the typical SSR can fil-
ter out (values of 5 to 20 milliseconds of debounce
are generally provided). This may require several it-
erations of reading the port and scanning the bit val-
ues.

Specifications

Ports 4 input ports and 4 output ports
Lines per Port 8
Input

Characteristics = Logical 1 = 5Vpgc + 5%
Logical 0 = 0Vpg, 5 mA sink

min. required from SSR

Output

Characteristics  Logical 1 = 510 24Vpg
Logical 0 = 0Vpg, 80 mA sink
supplied to SSR

Address

Selection Any 4-byte boundary in 256

Interrupts

Number

Available— 4 (input port 0, lines 0, 1, 2, 3)

Masks— Available for each interrupt

(output port 3, -bits 4, 5, 6, 7)

Generation
Condition —

Compatible
SSR Racks
Configurations —

Recommended
Vendor —

Potential

Second Sources —

Mounting
Provisions —

-Connectors

DIB —

SSR Rack
Interface —

Power —

Environmental
Temperature —

Humidity —
Physical

Postive-going input, negative-
going input, or any change in
state (user-selectable)

[

8, 16, 24, and 32 input/output
lines

Opto 22 PBXXY
(XX varies with the number of
lines, Y varies with the configu-
ration; ie. PB24 provides 24
lines with single-density mod-
ules, PB24Q provides 24 lines
with quad-density modules)

Crydom MS-XXY
Gordos Arkansas PB-XX
Potter & Brumfield  210-XX

Preferred Electronics MSXX
(XX varies with the number of
lines, Y varies with the
configuration)

(Contact manufacturer directly)

6 1-inch threaded standoffs (6-
32 screws) :

60-pin locking header
Recommended mating
connector:
3M 3334-6060
Amp  1-499662-1 °
(Connector provided)

50-contact, double sided, edge
connector
Recommended mating

connector:

3M 3415-0001

Amp 2-86792-3
+5Vpg £5%, 30 mA (supplied
via the DIB)
(Power for the SSRs must be
supplied to each rack)

CIM-311: —40°C to +85°C
(—40°F to +185°F)

CIM-311C: 0°C to +70°C
(+32°F to +158°F)

0 to 90%, noncondensing

Length: 14.00 in. (356 mm)
Width: 6.59 in. (167 mm)

Height: 2.13 in. ( 54 mm)
Weight: 19.8 oz. (562 gm)



Order Information
Power |I/0 DIB Board
0°C to +70°C (commercial

CIM-311
CIM-311C

Documentation
CIM-311M

CiM-230M

version)

CIM-311 and CiIM-311C Power
/0 DIB Board Hardware
Reference Manual
(#420306601-001) :
Distributed 1/0 Bus (DIB) and
CIM-230 DIB Interface Board
Hardware Reference Manual
(#420306595-001)

2 32
INPUTS OUTPUTS

)

SSR RACK
COMPATIBLE
CONNECTORS

INTERFACE

DRIVERS

AND
RECEIVERS

AN

<

INTERRUPT { .

LOGIC

ADDRESS
DECODE
AND

BUFFE|

: 110
CONTROL
LOGIC

T >

13

DATA
BUFFER

INTERRUPTS
-

i)

ON-BOARD SYSTEM BUS

DIB
INTERFACE

¢

DISTRIBUTED INPUT/OUTPUT BUS

)

FIGURE 2. CIM-311 Power 1/0 DIB Board Block Diagram
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4 National Semiconductor

ClM™=-411 and CliM-411C

microCMOS

Analog Input Boards

32 single-ended, 16 differential, or 8
differential and 16 single-ended channels

CPU program scan control: interrupt, hold,
poll, or hold and poll ‘

B Continuously adjustable input ranges
between 1 to 2 and 10 to 20, or 4 mA to
20 mA current loop

G 12-bit resolution
B 50 us conversion time

microCMOS technology gives high
reliability at low power consumption

B —40°C to +85°C or 0 to +70°C
(commercial version) operating
temperature ranges

o CIMBUS™.compatible with SERIES/800™
line

O Small (100 mm x 160 mm) single-wide
Eurocard form fits CIM-602/604 card cages

O Built solely with components burned in to
A+ levels

Product Overview

The CIM-411 and CIM-411C Analog-To-Digital Con-
verter Boards are members of the SERIES/800 line
_ of CMOS Industrial Microcomputers (CIM) from
National Semiconductor Corporation. SERIES/800
is a complete family, including CPU, memory ex-
pansion, and digital and analog I/O boards. Also in-
-cludedis areal-time, multitasking operating system,
BLMX-80C. The line uses the microCMOS NSC800™
microprocessor, which combines the benefits of the
execution speeds of NMOS microprocessors with the
power dissipation and environmental characteristics
of CMOS, and executes the Z80 instruction set. The
complete line is compatible with the CIMBUS, a
documented scheme for board interconnection (see
the CIMBUS specification). The microCMOS tech-
nology employed, combined with the single-wide
Eurocard form factor of the boards, makes the

SERIES/800 line appropriate for many applications in
harsh environments, such as numeric machine con-
trol, pipeline monitoring and control, robotics, in-
dustrial instrumentation, and uninterruptable power
supplies.

The CIM-411 A/D.board provides analog-to-digital in-
put for a SERIES/800 system. Under program control,

" it will bring 12 bits of converted analog data into the
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system in an interrupt, hold, poll, or hold and pol!
mode. The CIM-411is capable of receiving 32 single-
ended inputs, 16 differential inputs, or a combination
of 8 differential and 16 single-ended inputs. Conver-
sion time is 50 us with a full-scale input sensitivity
selectable in two ranges, +0.5V to 0.7V or 5.0V
to +7.0V differential, or 0.5V to 0.7V or 5.0V to 7.0V




single-ended; 4mA to 20mA current loop inputs are
also supplied. Gain is continuously adjustable from

- X1 to X2 or X10 to X20. The CIM-411C is identical to .

the CIM-411, with the only difference being the oper-
ating temperature range (0 to +70°C versus —40°C
to +85°C).

The CIM-411 shares the small 100 mm x 160 mm
(3.9” % 6.3") single-wide Eurocard form factor with the
rest of the SERIES/800 line and fits the CIM-602/604
card cages. It is completely CIMBUS-compatible
through a pin-in-socket DIN 41612 connector, which
provides an added element of mechanical and elec-
trical reliability by eliminating the usual card-edge
connector. See the CIMBUS System Bus Specifica-
© tion (#420306681-001) for a description of the
CIMBUS. The CIM-610 Voltage Regulator Board, if
used, provides the =*15 Vpc power for the ‘A/D
converter. ‘

Functional Description

Input Capacity

The CIM-411 supports up to 32 single-ended inputs,

16 differential inputs, or 8 differential and 16 single-
ended inputs. The single-ended inputs can be config-
ured for inverting or non-inverting inputs. Via user-in-
stalled resistors, the board can also be configured to
convert up to 16 current loop inputs.

Gain

Two gainranges (1to 2, 10 to 20) for all input channels

can be selected by jumpers. The specific gain de--

sired within that range is set by a potentiometer. The
input ranges allowed for each galn are tabulated
below.

Gain Single-Ended Differential
1 0V to 10V —-7Vto +7V
2 0V to 5V -5V to +5V
10 0V to 0.7V -0.7Vto +0.7V
20 0V to 0.5V —0.5Vto +0.5V
Resolution

Full 12-bit resolution is accomplished by a succes-
sive approximation analog-to-digital converter. For
bipolar operation (differential lnput), 11 bits plus a
sign bit are provided.

Accuracy

High quality components are used to achieve 12-bit
resolution with an accuracy of + 1/2 LSB at 25°C. Off-
set and gain are adjustable for calibration at any
fixed temperature between —40°C and + 85°C.

Speed

The A/D conversion speed is 50 us per channel
(typical), including sample-and-hold, settling times,
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and programming interface. This provides 20,000
samples per second.

Operational Descriptioh

The CIMBUS microcomputer board communicates
with the CIM-411 A/D board through four I/O ports.
Port addresses are 1/O-mapped (jumper selectable),
and writing channel selection code to port 3 con-
nects the desired’'analog channel to the amplifier.
One bit of the channel selection code word is re-
served to start the conversion timing chain.

Port 3 Format
7 6 5 4 3 2 1 0
S:iltrt X X ~«— Channel Number —»
X=don'tcare

The separate start conversion bit allows channel
selection and amplification to begin independently
of the start of conversion. The start conversion bit
can also be used to put the CPU in hold mode during
the conversion process. A hardware time delay is in-
itiated before the follow-and-hold circuit is activated
to allow channel selection and amplifier settling
time. A second hardware timer delay allows the fol-
low-and-hold circuit to settle. The A/D converter then
begins its successive approximation conversion
process.

An end of conversion signal from the A/D converter
latches the digital data from the conversion. The end
of conversion signal can also be used to bring the
CPU out of hold mode, to generate an interrupt if hold
mode was not selected, or to generate a status byte
that the CPU can poll to identify when valid data is
available. The status byte and latched digital data
can then be read from ports 1 (status and four most
significant data bits) and 2 (least significant data
byte). A subsequent read to port O clears the latched
data and status byte so that the next conversion
can begin. Clearing the data in ports 1 and 2 is not
necessary as this data is updated after each conver-
sion.

Port 1 Format

7 6 5 4 3 2 1 0
Data | Data | Data | Data

-«—— Status —» 1 10 9 8

| J B (MSB)
Port 2 Format

7 6 5 4 3 2 1 0
Data | Data | Data | Data | Data | Data | Data | Data

7 6 5 4 3 2 1 0
(LSB)




Specifications

Analog Input

Scan Mode—  Under CIMBUS CPU program
control: interrupt, hold, or hold
and poll ‘

Channels— 32 single-ended, 16 differential, or
8 differential and 16 single-ended

Digital

Resolution— 12 bits

Full-Scale i

Voltage Range—0.5V to 0.7V or 5.0V to 10.0V single-

ended, +0.5Vto +0.7Vor 5.0V
to 7.0V differential (based on
amplifier gain)

Current. Range—4 mA to 20 mA (via user-installed
2500 resistors)

Gain— - Continuously adjustable from X1
to X2 or X10 to X20; range is
jumper-selectable

Sample and )

Hold— Yes; hold settling time =5 us

Throughput

Rate— Up to 20,000 conversions/second

Conversion

Speed— 50 us typical (including sample-
and-hold, settling times, and
programming interfaces)

Calibration .

Accuracy — Adjustable to +12 LSB

Operating

Accuracy — 0.1% full-scale range

Tempco — [15 + (50){Reading) +W];NI°C
(Referenced to temperature at
calibration) ‘

CMRR— 48db minimum
>80db typical
(at up to =10V common mode
voltage)

Input

Impedance— 1 M@ single-ended or differential

Input Current— 10 mA at =7V input

Overvoltage

Protect— + 15V maximum on analog inputs

Monotonicity— Guaranteed over the operating
temperature range
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Digital Output

8 bits of port 2 (LSB), 4 lower bits of port 1 (MSB), 4
upper bits of port 1 (conversion status)

Connectors
Analog Input— 50-pin locking header
Recommended mating connector:
3M  3425-6050
CIMBUS— Pin-in-socket DIN 41612
Recommended mating connectors:
Winchester 96S-6033-0531-2
Elco 008257-096-649-124
Power +5Vpc @ 125 mA

+15Vpc @ 45 mA
-15Vpc @ 45 mA
Environmental Temperature: .
CiM-411: —40°Cto +85°C
(—40°F to +185°F)
CIM-411C: 0to +70°C
(+32°F to +158°F)
Humidity: 0to 90%
noncondensing

Length: 6.30 in. (160 mm)
Width: 3.94 in. (100 mm)
Height: 0.73 in. (18.5 mm)
Weight: 1.5 oz. (41 gm)

Physical

Order Information

CIM-411 Analog Input Board

CIM-411C 0to +70°C (commercial)
version

Documentation

CIM-411M CIM-411 and CiM-411C Analog
Input Boards Hardware
Reference Manual
(#420306590-001)

CiIMBUSM CIMBUS System Bus

Specification
(#420306681-001)



ANALOG INPUT
CHANNELS

ANALOG
MUXES

AMPLIFIER
CIRCUIT

CHANNEL l
SELECT > BUS
LOGIC ! | HOLD/INTERRUPT
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.| A/D CONVERTER | QUTPUT DATA
CIRCUIT ) LATCHES

1/0 PORT
SELECT LOGIC
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CIMBUS
INTERFACE
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FIGURE 1. CIM-411 Analog Input Board Block Diagram
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4 National Semiconductor

CIM™-421 and CIM-421C
Analog Output Boards

@ Two output channels

O 12-bit resolution

8 Voltage or current-mode outputs
—O0Vto +10V
— =10V to +10V
—4 mA to 20 mA current loop

microCMOS technology gives high
reliability at low power consumption

microCMOS

Y

" <77 95P.6033-0523.0 8111

—40°C to +85°C or 0 to +70°C (commer-

cial version) operating temperature ranges

B CIMBUS™-compatible with SERIES/800™
line

® Small (100 mm x 160 mm) single-wide
Eurocard form fits CIM-602/604 card
cages ‘

& Built solely with components burned in to

A+ levels

Product Overview

The CIM-421 and CIM-421C Analog Output Boards
are members of the SERIES/800 line of CMOS
Industrial Microcomputers (CIM) from National
Semiconductor Corporation. SERIES/800 is a com-
plete family, including CPU,- memory expansion,
and digital and analog 1/0 boards. Also included is
a realtime, multitasking operating system,
BLMX-80C. The line uses the microCMOS NSC800™
microprocessor, which combines the benefits of the
-execution speeds of NMOS microprocessors with the
power dissipation and environmental characteristics
of CMOS, and executes the Z80 instruction set. The
complete line is compatible with the CIMBUS, a
documented scheme for board interconnection (see
the CIMBUS specification). The microCMOS
technology employed, combined with the single-wide
Eurocard form factor of the boards, makes the
SERIES/800 line appropriate for many applications in
harsh environments, such as numeric machine con-
trol, pipeline monitoring and control, robotics, in-
dustrial instrumentation, and uninterruptable power
supplies.
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The CIM-421 analog output board provides the capa-
bility for digital-to-analog output from a CIMBUS
system. Under program control of the CIMBUS micro-
computer board, it will convert 12 bits of digital data
to an analog signal of OV to + 10V, — 10V to + 10V, or
4 mA to 20 mA on either of two available output chan-
nels. The CIM-421Cis identical to the CIM-421, with
the only difference being the operating temperature
range (0 to +70°C versus —40°C to +85°C).

The CIM-421 shares the small 100 mm x 160 mm
(3.9”7 x 6.3") single-wide Eurocard form factor with the
rest of the SERIES/800 line and fits the CIM-602/604
card cages. It is completely CIMBUS ‘compatible
through pin-in-socket DIN 41612 connectors, which
provide an added element of mechanical and elec-
trical reliability by eliminating the usual card-edge
connector. See the CIMBUS System Bus Specifica-
tion (#420206681-001) for a description of the
CIMBUS. The CIM-610 voltage regulator board
supplies the +5V and +15 Vpc power for the D/A
converter.




Functional Description

The CIM-421.analog output board receives 12-bit
data words and converts them to an analog output
that can be directed to either of two output channels.

The analog output can be unipolar (OV to +10V) or -

bipolar (- 10V to + 10V), with the.mode of operation
determined by on-board jumpers. The output voltage
may also be converted to a 4 mA to 20 mA current
loop as a jumper-selectable option. The base ad-
dress for the CIM-421 (factory-set at DOH) is estab-
lished by jumper connections and may be on'any
4-byte boundary in the range from 00H to FCH.

The operation of the CIM-421 may be considered in
six major functional units:

¢ Base address select -

¢ Digital-to-analog converter
¢ Data bus buffer

¢ Digital-to-analog converters
* DAC voltage amplifier

¢ DAC current output

(DAC) select

The base address select circuitry decodes the six
most significant bits of the CIMBUS address to deter-
mine whether the CIM-421 is being addressed. If itis,
the base address circuitry also enables the DAC se-
lect, data bus buffer, and write pulse to the DAC.

When a valid address is present on the CIMBUS, the
DAC select circuitry enables one of the two DACs for
operation according to the addressing scheme
shown below.

Control Control DAC
Address | git_ Bit=1 | Updated
Base +0 Load MS 4 Bits and No
Control Bit
.Base+1|Load 12 Bits [Load LS Byte| Yes
into DAC 1 into DAC 1
Base + 2| Load 12 Bits |Load LS Byte| Yes
into DAC2 | into DAC 2

Base + 0 Format

7 6|54 3 2 1 0
Control| X X | Data | Data | Data | Data
Bit 11 10 9 8
(MSB)
X=don't care
Base +1and Base +2Format
7 6 5 4 3 2 1 0
Data |Data|Data|Data |Data|Data |Data | Data
7 6 5 4 3 2 1 0
(LSB)

A full 12-bit write to either DAC is accomplished by
first writing the most significant four bits (right
justified) into Base+0 with the control bit OFF
(logical 0). The lower eight bits are then written into
either Base + 1 or Base + 2 (depending upon which
DAC is to be updated). Upon completion of this write,
the full 12 bits will be written into the selected DAC. If

“normal operation following this update involves only
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changing the least significant eight bits, a second
write to Base +0 with the control bit ON (logical 1)
will provide 12-bit updates after only a write to
Base + 1 or Base + 2. Each DAC has a 12-bit register
which hoids the data until new data is written by the
CPU.

The output from the DACs is a voltage from 0V t6
2.5V.

The output of the DAC is then input to a DAC voltage
amplifier corresponding to the selected DAC. Here
the  DAC output is amplified by a factor of 4 for
unipolar operation (analog output OV to + 10V)orbya
factor of 8 for bipolar operation (analog output — 10V
to +10V). . '

If selected (unipolar operation only), the DAC current
output circuitry will produce an analog output from
4 mA to 20 mA.



Specifications

Number of
Channels— 2
Channel
Resolution— 12 bits including sign
Slew Rate— 4V/us
Accuracy—
Absolute Error
Output Range | " @ 25°C Tempco
OVto +10V 1LSB 0.003% Reading/°C
—-10V to +10V 2LSB 0.006% Reading/°C
4mA to 20mA 2LSB 0.008% Reading/°C

Monotonicity— Guaranteed over operating

temperature range
Unipolar (binary): OV = 000H; most
positive voltage = FFFH
Bipolar (offset binary): most
negative voltage = 000H;
0V = 800H; most positive
voltage = FFFH
Voltage Output—0QV to + 10V @ 5 mA;

2.44 mV resolution

—10Vto +10V @ 5 mA;

4.88 mV resolution
Current Qutput—4 mA to 20 mA; 3.9 nA resolution

Current Mode
Supply Voltage— 10 Vpc (0Q to 500Q load)
30 Vpg (0Q to 15009 load)

Digital Input—
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Connectors

CIMBUS— Pin-and-socket DIN 41612

Recommended mating connectors:

Winchester 965-6033-0531-2
Elco 008257-096-649-124

Analog Output— 8-pin, terminal housing

Recommended mating connector:

Molex 22-01-2087
(Connectors provided)

+5Vpc=5% @ 30 mA
+15 Vpc=5% @ 25 mA
—15VDC_"_‘5°/0 @ 20 mA

Power

Environmental Temperature:

CIM-421: —40°C to +85°C
(—40°F to +185°F)

CIM-421C: 0to +70°C (+32°F
to +158°F)

Humidity: 0to 90%
noncondensing

Length: 6.30 in. (160 mm)
Width: 3.94 in. (100 mm)
Height: 0.5 in. (13 mm)
Weight: 4.2 oz. (120 gm)

Physical

Order Information

CIM-421 Analog Output Board

CIM-421C 0to +70°C (commercial)
version

Documentation

CIM-421M CIM-421 and CiM-421C
Analog Output Boards
Hardware Reference Manual
(#420306638-001)

CIMBUSM CIMBUS System Specification

(#420306681-001)
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FIGURE 1. CIM-421 Analog Output Board Block Diagram
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/7| National Semiconductor

PRELIMINARY

microCMOS

CIM™-510 and CIM-510C
Clock/Calendar Boards

® Real-time clock

— 10 milliseconds through month
counters

— 24-hour clock

— 4-year calendar

& Provisions for up to 32K x 8 battery-
backed RAM

Put whole system and/or peri‘pherals in
POWER SAVE mode for a, or up to a,
specified time

Battery backup via CIMBUS BAT line or
user-installed on-board battery

.

B Compare and compare/interval interrupts

m CIMBUS™-compatible with SERIES/800™
board line

Small 100mm x 160mm Eurocard form fits
directly into CIM-602/604 card cages

@ microCMOS technology gives high
reliability with low-power consumption

B —40°C to +85°C or 0°C to +70°C (com-
mercial version) operating temperature
ranges

@ Built solely with components burned in to
A + levels

Product Overview

The CIM-510 and CIM-510C Clock/Calendar Boards are
members of the SERIES/800 line of CMOS Industrial
Microcomputers (CIM) from National Semiconductor
Corporation. SERIES/800 is a complete family, including
CPU, memory expansion, and digital and analog 1/O
boards. Also included is a real-time multitasking
operating system, BLMX-80C. The line uses the
microCMOS NSC800™ microprocessor, which com-
bines the benefits of the execution speeds of NMOS
microprocessors with the power dissipation and en-

vironmental characteristics of CMOS, and executes the
Z80 instruction set. The complete line is compatible
with the CIMBUS, a documented scheme for board inter-
connection (see the CIMBUS specification). The micro-
CMOS technology, combined with the single-wide
Eurocard form. factor of the boards, makes the
SERIES/800 line appropriate for many applications in
harsh environments, such as numeric machine control,
pipeline monitoring and control, robotics, industrial in-
strumentation, and uninterruptable power supplies.
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The CIM-510 Clock/Calendar Board provides real-time
clock, battery-backed RAM, and POWER SAVE func-
tions for a CIMBUS system. The real-time clock features
are provided by a MM58167A, and include access to a
24-hour clock with 10 millisecond resolution, and a four-
year calendar. A 28-pin socket on the board will support
byte-wide static RAMs ranging from 2K x 8 to 32K x 8.
Battery backup for the RAM, and the other critical cir-
cuitry on the CIM-510, is either provided by the BAT (bat-
tery) line on the CIMBUS, or a user-installed on-board
battery. The CIM-510 has the capability to assert the
CIMBUS PWRS/(power save) signal, which puts all
boards equipped with this feature in a standby mode.
Power savings in this mode generally run from 55% to
70%. The board can be programmed to release the sys-

‘

tem from this mode at a specified time, or after a
specified length of time. An external override is also
allowed. The CIM-510C is identical to the CIM-510, with
the only. difference being its operating temperature
range (0°C to + 70°C, versus - 40°C to +85°C).

The CIM-510 shares the small 100 mmx 160 mm
(3.9” x 6.3") single-wide Eurocard form factor with the
rest of the SERIES/800 line and fits the CIM-602/604 card
cages. It is completely CIMBUS-compatible through a
pin-and-socket DIN 41612 connector, which provides an
added element of mechanical and electrical reliability
by eliminating the usual card-edge connector. See the
CIMBUS System Bus Specification (#420306681-001) for
a description of the CIMBUS.
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4 National Semiconductor

CIM"-602/604
CIMBUS " Card Cages

Two versions
CIM-602: 8 slots, 10.5 inches wide
CIM-604: 18 slots, 19 inches wide
@ Backplane and power supply connectors
included
B Prototyping slots included in CIM-604
B Full access to active system components/
signals available with CIM-640 Extender
Board

microCMOS

i

e L rne
P

=
i
i

8 Provisions for front or rear mounting

® NEMA enclosure and RETMA chassis-
compatible

8 —40°C to +85°C(—40°F to + 185°F)
operating temperature range

8 CIMBUS-compatible with SERIES/800™"
line

Product Overview

The CIM-602/604 card cages are members of the
SERIES/800 line of CMOS Industrial Microcomputers
(CIM) from National Semiconductor Corporation.
SERIES/800 is a complete family, including CPU,
memory expansion, and digital and analog /O
boards. Also included is a real-time, multitasking
operating system, BLMX-80C. The line uses the
microCMOS NSC800™ microprocessor, which com-
bines the benefits of the execution speeds of NMOS
microprocessors with the power dissipation and en-
vironmental characteristics of CMOS, and executes
the Z80 instruction set. The complete line is compati-
ble with the CIMBUS, a documented scheme for board
interconnection (see the CIMBUS specification). The
microCMOS technology employed, combined with
the single-wide Eurocard form factor of the boards,
makes the SERIES/800 line appropriate for many ap-
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plications in harsh environments, such as numeric
machine control, pipeline monitoring and control,
robotics, industrial instrumentation, and uninterrup-
table power supplies.

