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#JPL/NASA GROUND TEST RADIATION DATA BANKx*
RADATA

A JPL/NASA electronically accessible data bank (called
RADATA) consisting of total-dose and Single Event Upset(SEU)
ground based test data is' now available for government and
industry wuse. The test data were developed by JPL during the
period from August 1981 through August 1985. New data will be
added on a continuous basis as it becomes available. RADATA is
available, at no charge to the user, by dial up phone lines or
TELNET.

RADATA is menu driven and allows the user to peruse the
index of available test data or search for a specific
manufacturer’s name, device type, or function. Selected test
data may then be displayed on the user’s monitor and, if
desired, a copy may be downloaded to the user’s terminal, sent
by electronic NET mail, or postal mail. I

PROTOCOL- Set your terminal and/or modem to full duplex (the .
system wuses auto baud rate detection for speeds up to 9600
baud), 8 bit format, 1 stop bit, and no parity. After you have
set protocol, use one of the following methods to access

RADATA : | . | }

a) ACCESS BY PHONE LINES-
l. using a modem, dial (818)354- 5125 or (818)354-4360
(backup)
2. after the CONNECT prompt, press the RETURN/ENTER key
twice.
3. input RADATA to the username prompt
" 4. press the RETURN/ENTER key

b) ACCESS BY TELNET- If your facility is tied into MILNET or
ARPANET you may access RADATA as follows: '

1. enter TELNET JPL-MILVAX or TELNET JPL-VLSI after your
prompt sign

2. after the CONNECT prompt press the RETURN/ENTER key
twice

3. input RADATA to the username prompt

4. press the RETURN/ENTER key

NOTE: Using TELNET may increase the amount of transmission
problems and slow down the response time when transmitting
and receiving data.

c) ACCESSING FROM JPL USING ILAN-

1) enter ILAN normally

2) respond to the ILAN prompt character with CONNECT GPVAX
or CONNECT VLSI

3) input RADATA to the username prompt

4) press the RETURN/ENTER key

d) ACCESSING FROM JPL USING PHONE DIAL UP-




Page 2.

1) using a modem, dial X45125 or X44360

2) after the CONNECT prompt, press the RETURN/ENTER key
twice _

3) input RADATA to the username prompt o
4) press the RETURN/ENTER key
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ABSTRACT

This document provides steady-state, total-dose radiation test data, in
graphic format, for use by electronic designers and other personnel using
semiconductor devices in a radiation environment. The data were generated by
JPL for various NASA space programs. The document is in two volumes: Volume I
provides data on diodes, bipolar transistors, field effect Fransistors, and
miscellaneous semiconductor types, and Volume II (Parts A and B) provides data

on integrated circuits.

The data are presented in graphic, tabular, and/or narrative format,
depending on the complexity of the integrated circuit. Most tests were done
using the JPL or Boeing electron accelerator (Dynamitron) which provides a
steady~state 2.5-MeV electron beam. However, some radiation exposures were
made with a Cobalt-60 gamma ray source, the results of which should be re-
garded as only an approximate measure of the radiation damage that would be
incurred by an equivalent electron dose. All data were generated in support

of NASA space programs by the JPL Radiation Effects and Testing Group (514).
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PREFACE

Volume II of the Total-Dose Radiation Effects Data for Semiconductor
Devices, 1985 Supplement contains new test data generated since the December 1,

1981 release data of the original Volume II, JPL Publication 81-66.

There are two parts to Volume II. Part A contains data for devices
starting with the 1802 CMOS Microprocessor and ending with the LM108 OP AMP.
Part B contains data for devices starting with the LM111 Voltage Comparator
and ending with the SMP-11 Sample and Hold. For ease in referencing, the