The CIM-602/604 card cages are the standard en-
closures for SERIES/800 systems. The CIM-602 is
10.5 in. (267 mm) wide and has 8 backplane slots; the
CIM-604is 19in. (483 mm) wide and has 18 backplane
slots. Both versions contain all the power and board
connectors required by the CIMBUS specification,
both are compatible with NEMA enclosures and
RETMA cabinets, and both may be either front or rear
mounted. When fully enclosed, both the CIM-602
and CIM-604 provide a rigid, durable, environment-

resistant enclosure for a SERIES/800 system.



Functional Description

The CIM-602/604 card cages are constructed of ex-
truded aluminum and are compatible with NEMA
enclosures and RETMA rack-mounting, and may be
either front orrear mounted. Both provide connectors
for interfaces to regulated or unregulated DC power,
batteries, power distribution, and AC status sensing.
All boards plug into the backplane via two-piece, pin-
in-socket DIN 41612 connectors. The only difference
between the CIM-602 and the CIM-604 is that the
CIM-602 contains backplane slots for 8 CIMBUS
boards while the CIM-604 can accommodate 18
boards.

All external connections to regulated/unregulated
DC power, DC power distribution, AC status sensing,

13:

(

alarm relay output, external battery charging voltage,
and an'external reset pushbutton are made through
keyed, pin-in-socket connectors located on the back
of the card cage backplane.

Optionally available to support CIMBUS systems is
the CIM-610 voltage regulator board. The P1 connec-
tor in the card cage is reserved for the CIM-610. The
voltage regulator board supplies not only the +5 Vpg
and '+15 Vpg required by CIMBUS boards but also
provides monitoring of the amplitude and frequency
of the prime AC power, CPU RAM battery backup
power, power-fail sensing circuitry, and support for
an external battery in conjunction with the CIM-611
battery charger board.

9.4
(238.8)

TLIT/5085-1
2

FIGURE 1. CIM-602 Card Cage Dimensions [inches/(millimeters)]
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ns [inches/(millimeters)]

FIGURE 2. CIM-604 Card Cage Dimensio
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Specifications

Bus Connectors

CIMBUS— Pin-in-socket DIN 41612
Recommended mating connectors:
Vendor Male Female

Winchester | 96P-6033-0523-0 96S 6033-0531-2
Elco 008257-096-000-124 | 008257-096-649-124
Vero 17-2624C 17-2876D

External

Voltages— 3, 4 and 6 contact pin-in-socket

connectors
Recommended mating connectors:
Molex 03-09-10xx (xx different for
: each connector)
(Mating connectors are provided
with each card cage.)

Temperature: —40°C to +85°C
(—40°F to +185°F)
to 90%
noncondensing

Environmental

Humidity:
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5.2in. (132 mm)

10.5 in. (267 mm) CIM-602
19.0 in. (483 mm) CIM-604
7.3 in. (186 mm) without

rear
mounting
bracket
with rear
mounting
. PR bracket
Weight: 2.2 Ib. (1.0 kg) CIM-602

3.7 Ib. (1.7 kg) CIM-604

Physical Height:

Width:

Depth:

9.4 in. (239 mm)

Order Information

CiM-602 CIM-602 CIMBUS card cage
(8 backplane slots) :
CIM-604 CIM-604 CIMBUS card cage

(18 backplane slots)

Documentation

‘CIM-602M CIM-602/604 CIMBUS Card Cage
Hardware Reference Manual
(#420306640-001)

CIMBUSM CIMBUS System Bus Specification

(#420306681-001)



 National Semiconductor

CIM™-610 and CIM-610C
Voltage Regulator Boards

B Su ﬁplles +5, +15, and —15 Vp¢ to
BUS™ mterface

B Accepts unregulated DC input from
10.5 to 17.0 volts

B Detects both AC and DC power failures

B Provides RAM backup power from on-
board lithium battery

B Self-protects against overloads, trans-
ients, and shorts

B Provides connectors for direct mount-‘
ing of CIM-611 Battery Charger Board

T = bt okt TP Oy

: ﬂ,Nationai_ -

microCMOS

R R R TR R A

i)

8213

401106738-001

[,

\&7 965-6043-0531.0

@ microCMOS technology gives high
reliability at low power consumption

-40°C to +85°C or0to +70°C (commer-
cial version) operating temperature ranges

IQIMBUS-compatible with SERIES/800™
ine

Small (100mm x 160mm) single-wide
Eurocard form fits CIM-602/604 card
cages

B Built solely with components burned in

to A+ levels

Product Overview

The CIM-610 and CIM-610C Voltage Regulator Boards
are members of the SERIES/800 line of CMOS In-
dustrial Microcomputers (CIM) from National
Semiconductor Corporation. SERIES/800 is a com-
plete family, including CPU, memory expansion, and
digital and analog l/O boards. Also included is a real-
time, multitasking operating system, BLMX-80C. The
line uses the microCMOS NSC800™ microprocessor,
which combines the benefits of the execution speeds
of NMOS microprocessors with the power dissipation
and environmental characteristics of CMOS, and ex-
ecutes the Z80 instruction set. The complete line is
compatible with the CIMBUS, a documented scheme

for board interconnection (see the CIMBUS specifica-
tion). The microCMOS technology employed, combin-
ed with the single-wide Eurocard form factor of the
boards, makes the SERIES/800 line appropriate for
many applications in harsh environments, such as
numeric machine control, pipeline monitoring and
control, robotics, industrial mstrumentatlon and
uninterruptable power supplies.

The CIM-610 Voltage Reguiator Board, operating on
power input from either a system battery or an
unregulated DC source in the range from 10.5to 17.0
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volts, supplies +5, +15, and —-15Vpc to a SERIES/
800 system through the CIMBUS interface. It is en-
tirely self-protected from overloads, transients, or
short circuits, and contains both AC and DC power
failure detection circuitry. In the -event of power
failure, the system automatically inhibits any trans-
actions with RAM until the +5Vpc power supply is
backed up and stable. The CIM-800 CPU Board RAM
backup voltage during power failure is provided from
an on-board lithium battery. Other elements of the
power failure circuitry allow the user to select emer-
gency options such as sounding an alarm, interrupt-
ing the CPU, or switching other boards in the
CIMBUS ' system to the Power Save mode. The
CIM=-610C is identical to the CIM-610, with the only
difference being the operating temperature range (0
to +70°C versus —40°C to +85°C). .

Connectors are provided so that the CIM-611
Battery Charger Board may be mounted directly on
the CIM-610 Voltage Regulator Board. The CIM-611
serves the function of keeping an external system
battery fully charged. The CIM-610 and CIM-611
used together provide a virtually uninterruptable
power source for a CIMBUS system.

The CIM-610 shares the small 100mm x 160mm
(3.9” x 6.3") single-wide Eurocard form factor with
the rest of the SERIES/800 line and fits the CIM-602/
604 card cages. It is completely CIMBUS compati-
ble through a pin-in-socket DIN 41612 connector
which provides an added element of mechanical
and electrical reliability by eliminating the usual
card-edge connector. See the CIMBUS System Bus
‘Specification (#420306681-001) for a description of
the CIMBUS and the CIM-610/611 Hardware Refer-
ence Manual (#420306590-001) for complete des-

criptions of the CIM-610 Voltage Regulator Board

and the CIM-611 Battery Charger Board.

Functional Description:

The voltage regulator portion of the CIM-610
Voltage Regulator Board receives power from
sources external to the CIMBUS system, either an
unregulated DC source in the range from 10.5to 17.0
volts or a system battery in the event of a power fail-
ure. The externally supplied voltage is converted to
+5, +15, and —15Vp¢ and distributed to the system
via the CIMBUS. Diodes in the power source and
battery lines select whichever source is registering

the higher voltage. Normally, the DC power source |
is selected; if the supply voltage drops or fails

entirely, the system battery takes over. A fuse,

transient suppressor, and capacitor in the power

input lines to the voltage regulator protect it from

voltage spikes and current overloads.

The CIM-610 contains power failure detect circuitry
for both AC and DC sources. Line voltage of either
110Vgrms at 60Hz of 220VRrms at 50Hz is stepped
down to 12Vrms by a user-supplied external fila-
ment transformer and input to the power failure cir-
cuit. If the sampled AC voltage drops below 8.5Vgms
(i.e., 85Vrms or 170VRms) or the AC frequency drops
below 45Hz, the CIM-610 declares an AC power
failure. The DC power failure circuit monitors the
+5Vpc output from the voltage regulator. A DC
voltage below 4.8V is considered a power failure.

The actions taken by the CIM-610 in the event of a
power failure are jumper-selectable by the user.
Available options are generation of a CIMBUS power
fail signal, which can be used to trigger the CPU to
reset all system outputs and put important data into
battery-backed RAM; generation of a CIMBUS power
save signal, which will place other elements on the
CIMBUS in power save mode; triggering of an exter-
nal alarm; or some combination of any of these
actions.

The CIM-610 also contains a RAM backup circuit
that is activated by a power failure. An on-board
lithium battery will supply 0.6 Amp-hour of current
with less than 0.5mA drawing current. This will
support the RAM on the CIM-800 CPU board during
the power down time.

The CIM-610 uses the standard CIMBUS form factor
(100mm x 1860mm), and can therefore be plugged
directly into a CIM-602/CIM-604 card cage. The P1
connector/slot in these card cages is reserved for
this purpose.

The CIM-611 Battery Charger Board, if installed on
the CIM-610 (see Figure 1), monitors the external
battery voltage and supplies charging current to the
external battery at a rate appropriate to'its state of
discharge.
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FIGURE 1. CIM-611 Battery Charger Board Installed on the CIM-610 Voltage Regulator Board
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Specifications
DC Power Input .

Voltage — +10.5 to 17.0Vpg

Current (max.)—  2.0Amp steady state
Startup

transient — 12.0Amp for 20us (full load)
Isplation — 1500Vp¢ galvanic isolation

between input and output

External (System) Battery

Voltage — +105t0 17.0Vpg .
Current (max.)—  2.0Amp steady state
Startup

transient — 12.0Amp for 20us (full load)

Charge rate — 0.3Amp fast charge; 20mA

trickle charge
Recommended
source — Gates Energy Products, Inc.
12Vpc Sealed Lead Acid
Battery

Model No. 0800-0008GG
RAM (On-Board) Backup

Type — Nonrechargeable lithium
Voltage — +2.8Vpc )
Maximum Con-

tinuous Current — 0.5mA

Capacity — 0.6 Amp-hour at —40°C to +25°C
. 0.4 Amp-hour at +85°C

Shelf Life — 10 years

AC Power Input ’

Voltage — 8.5t0 13.0Vrms

Frequency — 45-60Hz

Recommended

filament

transformer — Stancor P-8683 (60Hz)

‘ External Alarm Interface

Open Circuit
Voltage — 24Vpc maximum

Current Sinking— 200mA maximum

DC Power Output

+5Vpc +15Vpc -15Vpc
Tolerance (Steady .
State) +*200mV *£200mV +=200mV
Ripple (RMS) 15mV 2mv 2mV
Current- !
(—20°C to +70°C) 1.50A 200mA  200mA
(~40°C to —20°C ‘

and

+70°C to +85°C) 0.75A 100mA  100mA
Connectors
CIMBUS — Pin-and-socket DIN 41612

Recommended mating
connectors:

Winchester: 96P-6033-0523-0
Elco: 008257-096-000-124

Temperature:

CIM-610: -40°C to +85°C
(—40°F to +185°F)

CIM-610C: Oto +70°C
(+32°F to +158°F)

Humidity: 0 to 90%
noncondensing

Environmental

Physical Length 6.30in. (160 mm)
Width 3.94in. (100 mm)
Height 197 in. (60 mm)
Weight 4.30z. (121 gm)

Order Information

CIM-610 Voltage Regulator Board

CIM-610C 0to +70°C,(commercial)

version

Documentation ' .

CIM-610M CIM-610'and CIM-610C
Voltage Regulator Boards
CIM-611 and CIM-611C Battery
Charger Boards ’

- Hardware Reference Manual
(#420306590-001)

CIMBUS System Specification
(#420306681-001)

CIMBUSM
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4 National Semiconductor

CIM™-611 and CIM-611C

microCMOS -

Battery Charger Boards

B Mounts directly on CIM-610 Voltage
Regulator Board

® Automatically adjusts charge current
to state of battery discharge

B Two charge rates — trickle and “fast”

B Temperature compensated charge rate
across temperature range

—40°C to +85°C or 0 to +70°C (commer-
cial version) operating temperature ranges

- B Built solely with components burned in

to A+ levels

Product Overview

The CIM-611 and CIM-611C Battery Charger Boards
are members of the SERIES/800™ line of CMOS
Industrial Microcomputers (CIM) from National
Semiconductor Corporation. SERIES/800 is a com-
plete family, including CPU, memory expansion,
and digital and analog 1/0O boards. Also included
is a real-time,” multitasking operating system,
BLMX-80C. The line uses the microCMOS NSC800™
microprocessor, which combines the benefits of the
execution speeds of NMOS microprocessors with the
power dissipation and environmental characteristics
of CMOS, and executes the Z80 instruction set. The
complete line is compatible with the CIMBUS, a
documented scheme for board interconnection (see
the CIMBUS specification). The microCMOS tech-
nology employed, combined with the single-wide
Eurocard form factor of the boards, makes the
SERIES/800 line appropriate for many applications in
harsh environments, such as numeric machine con-
trol, pipeline monitoring and control, robotics, in-
dustrial instrumentation, and uninterruptable power
supplies.

The CIM-611 Battery Charger Board mounts directly
on the CIM-610 Voltage Regulator Board and re-
quires only a single +24Vpc power supply. |t
monitors the state of discharge of the external sys-
tem battery and automatically provides a fast or
trickle charge as required. The use of the CIM-611
and an external battery in conjunction with the
CIM-610 Voltage Regulator Board creates an effec-
tively uninterruptable system power supply. The
CIM-611C is identical to the CIM-611, with the only
difference being the operating temperature range (0
to +70°C versus —40°C to +85°C). See the CIM-610/
611 Hardware Reference Manual (#420306590-001)
for a complete description of the CIM-610 Voltage
Regulator Board and CIM-611 Battery Charger
Board. '

Functional Description

The CIM-611 Battery Charger Board mounts directly
on the CIM-610 Voltage Regulator Board, and all
connections to the CIM-611 are made through the
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CIM-610. The CIM-611 charges the external system
battery, automatically adjusting the charge current
according to the battery’s state of discharge.

An external +24 Vpc power supply provides the
charging current for the CIM-611. The CIM-611 con-
stantly monitors the battery voltage and compares
it to a +15 Vpg reference generated by the CIM-610.
If the battery voltage is greater than 14.8V, the bat-
tery is considered to be charged, and only trickle
charge current flows. If the battery voltage drops
below 13.8V, the charge rate switches to fast and re-
mains in that condition until the battery voltage
again reaches 14.8V.

Fast charge current as established during manu-
facture is 0.3 Amps; however, the user can increase

the fast charge rate to 1.0 Amps by adding a “fast
charge” resistor in parallel with a series resistor in
the +24 Vpg input line.

The CIM-611 is factory-set to switch to fast charge

. at a battery output voltage of 13.8Vp¢ at 25°C, and

back to trickle charge at 14.8Vp¢ at 25°C. On-board
potentiometers allow the user to alter these adjust-
ments if necessary. As the temperature changes,
on-board temperature compensation circuitry
automatically adjusts these trip points at a
18mV/°C rate (increasing temperatures lower the
trip points).

The CIM-611 accommodates batteries with a volt-
age range of 10.5 to 14.8V and the ability to accept
charge current at the rate of 0.3 Amps.

FIGURE 1. CIM-611 Battery Charger Board Installed on the CIM-610 Voltage Regulator Board.
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Specifications
External Battery
Voltage —

Current (max.) —

Startup
transient —

Charge rate —

Recommended
source —

+24 Vpc Input
Voltage range —
Current (max.)—

+10.5t0 17.0Vpc
2.0Amp steady state

12.0Amp for 2.0us (full load)

0.3Amp fast charge; 20mA
trickle charge

Gates Energy Products, Inc.
12Vpc Sealed Lead Acid
Battery

Model No. 0800-0008GG

23.0to 28.0V

0.3Amp without “fast charge”
resistor

1.0Amp with “fast charge”
resistor

Battery Charging Output

Voltage range —
Current (max.)—

Trip Points —

Temperature
Compensation —

+10.5 to +14.8V

0.3Amp without “fast charge”
resistor

1.0Amp with ““fast charge”
resistor

Trickle to fast at 13.8Vpg at
25°C

Fast to trickle at 14.8Vp¢ at
25°C .

(User adjustable)

—-18mvi°C

Environmental

Physical

Temperature:

CIM-611: —40°C to +85°C
(—40°F to +185°F)

CIM-611C: 0to +70°C
(+32°F to +158°F)

Humidity: 0 to 90%
noncondensing

Length 3.25in. (83 mm)
Width 3.66in. (93 mm)
Height 119in. (30 mm)
Weight 0.50z. (183gm)

Order Information

CiM-611
CIM-611C

Documentation
CiM-610M -

CIMBUSM

14.51

Battery Charger Board

0to +70°C (commercial)
version

CIM-610 and CIM-610C
Voltage Regulator Boards
CIM-611 and CIM-611C Battery
Charger Boards

Hardware Reference Manual
(#420306590-001)

CIMBUS System Specification
(#420306681-001)




4 National Semiconductor

CiM™-612 and CIM-612C
Voltage Regulator Boards
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Supplies +5, +15, and —15 Vp¢ to
CIMBUS™ interface

B Accepts unregulated DC input from 5.5
to 8.0V

B Detects DC pdwer failures

B Provides RAM backup power from on-
board lithium battery

B Self-protects against overloads,
transients, and shorts

B microCMOS technology gives high
reliability at low power consumption

5 p
Py (R PP (RN 5,

microCMOS

® —40°C to +85°C or 0 to +70°C (commer-
cial version) operating temperature
ranges

B CIMBUS compatible with SERIES/800™
line ‘

B Small (100mm x 160mm) single-wide
Eurocard form fits CIM-602/604 card
cages

® Built solely with components burned in
to A+ levels )

Product Overview

The CIM-612 and CIM-612C Voltage Regulator
Boards are members of the SERIES/800 line of
CMOS Industrial N crocomputers (CIM) from
National Semiconductor Corporation. SERIES/800
is a complete family, including CPU, memory ex-
pansion, and digital and analog I/0O boards. Also in-
cluded is a real-time, multitasking operating sys-
tem, BLMX-80C. The line uses the microCMOS
NSC800™ microprocessor, which combines the
benefits of the execution speeds of NMOS micro-
processors with the power dissipation and environ-
mental characteristics of CMOS, and executes the
Z80instruction set. The complete line is compatible

with the CIMBUS, a documented scheme for board
interconnection (see the CIMBUS specification).
The microCMOS technology employed, combined
with the single-wide Eurocard form factor of the
boards, makes the SERIES/800 line appropriate for
many applications in harsh environments, such as
numeric machine control, pipeline monitoring and
control, robotics, industrial instrumentation, and
uninterruptable power supplies.

The CIM-612 Voltage Regulator Board, operatingon -
power input from an unregulated DC source in the
range from 5.5to 8.0V, supplies +5, +15, and =15 Vpg
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to a SERIES/B00 system through the CIMBUS inter-
face. It is entirely self-protected from overloads, tran-
sients, or short circuits, and contains DC power fail-
ure detection circuitry. In the event of power failure,
the system automatically inhibits any transactions
with RAM until the +5Vp¢c power supply is backed up
and stable. The CIM-800 CPU Board RAM backup
voltage during power failure is provided from an on-
board lithium battery.

The CIM-612C is identical to the CIM-612, with the
only difference being the operating temperature
range (0to +70°C, versus —40°C to +85°C). Both share
the small 100mm x 160mm (3.9” X 6.3") single-wide
Eurocard form factor with the rest of the SERIES/800
line and fit the CIM-602/604 card cages. They are
completely CIMBUS compatible through a pin-in-
socket DIN 41612 connector which provides an add-
ed element of mechanical and electrical reliability by
eliminating the usual card-edge connector. See the
- CIMBUS System Bus Specification (#420306681-001)
for a description of the CIMBUS and the CIM-612/
612C Hardware Reference Manual (#420310003-001)
for a complete description of the CIM-612 Voltage
Regulator Board.

Functional Description

The voltage regulator portion of the CIM-612 Volt-
age Regulator Board receives power from an exter-
nal, unregulated DC source in the range from 5.5 to
8.0V. The voltage is converted to +5, +15, and

—15Vpc and distributed to the system via the CIM-
BUS. A fuse, transient suppressor, and capacitor in
the power input lines to the voltage regulator pro-
tect it from voltage spikes and current overloads.

A DC power failure detection circuit on the board
monitors the output of the 5Vpc regulator. A DC
voltage below 4.5V is considered a power failure.
When this happens, the CPU is informed by an inter-
rupt. This allows the CPU to place the system in a
safe/lknown condition, and store vital data in
battery-backed RAM. After the interrupt (ranges
from tens to hundreds of milliseconds depending
on the external DC power source and the load on
the CIM-612), the CIM-612 inhibits all transactions
with RAM in the system to prevent data from being
scrambled by noise potentially generated during
the power down/up sequence.

The CIM-612 also contains a RAM backup circuit
that is activated by a power failure. An on-board
lithium battery will supply 0.6 Amp-hour of current
with less than 0.5mA drawing current. This will sup-
port the RAM on the CIM-800 CPU board during the
power down time. .

The CIM-612 uses the standard CIMBUS form factor
(100mm x 160mm), and can therefore be plugged
directly into a CIM-602/CIM-604 card cage. The P1
connector/slot in these card cages is reserved for
this purpose.
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Specifications
DC Power Input
Voltage —
Current (max.)—

Startup
transient —

+5.5t0 8.0Vpg
1.0Amp steady state

2.0Amp for 1sec (full load)

RAM (On-Board) Backup

Type —
Voltage —

Maximum Con-
tinuous Current —

Capacity —

Shelf Life—
DC Power Output

Tolerance (Steady
State)—

Ripple (RMS)—
Current —

Connectors
CIMBUS —

Nonrechargeable lithium
+3.4Vpc

0.5mA

0.63Amp-hour across
full temperature range

10 years

:

+5Vpc +15Vpe —15VpC

+200mV  +200mV +£200mV
15mVv 2mVv 2mVv
0.5A 100mA  100mA

Pin-and-socket DIN 41612
Recommended mating
connectors:

. Winchester: 96P-6033-0523-0

Elco: 008257-096-000-124

Environmental

Physical

Temperature: :
CIM-612: —40°C to +85°C
(—40°F to +185°F)
CIM-612C: Oto +70°C
(+32°F to +158°F)
Humidity: 0to 90% '
noncondensing
Length: 6.30 in. (160 mm)
Width: 3.94 in. (100 mm)
Height: 1.97 in. (50 mm)
Weight: 7.0 oz. (198 gm)

Order Information

CIM-612
CIM-612C

Documentation
CiM-612M

CIMBUSM
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Voltage Regulator Board
0 to +70°C (commercial)

" version

CIM-612/612C Voltage,
Regulator Board Hardware
Reference Manual
(#420310003-001) -

CIMBUS System Spec'ification
(#420306681-001)



7 National Semiconductor

microCMOS

CiIM™-630
Prototyping Board

a Permits addition of user-designed circuitry to
a CIMBUS™ system

a Capacity for 32 16-pin DIPs
o Plugs directly into CIM-602/604 card cages

Product Overview

The CIM-830 Prototyping Board is a member of the
SERIES/800™ line of CMOS industrial Microcomputers
(CIM) from National Semiconductor Corporation.
SERIES/800 is a complete family, including CPU, memory
expansion, and digital and analog I/0O boards. Also
included is a real-time, multitasking operating system,
BLMX-80C. The line uses the microCMOS NSC800™
microprocessor, which combines the benefits of the
execution speeds of NMOS microprocessors with the
power dissipation and gnvironmental characteristics
of CMOS, and executes the Z80 instruction set. The
complete line is compatible with the CIMBUS, a
documented scheme for board interconnection (see
the CIMBUS specification). The microCMOS technol-
ogy employed, combined with the single-wide
Eurocard form factor of the boards, makes the
SERIES/800 line appropriate for many applications in
harsh environments, such as numeric machine con-
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trol, pipeline monitoring and control, robotics, in-
dustrial instrumentation, and uninterruptable power
supplies.

The CIM-630 Prototyping Board, with a capacity of up to
32 16-pin DIPs, is a convenient, economical way for
CIMBUS system users to include their own custom-
designed circuitry. Completely compatible with the
CiIM-602/604 card cages, it plugs directly into the
user's system.

Physical Description

The CIM-630 Prototyping Board accepts up to 32 16-pin
DIPs or an equivalent mix of 14-, 16-, 18-, 22-, 24-, 28-, and
40-pin configurations. It has a pin-in-socket DIN 41612
connector built in, and plugs directly into the CIM-602/604
card cages.

14



Specifications

Connectors Pin-and-socket DIN 41612
Recommended mating
connectors:

Winchester 96S- 6033-0531 2
Elco 008257-096-649-124

Environmental Temperature: -40°C to +85°C (-40°F
to +185°F) (Assumes
user=installed circuitry
meets this specification.)

Humidity: 0 to 90% noncondensing:

Physical Length:  6.30 in. (160 mm)
Width: 394 in. (100 mm)
Height:  0.90in. ( 23 mm)
Weight:  0.50 oz. ( 14 gm)

Order Information
CIM-630 Prototyping Board

]
Documentation

CIMBUSM CIMBUS System Bus Specification
. (#420306681-001)
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 National Semiconductor

CIM™-631

microCMOS

Prototyping Board

Permits addition of user-designed circuitry
to a CIMBUS™ system

8 Capacity for 63 16-pin DIPs

PIO683ZP00 HQOKQ

@ Plugs directly into CIM-602/604 card
cages

Product Overview

The CIM-631 Prototyping Board is a member of the
SERIES/800™ line of CMOS Industrial Microcomputers
(CIM) from National Semiconductor Corporation.
SERIES/800 is a complete family, including CPU,
memory expansion, and digital and analog /O boards.
Also included is a realtime multitasking operating
- system, BLMX-80C. The line uses the microCMOS
NSC800™ microprocessor, which combines the
benefits of the execution speeds of NMOS micro-
processors with the power dissipation and environ-
mental characteristics of CMOS, and executes the 280
instruction set. The complete line is compatible with the
CIMBUS, a documented scheme for board interconnec-
tion (see the CIMBUS specification). The microCMOS
technology employed, combined with the single-wide
Eurocard form factor of the boards, makes the
SER!ES/800 line appropriate for many applications in

harsh environments, such as numeric machine control,
pipeline monitoring and control, robotics, industrial
instrumentation, and uninterruptable power supplies.

The CIM-631 Prototyping Board, with a capacity of up to
63 16-pin DIPs, is a convenient, economical way for
CIMBUS system users to include their own custom:
designed circuitry. Completely compatible with the
CIM-602/604 card cages, it plugs directly into the user’s
system.

Physical Description

The CIM-631 Prototyping Board accepts up to 63 16-pin
DIPs or an equivalent mix of 14-, 16-, 18-, 22-, 24., 28-,
and 40-pin configurations. It has a pin-and-socket DIN
4612 connector built in, and plugs directly into the
DIM-602/604 card cages.
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The primary difference between the CIM-631 and the
CIM-630 is that the CIM-631 does not have power and
ground traces throughout the board (as does the
CIM-630). In comparison to the CIM-630, this increases
the amount of wirewraps which must be made, but also
results in nearly double the number of devices which
may be installed. It also allows these devices to be
placed “on grid”, to match the production version of the
design prototyped on the CIM-631.

Specifications

Connectors

Pin-and-socket DIN 41612

Recommended Mating Connectors:
Winchester 965-6033-0531-2
Elco 008257-096-649-124

Environmental

Temperature: —40°Cto +85°C(—~40°Fto +185°F)
(Assumes user-installed circuitry meets
this specification.)

Humidity:

0 to 90% noncondensing
Physical .
Length: 6.30in. (160 mm)
Width: 3.94 in. (100 mm)
Height: 0.90 in. ( 23.mm)
Weight: 0.50 oz. ( 14 gm)

Order Information
CIM-631 Prototyping Board
Documentation

CIMBUSM CIMBUS System Bus Specification
(#420306681-001)
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21 National Semiconductor

CiM™-640
Extender Board

microCMOS

0-1650-€909-5956 77\ .

I TR

gleg

-

a Complete access to a CIMBUS™ board for
troubleshooting or debugging

m Power isolation allows removal/insertion of
boards without loss of data or functions as well
as current measurement in a powered system

o Easily accessible test points for fast examina-
tion of bus and control signals .

Product Overview

The CIM-640 Extender Board is a member of the
SERIES/800™ line of CMOS Industrial Microcomputers
(CIM) from National Semiconductor Corporation.
SERIES/800 is a complete family, including CPU, memory
expansion, and digital and analog /O boards. Also
included is a real-time, multitasking operating system,
BLMX-80C. The line uses the microCMOS NSC800™ micro-
processor, which combines the benefits of the execution
speeds of NMOS microprocessors with the power dissipation
and environmental characteristics of CMOS, and executes the
Z80 instruction set. The complete line is compatible with the
CIMBUS, a documented scheme for board interconnection
(see the CIMBUS specification). The microCMOS technology
employed, combined with the single-wide Eurocard form
factor of the boards, makes the SERIES/800 line appropriate
for many applications in harsh environments, such as numeric
machine control, pipeline monitoring and control, robotics,
industrial instrumentation, and uninterruptable power supplies.
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The CIM-640 Extender Board provides a means of
extending CIMBUS boards away from the CIM-602/604
card cage to permit testing and debugging. Test points for
examining bus and control signals.are easily accessible,
and the power lines contain jumpered openings for power
removal at the extender board.

Physical Description

The CIM-840 Extender Board offers the SERIES/800 user
the means to extend boards beyond the card cage for
testing and debugging. Test points for bus and contro!
signals are easily accessible.

In addition, the power traces on the CIM-640 have
jumpered openings so that user can remove power at the
board under examination rather than having to power
down an entire system. The jumpered points in the power
traces can also be used to insert instrumentation to
measure the current to a board under power.




Specifications

Connectors Pin-and-socket DIN 41612
Recommended mating
connectors:

Vendor Backplane Board
Winchester 96P-6033-0523-0 96S-6033-0531-2
Elco 008257-096-000-124 | 008257-096-649-124

Environmental Temperature: -40°C to +85°C (-40°Fto
+185°F) .
Humidity: 0 to 90% noncondensing
Physical Length:  7.30in. (185 mm)
Width: 394 in. (100 mm)
Height:  0.50'in. (.13 mm)
Weight: 050 0z. ( 14 gm)

Order Inforrﬁation

CIM-640

Documentation
CIMBUSM
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CIMBUS System Bus Specification
(#420306681-001)



4 National Semiconductor

CIM™-653

microCMOS

Serial /O Cable

B Allows instant addition of a RS232C or
20mA current loop device to a CIMBUS™
system

o Compatible with the CiM-201 Serial 1/0
Board

& Supports full 25-line interface

Product Overview

The CIM-653 Serial I/O Cable is a member of the SERIES/
8007 line of CMOS Industrial Microcomputers (CIM)
from National Semiconductor Corporation. SERIES/800
“is a complete family, including CPU, memory expansion,
and digital and analog /O boards. Also included is a
real-time, multitasking operating system, BLMX-80C. The
line uses the microCMOS NSC800™ microprocessor,
which combines the benefits of the execution speeds of
NMOS microprocessors with the power dissipation and
environmental characteristics of CMOS, and executes the
Z80 instruction set. The complete line is compatible with
the CIMBUS, a documented scheme for board intercon-
nection (see the CIMBUS specification). The microCMOS
technology employed, combined with the single-wide
Eurocard form factor of the boards, makes the SERIES/
800 line appropriate for many applications in harsh en-
vironments, such as numeric machine control, pipeline

monitoring and control, robotics, industrial instrumenta-
tion, and uninterruptable power supplies.

The CIM-653 Serial /0 Cable is a convenient way for
CIMBUS system users to add a serial device to their sys-
tem. It is fully compatible with the CIM-201 Serial 1/0
Board, and therefore, supports interfaces to terminals,
modems, or any device compatible with RS232C or 20 mA
current loop serial links.

Physical Description

The CIM-653 Serial I/0 Cable is a ribbon cable 48 inches
(122 cm) long (including the connectors). Both connec-
tors are male, 25-pin “D” connectors. All 25 lines de-
fined by EIA RS232C are included, with each line tied to
the same pin on each connector (i.e., pin 1to pin 1, pin 2
to pin 2, etc.).
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Specifications

Connectors
Standard DB25P
Recommended Mating Connector: Standard DB25S

Environmental Temperature: 0°Cto + 70°C (+ 32°F to
+158°F) ' .
Humidity: 0 to 90% noncondensing

Physical Length: 48in. (122 mm)
Weight: 3.8 0oz. (108 gm)
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Order Information

CIM-653 Serial /0 Cable (compatible with
CIM-201 Serial /O Board)

Documentation
GiM-201M CIM-201 Serial /O Board Hardware
Reference Manual (#420306683-001)
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CIM™-660

microCMOS

Firmware Monitor

Single-chip system monitor for CIM-800
boards

Display contents of memory or processor
registers

Modify contents of memory or processor
registers

Modify user programs dynamically
Upload and download hex files

Move blocks of data

Perform hexadecimal arithmetic
Search memory for specified data byte
Execute user programs from monitor
Insert breakpoints in user programs
Input or output a byte of data

Resides in a single NMC27C32 EPROM

Product Overview

The CIM-660 Firmware Monitor is a member of the
SERIES/800™ line of CMOS Industrial Microcomputers
(CIM) from National Semiconductor Corporation.
SERIES/800 is a complete family, including CPU, memory
expansion, and digital and analog /O boards. Also
included is a real-time, multitasking operating system,
BLMX-80C. The line uses the microCMOS NSC800™
microprocessor, which combines the benefits of the
execution speeds of NMOS microprocessors with the
power dissipation and environmental characteristics
of CMOS, and executes the Z80 instruction set. The
complete line is compatible with the CIMBUS, a
documented scheme for board interconnection (see
the CIMBUS specification). The microCMQOS technol-
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ogy employed, combined with the single-wide
Eurocard form factor of the boards, makes the
SERIES/800 line appropriate for many applications in
harsh environments, such as numeric machine con-
trol, pipeline monitoring and control, robotics, in-
dustrial instrumentation, and uninterruptable power
supplies.

The CIM-660 Firmware Monitor is a single-chip (EPROM)
system monitor that plugs into a socket provided on the
CIM-800 Series Boards. Containing a complete software
system, the CIM-660 provides the user all the functions
usually associated with a microcomputer system monitor
or debugging program and allows interactive program
modification, testing, and execution.




Functional Description

The CIM-660 Firmware Monitor is a single-chip, self-
contained system monitor and software debugging
program that gives the user the capability to modity, test,
and execute his programs interactively with a CIM-800
Microcomputer system. Input is made from a keyboard,
and output may be routed to either a CRT display or a
printer.

After the system is powered up, the baud rate is
established by repeatedly pressing the RETURN key on
the CRT display until the following message appears:

CIM-800 MONITOR REV. B
>

When the caret prompt (>) appears, the CIM-660 is in a
command interpret mode, ready to accept a system
command from the user. Commands then available are:

|+

- Add two 16-bit hexadecimal numbers

I

Subtract a 16-bit hexadecimal
number with a second 16-bit number

= Multiply two 16-bit hexadecimal
numbers

/ Divide a 32-bit hexadecimal number
by a 16-bit number

Specifications

Memory Requirements
'PROM Address Space 0000H-OFFFH
Environmental Temperature: -40°C to +85°C

) (-40°F to +185°F)
* Humidity 0 to 90% noncondensing

Hardware Requirements

CIM-800 CPU Board

CIM-201 Serial 1/0 Board

CIM-602/604  Card Cage (or equivalent)

CIM-653 RS232 Serial /0 Cable Assembly (or equivalent)
CIM-610 Voltage Regulator Board (or other

supply of +5Vpc and +15Vpg)

Video Display Terminal (or equivalent) -

Order Information

DISPLAY Displays contents of memory between
' two specified addresses in hexadeci-
mal and ASCII
EXAMINE Examine and modify CPU registers
REGISTERS
FIND Searches memory between two
, specified addresses for a specified
byte .
GO Transfers control to a specified
address
INPUT Displays the contents of input ports
between two specified addresses
MOVE Moves a specified block of data to
: a specified destination address
OUTPUT Outputs a specified byte to a
specified output port
READ Input a hex file over a serial link
SUBSTITUTE Examine and modify the contents of
a specified memory address
~ VERIFY Used after a MOVE command to
verify that the move was made
WRITE Output-a hex file over a serial link

CiM-660 Firmware Monitor

Documentation

CIM-660M CIM-660 Firmware Monitor User’s
Manual (#420306641-001)

CIMBUSM CIMBUS System Bus Specification
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microCMOS

CIM™-802A/804 and CIM-802AC/804C
Industrial Microcomputers

L4

@ NSC800™-based computer board

B microCMOS technology gives NMOS
performance at CMOS power
consumption levels

E NSC800 CPU—more than 158 instruction
types programmable in Z80 code

B 4 MHz or 2 MHz operation in harsh
environments

B —40°C to +85°C or 0°C to +70°C
(commercial version) operating
temperature ranges

geesmy

&
.

s

Battery backup/operation

2 16-bit counters/timers with prescalers
22 programmable 1/0 lines '
System-level fail-safe timer

2K bytes static RAM; 2K or 4K bytes
PROM with “shadow” capability under
software control

12 vectored interrupts -

O Built solely with components burned in
to A+ levels

B B O&

Product Overview

The CIM-802A/804 and CIM-802AC/804C Micro-
computer Boards are members of the SERIES/800™
line of CMOS Industrial Microcomputers (CiM) from
National Semiconductor Corporation. SERIES/800 is
a complete family, including CPU, memory expan-
sion, and digital and analog 1/0 boards. Also includ-

ed is a realtime, multitasking operating system, -

BLMX-80C. The line wuses the microCMOS
NSC800 microprocessor, which combines the bene-
fits of the execution speeds of NMOS microproces-
sors with the power dissipation and environmental
characteristics of CMOS, and executes the Z80 in-
struction set. The complete line is compatible with
the CIMBUS™, a documented scheme for board
interconnnection (see the CIMBUS specification).
The microCMOS technology employed, combined
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with the single-wide Eurocard form factor of the
boards, makes the SERIES/800 line appropriate for
many applications in harsh environments, such as
numeric machine control, pipeline monitoring and
control, robotics, industrial instrumentation, and unin-
terruptable power supplies.

The CIM-802A, CIM-804, CIM-802AC, and
CIM-804C are the board level computers that are
the heart of the SERIES/800 CMOS Industrial Mi-
crocomputer board - line. Featuring ‘NSC’s micro-
CMOS technology, these computers provide highly
reliable performance over a wide range of harsh
environmental conditions at low power consumption,
and is eminently suitable for remote station and process
control applications.



These are complete computers based on the
NSC800 central processing unit, and include 22 pro-
grammable 1/0 lines, twelve priority vectored inter-
rupts, 2K bytes of static RAM, provisions for, 2K or
4K bytes of ROM, and two 16-bit programmable tim-
ers. The NSC800 CPU, which is programmable in
Z80 code, has an instruction set containing more
than 158 instruction types. The CPU board is easily
expandable via the CIMBUS for operation with other
products in the SERIES/800 line, such as memory
expansion, A/D and D/A conversion, serial I/0, and
a battery charger. See the CIMBUS specification
manual for a description of CIMBUS characteristics
(order as CIMBUSM or Manual #420306681-001).

Power consumption of the computer is very low
{magnitudes less than equivalent NMOS functionali-
ty), which results in increased reliability and elimi-
nates the need for separate cooling fans and filter-
ing systems. CIMBUS connections are made through
two-piece, pin-in-socket DIN 41612 connectors,
which are highly resistant to vibration and corrosion,
and eliminate the card edge connector, a primary
failure source in many systems. The CPU board is
small, measuring only 100 mm x 160 mm (3.9” x
6.3"), and fits into the CIM-602 (8-slot) or CIM-604
(18-slot) CIMBUS card cages to make a tldy, durable
system.

The CIM~-802A and CIM-804 are functionally identi-
cal with the exception of their operating speeds: the
CIM-802A executes at 2 MHz (minimum instruction
execution time of 2 microseconds), the CIM-804 ex-
ecutes at 4 MHz (1 microsecond minimum instruction
execution time). The CIM-802AC and the
CIM-804C are functionally identical to the CIM-
802A and the CIM-804, with the only difference be-
ing their operating temperature range (0°C to
+70°C, versus —40°C to +85°C).

Functional Description
Central Processor

o CPU—NSCB800 microprocessor

* Maximum addressing range—64K bytes

¢ Data word—S8 bits

e |nstruction word—S8, 16, or 24 bits

* Addressing modes—direct, register, indexed
register, register indirect, and immediate

¢ Instruction types—more than 158, programmabile in
280 code

* Registers

— 14 general purpose, A, B, C, D, E, H, and L and
A, B, C,D', E, H, and L’; A (accumulator)
and F (flag), A’ and F’ selected separately.
Other registers may be used singly or in pairs;
AF, BC, DE, HL and A'F’, B'C’, D'E’, H'L".

— 2 16-bit index register pairs IX and Y may be
indexed %255 from symbolic location

— 1 16-bit program counter (PC)

— 1 16-bit stack pointer (SP) used dxscretely or
automatically to implement subroutine-CALL
and RETurn instructions

— 1 8-bit refresh register (R)

— 1 8-bit interrupt register (1)

Memory

The 2K private static RAM (6116) is a byte-wide, low
power device requiring only a few microwatts to re-
tain data, and uses special write inhibit logic to pro-
tect its contents in a power-down or standby mode.
An additional 128 bytes of RAM are available from
the NSC810 RAM 1/0 Timer. The 2K static RAM is
mapped at addresses FOOOH-F7FFH; the additional
128 bytes at FBOOH-F87FH.

Sockets are provided on the CPU board for either
the 27C16 (2K bytes) or the 27C32 (4K bytes)
EPROM. Two Berg jumpers provide all the logic
changes necessary for using either type of EPROM.
Assigned addresses for ROM are 0000H-07FFH

- +(27C16) or 0000H-OFFFH (27C32). The PROM may

be turned off (shadowed), under software control, to
allow using memory mapped into the same space.

" This provides a convenient way to “bury” diagnos-

tics and/or bootloaders.

Memory expansion to a maximum of 64K bytes is
possuble using the CIM-100 Series Memory Expan-
sion Boards.

Input/Output

All on-board input/output functions are memory-
mapped through the NSC810 RAM /0 Timer with a
base address of F8XXH.
* Interrupts—arbitrated through a priority interrupt
controller
— 1 nonmaskable interrupt
— 3 restart maskable interrupts available to user
— 8 priority vectored interrupts
Three programmable 1/0 ports
— Port A, 8 lines available to user
— Port B, 8 lines, 4 generally reserved for CPU
board use
— Port C, 6 lines, 2 generally reserved for CPU
board use
(Some system configurations may allow use of all
22 /0 lines. 1/0 pin-out is different than CIM~-802.)
® Timers
— 2 16-bit programmable counters/timers; timer
prescale 1/2/64 (64 on timer TO only)
— 8 ms and 0.5 second timers jumperable as
interrupts

L]

Fail-Safe Timer

The fail-safe timer is a software timer implemented
through Port B of the NSC810. If the user chooses
to implement this feature, the CPU must be pro-
grammed to toggle bit 4 of Port B based on the 0.5
second on-board timer. This provides a 1Hz signal to
the CIMBUS that is used to retrigger a monostable
multivibrator (one-shot) on any expansion board. If
the CPU should fail, the CIMBUS signal TMRFS will
no longer be output. The expansion board(s) will
then set their outputs to a known quiescent state,
ensuring an orderly shutdown without a CPU. An on-

‘board LED indicates the state of TMRFS and also

allows for a quick visual inspection of the heaith of
the CPU board.
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CIM-660 Firmware Monitor

The CIM-660 Firmware Monitor is available in a pre-
programmed NMC27C32 EPROM. This comprehen-
sive monitor includes facilities to load, execute, and
debug programs based on the CIM CPU boards. The
monitor allows the user to examine and modify any
RAM location or CPU register. It also allows the
movement of blocks of data within memory and ini-
tiation of user programs with optional breakpoints.
Files can be uploaded and downloaded over a serial
link using the industry-standard hexadecimal format.
The user can employ the monitor to search memory
to find the location of an 8- or 16-bit string. The
CIM-660 will calculate the sum, difference, product,
and quotient (with remainder) of any 4-, 8-, or 16-bit
set of numbers. Additionally, the monitor can be
used to exercise all available 1/0 ports within the
system. The CIM-660, in conjunction with a CIM-
201 Serial 1/O Board, incorporates a baud rate
search to determine the rate at which the CRT/TTY
is running. The following commands are supported
in the CIM-660 Firmware Monitor:
D — Display contents of memory
E — Examine CPU registers
F — Find bit stream in memory
G — Execute program (with optional
breakpoints)
| —Input data from 1/0 port
M — Move block of data
O — Output data to 170 port
R — Input a hexfile over a serial link
S — Examine and/or substitute value in
memory
V — Verify result of move command
W — Output a hexfile over a serial link
+— Add two 16-bit. hex numbers
— — Subtract one 16-bit hex number from
another ‘
* — Multiply two 16-bit hex numbers
/ — Divide a 32-bit hex number by a 16-bit
hex number

Real-Time Software

The BLMX-80C real-time multitasking executive re-
quires only 2K bytes of EPROM and 512 bytes of
RAM in its minimum configuration. Facilities such as
the following are included: priority-based system re-
source allocation, intertask communication and con-
trol, interrupt-driven control for standard 1/0 devices,
time-of-day clock, free space memory manager, and
interrupt and event handling. Optional linkable and
relocatable modules for console control (CRT or
TTY), fail-safe timer interface, analog 1/0 board in-
terface, and interactive system-level debugging are
provided with the BLMX-80C package. User config-
urability is aided on the STARPLEX™ Development
System by the menu-driven SYSCON' System Con-
figuration program that is also provided with BLMX-
80C.

System Development Capability .

The development cycle for CIMBUS-based products
may be significantly reduced using the STARPLEX

Development System from National Semiconductor -

Corporation. The convenience of a comprehensive
operating system combined with system prompts
that guide even inexperienced users through com-
plex tasks creates an ideal software development
environment. An In-System Emulator (ISE)™ avail-
able for the NSCB800 allows the development and
debugging of software directly on the CIM-802
board.

Specifications
Microprocessor

CPU — NSC800
Data word — 8 bits
Instruction
word — 8, 16, or 24 bits
Clock CPU Min. Instruction
Product Speed | Speed | Execution Time
CIM-802A | 4 MHz | 2MHz 2pus
CIM-804 8 MHz | 4 MHz 1us
Registers — 14 general purpose
2 index
Program counter
Stack pointer
Refresh register
Interrupt register
Number of . o
instructions — 158 instruction types, providing for
more than 600 executable
instructions (Z80 code compatible)
Address
capacity — Memory - 64K bytes
1/0 - 256 input
256 output
Memory
RAM — 2K bytes static RAM (6116) plus
128 bytes in NSC810 RAM 170
Timer :
ROM — Sockets for 2K bytes (27C16) or
4K bytes (27C32) ROM
Expansion —  VIA memory expansion boards to
64K
Access time — 350 ns.
Address

assignments — Address Range Assignment
0000H~-07FFH  On-board PROM
(using 27C16)
Off-board
(unassigned) if
27C16 PROM is
used. On-board .
EPROM if 27C32
PROM is used

0800H-OFFFH
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1000H~EFFFH

FOOOH-F7FFH

F800H-F87FH

Off-board
(unassigned)
On-board RAM
(2K byte RAM,
battery backup
available) ‘
On-board RAM

Environmental

Temperature —CIM-802A/804:
—40°C to +85°C

(—40°F to +185°F)
CIM-802AC/804C:

0°C to +70°C

(—32°F to +158°F)

Humidity — 0 to 90% noncondensing
(NSC810 128
byte RAM, not Physical — Length 6.30in. (160 mm)
backed up during Width 3.94in. (100 mm)
power failure) Height 0.50in. ( 13 mm)
F880H-FBFFH NSC810 1/0 port Weight 14 oz. ( 36 gm)

and timer control

access (memory-  Order Information

mapped) CIM-802A CMOS industrial Microcomputer
FO900H-FFFFH Reserved with 2MHz NSC800
CIM-802AC 0°C to +70°C (commercial)
Connectors version
CIMBUS — Pin-in-socket DIN 41612 CiM-804 CMOS Industrial Microcomputer
Recommended mating connectors: ' with 4 MHz NSC800
Winchester 96S-6033-0531-2 CIM-804C 0°C .10 +70°C (commercial)
.~ Elco 008257-096-649-124 version
Parallel /0 —  Right-angle header .
Recommended mating hardware: Documentation _
3M 3399-7026 (Connector) CIM-804M CIM-802A/802AC and CIM-
3M 3350/26 (Cable) '804/804C Board Level Computer
Hardware Reference Manual
Power +5Vpe +5% (#420308205-001)
CIMBUSM CIMBUS System Bus
EPROM | Normal | Power | Battery oy _
Product Used |Operation | Save | Backup Specification (#420306681-001) |
CIM-802A | 27C16 60 mA 25mA | 10 pA '
CIM-802A | 27C32 60 mA 25mA | 10 pA
CIM-804 27C16 85 mA 25mA | 10 nA
CIM-804 27C32 85 mA 25mA | 10 nA
16 PROGRAMMABLE
PARALLEL 1/0 LINES
1_| prionTy |8 2] BMSEC
ENCODER |7 a 8o 5es
2K OR 4K X 8 3| TERRUPT TIMER |
2K X8 NSC800 . - NSC810-RAM
il STATIC RAM cPU a1 1/0 TIMER
8 (INCLUDES
<=1 POWER FAIL r—=1 128 x 8 RAM)
INTERRUPT
WP TT
|
ON-BOARD SYSTEM BUS
. -y
. RAM INHIBIT TIMER 2
Ram CIMBUS
SAVENNHIBIT | _ BATTERY POWER INTERFACE FAIL-SAFE TIMER

< . CIMBUS SYSTEM 8US ‘>

’ TL/T/5082-1
FIGURE 1. CIM-804 CPU Board Block Diagram
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History

In the mid 1960’s the various government agen-
cies responsible for semiconductor reliability
saw that screenable defects were resulting in an
in-equipment failure rate of about 1% per thou-
sand hours. In-depth failure analysis allowed
them to determine what the predominate failure
mechanisms were. The Solid State Applications
Branch of the Air Force’s Rome Air Development
Center (RADC) was assigned the task of devel-
oping a screening procedure which would re-
move the infant mortality failures which had led
to the high failure rate previously encountered.
Working closely with other semiconductor reli-
ability experts, the RADC staff developed MIL-
STD-883, which was first issued in 1968. The
objective of MIL-STD-883 was to create an eco-
nomically feasible, standardized integrated cir-
cuit screening flow which would achieve an in-
equipment failure rate of 0.08% per thousand
hours for Class B and 0.004% per thousand
hours for Class A (which was later superseded
by Class S). Over the years this standard has
grown and matured with a number of new test
methods added as reliability information and
failure analysis results became more detailed.
These developments have led to one of the
strongest and most comprehensive screening
specs available, MIL-STD-883.