Index and Appendixes are included in both Parts A and B.
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INDEX OF DEVICE TYPES

in Part A
Device Number Description Vendord Page
1802 CMOS Microprocessor HUG/RCA 5-3
1821 CMOS-S0S RAM RCA 5-4
1824 - CMOS 32 x 8 RAM RCA 5-5
1852 CMOS 8 Bit I/0 Port HUG 5-6
2909A Micro. Prog. Seq. AMD 5-7
54HC373 CMOS Latch MTL 5-8
54HC373 CMQS Latch NSC 5-10
74HC373 CMOS Latch RCA 5-14
74HC373 CMOS Latch SPI 5-16
74HC373 ‘CMOS Latch STX 5-17
9407%X~-1 Data Access Reg. FSC 5-18
Al01 Hyb. Preamp AMP 5-19
AD571 10 Bit A/D Converter VADI 5-34
AD574 12 Bit 'A/D Converter ADI 5-49
| ADSP-1016 (5.0 micron) CMOS 16 x 16 Bit Multiplier ADI 5-61
ADSP—L016A (1.5 micron) CMOS 16 x 16 Bit Multiplier ADI 5-87
AM6108 8 Bit A/D Converter AMD 5-89
AM6112 12 Bit A/D Converter AMD 5-91
AM6148 8 Bit A/D Converter AMD 5-107
CD4013 CMOS Dual Flip-Flop SSS 5-125
CD4060 CMOS Counter/Divide/Osc SSS 5-134
CMPO5S Comparator PMI 5-140
DG154 DPST FET Switch SIL 5-146
G159R (TA6678A) OP AMP RCA 5-186
HA2520 OP AMP HAR 5-189
HA2700 OopP AMP HAR 5-197
HAS064 JFET, Quad OP AMP HAR 5-202
HAS141A Low Power JFET OP AMP HAR 5-226
HM6508 CMOS 1K x 1 RAM HAR 5-246

4See Appendix A for Vendor Identification Code List.



INDEX OF DEVICE TYPES
in Part A (Continued)

Device Number Description Vendor?@ Page
HM6551 CMOS 256 x 4 RAM HAR 5-247
HS6551-RH CMOS 256 x 4 RAM (RADHARD) HAR 5-249
L144 Low Power OP AMP sIL 5-250
Ll61l Quad Comparator SIL 5-290
LF155 FET OP- AMP MOT 5-298
LF156 FET QP AMP NSC 5-317
LF198 FET Sample & Hold AMD 5-333
LM101 OP AMP (RADHARD) NSC 5-345
M101 0P AMP NSC 5-365
1M103 3.0 Voltage REF NSC 5-385
LM108 OP AMP | AMD 5-387
LM108 OP AMP FSC 5-412
LM108 OP AMP MOT 5-430
LM108 OP AMP NSC S—4bh
LM108 OP AMP (RADHARD) NSC 5-476
LM108 OP AMP PMI 5-479

35ee Appendix A for Vendor Identification Code List.
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INDEX OF DEVICE TYPES

in Part B
Device Number - Description Vendor?d Page
1M111 Voltage Comparator AMD 5-499
LM139 Quad Comparator AMD 5-543
IM139 Quad Comparator FSC 5-623
1M139 Quad Comparator MOT 5-639
LM139 Quad Comparator NSC 5-659
LM139 Quad Comparator PMI 5-675
MN5211 (MN90227) Hyb. 12 Bit A/D Converter MNC 5-707
MN5214 (MN90228) Hyb. 12 Bit A/D Convertef MNC 5-714
MN5290 Hyb. 16 Bit A/D Converter  MNC 5-716
0P-08 OP AMP MPS 5-725
OP-08 OP AMP PMI 5-727
0P-15 FET OP AMP PMI 5-729
0P-16 FET OP AMP PMI 5-752
0opr-21 Low Power OP AMP PMI 5-755
0P-27 OP AMP ADI 5-783
- 0P-27 OP AMP BUB 5-793
Qp-27 0P AMP LTC 5-802
op-27 0P AMP MPS 5-807
opP-27 0P AMP PMI 5-816
. 0p-27 0P AMP RAY 5-826
0PA-100 FET OP AMP BUB 5-834
OPA-111 FET OP AMP BUB 5-859
SMP-11 SAMPLE AND HOLD PMI 5-869

4See Appendix A for Vendor Identification Code List.
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SECTION I