Purpose and Structure

MIL-STD-883 states: this standard establishes
uniform methods and procedures for testing mi-
croelectronic devices, including basic environ-
mental tests to determine resistance to deleteri-
ous effects of natural elements and conditions
surrounding military and space operations, and
physical and electrical tests. What does this
mean to the semiconductor user? To understand
this, one must subdivide MIL-STD-883 into two
primary areas: 1) Detailed how-to specifications
(methods 1001 through 4007) and 2) Screening
and qualification and/or quality conformance
testing requirements (methods 5001 through
5009). By examining each of these areas the
thrust of MIL-STD-883 will become apparent.

Detailed How-to Specifications

MIL-STD-883 is a collection of environmental,
mechanical, visual, and electrical test methods.
These methods define tests which enable manu-
facturers and users to screen for specific reli-
ability concerns. The tests covered include
moisture resistance, high temperature storage,
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neutron irradiation, shock and acceleration
tests, visual radiography, and dimensional tests, -
to mention only a few. In the electrical test sec-
tion, there are tests to examine load conditions,
power supplies, short circuit currents, and other
tests. Each of these tests is designed to look at
specific reliability and quality concerns that
affect semiconductor products.

Screening Flows

The overall reliability requirements for a system
depend upon a number of factors, including
cost-effectiveness. For example, a deep space
probe, where component replacement is impos-
sible once the system is launched, requires very
high reliability, despite the inherent cost of com-
plex screening. On the other hand, a ground-
based radio unit can use a less stringent reliabil-
ity testing sequence, since a failed component
can be easily replaced at moderate cost. In line
with this range of needs, MIL-STD-883 estab-
lished three distinct product assurance levels to
provide reliability commensurate with the prod-
uct’s intended application. The three levels are
Class S (intended for critical applications, such
as space), Class B (intended for less critical ap-
plications, such as airborne or ground systems),
and Class C (intended for easily replaceable:
systems, which has since been eliminated).

National and MIL-M-38510

A major thrust exists among integrated circuit
users, suppliers, and the U.S. Government to
avoid proliferation of military procurement spec-
ifications by turning instead to standardized
high reliability microcircuits. National Semicon-
ductor endorses and supports this trend.

One major program to which National is heavily
committed is the JAN MIL-M-38510 IC program.
This is a standardization program administered
by the U.S. Defense Department which allows a
user to purchase a broad line of standard prod-
ucts from a variety of qualified suppliers.

There is only one MIL-M-38510 program. National
is committed to supplying only QPL devices,
and discourages any “pseudo-38150" alternates.

There are two levels specified within MIL-M-
38510 — Classes S and B. Class S is typically
specified for space flight applications, while
Class B is used for aircraft and ground systems.




MIL-M-38510

The Defense Electronic Supply Center (DESC)
administers the integrated circuit standardiza-
tion program known as MIL-M-38510 (sometimes
referred to as the JAN |C Program). The specifi-
cation set used to define the program consists
of four documents: general specification MIL-M-
38510, which is an overall definition of the pro-
cessing and testing to be performed; detail
specifications (referred to as ‘“slash sheets”),
each of which defines the performance param-
eters for a unique generic device or a family of
devices; MIL-STD-883, which defines specific
screening procedures; and MIL-STD-976, which
defines line certification requirements.

When a user orders a MIL-M-38510 device, he is
guaranteed that he will get a device fully con-
formant with the detail specification and which
has also met all of the general testing and pro-
cessing requirements. DESC requires semicon-
ductor suppliers to become formally qualified
under the MIL-M-38510 program and to be listed
on the current Qualification Products List (QPL)
before they are allowed to legally ship JAN
devices.

Advantages to the User

The JAN 38510 program has numerous advan-

tages for the integrated circuit user.

e A single explicit specification eliminates
guesswork concerning device electrical char-
acteristics or processing flow.

¢ The rigorous schedule of quality conformance
testing that is a mandatory part of the MIL-M-
38510 program assures the user of long-term
stability.

e Since the electrical characteristics of the
devices are at least as tight as the “standard
industry data sheet” parameters, device per-
formance will meet the vast majority of
system design requirements. Additionally,
min./max. limits replace. many data sheet
typicals, making circuit design and worst case
design analysis decisions easier.

e Theuseris spared the expense of researching -

and preparing his own procurement
document.

e The user is spared the expense of qualifica-
tion testing. The QPL tells him which suppli-
ers have qualified the device he requires.

¢ The QPL gives the user a choice of qualified
suppliers for devices that are fully inter-
changeable. In addition, the presence of sev-
eral sources guarantees competitive pricing
that is typically lower than for devices to a
user's own specifications.
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* Since MIL-M-38510 is a standard program, pro-
curement lead times will be shorter. With a
large number of programs using JAN devices,
distributors and manufacturers are able to
establish inventories of JAN devices. National
in particular is committed to maintaining fin-
ished goods and work-in-process inventories
to support our customers’ needs.

. Spare parts will be readily available without

excessive minimum order requirements.

¢ Standard parts with volume requirements will
remain in production longer.

e Device markings are consistent from one
manufacturer to another.

e The program is extremely cost-effective. A
user can purchase a few devices for engineer-
ing evaluation and prototyping and know that
they will be identical to the devices he will get
during production. When the cost factors as-
sociated with spec. writing, supplier qualifica-
tion, maintaining voluminous parts control
documentation, and the more intangible bene-
fits of device availability are totaled, use of
JAN ICs is overwhelmingly the most cost-
effective approach.

Advantages to the Supplier

What motivates a supplier like National Semi-

" conductor to be so heavily committed to the

MIL-M-38510 program? National has the broad-
est range of reliability processed products avail-
able in the semiconductor industry. A program
such as MIL-M-38510 helps to standardize the
processing required and to minimize the number
of individual user specifications. This allows
National to concentrate more resources on this
program, thereby improving product quality and
availability.

The Most Frequently Asked Questions and
Answers about MIL-M-38510

There are many questions which are frequently
asked regarding the MIL-M-38510 program. We
would like to answer some of them.

Q. WHAT MUST A MANUFACTURER DO TOGET
HIS PARTS LISTED ON THE QPL?

A. There are two things which a manufacturer is
required to do. First, he must get his facilities
(including wafer fab, assembly, and rel pro-
cessing areas) certified by DESC. This re-
quires that each fab area used for QPL de-
vices must be approved. Second, for each
specific device and package combination
listed on the QPL, the manufacturer must
perform extensive qualification testing and
provide detailed device information to DESC.
This data is typically supplied in two phases.



In the first phase, the manufacturer must
supply detailed information concerning the
device construction and electrical character-
istics. Once this data has been verified by
" DESC to confirm that the manufacturer’s de-
vice meets the MIL-M-38510 requirements,
the manufacturer is listed on Part Il of the
QPL. At this point the manufacturer is legally
able to supply full. JAN qualified devices
meeting ALL of the MIL-M-38510 require-
ments. The manufacturer must then perform
the full qualification testing of Method 5005
of MIL-STD-883 as specified in paragraph 4.4
of MIL-M-38510. Once this data has been
reviewed and accepted by DESC, the manu-
facturer is listed on Part | of the QPL.

. IS THERE ANY DIFFERENCE IN DEVICES
PRODUCED WHILE A MANUFACTURER IS
LISTED ON PART 11 OF THE QPL AND THOSE
PRODUCED AFTER PART | QUALIFICATION
" IS COMPLETED?

. There is absolutely no difference. A supplier
must meet all of the device screening and
quality conformance requirements no matter
what his QPL status. '

. HOW DOES A USER KNOW WHAT DEVICES
ARE COVERED BY SLASH SHEET SPECIFI-
CATIONS?

. Supplement 1 to MIL-M-38510 contains a list-
ing of the slash sheet specifications and a
cross reference to the generic part type. This
is updated as new slash sheets are released.
National’s Reliability Handbook also con-
tains a cross reference.

. HOW CAN A USER OBTAIN COPIES OF THE
QPL, SUPPLEMENT 1 OF MIL-M-38510, MIL-
M-38510 ITSELF, AND MIL-STD-883?

. Copies of these and other related documents
may be obtained from:

Naval Publications and Forms Center
5801 Tabor Avenue

Philadelphia, PA 19120

(212) 697-2179

. WHAT ABOUT THOSE DEVICES FOR WHICH
NO DETAIL SPECIFICATION EXISTS?

. The ultimate aim of a standardization pro-
gram must be to furnish all parts. Requests
for addition of a part to MIL-M-38510 should
be made to DESC Directorate of Engineering,
Dayton, Ohio 45444, indicating a need for
slash sheets and/or suppliers to be qualified
for the additional devices. National has a
form (available through local sales offices)
which may be used for this purpose. In addi-
tion, if only some parts are available, a user
can still see significant savings on those that
are available.

Q. HOW IS A JAN QPL DEVICE MARKED?
A. Tables | and Il explain the details of the mark-
ing for JAN ICs.
TABLE I. MIL-M-38510 PART MARKING
JM3B510/XXXXXYYY

the Lead Finish

A = Solder Dipped

B=Tin Plate

C=Gold Plate

X = Any lead finish above
is acceptable

the Device Package (see
Table Il)

the Screening Level S or B

-the Device Number on the
Slash Sheet

the Slash Sheet Number
MIL-M-385810

The JAN prefix (which
may be applied only to a
fully conformant device

per paragraphs 3.6.2.1 and
3.6.7 of MIL-M-38510)

TABLE Il. JAN PACKAGE CODES

38510
PACKAGE
DESIGNATION

MICROCIRCUIT INDUSTRY
DESCRIPTION -

14-pin 1/4” x 1/4” (metal) flatpack
14-pin 3/16” x 1/4” flatpack

14-pin 1/4” x 3/4” dual-in-line

14-pin 1/4” x 3/8”" (ceramic) flatpack
16-pin 1/4” x 7/8” dual-in-line

16-pin 1/4” x 3/8” (metal or ceramic)
flatpack )

8-pin TO-99 can or header

10-pin 1/4” x 1/4” (metal) flatpack
10-pin TO-100 can or header

24-pin 1/2" x 1-1/4” dual-in-line
24-pin 3/8” x 5/18” flatpack

12-pin TO-101 can or header

8-pin 1/4” x 3/8” dual-in-line

40-pin 8/16” x 2-1/16” dual-in-line
26-pin 1/4” x 1-1/16” dual-in-line
20-pin 1/4” x 1/12” flatpack

18-pin 3/8” x 1-15/16"” dual-in-line
22-pin 3/8” x 1-1/8” dual-in-line
Unassigned — Reserved for
identifying special packages whose
dimensions are carried in the detail
specifications.

TMOO®>»
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Q. ARE DEVICES CALLED “M38510, JAN PRO-
CESSED, JAN EQUIVALENT, ETC.” REALLY
QPL PRODUCTS?

A. Absolutely not. There is only one QPL prod-
uct — it is a JM38510 marked device. “JAN
Equivalent” is expressly forbidden by para-
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graphs 3.1 and 3.6.7 of MIL-M-38510. MIL-M-
38510 does provide for the production of
devices when no qualified sources exist, but
this may be done only with prior DESC ap-
proval, and products produced under this
provision must meet all requirements of MIL-
M-38510 other than qualification.

. HOW LONG CAN A SUPPLIER REMAIN ON
PART II'OF THE QPL?

. For Class B, a manufacturer can remain on
Part Il for two years or until 90 days after
another supplier becomes qualified for the
same device package, screening level, and
lead finish combination on Part | of the QPL.
Class S devices may remain on Part Il for one
year after another manufacturer reaches
Part I.

. WHEN ANOTHER SUPPLIER OBTAINS PART
| QUALIFICATION, ARE THE OTHER QUALI-
FIED SUPPLIERS REMOVED FROM PART Il
IMMEDIATELY?

. No. The supplier is given 90 days before
being removed from Part Il for a Class B de-
vice and one year for a Class S device. During
that time a supplier may legally accept orders
for those devices. After the end of the 90-day
or one year period, he may no longer accept
orders but may complete and ship those or-
ders received prior to that time, no matter
how long it takes him to complete them.

. IS A SUPPLIER EVER REMOVED- FROM
PART | QUALIFICATION? '

. Generally not. As long as a supplier contin-
ues to manufacture the device, maintains ap-
propriate facility approvals, and submits all
required reports and information to DESC
within stipulated time limits, he- will retain
QPL I listing. Violation of these requirements
can be cause for removal from QPL.

. CAN AN AUTHORIZED DISTRIBUTOR SHIP
JAN DEVICES FROM HIS SHELVES IF THE
MANUFACTURER HAS LOST HIS QPL LIST-
ING FOR THOSE DEVICES?

. Yes. As long as those devices were ordered
by the authorized distributor while the manu-
facturer had QPL listing for those devices,
the distributor may subsequently ship those
devices from his shelves.

. CAN A MANUFACTURER LEGALLY SHIP
JAN QPL MATERIAL HE ASSEMBLED AND
TESTED BEFORE HE RECEIVED A QPL
LISTING? :

. Yes. The manufacturer must assemble and
screen parts to prove his ability to comply
with the specifications before he can be
placed on QPL. As a result, his first lot of
material, which is fully conformant to QPL
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product requirements, will have a date code
that is earlier than the date he is placed on
the QPL. However, the manufacturer may not
begin to assemble and test unless he has a
line certification and an approval to proceed
with qualification.

. WHAT IS THE RELATIONSHIP BETWEEN

MIL-M-38510 AND MIL-STD-883?

. MIL-M-38510 defines complete program

requirements and the detail device electri-
cal performance parameters. The device
processing requirements are specified in
MIL-STD-883.

. SUPPOSE DEVICES ARE KEPT ON A MANU-

FACTURER’S OR DISTRIBUTOR’S SHELVES
FOR A PERIOD OF TIME; MUST THEY EVER.
BE RETESTED TO VALIDATE THAT THEY
STILL MEET SLASH SHEET CHARACTER-
ISTICS?

. Yes. Devices held by a manufacturer or by his

authorized distributor which have a date
code older than 24 months must be retested
by the manufacturer in accordance with
Group A sampling requirements prior'to ship-
ment to a customer or return to inventory.

. WHY SHOULD A USER SPECIFY “X" IN

THE LEAD FINISH DESIGNATION FOR A
PART TYPE?

. A manufacturer who receives an order for a

specific lead finish for which he is qualified
but has no inventory at the time of order may
not be able to fill the order in a timely man-
ner, even though he might have substantial
inventory of another lead finish. Unless a
user has a specific reason for wanting a par-
ticular lead finish, he should allow his sup-
pliers the flexibility of shipping whatever
finish is available.

. WHAT DATA IS A MANUFACTURER RE-

QUIRED TO SHIP WITH A JAN PART?

. A certificate of conformanée is all that is re- .

quired. However, he must retain all data for
three years.

. CAN A DEVICE FOR WHICH THERE IS NO

SLASH SHEET BE PROCESSED TO MIL-M-
385107

. Since MIL-M-38510 invokes a combination of

the processing requirements of MIL-STD-883
and the detail device performance param-
eters contained in each individual slash
sheet, the answer is obviously no. However,
National’s 883B/RETS™ program does pro-
vide parts which meet all of the screening
requirements of the MIL-STD-883 specifica-
tion and which have been subjected to all of
the MIL-M-38510 controls (except for
domestic assembly).



TABLE lll. SAMPLE MIL-M-38510 LISTING

GOVERNMENT DESIGNATION TEST REPORT
DEVICE | DEVICE| CASE |LEADMATERIAL|  NUMBER MANUFACTURER'S NAME
TYPE* CLASS | OUTLINE| AND FINISH
M38510/008
01 S only A Cc 38510-953-81  National Semiconductor Corp.
01 B C A 38510-953-81  National Semiconductor Corp.
02 D B 38510-30-7T
03 B C A 38510-520-83  National Semiconductor Corp.
B

**M38510" is the military designator for MIL-M-38510. The QPL shows this notation even though the parts’are fully qualified devices and are
marked JM38510/XXXXXYYY.

Q. WHAT DOES A QPL LISTING LOOK LIKE
AND HOW DO YOU READ IT?

A. Sample QPL listings are shown in Table III.

Q. HOW IS AN INSPECTION LOT DEFINED?

A. For Class B devices, each ihspection lot shall
consist of microcircuits of a single device

JM38510/00801SAC
- JM38510/00801BCA
JM38510/00801BCB
JM38510/00801BDA
JM38510/00801BDB '
JM38510/00802BCA
JM38510/00802BCB
JM38510/00802BDA
JM38510/00802BDB
JM38510/00803BCA
JM38510/00803BCB

Q. WHAT QUALITY CONFORMANCE TESTS
ARE CONDUCTED? ARE ALL DEVICES IN
A GENERIC FAMILY EVENTUALLY SUB-
JECTED TO AQUALITY CONFORMANCE
TESTING?

. For B level devices quality conformance
tests must be conducted as follows:

Group A—Each inspection lot or sublot.

Group B—~Each inspection lot for each.pack-
age type and lead finish on each
detail specification.

Group C—Periodically at 3-month intervals
on one device type or one inspec-
tion lot from each mircocircuit
group in which a manufacturer has
qualified device types (die related
tests).

Group D—Periodically at a 6-month interval
for each package type for which a
manufacturer holds qualifications
(package related tests).

Different devices within a generic family are
chosen for successive quality conformance
tests until all of the devices have been sub-
jected to testing. The sequence is then re-
peated. The manufacturer must submit attri-
butes data to DESC for all quality confor-
mance tests performed.

type, in a single package type and lead finish,
or may consist of inspection sublots of sev-
eral different device types, in a single pack-
age type and lead finish, defined by a single
detail specification. Each inspection lot shall
be manufactured on the same production
line(s) through final seal by the same produc-
tion techniques, and to the same device
design rules and case with the same material
requirements, and sealed. within the same
period not exceeding 6 weeks.

. WHAT IS NATIONAL SEMICONDUCTOR'’S

COMMITMENT TO MIL-M-38510?

. National Semiconductor is convinced that

the level of standardization offered by a pro-
gram like MIL-M-38510 is the key to long-term
military component procurement viability.
We have a corporate commitment to MIL-M-
38510. We believe that the program will be of
significant benefit in lessening the problem
of product obsolescence, for the volume pro-
vided will help to keep many key devices in
production. We believe that the program will
make possible the procurement of devices in
small quantities with reasonable lead times
for long-term spares or field maintenance
requirements.

National Semiconductor will continue to
maintain a broad base of line certifications
and an extensive ligt of Class B and Class S
device qualifications. We will continue to
work with the Department of Defense, con-
cerned users, and other semiconductor man-
ufacturers to update and redefine the appli-
cable specifications. We feel that this level of
support is essential if MIL-M-38510 is to re-
main the strongest standardization program
available.

1n addition, we will continue to add capacity
and to build up substantial inventories of a
large spectrum of products to ensure the




availability and the lead times that are
needed for key military programs. -

National Mil/Aero Standardization
Programs

Your customer has imposed upon you re-
quirements for product reliability that you must
meet on every single component you buy. In
most cases, these requirements mandate that
you buy JAN MIL-M-38510 parts where they are
available, and that all other devices must be as
close to JAN as is achievable. We don’t consider
this unreasonable. In fact, we believe that this is
the only reasonable and intelligent approach.

]

To meet this objective, we designed our 883B/
RETS program around requirements that were
already imposed for the MIL-M-38510 program.*
We realize that there are many so-called stan-
dardization programs available in the market-
place which lack the compliance that you need.
Our 883B/RETS program is totally compliant. We
invite you to make this comparison between
what we offer and what you need. Our screening
flow, our 5% PDA, our quality conformance test
frequency, and the other items that you consider
important, match exactly the requirements
defined in MIL-M-38510.** If they did not, we
could not offer Total Standardization.

Standardization provides the manufacturing effi-
ciencies needed by the semiconductor manufac-
turers if they are to meet military semiconductor
needs. To the user, standardization offers the

highest guarantee of quality and reliability

through production consistency and uniformity.
The most significant benefit of standardization
to the Department of Defense, however, is that it
ensures the availability of component level
spares to key programs with the pricing, deliv-
ery, and reliability needed for the field support
and maintenance of our key defense electronics
systems.

National’s MIL-M-38510 Emphasis

To implement this view of standardization, we
have based our entire approach to military
screening upon the Class S and Class B'require-
ments of MIL-M-38510. We are convinced that to
do less than this would be to provide an inferior
product, one that does not meet the true needs
of the Department of Defense. Our 883B/RETS
microcircuits are processed through the most
comprehensive and compliant Class B screen-
ing program offered by any semiconductor man-

*Requirements that were subseqﬁently incorporated into MIL-
STD-883
**and MIL-STD-883.
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ufacturer. We have tried to emulate MIL-M-38510
to the fullest extent possible, with the same pro-
duction controls, calibration schedules, rework
and resubmission procedures, operator certifi-
cation requirements, and all of the other key ele-
ments of MIL-M-38510. The procedures that we
employ in the production of MIL-M-38510 de-
vices are used for all of the military devices we
manufacture. ‘

Our 883S/RETS™ microcircuits are processed
through a screening flow that matchs the MIL-M-
38510 Class S flow exactly. Our commitment to
MIL-M-38510 Class S is such that once qualified
for a given device type we will sell that part only
as a JAN Class S part. Class S QPL listing will
result in the immediate removal from production
of the 883S/RETS version of the device.

National’s Commitment

But compliance flows are obviously meaning-
less unless the capacity is in place to support
them. We have the industry’s largest screening
capacity. Over the past few years we have rein-
vested substantial sums in additional capital
equipment in both buildings and the equipment
with which to fill those buildings. Our Tucson,
Arizona plant was the first plant in the entire in-
dustry to be totally dedicated to the production
of military integrated circuits. We will continue
to add capacity for military assembly and test,
even during those periods when others turn
away from the military marketplace in pursuit of
what they view to be the more attractive com-
mercial market. We feel that a commitment to
the needs of the military/laerospace user com-
munity should not be based upon the conditions
encountered in the commercial marketplace. We
have no plans for other than a continued long-
term commitment to military/aerospace compo-
nent production and screening. And we will not
deviate from the highest standards of quality
and reliability in our execution of that commit-
ment. There are no shortcuts to semiconductor
reliability. It can only be achieved through rigid
adherénce to established standards.

However, we also acknowledge the quite obvi-
ous fact that through refinement and redefini-
tion, standards are subject to change. As those
changes occur, we will update our current proce-
dures to reflect the changes that find their way
into MIL-M-38510 and MIL-STD-883. We will,
where our understanding of semiconductor reli-
ability and screening indicates the need, actively
pursue those changes that we feel will allow our
industry to provide a better product to the sys-
tems manufacturers. We will also steadfastly
resist those changes which we feel sacrifice reli
ability to the less important question of
expediency.