INTRODUCTION

The data presented in this Volume II Supplement describe the results of
Total Ionizing Dose (TID) tests of integrated circuits (ICs).1 The data were
obtained by the Jet Propulsion Laboratory (JPL) in order to assure the
"hardness" (radiation resistance) of components to be used in a variety of
radiation environments; however, the data is applicable to any ionizing (total
dose) radiation environment. Two primary radiation-source types were used:
Cobalt-60 gamma rays and Dynamitron electron accelerators capable of delivering
2.5-MeV electrons at a steady rate. Complex IC irradiations were carried out
by the Boeing Radiation Effects Laboratory (BREL) in Seattle, Washington,
where the necessary computerized fest equipment was available. The work at

BREL was subject to JPL specifications and procedures.

Some of the data are presented in a graphic format for various operating
conditions as a function of dose. A measure of the statistical variation of
each device lot is provided by the tabulated standard deviations at the bottom
of each graph. Information on other ICs is presentedAin a tabular format. For
more complex large-scale integrated circuit (LSI) types of devices, the data
are given in a narrative form, which gives proper emphasis to the radiation-
induced changes in the measured parameters. Where there are irradiations of

two or more different lots of a given device type, each lot is treated as an

entirely separate test.

lyolume II contains only integrated circuit data. For data on diodes, bipolar
transistors, and miscellaneous semiconductor types, refer to Volume I.
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All data taken here substantially meet the specifications of MIL-STD-883,
méthpd 1019, for environments where short-term annealing is not a relevant
p%oblem. Each test consisted of three or more radiation levels at room tem-
perature, and the devices under test were maintained at worst-case bias con-
ditions during the radiation exposure. Electrical parameter medasurements were
commonly taken within 20 minutes of completion of jirradiation.

|

1
f
H
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SECTION II

DOCUMENT USES AND LIMITATIONS

The purpose of this report is to proﬁide test data for integrated cir-
cuits exposed to steady-state ionizing radiation. As such, it offérs a useful
comparison of the radiation response of different devices that might be con-
sidered in the development (circuit design).of a radiation-hardened system.

It also offers a quick method for determining the weak links in an existing

system, and an approximation of the system radiation tolerance as a whole.

The data presented here cannot be used as a substitute for a comprehen-
sive testing program of the devices actually used in a given system. It will
be clear on inspecting the data herein that there are large lot-to-lot or
wafer-to-wafer variations in the sample responses of a given device type. The
response difference from functionally identical devices fabricated by differ-
ent manufacturers is even greater. There was no attempt. to remove '"maverick"
(outlier) devices from the data plots, so some data plots maybappear anomalous
when compared to other plots for the same device type. It should be noted
that given manufacturers may make minor adjustments in their processing pro-
cedures that will result in a major difference in the device radiation

response.
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SECTION III

RADIATION SOURCES AND DOSIMETRY

A. DYNAMITRON

The Dynamitron electron accelerators at JPL and BREL provide a 2.5-MeV

0 electrons/cmzlsecond.

electron beam with beam currents ranging from 108 to 101
All tests described here were irradiated at a given fluence level for exposure

times between 5 and 45 minutes.

The test geometry for the two dynamitron test facilities is essentially
the same. The electron beam is brought out of the beam tube through a 0.05-mm
titanium window, copper and aluminum scattering foils, and 0.9 m of air. Each
of these materials scatters the electrons slightly so that the scattered beam
has a uniformity variation of less than 20 percent over the test device array,
which is confined within a 25-cm-diameter circle perpendicular to the beam
direction. At the center of the circle is the apefture of a vacuum Faraday
cup, which is used to measure the electron beam flux and fluence. The beam is
centered on the Faraday cup with a quadrupole magnet prior to the installation
of the test samples. The output from the Faraday cup is a current that is fed
into a current integrator, which is calibrated daily against a standard cur-
rent source. The integrator is set to shut off the electron beam automati-

cally when the desired fluence level is received at the Faraday cup.

B. COBALT-60 SOURCES

The Cobalt-60 gamma ray sources at JPL and BREL were both used. The gamma
rays consisted primarily of 1.17 and 1.33 MeV photons with lower énergy photons
and secondary electrons arising from scattering and absorption. The gamma
field was uniform within +10 percent in the parts exposure area, which was
verified by thermoluminescent dosimetry (TLD), consisting of lithium fluoride/

Teflon microrods. The main source calibration was performed with Landsverk ion
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chambers of +2 percent accuracy, traceable to the National Bureau of Standards,
and monthly dose rate computations performed to account for the radioactive
decay of the Cobalt-60 source. Exposure times with the Cobalt-60 sources were
typically 5 to 20 minutes for each radiation level. Longer times (up to 4
hours) were required for high-dose applications because the maximum uniform

dose rate available was 50 rads/second.
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SECTION IV

TEST SETUP AND PROCEDURES

A, GENERAL REMARKS

The test setup and procedures used here were developed in accord with the
specifications of MIL-STD-883, method 1019. All tests were done at 25°C't3°C,
using low noise power sources and instrumentation subject to periodic calibra-
tion. Some tests were performed in situ (without removing the test devices
from the radiation area), whereas others required remote testing, using a
mobile bias fixture to maintain bias except during the brief measurement

period.

A detailed test plan was written for eéch test, including description,
irradiation bias conditions, radiation levels, electrical parameters to be
measured, and measurement conditions. The data were processed byvhand and
cbmputer with the calculation of normal means and standard deviations made
after deletion of clearly erroneous data. Individual-data can be retrieved,
if required, by specifying the JPL log number given with each data plot to the
Radiation Effécts_and Testing Group (Section 514) at JPL.

B. IN SITU TESTING

A matrix board switching system was built to be used as a master control
and switching panel set up outside the irradiation area. The matrix board
interfaces the devices under test (DUT) to the power subplies and measurement
equipment via a special 15-meter (50-foot), double-shielded cable (see
Figure 1). A built-in potentiometer for each DUT could be used to cbntrol
bias voltages and cuireéts. The matrix board was designed with very high
insulation resistance so‘tha; very low current measurements (10-50 pA) could

be made.



CABLE

POWER ’ - .
SUPPLY CONNECTORS CIRCUIT BOARD

: SCATTERING FOILS
W 0.10 mm (0.004 in.) Al
. . N . - o 0,08 mm (0.003 in.) Cu
POWER N

SUPPLY

L— BEAM |

WO
MATRIX 15-m (50-ft) ] TUBE
BOARD CABLES
(40 WIRES ;
N EACH) 3
AMMETER —{T} —T AN \j— !
FARADAY\
. cw DEVICES

RADIATION UNDER
DIGITAL SHIELDING
VOLTMETER WALL - .
Ti WINDOW
0.05 mm (0.002 in.)
RADIATION SAFE .| RADIATION TEST CELL

TESTING AREA !

Figure 1. Block Diagram of the Test Setup for in situ Testing With the
Electron Accelerator (Dynamitron)

C. NON-IN SITU TESTING

For non-in situ, remote tests the DUTs.were removed from the radiatibn
site for approximately 20 minutes between each radiation level. A mobiie bias
(battery) was applied to the devices at ali times except during parameter
measurements. Remote méasuremenﬁs were pefformed using a Tektronix 178/577
curve tracer, a Tektronix 3260 IC tester, or a bench fixture. Occasionally,
custom-built test circuits were used to simulate the circuit application of

the devices tested.

D. TESTING AT THE BOEING COMPANY

A number of ICs were tested for JPL at the Boeing Radiation Effects
Laboratory (BREL). Complex LSI devices - such as A/D converters; memories,
and microprocessprs‘—— were irradiated witﬁ the BREL Dynamitron or Cobalt-60
séurces and tested on a Tektronix 3260 computerized IC tester. Most of these
tests were non-in situ, as described above. The test programs were specified

by JPL personnel with the resultant data sent to JPL for analysis.
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SECTION V