National’s Standard Programs

MIL-M-38510 is the key military standardization
program for ICs. National is equally committed
to the support of the requirements of the space
segment of the market for MIL-M-38510 Class S
devices. To support these needs we have estab-
lished dedicated Class S assembly and test
facilities. The realization that users could not
" obtain all the device types they required through
these programs led National's Military/Aero-
space Products Group to the development of
two of the strongest and most compliant in-
house programs in the industry. National pro-
grams for 883B/RETS and 883S/RETS microcir-
cuits provide the systems manufacturer with an
easy mechanism for obtaining those devices not
listed on the MIL-M-38510 QPL. In response to
other user needs, National also developed a pro-
gram for radiation hardened devices (both
CMOS and linear), a comprehensive program for
radiation susceptibility testing for Class S
devices, and a program for the production of
devices in leadless chip carriers (LCCs).

RETS and Burn-In

One of the primary advantages of MIL-M-38510 is
its clear definition and standardization of elec-
trical test and burn-in requirements. One of the
major drawbacks seen in the standard reliability
screening programs of most semiconductor
manufacturers is that electrical testing is invari-
ably performed to some document that is not
available to the user. The user has the right to
know what he is buying. At National that testing
is never vague or undefined. Both in-house pro-
grams (883B/RETS and 883S/RETS) are based
upon a document called the RETS (an acronym
for Reliability Electrical Test Specification. The

_RETS is a simplified but complete description of
the testing performed as part of National’s stan-
dard Rel electrical test programs, and is con-
trolled by our QA department. The burn-in cir-
cuits and electrical test parameters for the MIL-
M-38510 Class S and Class B devices produced
by National Semiconductor are defined by the
applicable detail specification.

Ordering ICs from National

Ordering Nationa! Semiconductor High Reliabil-
ity integrated circuits is very simple. National
sales offices and sales representatives can pro-
vide price and delivery information on our entire
line of JM38510 Class B, JM38510 Class S, 883B/
RETS and 883S/RETS microcircuits. A large
percentage of these devices are available from
inventory at either the factory or at one of our
many distributors.
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Ordering to Control Specifications

We also acknowledge the fact that many military
systems manufacturers must, for contractual
purposes, maintain their own specifications for
many of the devices that they purchase. We have
no objection to the use of contractor prepared
procurement specifications, for we have found
that the majority of these documents are written
in compliance with the requirements of MIL-M-
38510. Where this is true, we have found that
they are also totally compatible with our in-
house standardization programs. Where draw-
ings submitted to Nationa! differ from the
requirements outlined in MiL-M-38510,- we wel-
come the opportunity to work with our custom-
ers to develop specifications which do meet the
intent of MIL-M-38510.

Where customer specifications and our 883B/
RETS product specifications correspond, we
have the ability to expedite delivery by adding
the customer part number.in addition to the
basic 883B/RETS part number. Customers who
understand our program and wish to use the pro-
gram in their parts procurement may order by
placing “M/O” after their part number on their
purchase order, thus allowing us to mark their
part number on our 883B/RETS devices without
the lengthy delay normally required for a com-
prehensive specifications review cycle. We have
tried to provide programs that offer the maxi-
mum level of flexibility within the constraints of
standardization.

Standardization is the key to cost-effective pro-
curement of high reliability semiconductor de-
vices. National Semiconductor Corporation is
committed to that standardization.

Military Processing: A Corporate Commitment

The National Semiconductor Military/Aerospace
Products Division draws upon the total re-
sources of National Semiconductor. National is
one of the world’s largest manufacturers of
semiconductor products, offering the largest
number of product types available from any sin-
gle source in the industry. This product line is
growing faster than that of any other worldwide
semiconductor manufacturer. Each new product
is carefully evaluated for possible military/aero-
space usage potential, and new product designs
must comply with the reliability and quality con-
straints required by that segment of the in-
dustry. All new product designs are targeted to
full military temperature range operation.

In addition, a dedicated Reliability Engineering
Department within the Military/Aerospace Prod-



ucts Division coordinates burn-in circuit design,
test tape development, test fixturing, support
documentation, and new product release paper-
work to ensure the earliest possible introduction
of fully compliant 883B/RETS versions of the
new products introduced by the company.

We are able to do this well, for National is no new-
comer to this business. Founded in Danbury,
Connecticut in 1959, National acquired an entire
new management team in 1967 and moved cor-
porate headquarters to Santa Clara, California.

The new management team focused its atten- -

tion on the transistor product line, and rapidly
made that line profitable. Then the company’s
talents were turned to the development of linear,
digital, and MOS integrated circuits — the
fastest-growing segments of the semiconductor
marketplace. Finally, an OEM representative and
distributor network was established to develop
and service a broad customer base, and facili-
ties were added around the world to provide
competitive products to worldwide markets.

The Reliability Test Department was initially
formed in 1968 and reported at that time to the
Director of Quality Assurance. The Rel Depart-
ment developed the same rapid growth rate that
the company as a whole had shown. From a
small staff occupying several thousand square
feet in Santa Clara, these reliability test opera-
tions grew until today they employ over 3000
people worldwide. Well over 200,000 square feet
are devoted to the testing and assembly of high
reliability products. During 1981, the Military/
Aerospace Products Group became the Military/
Aerospace Products Division.. The company is
currently involved in a number of military re-
search and development programs, including a
Phase | VHSIC contract.

VHSIC involvement was natural since National’s
technological leadership has enabled the com-
pany‘to consistently be one of the major sup-
pliers of military/aerospace semiconductors.
Having continued to develop a high technology
image through the development of Megarad
hardened CMOS and linear device types, and the
development of Tricode™ logic, National is now
expanding technology frontiers in the areas of
memory, microprocessor, and data acquisition
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products. As a result of all this innovation,
National has become the only company in the
entire semiconductor industry capable of pro-
viding high reliability devices from all of the
following product lines:

linear
hybrid
CMOS logic
Megarad CMOS logic
bipolar memory

"MOS RAMs
CMOS RAMs
MOS EPROMs
CMOS EPROMs
MOS EEPROMs ]
data acquisition devices
standard TTL
low power TTL
low power Schottky
standard Schottky
interface devices
bipolar microprocessors
MOS microprocessors
CMOS microprocessors
COPS™ microcontrollers
high-speed CMOS Schottky
advanced low power Schottky
advanced Schottky

National Semiconductor has wafer fabrication
plants in Santa Clara, California; Salt Lake City,
Utah; Arlington, Texas; and Danbury, Connecti-
cut. Many of these fabrication plants, along with
our assembly and test lines in Santa Clara, Cali-
fornia and Tucson, Arizona, have been fully certi-
fied for the production of Class S and Class B
MIL-M-38510 circuits.

To support the requirements of the Class S mar-
ketplace, we have our own SEM and radiation
testing facilities. Our screening capabilities are
backed up by one of the most extensive fallure
analysis labs in the industry.

National is the leader in the military/aerospace
integrated circuit market. We have achieved that
leadership by offering an unmatched combina-
tion of technology, product breadth, under-
standing, commitment and capacity.



883B/883S/RETS Screening Flows

WAFER FABRICATION &
DEVICE ASSEMBLY

PRECAP VISUAL INSPECTION
MIL-STD-883 METHOD 2010
CONDITION B

SEALING

STABLILIZATION BAKE
MIL-STD-883 METHOD 1008
CONDITION C

T—
TEMPERATURE CYCLING
MIL-STD-883 METHOD 1010
CONDITION C
i
CONSTANT ACCELERATION
MIL-STD-883 METHOD 2001
CONDITION E (Y1 ONLY)

—_

FINE LEAK TEST
MIL-STD-883 METHOD 1014
CONDITION A OR B

"

GROSS LEAK TEST
MIL-STD-883 METHOD 1014
CONDITION C
i
INTERIM ELECTRICALS AT
+25°C DC PER RETS
(AT MANUFACTURER'S OPTION)
I

|

BURN-IN TEST MIL-STD-883
METHOD 1015, CONDITION A, B,
C OR D. 160 HOURS AT 125°C
OR EQUIVALENT

=T

INTERIM ELECTRICALS
25°C DC PER RETS
PDA=5%

—

FINAL ELECTRICAL TEST
PER NSC RETS
+125°C. —55°C OC
{INCLUDES FUNCTIONAL
TESTS) +25°C AC
i

QUALITY CONFORMANCE TESTING

GROUP A — EACH SUBLOT

GROUP B — EACH LOG

GROUP C — EVERY 90 DAYS PER
MICROCIRCUIT
GROUP

GROUP D — EVERY 6 MONTHS
PER PACKAGE TYPE

EXTERNAL VISUAL
MIL-STD-883 METHOD 2009

NATIONAL OFF-THE-SHELF
INVENTORY PROGRAM

FIGURE 1: NATIONAL’S 883B/RETS CLASS B .
SCREENING FLOW

~ o

w

-

o o

~

NOTES:
. ALL METHODS REFERENCED ARE MIL-STD-883 TEST METHODS.
. THESE TESTS ARE PERFORMED ON A SAMPLE BASIS. ALL OTHER

TESTS ARE PERFORMED 100%.

. ACCEPTANCE CRITERIA SHALL BE IN ACCORDANCE WITH

MiL-M-38510.

. THE PDA FOR STATIC | AND STATIC Il BURN-IN SHALL BE 5%

TOTAL.

. THE PDA INCLUDES A FAILURES.
. GROUP A AND BOND PULL AND DIE SHEAR TESTING OF GROUP B

MAY BE PERFORMED ON-LINE.

. ALL ELECTRICAL TESTING SHALL BE IN ACCORDANCE WITH THE

APPLICABLE RETS OR THE APPLICABLE MIL-S-38510 DETAIL
SPECIFICATION.

ASSEMBLY
DIE SHEAR
TESTING

1

ASSEMBLY
BOND PULL
TESTING

100% NON-DESTRUCTIVE BOND
PULL TESTING (METHOD 2023)

PRECAP VISUAL INSPECTION
(METHOD 2010, COND. A)

SEALING

STABILIZATION BAKE
(METHOD 1008, COND. C)

TEMPERATURE CYCLING
(METHOD 1008, COND. C)

CONSTANT ACCELERATION
(METHOD 2001, COND. E)
Y1 AXIS ONLY

PIND (METHOD 2020} COND. A
SERIALIZATION

INTERIM ELECTRICAL TEST
25°C 0C

READ-AND-RECORD

ALL PARAMETERS
—T—

STATIC | BURN-IN
24 HRS — 125°C

Vin=Voyr =0
—

INTERIM
ELECTRICAL TEST
25°C DC
COMPUTE as
PDA PER NOTE 4
i
STATIC Il BURN-IN
24 HRS — 125°C
Vin=Vour =Vcc

INTERIM
ELECTRICAL TEST
25°C OC
COMPUTE As
PDA PER NOTE 4

71

DYNAMIC BURN-IN
240 HRS — 125°C
Vin=Voyr=0T0 Vcc
AT 100 kHz
1

INTERIM ELECTRICAL TEST
(POST BURN-IN) OC 25°C
PDA=5%

FINAL ELECTRICAL TESTS
0C AT 125°C -85°C
KINCLUDING FUNCTIONAL TESTS)

25°C AC

FINE LEAK TEST
(METHOD 1014. COND. B)

GROSS LEAK TEST

(METHOD 1014, COND. C}

X-RAY INSPECTION
(METHOD 2012)

QUALITY CONFORMANCE TESTS
(METHOD 5005, GROUP A,
GROUP 8, AND GROUP 0}

EXTERNAL VISUAL
(METHOD 2009)

FIGURE 2: NATIONAL'’S 883S/RETS CLASS S

SCREENING FLOW
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NOTE 2

NOTE 2

NOTE 3

NOTE 7

NOTE 7

NOTE 7

NOTES 5.7

NOTE S

NOTE 7

NOTES 2. 6



CD40XX, 54CXX Product Availability

The following list of products represents what is

are brought on board, notification will take place
through news releases. For further data on the

currently available for 883B. As new products sales office.

PACKAGE CROSS REFERENCE

products and families, please contact your local

NSC RCA EQUIVALENT | MOTOROLA EQUIVALENT PACKAGE
ORDER NUMBER DESIGNATION DESIGNATION
CD40XXMJ/883B CD40XXAF MC140XXAL Cavity DIP (J)
CD40XXMD*/883B CD40XXAD - Cavity DIP (D)
CD40XXMW/883B CD40XXAK — Cavity Flatpack (W)
CD40XXMF*/883B — . — Cavity Flatpack (F)
CD40XXME*/883B CD40XXAL MC140XXAZ Leadless Ceramic Pack (E)
*Contact marketing for current status.
For B series, NSC order number is CD40XXBMX/8838B.

INDUSTRY ID NSCID INDUSTRY ID NSC ID
CD4000MJ/883 MM4600AJ/883 CD4016BMJ/883 - MM4616BJ/883
CD4000MW/883 MM4600AW/883 CD4016MJ/883 MM4616AJ/883
CD4001BMJ/883 MM4601BJ/883 CD4016MW/883 MM4616AW/883
CD4001BMW/883 MM4601BW/883 CD40160BMJ/883 MM54C160J/883
CD4001MJ/883 MM4601AJ/883 CD40160BMW/883 MM54C160W/883
CD4001MW/883 MM460AW/883 CD40161BMJ/883 MM54C161J/883
CD4002BMJ/883 MM4602BJ/883 CD40161BMW/883 MM54C161W/883
CD4002BMW/883 MM4602BW/883 CD40162BMJ/883 MM54C162J/883
CD4002MJ/883 MM4602BJ/883 CD40162BMW/883 MM54C162W/883
CD4002MW/883 MM4602AW/883 CD40163BMJ/883 MM54C163J/883
CD4006BMJ/883 MM4606BJ/883 CD40163BMJ/883 MM54C163W/883
CD4006BMW/883 MM4606BW/883 CD4017BMW/883 MM4617BW/883
CD4006MJ/883 MM4606AJ/883 CD40175BMJ/883, MM54C17J/883
CD4006MW/883 MM4606AW/883 CD40175BMW/883 MM54C175W/883
CD4007MJ/883 MM4607AJ/883 CD4018BMW/883 MM4618BW/883
CD4007MW/883 MM4607AW/883 CD4019BMW/883 MM4619BW/883
CD4008BMJ/883 MM4608BJ/883 CD40192BMJ/883 MM54C192J/883
CD4008BMWI/883 MM4608BW/883 CD40192BMW/883 MM54C192W/883
CD4009MJ/883 MM4609AJ/883 CD40193BMJ/883 MM54C193J/883
CD400SMW/883 MM4609AW/883 CD40193BMW/883 MM54C193W/883
CD4010MJ/883 MM4610AJ/883 CD40195BMW/883 MM54C195W/883
CD4010MW/883 MM4610AW/883 CD4020BMJ/883 MM4620BJ/883
CD40106BMJ/883 MM54C14J/883 CD4020BMW/883 MM4620BW/883
CD40106BMW/883 MM54C14W/883 CD4020MW/883 MM4620AW/883
CD4011BMJ/883 MM4611BJ/883 CD4021BMJ/883 MM4621BJ/883
CD4011BMW/883 MM4611BW/883 CD4021MJ/883 MM4621AJ/883
CD4011MJ/883 MM4611AJ/883 CD4021MW/883 MM4621AW/883
CD4011MW/883 MM4611AW/883 CD4022BMW/883 MM4622BW/883
CD4012BMJ/883 MM4612BJ/883 CD4023BMJ/883 MM4623BJ/883
CD4012BMWI/883 MM4612BW/883 CD4023BMW/883 MM4623BW/883
CD4012MJ/883 MM4612AJ/883 CD4023MJ/883 MM4623AJ/883
CD4012MW/883 MM4612AW/883 CD4023MW/883 MM4623AW/883
CD4014BMJ/883 MM4614BJ/883 CD4024BMW/883 MM4624BW/883
CD4014ABMW/883 MM4614BW/883 CD4025BMJ/883 MM4625BJ/883
CD4014MJ/883 * MM4614AJ/883 CD4025BMW/883 MM4625BW/883
CD4014MW/883 MM4614AW/883 CD4025MJ/883 MM4625A4/883
CD4015BMJ/883 MM4615BJ/883 CD4025MW/883 MM4625AW/883
CD4015BMW/883 MM4615BW/883 CD4027BMW/883 MM4627BW/883
CD4015MJ/883 MM4615AJ/883 CD4028BMW/883 MM4628BW/883
CD4015MW/883 MM4615AW/883 CD4029BMW/883 MM4629BW/883
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INDUSTRY ID NSCID INDUSTRY ID NSC ID
CD4030MJ/883 MM4630AJ/883 MM54C024/883 MM54C02J/883
CD4030MW/883 MM4630AW/883 MM54C02W/883 MM54C02W/883
CD4031BMW/883 MM4631BW/883 MM54C04J/883 MM54C04J/883
CD4034BMF/883 MM4634BF/883 MM54C04W/883 MM54C04W/883
CD4034BMJ/883 MM4634BJ/883 MM54C08J/883 MM54C08J/883
CD4035BMJ/883 MM4635BJ/883 MM54C08W/883 MM54C08W/883
CD4035BMW/883 MM4635BW/883 MM54C10J4/883 MM54C10J/883
CD4035MJ/883 MM4635B4/883 MM54C10W/883 MM54C10W/883
CD4040BMJ/883 MM4640BJ/883 MM54C107J/883 MM54C107J/883
CD4040BMW/883 MM4640BW/883 MM54C144/883 MM54C14J/883
CD4040MuJ/883 MM4640AJ/883 MM54C14W/883 MM54C14W/883
CD4040MW/883 MM4640AW/883 MM54C150F/883 MM54C150F/883
CD4041MJ/883 MM4641AJ/883 MM54C150J/883 MM54C1504/883
CD4041MW/883 MM4641AW/883 MM54C151J/883 MM54C1514/383
CD4042BMW/883 MM4642BW/883 MM54C151W/883 MM54C151W/883
CD4043BMJ/883 MM4643BJ/883 MM54C154J/883 MM54C154J/883
CD4043MJ/883 MM4643AJ/883 MM54C157J/883 MM54C157J4/883
CD4043MW/883 MM4643AW/883 MM54C157W/883 MM54C157W/883
CD4044MJ/883 MM4644AJ/883 MM54C160J/883 MM54C160J/883
CD4044MW/883 MM4644AW/883 MM54C160W/883 MM54C160W/883
CD4046BMJ/883 MM4646BJ/883 MM54C161J/883 MM54C161J/883
CD4047BMW/883 MM4647BW/883 MM54C161W/883 MM54C161W/883
CD4048BMW/883 MM4648BW/883 MM54C162J/883 MM54C162J4/883
CD4048MW/883 MM4648BW/883 MM54C162W/883 MM54C162W/883
CD4049MJ/883 MM4649AJ/883 MM54C163J/883 MM54C1634/883
CD4049MW/883 MM4549AW/883 MM54C163W/883 MM54C163W/883
CD4049UBMJ/883 MM4649UBJ/883 MM54C1644/883 MM54C164.J/883
CD4049UBMW/883 MM4649UBW/883 MM54C165J/883 MM54C165J/883
CD4050BMW/883 MM4650BW/883 MM54C165W/883 MM54C165W/883
CD4051BMWI/883 MM4651BW/883 MM54C173J/883 MM54C173J/883
CD4052BMW/883 MM4652BW/883 MM54C173W/883 MM54C173W/883
CD4053BMW/883 MM4653BW/883 MM54C175J/883 MM54C1734/883
CD4060BMJ/883 MM4660BJ/883 MM54C175W/883 MM54C175W/883 .
CD4060BMW/883 MM4660BW/883 MM54C192J/883 MM54C192J/883
CD4066BMJ/883 MM4666B4/883 MM54C192W/883 MM54C192W/883
CD4066BMW/883 MM4666BW/883 MM54C193J/883 MM54C193J/883
CD4066MJ/883. MM4666BJ/883 MM54C193W/883 MM54C193W/883
CD4069MJ/883 MM54C04J/883 MM54C1954/883 MM54C1954/883
CD4069MW/883 MM54C04W/883 MM54C195W/883 MM54C195W/883
CD4070BMJ/883 MM54C86J/883 MM54C20J/883 MM54C20J/883
CD4070BMW/883 MM54C86W/883 MM54C20W/883 MM54C20W/883
CD4071BMJ/883 MM4671BJ/883 MM54C200D/883 MM54C200D/883
CD4071BMW/883 MM4671BW/883 MM54C2214/883 MM54C221J/883
CD4072BMJ/883 MM4672BJ/883 MM54C221W/883 MM54C221W/883
CD4072BMW/883 MM4672BW/883 MM54C30J/883 . MM54C30J/883
CD4073BMJ/883 MM4673BJ/883 MM54C30W/883 MM54C30W/883
CD4073BMW/883 MM4673BW/883 | MM54C32J/883 MM54C324/883
CD4075BMJ/883 MM4675BJ/883 MM54C32W/883 MM54C32W/883
CD4075BMW/883 MM4675BW/883 MM54C373J/883 MM54C373J4/883
CD4076BMJ/883 MM54C173J/883 MM54C374J/883 MM54C3744/883
CD4076BMW/883 MM54C173W/883 MM54C42J/883 MM54C42J/883
CD4081BMJ/883 MM4681BJ/883 MM54C42W/883 MM54C42W/883
CD4081BMW/883 MM4681BW/883 MM54C48J4/883 MM54C48J/883
CD4089BMJ/883 MM4689BJ/883 MM54C48W/883 MM54C48W/883
CD4089BMW/883 MM4689BW/883 MM54C73J/883 MM54C73J/883
CD4093BMJ/883 MM4693BJ/883 MM54C73W/883 MM54C73W/883
CD4093BMW/883 MM4693BW/883 MM54C74J/883 MM54C74J/883
CD4099BMJ/883 MM4699BJ/883 MM54C74W/883 MM54C74W/883
il s
MM54C00wW/883 MM54C00W/883



INDUSTRY ID NSC ID INDUSTRY ID NSC ID
MM54C83J/883 MM54C83J/883 MM54C903W/883 MM54C903W/883
MM54C85J/883 MM54C85J/883 MM54C904J/883 MM54C904J/883
MM54C85W/883 MM54C85W/883 MM54C904W/883 MM54C904W/883
MM54C86J/883 MM54C86J/883 MM54C905J/883 MM54C905J/883
MM54C86W/883 MM54C86W/883 MM54C906J/883 MM54C906J/883
MM54C89J/883 MM54C89J/883 MM54C906W/883 MM54C906W/883
MM54C89W/883 MM54C89W/883 MM54C907J/883 MM54C807J/883
MM54C90J/883 MM54C90J/883 MM54C907W/883 MM54C907W/883
MM54C801J/883 MM54C901J4/883 MM54C914J/883 MM54C914J/883
MM54C901W/883 MM54C901W/883 MM54C914W/883 MM54C914W/883
MM54C902J/883 MM54C9024/883 MM54C93J/883 MM54C93J/883
MM54C902W/883 MM54C902W/883 MM54C941J/883 MM54C941J/883
MM54C903J/883 MM54C903J/883 MM54C95J/883 MM54C95J/883

54HC/54HCT Product Availability

The following list of products represents whatis .
currently available for 883B. As new products

PACKAGE CROSS REFERENCE

are brought on board, notification will take place
through news releases. For further data on the
"~ products and families, please contact your local
sales office.