DATA PRESENTATION

The data are presented in graphic, narrative, and tabular format. A séﬁ-
ple graph, explaining the nomenclature, is shown in Figure 2, where each elec-
trical parameter data plot is represented by a single line per graph. Several
IC parameters are plotted as delta values, which are Ehe radiation-induced
parameter changes as a function of dose. This includes radiation-induced
chanées in the offset voltage, AVOS,‘offset‘current, AIOS’ and bias current,
AIB. Offset values are always taken as positive, i.e. absolute, regardless of
algebraic sign changes that may occur during the course of irradiation. Both
the positive and ﬁegative open-loop gain, iAVOL’ are presented in decibels
(dB) versus total dose. The other parameters for the ICs are plotted
directly; that is, not using delta values. A table at the bottom of each
graph lists the test conditions and the normal standard deviations of each
data point at each dose level.l Tables were omitted in cases where the
standard deviations were inconcluéiVe. ' :

Date codes usually indicate when the device was packaged. For example,
7920 indiates the device was packaged in the twentieth week of 1979. If no
date code is available, the. space may be used for other identifying numbérs

such as wafer number or lot number.

The word "Fail," shown in some of the tabular data, indicates that the
device is no longer dynamically functional, whereas asterisks "%¥%'" jpdicate

insufficient or missing data.

lThe log-normal or other types of distributions may provide a better fit for

- some radiation data than the normal distribution. Hence, caution should be
exercised in estimating worst-case conditions based on the limited statistical

. data presented here.
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The narrative format is used to describe some of the tests of large-scale

ICs (LSIs) because of the complexity of the parameter measurements and resul-

tant difficulty in putting data into a computer for processing into curves.



DEVICE TYPE: 1802 CMOS Microprocessor TEST DATE: 8-3-81
MFG: HUG/RCA 20 Devices DATE CODE:  Below

REF: JPL LOG 0747 SOURCE: Co60, 1.25 MeV vy

Twenty standard process 1802 microprocessors were subjected to radiation tests
at Boeing in August, 1981. These devices included 8 Hughes HMMP1802D screened
to the manufacturer's internal hi-rel program (MIL-STD-883, Class B, with some
exceptions), including a 168 hour static burn-in. Because of extremely long
lead times quoted by RCA for their screened device, 12 commercial CDP1802D
devices were used; these were subjected to a 168 hour static burn-in by Boeing
prior to the radiation tests. The original test plan called for irradiating
only 8 from each manufacturer, 4 at 10 volt bias and 4 at O volt bias, but one
group of 4 RCA devices was inadvertently tested with no bias (inputs and power
supply pins open) and an additional 4 devices were tested at the proper bias

condition. The following is a summary of the 5 groups of 4 devices:

Bias, Est. Rad Hardness,
Group . Mfr Date Code (Qty) v krad(Si)
1 HUG 8111(2), 8112(2) 10 8
2 RCA 819(4) . 10 6
3 HUG 8112(4) 0 20
4 RCA 810(1), 724(3) 0 20
5 RCA - 819(4) No Bias 25

Radiation levels used were different for each group of parts.

These estimates are based on all parts passing functional tests and remaining
within MIL-M-38510/470 specification limits on all parameters excluding those
that appear to be anomalous measurements and one that was out of specification
initially. Caution should be used in applying these results because signifi-
cant lot-to-lot variation can be expected. In addition, both manufacturers
are now using a redesigned mask set for the 1802; the parts reported on here

were made with the old mask set.
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DEVICE TYPE: 1821 CMOS-SOS RAM TEST DATE: 10-13-81
MFG: RCA 4 Devices - DATE CODE: SD832

REF: JPL LOG 0791 SOURCE: Co60, 1.25 MeV vy

Four samples of the RCA CDP1821D CMOS-SOS RAM, date code SD832, were radiation
tested at BREL on 13 October 1981 per RIR 334. The radiation levels were 2,
4, 6, 8, 10, 12, 16, 20, 25, and 30 krad(Si). The dose rate was 53

rads(Si)/second.

Three of the lot failed at 16:krad(Si) and one at 20 krad(Si) when VDD was
5 volts. When VDD was 10 volts, three devices failed at 25 krad(Si), and
one. at 30 krad(Si).
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DEVICE TYPE: 1824 CMOS 32 x 8 RAM . . TEST DATE: 10-2-81
MFG: RCA 6 Devices DATE CODE:. 010

REF: JPL LOG 0763 SOURCE: Co60, 1.25 MeV ¥y

Six samples of the RCA CDP1824D (Dip package) 32 x 8 RAM, date code 010, were
radiation tested at BREL on 2 October 1981 per RTR 331. The radiation levels .
were 1, 3, 6, 10, 15 krad(Si). The dose rate was 53 rads(Si)/second.

The devices were tested at both 5 and 10 volts VDD' With VDD equal to
5 volts, two devices failed at 6 krad(Si) and the other four devices failed at

10 krad(Si). When operated with V__ equal to 10 volts, one device failed at"

, DD
6 krad(Si), and four more at 10 krad(Si). The last device failed at

15 krad(Si).

Most measured parameters indicated little or no change. The parameters which

had noticeable change are listed in the table below.

Worst Case Values, Selected Parameters

Total Dose, krad(Si) @ 53 rads(Si)/second

Parameter Units Initial 1 ' 3 6 10

VIL(S) v 2.27 - 2.13 1.86 Fail Fail
VIiL(10) v 4.41 4.35 4,21 Fail Fail
VIH(5) v 2.28 2.14 1.87 Fail Fail
VIH(10) v 5.52 5.43 5.35 Fail Fail
Ipp(s) - MA 0.021 0.068 25.7 925 967
IpD(10) pA 3.31 3.24 34.7 9690 6600




DEVICE TYPE: 1852 CMOS 8 Bit I/0 Port TEST DATE: 8-3-85
MFG: HUG 12 Devices : DATE CODE: H8023

REF: JPL LOG Q744 ' SOURCE: Co60, 1.25 MeV vy

Twelve standard process 1852 8-bit input/output ports were subjected to radi-
ation tests at Boeing in August, 1981. These 12 devices were Hughes HCMPQSSZD
screened to the manufacturer's internal hi-rel program (MIL-STD-883 Class B
equivalent). The original test plan called for 12 RCA CDP1852D devices to be
tested along with the Hughes devices, but these parts were destroyed at Boeing
before testing began. The test consisted of 3 groups of 4 devices each. Each
group was irradiated at one of three bias 1§vels: +10 V, +5 V, and O V. The

- following is a summary of the three groups.

Bias During Irradiation

Group Date Code (Qty) : Bias, V
1 8032 (4) - +10
2 '8032 (4) +5
3 8032 (4) 0

Summary and Conclusions

The estimated radiation hardness of each group is listed below:

Group 1 = 5 krad(si) (Vjp = +5 V AND Vpp = +10 V)
, group 2 = 6 krad(Si) (VDD = +5 V AND VDD = +10 V)
Group 3 = 16 krad(Si) (VDD = +10 V)
Group 3 = 30 krad(Si) (Vpp = +5 V) '

These estimates are based on all parts passing functional tests and remaining
within MIL-M-38510/473 specification limits on all parameters. Caution should
be used in applying these results as significant lot-to-lot variation can be

expected. -



DEVICE TYPE: 2909A* Microprocessor Prog. Seq. TEST DATE: 4-11-83
MFG: AMD 6 Devices DATE CODE: 8146DM
REF: JPL LOG 0979 SOURCE: Dynamitron, 2.5 MeV e

Six samples of the AMD Microprogram .Sequencer, date code 8146DM, were radia-
tion tested at BREL (Boeing Radiation Effects Lab) on 11 April 1983. The .
devices were log number 0979 and were tested per RTR 360. The radiation
levels were 30, 75, 150, 300, 600 krad(Si), and 1 Mrad(Si). The test device
serial numbers were 40, 41, 42, 43, 44, and 45. Serial number 10046 was the

control.