NSC ORDER NUMBER MOTOROLA EQUIVALENT DESIGNATION PACKAGE
54HC/HCTXXJ/883B 54HC/HCTXXBCAJC Cavity DIP (J-14)
54HC/HCTXXJ/883B 54HC/HCTXXBEAJC Cavity DIP (J-16)
54HC/HCTXXJ/883B 54HC/HCTXXBRAJC Cavity DIP (J-20)
54HC/HCTXXJ/883B 54HC/HCTXXBJAJC Cavity DIP (J-24)
54HC/HCTXXW/883B - : Cavity Flatpack (W)
54HC/HCTXXE*/883B 54HC/HCTXXBZAJC Leadless Ceramic Pack (E)
*Contact marketing for current status. ’

INDUSTRY ID NSC ID INDUSTRY ID NSC ID
MM54HC00J/883 MM54HC00J/883 MM54HC139J/883 MM54HC139J/883
MM54HCO0W/883 MM54HC0O0W/883 MM54HC139W/883 MM54HC139W/883
MM54HC02J/883 MM54HC02J/883 MM54HC14J/883 MM54HC14J/883
MM54HC02W/883 MM54HC02W/883 MM54HC14W/883 MM54HC14W/883
MM54HC04J/883 MM54HC04./883 MM54HC147J/883 MM54HC147J/883
MM54HC04W/883 MM54HC04W/883 MM54HC147W/883 MM54HC147W/883
MM54HCO084/883 MM54HC08J/883 MM54HC151J/883 MM54HC151J/883
MM54HC08W/883 MM54HC08W/883 MM54HC151W/883 MM54HC151W/883
MM54HC10J/883 MM54HC10J/883 MM54HC153J/883 MM54HC1534/883
MM54HC10W/883 MM54HC10W/883 MM54HC153W/883 MM54HC153W/883
MM54HC107J/883 MM54HC107J/883 MM54HC1544/883 MM54HC154J/883
MM54HC107W/883 MM54HC107W/883 MM54HC154W/883 MM54HC154W/883
MM54HC11J/883 MM54HC11J/883 MM54HC157J/883 MM54HC157J4/883
MM54HC11W/883 MM54HC11W/883 MM54HC157W/883 MM54HC157W/883
MM54HC112J/883 MM54HC112J4/883 MM54HC158J/883 MM54HC158J/883
MM54HC112W/883 MM54HC112W/883 MM54HC158W/883 MM54HC158W/883
MM54HC113J/883 MM54HC113J/883 MM54HC160J/883 MM54HC160J/883
MM54HC113W/883 MM54HC113W/883 MM54HC160W/883 MM54HC160W/883
MM54HC123J/883 MM54HC123J/883 MM54HC161J/883 MM54HC161J4/883
MM54HC123W/883 MM54HC123W/883 MM54HC161W/883 MM54HC161W/883
MM54HC133J/883 MM54HC133J/883 MM54HC163W/883 MM54HC163W/883
MM54HC133W/883 MM54HC133W/883 MM54HC164J/883 MM54HC164J/883
MM54HC1384/883 MM54HC138J/883 MM54HC164W/883 MM54HC164W/883 .
MM54HC138W/883 MM54HC138W/883 MM54HC165J/883 MM54HC1654/883
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INDUSTRY ID NSC ID INDUSTRY ID NSC ID
MM54HC165W/883 MM54HC165W/883 MM54HC30J/883 MM54HC30J/883
MM54HC174J/883 MM54HC174J/883 MM54HC30W/883 MM54HC30W/883
MM54HC174W/883 MM54HC174W/883 MM54HC32J/883 MM54HC324/883
MM54HC175J/883 MM54HC175J4/883 MM54HC32Wi883 MM54HC32W/883
MM54HC175W/883 MM54HC175W/883 MM54HC365J/883 MM54HC365J/883
MM54HC1924/883 MM54HC192J4/883 MM54HC365W/883 MM54HC365W/883
MM54HC192W/883 MM54HC192W/883 MM54HC3734/883 MM54HC3734/883
MM54HC193J/883 MM54HC193J/883 MMS54HC373W/883 MM54HC373W/883
MM54HC193W/883 MM54HC193W/883 MM54HC374J/883 MM54HC374J/883
MM54HC20W/883 MM54HC20W/883 MM54HC374W/883 MM54HC374W/883
MM54HC240J/883 MM54HC2404/883 MM54HC39834/883 MM54HC393J/883
MM54HC240W/883 MM54HC240W/883 MM54HC393W/883 MM54HC393W/883
MM54HC242J/883 MM54HC242J/883 MM54HC4543J/883 MM54HC4543J/883
MM54HC242W/883 MM54HC242W/883 MM54HC4543W/883 MM54HC4543W/883
MM54HC2434/883 MM54HC243J/883 MMb54HC534J/883 MM54HC5344/883
MM54HC243W/883 MM54HC243W/883 MM54HC534W/883 MM54HC534W/883
MM54HC244W/883 MM54HC244W/883 MM54HC73J/883 MM54HC73J/883
MM54HC245J/883 MM54HC245J/883 MM54HC73W/883 MM54HC73W/883
MM54HC245W/883 MM54HC245W/883 MM54HC74J/883 MM54HC74J/883
MM54HC251J/883 MM54HC251J/883 MM54HC74W/883 MM54HC74W/883
MM54HC251W/883 MM54HC251W/883 MM54HC754/883 MM54HC75J/883
MM54HC259J/883 MM54HC259J/883 MM54HC75W/883 MM54HC75W/883
MM54HC259W/883 MM54HC259W/883 MM54HC76J/883 MM54HC76J/883
MM54HC27J/883 MM54HC27J/883 MM54HC76W/883 MM54HC76W/883
MM54HC27W/883 MM54HC27W/883 MM54HC86J/883 MM54HCB86J/883
MM54HC2994/883 MM54HC299J/883 MM54HC86W/883 MM54HC86W/883
MM54HC299W/883 MM54HC299W/883
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For many years, military, aerospace and satellite
programs have depended on bipolar transistor
and integrated circuit technology in the fabrica-
tion of airborne systems. Development of bi-
polar technology is an outgrowth, in part, of avi-
onics and space applications needs. Despite
their relatively high immunity or resistance to
high levels of both constant and burst radiation
in the form of gamma rays, x-rays, cosmic rays,
and so on, bipolar devices have two drawbacks:
a susceptibility to damage from neutron fluxes,
and high power consumption, which adds to the
power supply requirements and subtracts from
the usable payload of spacecraft and missiles.
In addition, recent decreases in bipolar feature
sizes and changes in bipolar design and fabrica-
tion techniques have led to bipolar devices
which exhibit the same level of susceptibility to
ionizing radiation that had historically been
seen in MOS devices. The spacecraft and mis-
sile industry has long needed a radiation hard-
ened logic technology with low power consump-
tion that would readily lend itself to reliable
fabrication processes with reasonable repeat-
ability. The purpose of this brochure is to pro-
vide some information to the potential user re-
garding National Semiconductor’s solutions to
radiation problems,

CMOS Radiation Hardened Products

Over the years, the development of sophisti-
cated space, satellite and military systems and
mission requirements fostered an active search
for a radiation hardened logic circuit technology
that consumes less power and offers a higher
degree of circuit integration on a single silicon
chip. Metal oxide semiconductor (MOS) devices,
- particularly complementary MOS (CMOS), pro-
vided just such an alternative. But standard
CMOS devices, even those qualified to MIL-M-
38510 (JAN) requirements, proved sensitive to
relatively low levels of gamma (or total dose)
radiation, as low in many cases as 3 X 10° rads
(Si)!. Early generations of mass-producible spe-
cifically radiation hardened CMOS devices were
able to withstand only 10° rads (Si), while many
space, satellite and missile systems require cir-
cuitry resistance levels at least ten times higher,
10° rads (Si).

National Semiconductor developed a solution to
this problem: a complete line of megarad hard-
ened CMOS logic products utilizing a radiation

1. One rad (Si) is the quantity of any type of ionizing radjation
which Imparts 100 ergs of energy per gram of silicon.
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RADIATION HARDENED TECHNOLOGIES
FROM NATIONAL SEMICONDUCTOR

hardening process that is compatible with vol-
ume processing. Products hardened to with-
stand 10 megarads [devices capable of tolerat-
ing total dose radiation of 107 rads (Si)] are the
result of an intensive multi-year research and de-
velopment program in cooperation with Sandia
Laboratories (Albuquerque, NM). This program
has enabled National Semiconductor to offer
radiation hard versions of virtually our entire
metal-gate CMOS product line.

Devices ranging in complexity from simple
gates to large scale integration (LSI) random
access memories have been hardened using the
processes we developed. The achievement of
this level of radiation resistance in a mass pro-
duction CMOS process required that we imple-
ment major modifications to the basic commer-
cial process, in the gate oxidation, substrate and
P-tub surface concentrations, and metallization.
We are currently in the process of research and
development efforts aimed at extending these
radiation improvements into complex metal gate
devices (such as analog-to-digital converters
and gate arrays), and into silicon gate pro-
cesses. This will enable us to provide radiation
hardened devices within our 54HC logic family,
our P2CMOS memories and microprocessors,
and our M2CMOS gate arrays.

Bipolar vs. CMOS

Bipolar devices and CMOS devices respond dif-
ferently to different forms of radiation as a re-
sult of basic differences in both structure and
operation. As Figure 1 shows, bipolar devices
depend upon the diffusion of minority carriers
for current flow through the base region. When
bipolar devices are subject to neutron irradia-
tion, the resulting crystal damage decreases
minority carrier lifetime, causing severe perfor-
mance degradation. On the other hand, bipolar
devices are usually relatively insensitive to sur-
face effects resulting from charge buildup in the
oxide layer. Thus ionizing radiation has little ef-
fect on many bipolar structures. However, some

CURRENT
FLOW

MINORITY
CARRIERS

N— SUBSTRATE

FIGURE 1: BIPOLAR IC TRANSISTOR




recently developed bipolar technologies contain
unhardened parasitic MOS structures as a result
of the oxide isolations and walled emitter pro-
cesses that they utilize.

CMOS devices (see Figure 2) are surface effect
devices. The equivalent operating elements,
gate, source and drain, are at the surface, and
the flow of current occurs horizontally across
the device, very close to the silicon/silicon-
dioxide interface. Their characteristics are de-
termined by electrostatic conditions at the sili-
con/silicon-dioxide interface. Carriers originate
in the source region, and CMOS devices depend
upon majority carriers for their operation. They
are therefore not seriously affected by the
minority carrier lifetime degradation resulting
from neutron irradiation. They are, however, sus-
ceptible to charge in the oxide or at the oxide-
substrate interface. Although gamma radiation
will ionize both the oxide and the substrate, the
resulting ionic charge cannot become trapped in
the relatively conductive substrate as easily as it
can be trapped in the insulating oxide. CMOS

devices are therefore much more susceptible:

than bipolar devices to degradation from gamma
radiation.

CURRENT FLOW
(AT THE SURFACE)

N SUBSTRATE

FIGURE 2: CMOS IC TRANSISTOR

CMOS IC Transistor Structures

Complementary MOS, or CMOS, combines two
types of MOS devices, P-channel and N-channel
structures, into a single functioning unit. The
lower power dissipation and high stability re-
sulting from this complementary combination is
particularly attractive in the design of portable
battery-powered electronic units, or for applica-
tions where a battery provides standby power.

MOS structures, both N- and P-types, perform in
two modes; enhancement and depletion. In an
N-channel enhancement mode MOS device, for
example, the gate controls the current flow be-
tween the source and drain. In this device, when
a positive voltage is applied to the gate with re-
spect to the source, a field is set up across the
gate dielectric, producing a negatively charged
conductive path, a channel, between the source
and the drain. This is known as an enhancement
mode device because zero gate to source voit-

age turns off the device. In the alternative mode,
depletion, current flows despite the gate voltage
being zero, because sufficient charge is present
at the silicon/silicon-dioxide interface to induce
a conductive path between the device source
and drain regions. The P-channel MOS transistor
is similar to the N-channel alternative, except
that negative voltage applied to the gate, with
respect to source, induces a positively charged
conductive path between source and drain to
turn the device on.

Conventional CMOS logic circuits are produced
with only enhancement mode N- and P-channel
devices. The process is designed to give turn on
(threshold) volitage values for both types of de-
vices which insure proper circuit performance.

" Figure 3 illustrates the cross section of a CMOS
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structure connected in a simple inverter config-
uration. To form the standard metal gate CMOS
structure, a lightly doped P-tub is formed by dif-
fusion into an N-type substrate with the tub be-
coming the substrate for the N-channel transis-
tor. The N+ and P+ impurities are diffused into
P-tub and N-substrates to become the N- and P-
channel transistors’ source and drain regions,
respectively. These diffusions also serve as con-
tacting regions to the positively biased N-sub-
strate and the normally grounded P-tub regions
(Vpp and Vgg, respectively).

SILICON
WAFER

P-CHANNEL MOS DEVICE

N SUBSTRATE

FIGURE 3: CMOS TRANSISTOR STRUCTURE
IN SIMPLE INVERTER
CONFIGURATION

A gate oxide is grown such that a thin film of di-
electric oxide material bridges all source/drain
regions. Finally, contact apertures are etched to
the source/drain regions and an aluminum film
evaporated and etched to form gate electrodes,
contacts to device terminals, and interconnect-"
ing conductor lines.

Effects of lonizing Radiation

A CMOS transistors’ radiation resistance is
primarily determined by formation of the gate
structures in both P-channel and N-channel de-
vices. The gate structures are used to turn the
MOS devices on or off; that is, to enable or pre-
vent a flow of current from the source to the



drain. lonizing radiation induces unwanted posi-
tive charge into the gate oxide structure, result-
ing in lower threshold voltages for both actual
circuit devices and parasitic field oxide devices
by as much as 30V or more. Figure 4 shows the
charge buildup mechanisms in an N-channel
gate oxide during irradiation under wofst-case
bias. In establishing a radiation hardened CMOS
process, it is necessary to incorporate proces-
sing steps which minimize these radiation-
induced shifts in critical locations of the IC
structure.
v
+ 10V
I

POSITIVE CHARGE

50,
BUILDUP NEAR INTERFACE

ACCEPTOR TYPE
SURFACE STATES
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INVERSION lAVEl/ ;FIXEB DEPLETION LAYER CHARGE
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FIGURE 4: CHARGE BUILDUP MECHANISMS
IN AN N-CHANNEL GATE OXIDE
DURING IRRADIATION UNDER
WORST-CASE BIAS

The impact of radiation-induced oxide charge on
operating CMOS devices is to decrease the N-
channel threshold voltage, Vy, and increase the
magnitude of the P-channel threshold voltage,
V1p. The most serious problem occurs when suf-
ficient reduction in Vyy occurs to cause the
N-channel device to go from enhancement to de-
pletion mode operation. This results in exces-
sive power supply current drain and loss of cir-
cuit functionality. The most severe stress on an

N-channel device occurs when its gate is posi-

tively biased during irradiation. This causes pos-
itive charge in the oxide to be driven closer to
the Si-Si0, interface where it is more effective
in causing ‘inversion at the P-type substrate
surface. ’

In normal operation, positive bias cannot appear
between the gate and substrate of P-channel
devices because the substrate is already at the
most positive circuit potential, Vpp. The abso-
lute value of Vyp always increases with exposure
to irradiation, and the magnitude of the shift is
usually smaller than the Vyy shift. The effect of
the Vqy is less deleterious to circuits, however,
since the devices will never reach depletion
mode. ’
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CMOS Process Moditication
Gate Oxidation

To minimize both the radiation-induced positive
oxide charge and formation of Si-SiO, interface
states, a dry oxidation step is used. The gate
oxide is thermally grown in a dry oxygen atmo-
sphere at 1000°C, followed by a nitrogen anneal
at 850°C. This cycle has been empirically found
to produce oxides having a high degree of resis-
tance to ionizing radiation effects as well as ex-
cellent pre-radiation MOS characteristics.? The
need to thermally grow gate oxides at 1000°C in
dry oxygen for optimal radiation hardness is one
of the more intriguing aspects of this experi-
mentally deduced cycle.

Metallization

A by-product of the E-beam aluminum evapora-
tion process commonly used in commercial IC
fabrication is soft X-radiation. This radiation pro-
duces the same type of positive charge in the
gate oxide and interface states which a radiation
hardened oxide should resist. Although these
harmful effects in the gate oxide can be removed
by an anneal cycle, the annealled devices are
significantly less resistant to subsequent ioniz-
ing radiation. Use of a non-E-beam metallization
technique circumvents the problem of high
threshold shifts due to irradiation. under zero
and negative gate bias associated with soft
X-ray damage. For this reason, induction heated
evaporation of aluminum is used to fabricate
radiation hardened CMOS products. -

Substrate aqd P-Tub Surface

The deleterious effect of ionizing radiation on
Vin and Vqp values in a CMOS device can be
minimized through process modification. In an-
ticipation of these threshold voltage shifts, radi-
ation hardened CMOS devices are designed with
the initial value of Vyy as high as possible and
V1p as close to zero as possible without sacrific-
ing pre-radiation circuit performance. Both the
substrate resistivity and the P-tub surface con-
centration have been modified with the initial
value of Vg being increased to 1.8 volts from
the standard value of 1.3 volts and Vyp being
changed from the standard — 1.7 volts to —1.3
volts.

2. W.R. Dawes, Jr., G. F. Derbenwich and B. L. Gregory, "Pro-
cess Technology for Radiation Hardened CMOS Integrated
Circults,” IEEE Journal of Solid State Circuits, SC-11, No. 4,
p. 459, August 1976. .



Performance Characteristics
Extended Total Dose Rate [to 10® Rads (Si)]

Data generated in the course of our testing indi-
cates that the resistance of our CMOS products
extends at least one order of magnitude above
the 107 level we now offer. Figure 5 illustrates
measured shifts from pre-irradiation values in
P-and N-channel threshold voltage, Vip and Vyy,
respectively, up to total dose levels of 108 rads
(Si). Of special interest is the change in slope of
the Vyy versus dose characteristic at levels just
above the 10° rads (Si). At this level, a reduction
in the net positive charge trapped in the gate
oxide is observed. This causes Vyy to-return

toward its initial value as dose level is increased
even further while increases in Vyp still remain
within reasonable limits for satisfactory circuit
operation.

The distributions of the Vyy and Vq;p data are
found to be normal both before and after irradia-
tion. The mean value of Vyy and V¢p, and the
standard deviation from the mean for both N-
and P-channel devices, remain fairly constant
from the unirradiated state through 108 rads (Si)
dosage. The values shown remain well above the
300mV Vqy lower limit, below which the device
would tend toward N-channel depletion mode
behavior with a risk of lost circuit functionality
as well as excessive supply current drain.
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FIGURE 5: VARIATION OF Vyy AND V;p WITH RADIATION

Figure 6 illustrates the supply quiescent current
(Igg) variation as a function of dose. Since Igg is a
function of die size, curves have been plotted for
three levels of integration, SSI, MIS, and LSI. In
all cases, the leakage level at 10° rads (Si) does
not increase by more than an order of magnitude
from the initial value. The 30zA reading at 10°
rads (Si) for LS| is far below the high tempera-
ture (125°C) specification of 600uA for standard
devices. Similar comparisons can be made for
MSI and SSI. :

LS
100 =
= e INITIAL 2.54A AVG
i]nl -
2
10?
Msi
fe—  INITIAL 11 nA AVG
<+—  INITIAL 5 nA AVG §s!
1 1 ! 1 ) I I |
108 2 3 4 5 6 78 9 4p
DOSE (RADS $i)

FIGURE 6: Ig VS. DOSE
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Figure 7 illustrates circuit propagation delay,
tpp, as a function of dose. The plot, similar to
Figure 6, is divided into three categories (LSI,
MSI, and SSI). The propagation delay value at 10%
rads (Si) for all three categories increased
roughly 20-25% from the initial value, well with-
in desirable operating tolerances. In Figures 5
through 7, the biasing conditions during irradia-
tion were: Vpp= 10V, Viy= 10V, Vgg=0V.

Cy = 50 pF
250 - L8 -
je—  -mmaAL 220ns AV6.
200
. MSI .
o150 B wmaL 160 ns AVG.
g
R
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50 = NTAL 65 ns AVG.
0 L 1 L1t 2113
108 2 3 4 5 6 7 8 940
DOSE (RADS S))

FIGURE 7: tpp VS. DOSE

Hardnesé Assurance and Reliability

Sampling plans have been established to ensure
radiation hardness to 10%, 10%, or 107 rads (Si), as
applicable, since ionizing radiation degrades IC
performance and irradiated devices cannot be
used for production (thus making 100% screen-
ing impossible). In addition, an ongoing program
has been established to‘evaluate the reliability
characteristics of radiation hardened CMOS
circuits. 476 devices of the CD4001AD-RH,
CD4011AD-RH, and MM54C200-RH types were
initially tested and operated for over 800,000
hours without a failure. This corresponds to a
failure rate less than 0.125%/1000 hours at
125°C with a60% confidence level. The continu-
ing testing is aimed at verifying 10,000 hours per
device of reliable operation.

Table | outlines National Semiconductor’s Radi-
ation Hardness Assurance Sampling Plan, which
is totally compliant with MIL-STD-883, Method
1019. This plan is used to assure hardness of
devices built from a given wafer or inspection
lot. Sample devices are assembled in accor-
dance with sampling plan A or B. Sample de-
vices are tested, irradiated, and retested, and
must pdss the appropriate post-radiation elec-
trical limits for the lot to be qualified. The pro-
duction units are capable of meeting MIL-M-
38510 electrical test limits, when available, as
well as National’s RETS limits.

TABLE I. HARDNESS ASSURANCE PLAN

I. Plan A — Class B only: Qualification to 1x 105, 1 x 108, or 1 x 107 rads (Si)

Accept Level
Reject Level

Sample Size per QCI Inspection Lot 11
Accept Level ) 0 Rejects .
Reject Level , 1 Reject
Il. Plan B — Class B or S: Qualification to 1x 10%, 1 x 10%, or 1 x 107 rads (Si)
Sample ' Each wafer
~ Sample Size (Devices/Wafer) 4

0 Rejects per wafer

ll. Product Flow (per MIL-STD-883, Method 1019):
. A. Assemble sample devices in appropriate production package.
B. Read-and-record electrical parameters (pre-radiation).
C. lrradiate to applicable total gamma dose.
D. Read-and-record electrical parameters (post-radiation).
E. Evaluate performance per applicable specification.

1 Reject per wafer
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TABLE II-A. PRE- AND POST-RADIATION SPECIFICATION 105 RADS (Si)

LIMITS (Note 1)

PARAMETER | V;, CONDITIONS -55°C +25°C | +1215°C [UNITS
Min | Max | Min | Max | Min | Max
5 0.02 0.02 0.2
Gate 10 0.04 0.04 04 | uA
15 0.075 0.075 0.75
5 0.3 0.3 3.0
Buffer FIF [ 10 0.4 0.4 40 | uA
| 15 VlN = VDD or VSS 0.5 0.5 50
oD 5 All Valid Input Combinations 03 03 3.0
MSI 10 0.4 0.4 40 | pA
15 05 0.5 5.0
5 10 10 150
LS 10 20 20 300 | A
15 40 40 600
5 0.05 0.05 0.05
VoL 10 ‘|’|'g|=\<’0100°;\"35 0.05 0.05 005| v
15 K 0.05 0.05 0.05
5 4.95 4.95 4.95
Vou 10 ‘]1'87105300;\"35 9.95 9.95 9.95 v
15 # 14,95 14.95 14.95
5 | vO=05V, 4.5V 15 15 15
Buffered 10 | vo=1v,9v, [10] < 10uA 3.0 3.0 30| v
v 15 | VO=15V, 13.5V 4.0 4.0 4.0
. 5 | VO=15V, 35V 15 15 15
Unbuffered| 10 VO=3V,7V |I0| < 10A 3.0 3.0 3.0 \"
15 | VO=4V, 11V 40 4.0 4.0
5 | VO=05V, 4.5V 35 35 35
Buffered: | 10 | VO=1V,9V |IO| < 104A 7.0 7.0 7.0 Y
v 15 | VO=15V, 13.5V 11 11 . 11
" .| 5 | vo=15v,35v 35 35 35
Unbuffered] 10 [ VO=3V, 7V |IO| < 10pA 7.0 7.0 7.0 v
15 | VO=4V, 11V 11 11 11
V=0V or 15V
i 5 | Any Valid Condition =10 =10 45 nA
lo/lon '?;tAsp:;f?ngg;el Electrical Published Data Sheet Limit
teLHs tPHL Per Applicable Rel Electrical . .
trom traL Test Spec (RETS) Published Data Sheet Limit

Functionality

Devices Will Pass Functional Test per Applicable Truth Table

NOTE 1: For further device parameters, see individual device specifications.

NOTE 2: These limits allow no degradation from the published data sheet limits.
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TABLE II-B. POST-RADIATION SPECIFICATION 108 RADS (Si)

LIMITS (Note 1)
PARAMETER Vop CONDITIONS - 5§5°C +25°C +1215°C |UNITS
) Min | Max | Min | Max | Min | Max
5 0.5 0.5 5.0
Gate 10 0.75 0.75 7.5 rA
15 1.0 1.0 1.0
5 0.25 0.25 5.0
Buffer F/IF | 10 0.5 0.5 75 kA
I 15 VlN = VSS or VDD 1.0 1.0 10.0
Db 5 All Valid Input Combinations 3.0 3.0 30.0
MSI 10 4.0 4.0 400 | wA
15 5.0 5.0 50.0
5 25 25 300
LSI 10 50 50 400 uA
15 100 100 500
5 0.25 " 10.25 0.25
Vou 10 YIICNDI_ Yes or Voo 0.25 0.25 025 | v
15 |, F 0.25 0.25 0.25
5 4.75 4.75 4.75
Vou 10 Yl'gf Vss or Voo 9.75 9.75 9.75 v
15 # 14.75 14.75 14.75
5 VO =0.5V, 4.5V 1.0 1.0 1.0 |
Buffered 10 VO=1V, 9V, |IO| < 10zA 2.0 2.0 2.0 \"
Vv ‘ ’ 15 VO =1.5V, 13.5V 25 25 25
* ~ 5 | VO=1V,4V , 10 10 10 | -
Unbuffered| 10 | VO=2V, 8V |IO] < 10;4A 20 20 20 \
15 vO=2.5V, 125V 25 25 | 25
5 vO=0.5V, 4.5V 4.0 4.0 4.0
Buffered 10 VO=1V, 9V |I0]| < 10zA 8.0 8.0 8.0 \
Vv 15 vO=1.5V, 13.5V 12.5 12.5. 12.5
I 5 | vo=1v,4v 40 40 4.0
Unbuffered| 10 VO=2V, 8V |I0]| < 10zA 8.0 8.0 8.0 \
15 VO=25YV, 12.5V 12.5 125 125
Vin=0V or 15V
Iin 15 Alr:‘y Valid Condition + 100 + 100 +100f nA
. Per Applicable Rel Electrical Minimum Limit is 75% of Published
oL'oH Test Spec (RETS) Data Sheet Limit
teLHs tPHL Per Applicable Rel Electrical Maximum Limit is 125% of Published
trims trHL Test Spec (RETS) Data Sheet Limit

Functionality

Devices Will Pass Functional Test per Applicable Truth Table

NOTE 1: For other device parameters, see individual device specifications.
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TABLE II-C. POST-RADIATION SPECIFICATION 107 RADS (Si)

LIMITS (Note 1)
PARAMETER Voo CONDITIONS —-55°C +25°C +1215°C {UNITS
Min | Max | Min | Max | Min | Max
5 3.0 3.0 10
Gate 10 4.0 4.0 15 wA
15 5.0 5.0 20
5 3.0 3.0 5.0
Buffer FIF 10 4.0 4.0 10 A
| 15 | Vin=Vssor Vpp 5.0 5.0 20
DD 5 All Valid Input Combinations 5.0 5.0 50
MSI 10 75 75 75 | A
15 10.0 10.0 100
5 50 50 500
LSI 10 100 100 750 A
15. 200 200 1000
5 . 0.5 05" 0.5
Vo 10 \|/|'8|_ZS?00rAVDD 05 05 05 | v
15 # 0.5 0.5 0.5
5 4.5 45 4.5
Viy=VggorV
Vou 10 IN*=Vss O YbD 9.5 9.5 95 v
_ 15 | 1Ol < 104A 145 14.5 14.5
-5 VO =0.5V, 4.5V 1.0 1.0 1.0
Buffered 10 VO=1V, 9V, |10| < 10xA 2.0 2.0 2.0 \
v 15 VO =1.5V, 13.5V 25 2.5 2.5
- 5 | vO=1V, 4V 1.0 1.0 1.0
Unbuffered| 10 VO=2V, 8V [I0| < 10xA 20 2.0 2.0 \
15 VO =25V, 12.5V 25 2.5 2.5
) 5 VO =0.5V, 4.5V 4.0 4.0 - 4.0
Buffered 10 | VO=1V,9V |IO| < 104A 8.0 8.0 8.0 v
v 15 VO =1.5V, 13.5V 12.5 12.5 12.5
IH 5 | vo=1v,4v 40 4.0 4.0
Unbuffered| 10 vOo=2V,8V |I0] < 10pA 8.0 8.0 8.0 \
15 VO =25V, 12.5V 12.5 12.5 12.5
1 Vin=0V or 15V '
I 15| ARy Valid Gondition + 100 +100 +100| nA
1) Per Applicable Rel Electrical Minimum Limit is 65% of Published
OLToH Test Spec (RETS) Data Sheet Limit
tpLns trHL Per Applicable Rel Electrical Maximum Limit is 140% of Published
trims trHL Test Spec (RETS) Data Sheet Limit

Functionality

Devices Will Pass Functional Test per Applicable Truth Table

NOTE 1: For other device parameters, see individual device specifications.
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TABLE Ill. POST-RADIATION SPECIFICATION COMPARISON (25°C)

LIMITS (Note 1)
10° Rads | 10% Rads | 107 Rads
PARAMETER Voo CONDITIONS (Si) (Si) (Si) UNITS
Min | Max | Min | Max | Min | Max
5 : 0.02 0.5 3.0
Gate 10 ‘ 0.04 0.75 4.0 rA
15 0.075 1.0 5.0
5 0.3 0.25 3.0
Buffer F/IF | 10 04 0.5 4.0 A
15 | - . 0.5 1.0 5.0
lop Vin=Vgs OF Vpp
5 | All valid input 03 3.0 5.0
MSI 10 Combinations 0.4 4.0 75 [I,A
15 0.5 5.0 10.0
5. 10 25 50
LSI 10 . 20 50 100 A
15 40 100 | - 200
5 0.05 0.25 0.5
VoL 10 T’|'3|=‘<’5§0°'AVDD 0.05 0.25 05 | v
15 S PR 0.05 0.25 0.5
: 5 4.95 4.75 45
Vou 10 }’Ilgl-ZS%“AVDD 9.95 9.75 9.5 v
15 K ‘ 14.95 14.75 14.5
5 VO =05V, 4.5V 1.5 | 1.0 1.0
Buffered 10 | VO=1V,9V, |IO] < 104A 3.0 20 2.0 \
Vv 15 VO =1.5V, 13.5V 4.0 25 25
- 5 15 10 10
Unbuffered| 10 | VO=Note2 |IO| < 104A 3.0 20 2.0 \
15 E 4.0 2.5 2.5
5 VO =0.5V, 4.5V 3.5 40 4.0
Buffered 10 | VO=1V, 9V |I0| < 104A 7.0 8.0 ‘ 8.0 \
v ) 15 VO=1.5V, 13.5V 11 12.5 12.5
H 51 35 4.0 4.0
Unbuffered| 10 VO=Note2 |I0]| < 10pA 7.0 8.0 | 8.0 \'
15 11 125 125
ViN=0V or 15V
In 15 A'r"‘y Valid Condition =10 +100 +100( nA
» Data 5% |  |60%
Il Per Applicable Rel Electrical Sheet of of
oLon Test Spec (RETS) Limit Data Data
: Sheet Sheet
125% 140%
tpLs tPHL Per Applicable Rel Electrical Data -of of
tyns trHL Test Spec (RETS) Sheet Data Data
~ |Sheet Sheet
Functionality Devices Will Pass Functional Test per Applicable Truth Table

NOTE 1: All 105 rads (Si) limits allow no degradation from published data sheet limits.
NOTE 2: At 105 rads (Si), VO will be 10% or 90% of Vpp: at 106 or 107 rads (Si), VO willbe 1V or4V at Vpp =5V, 2V or 8V at Vpp = 10V, and
2.5V or 125V at Vpp = 15V.
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Dose Rate Performance

When CMOS ICs are subjected to large bursts of
ionizing radiation, hole-electron pairs are cre-
ated in the silicon substrate. The resultant cur-
rent flowing through the high resistivity P- and
N-substrates ‘can cause voltage differences
which may impair circuit performance in one of
the following ways.

One: LATCH-UP

A CMOS circuit contains the structural elements
required to form a four-layered Schockley diode
switching device as illustrated in Figure 8. The
emitter-base junctions of the lateral PNP and

Voo (+15V)

vertical NPN which comprise the Schockley
diode are normally prevented from becoming
forward-biased by the circuit metallization. Be-
cause of this, the Schockley diode will be in the
off state during normal circuit operation and will
pose no threat to reliable circuit performance.

Sufficiently high values of burst radiation can
cause currents to flow through substrate resis-
tances, Ry_ and Rp_, to cause forward-biasing
of the parasitic PNP and NPN emitter-base junc-
tions and turn on the Schockley diode. The ex-
cessive flow of supply current which accompa-
nies turn-on of the Schockley diode has been
found to occur in the range of 108 to 10" rads
(Si))sec on many CMOS circuits.

SCHOCKLEY DIODE

FIGURE 8: CROSS SECTION OF CMOS CIRCUIT ELEMENTS
: WHICH MAY LEAD TO LATCH-UP DURING
IONIZING RADIATION BURSTS

The basic circuit required for latch-up to occuris
illustrated in Figure 9. It consists of a parasitic
bipolar NPN and PNP transistor sharing a com-
mon collector-base junction. The two require-
ments necessary for turn on of this device are:

1. The product of the common emitter current
gains of the two devices, 8 and Bpyp Must
satisfy the relationship (Bypn) (Bpnp) = 1, and

2. The emitter-base junction of the two transis-
tors must remain forward-biased to about
0.6V or greater after the NPNP device has
been turned on.

In normal operation, condition No. 1 may be met,
but condition No. 2 will not be met, permitting
- latch-up-free operation.
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Voo

vss

FIGURE 9: LATCH-UP EQUIVALENT CIRCUIT
FOR BULK CMOS STRUCTURE




This problem can be completely eliminated by
reducing to less than unity the product of the
common. emitter current gains of the NPN and
PNP devices comprising the Schockley diode.
One technique which has been successfully em-
ployed to eliminate the latch-up problem has
been the use of neutron irradiation to lower

minority carrier lifetime in the silicon substrate
which directly affects parasitic bipolar current
gains. As the'values in Table |V indicate, neutron
treatment of parts which exhibit latch-up at
3x 108 and 3 x 109 rads (Si)/sec resulted in latch-
up-free operation up to the limitof the burst sim-
ulation equipment, 1010 rads (Si)/sec.

TABLE IV. LATCH-UP PERFORMANCE

DOSE REQUIRED FOR LATCH-UP
DEVICE Voo CONTROL . UNITS
v (NON-NEUTRON TREATED) | NEUTRONTREATED
CD4006 10V >9.4 % 10° >9.4x 10° Rads (Si)/sec
CD4011 10V 3.1x10° >9.4x 10° Rads (Si)/sec
Cb4012 10V 2.0x 10° >2.4x%x10° Rads (Si)/sec
CD4053 10V 3.2x 108 >9.4%x10° Rads (Si)/sec
MM54C200 5V >2.2x 1010 >8.8x 10" Rads (Si)/sec

*Neutron treated parts were subjected to a neutron flux of 1 x 1014 neutrons (fast)lcmz,

By treating wafers with neutron fluxes on the
order of 10'¥/cm?, this enhanced circuit perfor-
mance is obtained without sacrificing paramet-
ric performance. This is illustrated in Figures 10
and 11, which plot supply drain and propagation
delay, respectively, versus neutron flux and
show no significant degradation at the 104/cm?
level.

25

20
lec o /
(nA) /

10

s P

A
° 14 14 15 16
[ 10 10 10

NEUTRON FLUX
(nicm?)

DEVICE USED: MM54C200D/RH
. (256-BIT RAM)

FIGURE 10: DEVICE QUIESCENT SUPPLY
CURRENT VS. NEUTRON FLUX

700
600
“tos  go0 [
(ns)
400
300
200 A
[ [ L 10'%
NEUTRON FLUX
(n!cmz)

//
Y

log = Qprn + toyy)

10'8

DEVICE USED: MM54C2000/RH
{256-BIT RAM)

FIGURE 11: PROPAGATION DELAY VS.
NEUTRON FLUX

Another very successful method that has been
used to reduce susceptibility to dose rate’ in-
duced latch-up has been to use low resistivity
substrate material with a high resistivity epitax-
ial layer. This structure introduces a low imped-
ance shunt across Ry_ in Figure 9, and hence
prevents latch-up. Using this technique, devices
can be supplied which do not latch-up even
when exposed to dose rates of 10'2 rads/sec.

Two: DATA-UPSET

This effect results in the loss of stored datain a

~ circuit after being subjected to burst radiation. It

is typically of most concern in circuits such as
memories and shift registers, where stored data

. bits are not directly coupled to circuit inputs.
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The problem is again caused by electron hole
pair generation during ionizing burst radiation
exposure. The resulting photo currents can
cause a current flow across a normally reverse-
biased PN junction. This current flow can upset
the logic level stored at a node associated with
the PN junction. :

Table V shows the effect that neutron treatment
of an MM54C200D/RH 256-bit static RAM has on
the dose rate at which upset occurs. The effect
of neutron fluxes on data upset is not nearly as
dramatic as it is in the case of latch-up. Although
neutron fluxes in excess of 10'%/cm? cause sig-
nificant alterations in semiconductor material
properties and circuit electrical parameters, Fig-
ures 10 and 11 indicate that the circuits tested
would still meet data sheet requirements after
irradiation in excess of 2 x 10'3/cm2, At this level
the tolerance to data upset exhibits about a



TABLE V. DATA UPSET PERFORMANCE

DOSE RATE NEEDED TO INDUCE DATA UPSET
NEUTRON FLUX CD4006D ‘ UNITS
(N-FAST/cm®) | 18-BIT SHIFT REGISTER | MMS54C200D (MEMORY ENABLED)
Vor = 10V 256.BIT RAM, Vpp =5V
0 (control) 4.7 %108 1.76 x 108 Rads (Si)/sec
1x 10 4.7 % 108 2.00x 108 Rads (Si)/sec
1x10' - 5.00x 108 Rads (Si)/sec
1x 10 — 1.17x 10° Rads (Si)/sec

threshold improvement over untreated devices.
Almost an entire order of magnitude improve-
ments in data upset tolerance can be obtained
with treatment at 10'%/cm? if the user can toler-
ate the degraded propagation delay and in-
creased supply current drain occurring at this
level.

Rad Hard CMOS Reliability

Radiation hardness, however, is of no value to
the system user if it is accomplished at the sac-
rifice of device reliability. To confirm device reli-
ability, each of 476 units from five lots were sub-
jected to 2.016 hours of burn-in at 125°C. The
total device hours were 804,384, which repre-
sents a projected 0.11%/1000 hours failure rate
at a 60% confidence level. This falls well within
the reliability requirements of even the most
stringent programs.

In addition to this initial sampling, 100% burn-in
screening, as well as operating life testing, has
been performed on many lots that have been
produced for various customers. The results of
this additional testing have continued to demon-
strate that rad hard devices are reliable. 10,000-
hour life tests are currently underway to further

. establish long-term reliability. The results of this
testing and further testing across our entire rad
hard product line will be added to the existing
data as they become available.

Radiation Hardened Linear Devices

Although most bipolar logic devices tend to be
inherently hard -when exposed to total-dose
gamma radiation, many bipolar linear devices
will begin to degrade when exposed to relatively
low levels of such radiation. The causes are sim-
ilar to those seen in MOS radiation exposure-
related failures. Linear devices are more suscep-
tible to low current 3 degradation than most
bipolar technologies. A major cause of of low
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current 8 degradation is surface leakage across
the emitter-base junction. This surface leakage,
like MOS characteristics, is related to the oxide
and interface charges which are induced by high
levels of radiation.

The solution to linear radiation problems, how-
ever, is quite different from what we have de-
scribed above for CMOS devices. Total modifica-
tion of the fabrication process is needed in order
to achieve megarad hardness on linear devices.
We have developed megarad versions of the
LM108A and LM101A. We have extensive re-
search and development currently underway in
this area, for we feel that a broad line of rad hard
linear devices is essential if Systems designers
are to achieve total systems hardness.

Ordering Information

National Semiconductor’'s Radiation Hardened
CMOS devices are available in three different
levels of hardness, one of which is sure to sat-
isfy the needs of your program. The levels avail-
able are 1x 10° rads (Si), 1x 108 rads (Si), and
1x 107 rads (Si), with post-radiation test limits as
defined in Table lI-A, 1I-B, or |1-C of this brochure
(as applicable). Each of these can be obtained in
either a bottom-brazed flatpack or in a side-
brazed dual-in-line package, both of which have
solder-sealed lids. In addition, these devices
may be obtained with either Class S or Class B
screening.* National Semiconductor’s 883B/
RETS and 883S/RETS microcircuits (which are
described in more detail in other brochures) are
fully compliant with the 100% screening re-
quirements of Method 5004 and MIL-STD-883 for
the applicable screening level and have met the
applicable quality conformance requirements of
Method 5005 of MIL-STD-883.

*National Semiconductor has qualified a number of Radiation
Hardened devices in accordance with MIL-M-38510, and



Ordering is quite simple. Parts may be ordered
using one of the following part number struc-
tures (as applicable).

CD4093BMW /RH6S
LT T "' ‘T
T— Screening Level
S=Class S
B=Class B

Radiation Hardness Level
5=1x 10° rads (Si)
6=1x 108 rads (Si)
7=1x 107 rads (Si)

Indicates Hardness Type
H = Total dose hardened
E = Dose rate hardened

Indicates Radiation Hardened
Device i

Package Type
J =S8ide-brazed DIP
W = Bottom-brazed flat
E = Leadless chip carrier

Basic Device

In addition, we are willing to evaluate contractor-
prepared prints for radiation hardened devices.

Radiation Susceptibility Testing

National Semiconductor has also recognized
that there is a need on some programs for data
relative to the actual hardness level of the prod-
uct used, even where that product has not been
specifically hardened. To address that need,
National has developed a radiation susceptibil-
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JMIBS10H 058 03 S F C

Lead Finish
A =Solder DIP
B=Tin plate
C=Gold plate

Package Type
A =14-pin metal flat
C = 14-pin dual-in-line
D = 14-pin ceramic flat
E = 16-pin dual-in-tine
F=16-pin flat
‘Screening Level

S=Class S
B=Class B

Device on Detail
Specification

Detail Specification
Number

Radiation Level
M = 2500 rads (Si)
D = 1x 10* rads (Si)
R =1 x 105 rads (Si)
H=1x 108 rads (Si)
No MIL-M-38510 indicator
exists for 107 rads

— MIL-M-38510
JAN Mark

ity test program. The intent of this program is to
provide, in advance of actual assembly of prod-
uct, radiation tolerance data which will allow the
user to determine whether those devices meet

- the radiation limits required by his program.

Since the testing need not be done to a specific
limit, this program is able to provide specific
device data for those programs whose radiation
tolerance limits are classified. Details on this
program will be provided on request.



NATIONAL SEMICONDUCTOR’S MEGARAD RADIATION HARDENED PRODUCT LIST

The following device types were released as of December 1, 1983 by National Semiconductor as radia-
tion hardened products to the 105, 108, 107 rads (Si) levels. These parts will be processed to National's
883S/RETS™ or 883B/RETS flow in the bottom-brazed flat (“F"), side-brazed dual-in-line (“D™), or cer-
amic (“'J”") and (“W?"”) package configurations. This list supersedes and replaces all previously published

lists.
) IN DEVELOPMENT
CD4006B MSI MM54C08 SSI MM54C30 SSI
CD4030B MSI MM54C10 SSI MM54C32 SSI
MM54C00 SSI MM54C20 SSI MM54C221 MSI
MM54C02 SSI
RAD HARD CMOS
DEVICE SERIES DEVICE SERIES DEVICE" SERIES DEVICE
CD4000 MSI A CD4030 SSI A CD4082 SSI B MM54C89 MSI
CD4001 SSI AIB CD4031 MSI A/B CD4093 SSi B MM54C160 MSI
CD4002 SSi AIB CD4034 MSI B CD4094 MSI B MM54C161 MSI
CD4006 MS} A CD4035 MSI A/B CD4099 MSI B MM54C162 MSI
CD4007 SSI A/UB CD4040 MSI AIB CD40106 SSI B MM54C163 MSI
CD4008 MS| AIB CD4041 SSI A CD40160 MSI B MM54C173 MSI
CD4009 SSI A CD4042 MSI A/IB CD40161 MSI B MM54C174 MSI
CD4010 SSI A CD4043 MSI AIB CD40162 MSI B MM54C175 MSI
CD4011 SSI AIB CD4044 MSI A/B CD40163 MSI B MM54C192 MSI
CD4012 SSI AIB CD4046 MSI B CD40174 MSI ‘B MM54C193 MSI
CD4013 MSI AIB CD4047 MSI B CD40192 MSI B MM54C200 LSI
CD4014 MSI A/IB CD4048 ssi AIB CD40193 MSI B MM54C240 MSI
CD4015 MSI AIB CD4049 ssi A/UB CD4510 MSI B MM54C244 MSI
CD4016 MSI AIB CD4050 SsI A/IB CD4512 MSI B MM54C374 MSI
CD4017 MS| A/IB CD4051 MSI A/IB CD4514 MSI B MM54C901 SSI
CD4018 MSI A/B CD4052 MSI AIB CD4516 MSI B MM54C902 SSI
CD4019 Ss! A/B CD4053 MSI AIB CD4518 MSI B MM54C903 SSI
CD4020 MSI AIB CD4066 SSI AIB CD4520 MSI B MM54C904 SSI
CD4021 MSI A/IB CD4069 SSI A/UB CD4528 MSI B MM54C905 MSI
CD4022 MS| AIB CD4070 ssi B CD4538B MSI B MM54C906 SSI
CD4023 SSI AIB CD4071 SS! B CD4584 SSI B MM54C907 SSI
CD4024 MSI A/B CD4072 sSi B CD4724 MSI MM54C914 MSI
CD4025 SSI A/B CD4073 ssi B MM54C04 SSI MM54C941 MSI
CD4027 MsI A/B CD4075 SSI B MM54C14 SSI MM70C95 SSI
CD4028 MSI AIB CD4076 MSH B MM54C42 MSI MM70C96 MSI
CD4029 MSI A/IB CD4081 sSI B MM54C85 MSI MM70C97 SSI
MM54C86 SSI MM70C98 MSI
CD4515 MSI MM78C29 MSI
MM78C30 MSI

For additional information regarding these or National's upcoming radiation hardened products, please
contact Kirk Lemon, Military/Aerospace Marketing Manager, at (408) 721-5999 — Mailstop D3684.
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all dimensions are in inches (millimeters)
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Physical D

1230
@120)
MAX
(4 [23 [zl (2] [ea] [} [re] [7) [ie} [1s] [1d) [r3]
L 0.568-0.605
(19.43-15.37)
e
LA i [y I I RONOR CR O DRURER IR
0.050 0008 _ 0525 LA}
[ERER] (13.39) ~ aton
MAX SQUARE MAX‘
0 0.020-0.060
{ (0508-1528)
o.nn.f. r
0080015 || (g1z7) T
. Q.. MIN
05900620 m"%—- L 010020010 ’ I__ __”‘ws 0023 | | 0as0
1499-15.75) ‘MIN (zmzuzm (Lani-0ssal fam)
|l
u‘,‘%‘ e 0.125-0760
Y BSC TYP REL 3.175-5.080,
MAX TYP TO LEADS 1 AND 24) ¢ ! o24c REV )
NS Package D24C
24-Lead Hermetic DIP (D)
! 1430
FETET TR

0520 pax
{13208) SQUARE

PINNO. 1
IDENT

Jp 0050
T (uvm‘"

| oom-ams
T m203emn

0.020-0.060

i (0.508-1.524)

0600 0.125
(Tl "{ '__l '—”"I @i
0.100 £0.010 0.015-0.02 MIN
. {2500 :0.259) {0381-0588)
D28C (REV D)
NS Package D28C
28-Lead Hermetic DIP (D)
2075 :
(52.11) 1.008
max |-——(zs4sn) :
MAX
40] {39] s8] fa7] {3s] [35| |34] [33] Jaz) |3 (3o] f29] |28 (27} [ 25] [2 23] 322 |29) _
0580 - 0510
(14.73) 1549
) s s
PINNO. 1 ‘
10ENT T2 D
D1 ) 30 o) s 1] [ Te) Ce Cof Do T2f 3] [af [s] {ve] [ [ef frof [2
: . . 8200
0.045 0.050 080
(1.143) ) = max
| ___MAXTYP . TYP 0.020-0.060
I l (0.508-1.524)
(HP———
0.008-0.015 — 1
K¢ (a.zn:—u.am
0.590-0.620 SEATING 0.100 20010 _’l 0.015-0.023 0125
(1299-1575) e AL hLane (zsan»nzw - [T
REF OUTWARD TYP v W

040G (REV H)

NS Package D40C
40-Lead Hermetic DIP (D)

16-4




2434

T
“a 41 43 43 “ 4] 42 41 40 19 K 37 38 35 34 3 32 1 30 20 k) 27 28 rz_!l
0.580 0410
) (14.73) 1548}
MAX MAX
PIN NO. 1 IDENT
N 71 % & § 8§ 7 & 8§ W oW o2 oM oW B oW w oW W oW N W oD oW
0.045
o MAX TYP—~]
0670 | Ty MAXTYP
MAX
{7018 | 0.030-0.060

0.762-1.524)

1 | ooos-oms \Enns
{0.203-0381) VERTIEAL
0.035-0.055 0.100 :0.010 0.015-0.02 0.560-0.620 10 15° MAX
088313977 ZEA0258) —~ Basioosen |7 SEATINGPLANE 0425 149-1875) g ARD
TYP (eXE5) REF
D48A (REV D)
NS Package D48A
: 48-Lead Hermetic DIP (D)
% spaces 41
0.050=1.500 2.050
¢ 1.270=38.10) » I (1.210)
REF .
0.050 0.050
0.210) ) .21
REE 30 SPACES AT REF
0.050 =1.500
L I l l (1.270=238.10)
T0P VIEW ) BOTTOM VIEW
1.610-1.630
(40.83 ~ 41.40)
(CONTACT
DIMENSION)
0.015-0.020
(0.381-0.508)
L TYP
% XE 0.190-0.200
(. i ) 30 (4.826-5.080)
i REF INCLUDES COMBO LID
T
1.655~1.680
(i2.04—42.67)
(SHOULDER
DIMENSION)
e mevey
SIDE VIEW