These devices are "hard" to at least 1 Mrad(Si). There were no failures noted
and the maximium parametric charge, in most cases, was less than 5% after

1 Mrad(Si) irradiation.

*New Process
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DEVICE TYPE: '
MFG: MTL
REF: JPL LOG 1034

54HC373 CMOS

Radiation Bias:

Condition 1
(all inputs low)

Vee = 5 Vdc

Vin =0

Enable High

Output Control Low

Outputs Open

6 Devices'

Latch

Condition 2
(all inputs high)

Vee = 5 Vde
ViN = 5 Vde
Enable High
Output Control Low

" Qutputs Open

TEST DATE:
DATE CODE:
SOURCE:

Results: Worst Case Parameter Values, Veg = 5 Vde
IT-200 Automatic Tester

12-8-83
8324

c0%0 1.25 Mev y

Condition 3
(Tri-state)

Voo = 5 Vde

ViN = 0 -

Enable High

OQutput Control High
(Tri-state)

VouT = 250 kQ to 5 Vdc

Total Dose
[krad(Si)] ICC(mA) VOH(V) VOL(V) IOH(mA) IOL(mA) IIH(nA) IIL(nA) IOZH(nA) IOZL(nA)

Condition 1

Initial 0.96 4.45. 0.004 -7.25 17.94 3.2 2.9 2.1 0.8

0.5 0.90 4.45 0.004 -7.27 18.40 2.5 2,5 1.6 1.0

1 0.83 4,45 0.004 -7.20 18.58 3.4 1.6 3.4 2.0

2 0.79 4,44 0.004 -7.08 19.00 2.9 2.9 87.8 39.4

5 1.35 4,42 0.004 -6.57 19.94 3.4 2.0 25,330 >1mA

10 - 7.84 4,18 0.008 -4.20 20.05 3.2 3.2 >1lmA >1mA
Condition 2

Initial 0.47 4,45 0.004 -7.20 16.31 2.6 1.3 2.3 1.1

0.5 0.41 4,45 0.004 -7.29 16.60 2.6 2.9 1.6 1.0

1 0.36 4,44 0.004 -7.23 16.66 2.6 3.1 2.0 1.1

2 0.31 4,42 0.004 -6.69 16.69 2.9 3.4 4.0 2.0

5 1.60 2.96 2.52 +5.91 16.81 3.5 2.6 65.2 25.6

10 6.22 4.36 2.52 -5.96 -18.84 2.9 -197 3,230 1,198
Condition 3

Initial 0.55 4,48 0.004 -6.84 15.96 2.6 2.6 2.0 1.0

0.5 0.49 4,48 0.004 -6.90 16.21 3.4 0.2 1.3 0.8

1 0.45 4. 48 0.004 -6.84 16.28 2.6 1.6 1.3 0.5

2 0.39 4,45 0.004 -6.72 16.25 3.5 2.0 N2, 1.0

5 0.96 4.42 0.008 0.0 16.24 2.9 3.4 16.0 8.6

10 3.30 2.84 1.07 0.0 3.5 3.2 810 424




DEVICE TYPE:
MFG: MTL
REF: JPL LOG 1056

54HC373 CMOS Latch

2 Devices

Radiation Bias:

Condition &4

Vee = 5 Vde
High Impedance State

4 inputs high,

4 inputs low

Outputs loaded (sink/source)

Results:
IT-200 Automatic Tester

5-18-84

8324

60 1.25 Mev y

TEST DATE:
DATE CODE:
SOURCE: Co

Condition 5

Voo = 5 Vdc

Low Impedance State -

4 inputs high,

4 inputs low

OQutputs loaded (sink/source)