124-Lead Ceramic Chlp Carrler

NS Package EO1

16-5

I ledisfyd

suolisuauli



imensions

Physical D

1.150:+0.011
@210.279)
)
0.734:+0.008 1.000+0.010 [, _0.050x20] ,
{18.62£0.203) @sanz02se | (1270 | .
s
(371 0.050+0.006 05020002 203520003 om
4.58) ™ 1200152 {1,270 £0.050) {0.91320.076) {1981} r—
4 e (84 PLS) WA
n PRy g g P gy § gy
| o [ 100 C0S 00008000 | | )
=3
N e
=]
5= =
= o= Ly
[~ =1
o= =]
o= =3
o o
1.050+0.008 & =2
{24.6720.203) PR 3
& =
&= =]
= =
= =
o =1
0.030 pX g
0762 pa Y
x45° 5 =
- P =
'f £un eV
NS Package E84B
84-Lead Chip Carrier (Type B)
0.050 00, 000 . 0.065-0.076
2 r < {4 _>‘ f {0.508) 45" (REF) {1.6551-1.830) [~— .
AUUDDDHDUDDD
= | [="
f rm PIN NO. 1 =
oms & JDENT 3
2159 5 o 0650+0.010
= o (6510250
=] = s0
T =] =
=
0.050 L =
{1270 =,
o T 4
0025 BOTTOM VIEW TOP VIEW sioE
{0.635) VIEW
ED44A (REV 8)
NS Package ED44A
44-Pin Hermetic Leadless Package
0.950:£0.010
Zanazoze)
s
0.6240.008 = e 205D 0.035:+0.003
. {15.65£0.203) 0.040 I {1270} {0.18420.076)
s 105 N\ P P
x45° TYP E\UL“ 1 o
]
u| =
x| =
ul =
] L s
N =
0.850£0.009 il . i
(21.5910.229) b1 L
e ] ]
1 r juinininininin(nininin/nixininl;
o 0,085 40.010 0.008 0.0750.010
s9z025)  (0.203) {1.30520.254)
RAD 68 PLC’S TYP Eousn vev )
NS Package ED68B

68-Lead Chip Carrier (Type B),
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a0
r"'(xu.lsm' -] o3
MAX .
=S MAX GLA!
@ (7] [7 [3) _____I'(?.Iw LASS

0.220-0.291
15.558-2.391)

(TG \i_;n.}u

0.025 RAD
0635 N
0:635) ~

(0.254)
RAD TYP
0005 | ol m | DD30-0070 0200
02 (©.762-1.178)  (5.080)
GLASS MAX 0150
0180 SEALANT a8
o)™ W {
A’E\‘.\
0.008-0.012 “ ¥
020303051 o m 0.020-0.060
ono-pe | o *} 00180003 0.25-0200 10508-152%)
.878-1041) ! {0457 -0.076) (3.175-5.080)
BOTH faed 0.100 :0.010
{2580 -0.258)
sosa eV v
NS Package JOBA
8-Lead CERDIP (J)
0.785
19.939)
MAX
0025 [ [ [7] [ [ [5] (0]
R 0.220-0.310
' (5.588-7.874)
Ll L] F L] [sT [sT 2]
0.230-0.320 0.005 0.200
(7.366-8.128} (‘L&ZI;‘) FLASS 0.060 +0.005 {5.080)
S0 e
SEALANT {77698 29127 MAX 0.020-0.060
2180 T | (0.508-1.526)
@s72) B t
86°34° TYP Y
10° MAX 0.008-0.012 I
0.310-0410 {0:203-0.308) 0.018 20,003
{1.874-1041) oo oo | {0as7:0076) Sze-020
a9 45720 {3.175-5.080)
MAX BOTH ENDS - 0.150
" 381
MIN JM4A REV G)
NS Package J14A
14-Lead CERDIP (J)
0.785
{19.939)
MAX
onzs [ [13 T72] 1) (7] [9]
{063
RAD
OF T2 [s] (4] |sT [e] [2] [
GLAsS
SEALANT 0.200
o a0z 0005 |, 0.060:+0.005 W
{7.366-8.128) 0121 {s26x0.127) | 0150
LA . 4 M @810
| =
0.180 e 0.008-0.012
ey | oS {0.203-0.305)
MAX 10° MAX
|__ 200 0.020-0.060
0.310 ~0.410 080} {0.508—1.524)

{1874 -10.41)

0.080 _0.01840.003
(2.'0‘3‘2;_. (ﬂ 457 £0.076)
BOTH 0.100+0.010

ENDS
(2 540 10.254)
1A (REV 5

NS Package J16A
16-Lead CERDIP (J)
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imensions

Physical D

0.020 0.915
{0.308) PAD MAX TYP 2328 b
fig] [13] [vo]
0.025 0310
{0.635) A0 iore) A
0.005
LI 0.200
! Nk
o bas003n 0060003 o 0.020-0.060
(7.366--8.128) (1.422£0.076) (0.508 - 1.524)
GLASS SEALANT ) 0.125-0.200
I ~] = {3.175-5.080]
L1
LALTE 0.008-0.012
(4,.‘.'»‘112] gexge | (0.203-0.305] l [
: 86° 84 . ‘
0.310-0.410 e 0.100£0.010 0.098 0.150,
=10 i 2swzozsy =" am PR
MAX
0.01840.003
pereoo P BOTH ENDS
H1BA (REV K)
NS Package J18A
18-Lead CERDIP (J)
0.885
(:%) RAD * @ "
bal (5] [iw] [i7] [ie] [se] [ie] [a] [oe] [i]
0.220-0.310 -
(5.508-7.874)
piZlojnjnjojnjaojog
0.005-0.120
(0.127-0.508)
RAD TYP .
0180 0.005 00600005 !
S 121 [T ] [~ 0.020-0.060
{4.572) GLASS MIN TYP (0.508-1.524)
MAX SEALANT
o200
— mAx
| {5.080]
)
- L8 astazn
9 e 012550
(e 0125-0200
h MIN  (3175-5.080)
0.310-0419 0.060 0.018 10.003 _,l
(187a-10.41) (1528) GEC LR
MAX TYP)
BOTH ENDS 0.400:0010 _ (ve)
{Z5400.250) R
NS Package J20A '
20-Lead CERDIP (J)
| 110 |
(28.19) 0420 max
MAX (10.668) GLASS

0.030-0.055
(0.762-1.397)
RAD TYP
0225
0.390-0.420 GLASS —_
b o] SEALANT (5.715)
19.806-10.658) \ MAX .
95° 157 —Lmn ax 0.020-0,070
| T\ _ws2) i (0.508-1.778)
0.008-0.012 } T
(0.203-0.305) 8 9 /
YR ] 0125
0435 10,050 . @17s)
{12318 £1270) = MIN
MAX goTH 0100 0.100 +0.010 0.018 +0.003
ENDS {2.580] {2500 :0.258) {0.457 +0.076)
TYP 224 (REV F)
NS Package J22A
22-Lead CERDIP (J)
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0.030-0.055 _/
{0.762-1.397)
RADTYP

1.290 :
[ {2.766)
MAx 0.550
{14.22)
MAX GLASS
0.025
10.635)
RAD 0.514-0526

{13.06-13.36)

0.280+0.010
. R
“-i’x’l w wmnuw LR
L 0.550 -0.620 0,005 (e GLASS 005540005 | | eAT)
{14,986 —15.748) (0.127) SEALANT (1.39710127) AX 0.020-0.070
N :q A} {0508 -1.778)
950 25° 0.008-0.015 i T
{0.203-0.381)
0,685 +0.025 1
-nusu l 0.060-0.100 “‘_ 0.018+0.003 0125
}.__ — o ———| -l .
( y {1528-2.540) owo:o o1 @asT10075 @)
by Tvp {2540£0.254) N
J24AQ (REV F}
NS Package J24A-Q
24-1ead EPROM CERDIP (JQ)
Small Window
0026 e
s @z
L[] (3] (2] [ov] (oo} (o] o] (7] [°6] [os] el [
0315 wmax 025
8. 001) GLASS, (1433)
Ll GT T e T o e o] o] ) Toed 0.030-0.055
(.762-1397)
0.050 +0.005 RADTYE  hae0-0320
GLASS 050 +0. : 0.
SEALANT s T ™ 0.020-0.070 {7366-8.128)
‘ @S0 T ;
0.180 ! \ 0225
asm )
\ MAX
i 1 /w 5 0.008-0.012
86° 94° = (0.203-0.305)
TvP T T
0095 MAX \l 0.100 *nmn’l 0.018 20,003 L_ :::Ts") 0.310-0410
T EEE . 878-1041)

J24F (REV &)

0.025

(0.635)

RAD

0.030-0.055
(0.762-1.397)

0.580-0.620
I_._——_d.
{14.986-15.748)

0.008-0.012

95° 15°

+0.025
0685 _poen

(1m0 53523)

RADTYP

2030305 T\

NS Package J24F
24-Lead CERDIP (J)
0.300 Centers
1.490
— [Tk [ —(%%
[ [ [ [ 6 EE (] () () MAXBLASS
0.514-0.526

(13.06-1336)

28-Lead CERDIP (J)

0.180
) Loz
MAX GLASS 0.055 :0.005 &)
SEALANT ) max
T X - o20-00m
T B imm-mm
86° _4 }
24" I
e 0izs
0.060-0.100 0.100 :0.010 0018 :0.002 B
{T524-2500) {2580 -0.258] {0.457 :0.508) e
NS Package J28A
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imensions

Physical D

2.080

(52.83)
MAX

| ) (5] [5¥] (7] [ 5] o) (7] (] (5] (] (=) (o8] ) (] (] (o] o] [ (o]

0.025

weam "0 \9

0030-0055 __~ T2 o] [¢] 1] DT T U] Tl U] Tee Te] Ts] L] o] Do [29]

10.762-1.397)
RAD TYP

“0.005
i T
0.020-0.060

0.590-0.520
(14.986-15.748}

GLASS
SEALANT

D

0.530-0.550

(13.462-13.870)
MAX GLASS

0180 0225°
4572) (5.715)
MAX  MAX

05081528 i:{ /4
g DO0B-0012 ) /
{0:203"0.305) T 3 f 35°94° TYP
+0.025 ! . 0018 £ 0.002
0585y o60 21250200 BAS0 g oeunnns 04570050 _’“"— 0.100 £ 0.010 0.038
— (3175°5080)  3.810) o —»d 0. .051) . ——
(1740 70835) MIN i (1387:0.127) TP {2540 0259) {2489
40 _1s2) - v TYP MAX (BOTH ENDS)
saon e
NS Package J40A
40-Lead CERDIP (J)
0.373-0.400
Baa-10.16) |
0.090
(2285
0092 0 0320005
3 ©8i13z0.17)
N0 16T 0.25010.005 RAD
. (6.35£0.127) PIN NO. 1 IDENT-
. OPTION 1
0.280 2 13T ]
0280 0.040 ¢
™ wna™ [ a0 o mm—»l l~ . oPTIoN 2
0.300-0.320 (0.762) ——] %:‘) 9.145-0.200 \
Ry 20041 X 13.683-5.080)
{7.62-8.128) { "‘/“
e _T # e | 0.13040.005
T T (3.3020.127) ‘
. 1A OPTION 2 T
B AR s . X
0125 e v 2020
0.009-0.015 w5 (1.651) 86°94° {0.508)
(0.229-0.381) DA v MIN
0025 NOM 0.018+0.003
035 T e aErz00m "
oz 10020010
(“55 ~0 33,) (2.54020.254)
0.045+0.015
{11432 0.381) 0.060
— 0.060
om0 | (1524
a2m) ~ Nose eV )
NS Package NOBE
8-Lead Molded DIP (N),
070
0.090 {19.558)
, oguz (2285
(2337) o] _[13] [2] [1o] fo] [5] [s]
DIA NOM ] ]
0.250 :0.008
PIN ND. 1 IDENT 0.250 +0.005
0.280 - e (6350 10.127)
X} e
i [OpHEDNORUECED]
0.300-0320 | o0
TEA82 |  yen 0.040
MAX 0.065 i) 013020005
' es e @302:0127)
| =g t
i T
95°45 0.003-0.015 86°94°
- 20090015 £.020
(0229-0.381) . - Iy Y} )
0075 :0.015 .“_ 0.018:0003 2125 Ty
R D418 -0003
{1505 10387 @as7 200761 sl
0325 fggf: 0.100 :0.010
s {254020258)
(8'255'4?‘::?) NMA(REY B)
NS Package N14A
14-Lead Molded DIP (N)
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0.090 0843-0870
— a1-221
0.092 Z286) -~ '_4 2141-22.10)
2.337) NOM
DIANOM
(2x)
. 50 :0.005
PIN Nﬂ.'IDENT‘\ 2
(6.350 +0.127)
0.280
7.112) 0.030
I bl
(0.762)
0.300-0.320 MAX 0.040

(7.620-8.128)

0.065 0.050 —— .
{1.016) - -
l Y {1520) o 'I I

{tesn
j_~ i i 0.185-0.200

(3.683-5.080)

955" 0.009-0.015
{0z23-0380)
0075 0015 _| _“_ 0.018 0003
025 0028 {7905 0380 {6457 G076 (175-1556)
o 0.100 ¢ nmu
0635 P L)
(sass g 5a) 25000258
Mok (REY 01
NS Package N16A
16-Lead Molded DIP (N)
| 0.743-0.780
0090 _ (18.87-19.81)
(2.286) MAX
0.032 NOM [ 3 [ G 0.032+0.005 f5 [
D‘\ﬂ& * {0813 10.127)
0.250:+0.005 R
PIN NO. 1 IDENT ~_ @ LE i
w20 1 PIN NO. 1 [DENT——1-g
e INORERORCRG [T 1
N 2030 OPTION 1 gerion 2 OPTION 2
0300-0320 | (0.762) (#x)
{Tee-sizs | M 0065 L] 2‘“ 013040005
I EE—— (1651 (' ‘BJ (3.302£0.127) 302 E0327) *
ey B X _ 1
- f 0.145-0.200
°15~ : }
0.008 - 0.015
U= o223 -0.381)
0.018 - 0.003
0325 tggfg "H‘(u 15720076)
+0.635 0100£0.010
fozss 13550 26 =0 A0 258
NIBE |REV 0}
NS Package N16E
16-Lead Molded DIP (N)
0843-0.870
0032 0030 FORETED)
(2.337) {2.286)— ‘-—
DIA NOM NOM
2x)
PINNO. 1 mmv\
0280
a1 RO RUEORGRURORD]
MIN 0.030
0.300-0320 | {@762) 0040
(7520-8.128) | MAX 0065 0.060 n_m?) 0.13010.005
! igsn O m)" 'rvv—’) {3302 «0.127) *
1 -7 0.125-0.200
¥ 3653-5.080)

85°:5° —jl-—

— ]

+0.025
0325 0015

(E

(Z 540 +0. 254]

0.009-0.015 {
(0.229-0.381)
0!
0.025:0015 L .“ 00180003 012 (ot
{0535 :0381) {0457 :0.078) {3.175-3.556)
0.100: ﬂ 10

N18A (REV O]

NS Package N18A
18-Lead Molded DIP (N)
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imensions

Physical D

1.013-1.040
. 0092 {5.73-2542)
(2.337) 0.032 0005
DIA NOM lTwL O] {151 (e} (9] () (71 e [z} [19)
N . ° RAD
0.260 +0.005
PINNO. 1 IDENT finineinihieinint
N @ (6604:0127) +  PINNO.1IDENT
0260 OPTION 1 [ __L ' \'
‘7'“";‘2’ ] GI G G o] O (] CoF Gl 1]
0030
0.300-0.320 . OPTION 2
froiadbanaicty S YIEN) (z zns) o000
{7620-8128) | OPTION 2
0.762) ,,_,,6,, “ ma) Ha ~—  0.130:0005
MAX 0.065 (|,51|) {3.302 :0.127) l
e - —
— T 0.145-0200
Ld=kds .L—] b . | (3.683-5.080)
| 0.009-0010 ;/,'ﬁugrl f
(uzzs-azsn TYP 0020
i i
I oms +0.025 J e 0.190 sn,uw_l 0.125-0.140  (0.508)
-0.015 0.050 :0.005 Gsana2e) 00180003 || {3pesgas  MIN
(, 55 +n.s:xs) | Qs asTzo078 1
-0.381,
N20A (REV E)
NS Package N20A
20-Lead Molded DIP (N)
1.093~1.120
{27.76-28.45)
- 2l [21] [0 Do) [ie) [i7) [re] [is} [ia] 3] [va]
D 575)\ 0.350 40005
PINNO. 1 {#890:0127)
IENT N} R
TODDO OO ™M
0.400-0.420
(10.160-10.668)
0.380
™ 0030  0.065 e 240 0.130 :0.008
@652) oo 2B .018) @302:0027)
MIN fiosez) 1651 8302 +0. }
= T et T2 ™ 145-0.200
{3.683-5.080)
95° 15° 0.009-0.015 .
042570025 | {0228-0380)
n.ms ! [ [ e 0425-0.140
(102957552 0050 :0.015 0.100 :0.010 0g1:0003  (3175-35%6)
{1270 0381 {2580 :0.254) {0.457 :0.076)
N22A (REV 01
NS Package N22A
22-1Lead Molded DIP (N)
| 1.243-1.270
{31.57-32.26)
24} 123] 22} 21| f20f [18] 18| 17] 16} 15| [14] [13]
| [}
i !
0.062 | !
{1575) !
RAD 1} 0.540 <0.005
37160127
PIN NO. 1 IDENT II
. o '
1 2 3 4 5 [] 7 [] 9 0§ {1 12/
DOTTED OUTLINES
REFLECT ALTERNATE
0.580 MOLDED BODY CONFIGURATION
(14.13) '
etk 0030
{0.752) 0.075 . .
0.600-0.620 MAX 905 0.050 0.099 0.160+0.005
T e | | ir520) : e i
— : (1
. 0.170-0.210
f {8.318-5.338)

0.009-0.015

95°:5°
+0.025 (0.229-0.381}

0.625 3 8+0.0
—0015 0.075 +0. - 0.125-0.140
—_ {0.381)
- y 0.6 (1.905 +0.381} 0100 £0.010 sauw {0457 +0.078) (1.1:15-3.;55] !

015

(2540 :0.254)

NS Package N24A
24-Lead Molded DIP (N)

N24A (REV E)
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0.300-0.320
(7.62 ~8.128)

0.009-0.015
(0229-0.381)

0425 +ll 025

(ms +

1.243-1.270
-3

Imrmrﬂrﬂmmm
g0s

PIN NO. (- (0.813) @ 0.260:£0.008
ENT L RAD / (8.604 £0.127)
}
M W W W [E2R
orrow 2 082 EJECTOR PINS

“ 575 OPTIONAL
(1.018) 0.1300.005
"')‘ ‘._ {3.30220.127) ‘

RAD
0.020
~— 0.145-0.200
I (0898 3 683=3.010)

0.002
(1,:\31]

4

—
0085
)

0.125-0.148
(3.175-3.558)
MIN

001310018 _| __] 1_‘ e
(1905 Z0.381) e

0.100£0.010 86° 54 TYP

{25420.25)
e N24C (REV £)
NS Package N24C
24-Lead Skinny DIP (SD) Molded DIP (N)
0.300 Centers
Joo] ) [ [l [l [s] (] [o] fo] o] (] i) [re] [rs]
o M
-0
(w‘,?iiijﬁ§ ®
L0 L) Bof Lo o) Tof 1) el ol ol o) o] o] 1]
PIN ND. 1 1DENT" 13831420
} ' {35.38-38.07) :
7 e e (———‘;Lﬁ:"‘i‘;}) :*‘:%""—" "- =68
‘/‘“5""&5” (::::::::::?n'nsotnm 00:+0. 0.018:30.003 R T
MIN .| 0.10010.010 181
L 73]0 5 {1.270£0.381) "_ (zAsanxn.z.u)"l !‘—_ ~"”‘—(ﬂ 457+0.076) '——'2:?,:::1::)
e oeslogs ‘ o
(‘5 “:s g:s N28B (REV E)
NS Package N28B
28-Lead Molded DIP (N)
2.043-2000 ]
(5188-52.58) '"l
1 [ [ G [ [ (6 (€ @5 @ 6
D6z
s 0.550:0.008
PIN NO. 1 1DENT- frasm oaan
. ~

0580
173
i a
- 0.050
0.600-0.620 MAX FEr) 0.125-0165
{is { Tvp *1 I‘ 131754181 l
! i - 0.145-0210
I . 3683-5.334)
95°15° e 0.003-0.015 FA + 1
b6z 0078 {G228-0381) Te i 08
l CUaans 0.075 :0.018 ,‘_ ! | _ 0.100+0.010 | 0018:0.003 (0.508)
1063 {1905 0380 | 1 T Tz 0258 ™ {0457 :0.076) M
(15975 3333) 540 0. 0.125-0.140
{3.175-3556)
NAOA (REV'E)

NS Package N40A
40-Lead Molded DIP (N)
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Physical Dimensions

2393-2.400
(60.7861.98)
48] [a7] Jaf] [45] [a4] fa3] [a2] [41] [40] |3 38] 1371 [36] [35] [34) 3] 2] [31 [30] [29] [2 27] _J26] {25]
ossozooes  _oog2 |
(seTEoin (1574 )
RAD
PIN NG
msn;—"
DREEORORCEGRLEURORTRIRERERDRERCRINERERERARZRERZ
oo
0.762)
0.125-0.165 0.145-0.200
’——%’,:—?;%——- Mix [ER ST . {3.683-5.080)
f 86°94°
95°£5° 0.020 W
0.580 . 50! 0.050 +0.015 0.10G +£0.030 ——— 0.018 +0.003 X
ez "N wn;us’ - L_(uun.am) - I'—a.suo.zsn ~i (0.457%0.076) i)
0.009-0.015 L 0425-0.145
229-0381) | 3.175-3.683)
0.025 asa v 0
"'mtn‘ms
{58205
NS Package N48A
48-Lead Molded DIP (N)
1.060.40.020 0.900+0.010
{26.92£0.508) {22.85£0.25¢)
s s
( \
H[CRONORONORORORORONC)
1 IOXORONOXONOROXONONO)
T U [CROXO] (ONONO L
0.530 ’ OO © 0O —‘_'{
14.73
g e © (ORO
0.620
22 2(0XO; (OXO] _f
s
1@ © @6
‘oo ® © @ ot
'@@©@©@©@@©T—f
"PROEPEEOEEE O M
1z 3 4 5 6 7 8 3 w &0
- 0.134-0.160 0.089-0.105
(3.404~ 4.064) (2.261~-2.667)

'

0.05010.005
{1.270£0.127)

-

? 0.180+0.010
{4.571210.254)

TTTTTTTTT

0.045.+0.002 0.018+0.001 0.005 f
TR T F YT —’l L—(n 570025 \—" 10.127)
oA * RAD NOM
NS Package U68B

68-Pin Hermetic Grid Array Package
Ceramic Cavity Up

U683 (REV A}
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1.060 + 0.020

0.500

(26.82 £0.508) (22.85)
sQ . sa
] (0OPEPEEEE®E O O
B ONONONONONONORORONO;
HHEOEPEEREEEOE .
0.570—0.710 & @ @ @ @ @ @ iYP
(N.“s—ulll.UJ) £ @ @ @ @ @ ©>__i
Gyt Jlo¥o¥o) ®@o 06| 1
0 L} (CROXOC)] [ONOXO;
l D@@@@@@@@@@L&
‘\\ a@@@@@@@@@@ﬁ
L ‘@@@@@@@@31_'1‘1)
1234557u9w'm
ey R =r
1 [ 1
AR
NS Package U84B
84-Pin Hermetic Grid Array Package
1.310+0.013 | 1.20040.010
133-275100»330) J (30.48£0.254)
fOPPPEPEOPEEE G O]
HNEEEPEPEPEEOOEE
1 OXOROROROXOXOROROXOROROKOC]
JIOXOXO) [OXOXOXO)
: e @O
e | oo e ofoXo)
0.710£0.008 i HIOXOKC) ©@0O0E
lll.ﬂJstnﬂ.ZM) £ @ @ @ @ @ @
2ICXOXO! ©0O0O|u
L CXCXO) (OXOXOXO)] ﬁ“”
HORORONONOXOXOXONONORONOKOS
HOXOXO) @@@@@@@@@-—-f
- e "PPEEEEEE OO GG O
1 2 3 5 1 7 8 9 W N 12 13
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