Worst case parameter values, Vpog = 5 Vdc

Total Dose

[krad(si)] ICC(mA) voﬂ(v) VOL(V) IOH(mA) IoL(mA) IIH(nA) IIL(nA) IOZH(nA) IOZL(nA)
Condition 4
Initial - 0.047 4.45 0.002 -6.75 18.98 2.00 2.00 1.50 0.80
1 0.027 4. 44 0.002 -5.99 17.83 2.00 . 1.00 1.60 1.00
2 0.412 4.42 0.004 -6.18 17.94 2.50. 2.00 . 3.40 2.10
3 1.263 4.35 0.004 -2.32 17.8 1.60 2.00 10.3 5.80
4 2.883 2.9 0.803 0.00 0.00 1.60 2.10 29.9 16.1
5 5.708 2.9 0.850 0.00 0.00 1.60 1.00 89.6 47.8
10 »>20.0 2.61 1.134 0.01 0.00 »20mA -151.00 4740.0 2320.0
15 »20.0 1.03 0.598 2.00 0.02 >20mA >20mA  46000.0 26000.0
20 »20.0 0.04 0.035 >20.0 0.10 >20mA >20mA 3.4mA  121600.0
Condition 5
Initial 0.046 4,45 0.002 -6.74 16.18 2.00 2.10 1.60 0.80
1 0.026 4,44 -0.002 -6.44 16.48 2.40 1.00 2.60 1.60
2 0.117 4,44 0.002 -6.30 16.54 2.60 1.10 47.4 28.4.
3 0.619 2.95 0.002 3.32 16.50 2.60 2.10 1180.0 686.0
4 1.767 3.29  -0.004 3.34 ~11.03 . 2.00 1.00 17020.0 10000.0
5 . 3.855 3.54 0.004 -0.19 -16.40 . 2.60 1.60 1mA 65200.0
10 »20.0 0.02 0.020 0.32 0.00 »20mA -167.7 >20mA 2.4mA
.15 >20.0 0.02 0.023 ©9.45 -2.43 »20mA >20mA >20mA 13.0mA
20 >20.0 0.02 0.070 >20.0 0.04 >20mA >20mA »20mA - 13.6mA
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' DEVICE TYPE: 54HC373 CMOS Latch TEST DATE: 12-06-83
' MFG: NSC 6 Devices DATE CODE: 8325
REF: JPL LOG 1033 | SOURCE: €0°0, 1.25 Mev

;Radiation Bias:

iCondition 1 ~ Condition 2 Condition 3

(all inputs low) (all inputs high) (Tri-state)

:VCC = 5 Vdc " Vee = 5 Vde Voo = 5 Vde

Vin =0 VIN = 5 Vdc ViIN =0

{Enable High _ Enable High Enable High .
‘Output Control Low Output Control Low Output Comntrol High

i (Tri-state)

{Outputs Open Outputs Open Vour = 250 kQ to 5 Vdc.

Results: Worst Case Parameter Values, Voo = 5 Vdc
‘ IT-200 Automatic Tester '

]
" Total Dose

i [krad(si)] Icc(mA) VOH(V) VOL(V) IOH(mA) IOL(mA) Iiy(na)  Ig (na) IOZH(nA) 1571 (n8)
éCondition 1
Initial 0.90 4.48 0.004 -18.74 15.48 2.3 . 2.5 1.6 0.8
: 0.5 0.77 4.48 0.004 ~18.87 15.66 2.3 0.5 1.3 0.8
i 1 0.68 4.48 0.004 -18.69 15.69 2.6 0.4 1.3 0.8
: 2 0.49 4.48 0.004 -18.24 15.82 2.6 2.3 1.1 0.4
5 0.36 4.48 0.004 -18.19 16.19 ‘2.6 0.5 4,660.0 >1mA
10 0.47 4.48 0.004 -17.66 17.21 1.6 2.3 >1mA >1lmA
Condition 2
Initial 0.92 4.48 0.004 -19.02 14.71 2.3 2.1 1.1 0.8
0.5 0.84 4,48 0.004 -18.91 14.86 2.6 1.0 1.3 0.8
1 0.75 4,48 0.004 -18.56 14.86 2.3 2.1 1.1 0.8
2 0.59 4,48 0.004 -18.53 15.00 1.6 2.0 1.1 0.8
5 0.65 4,48 0.004 -18.07 15.30 2.5 0.4 1.5 1.0
10 1.00 4.45 0.004 -17.22 15.65 2.3 2.3 2.2 1.0
Condition 3
Initial 0.69 4,48 0.004 -19.08 15.44 1.6 2.6 1.3 1.0
0.5 0.58 4,48 0.004 -19.04 15.63 2.3 2.3 1.0 0.8
1 0.48 4.48 0.004 -18.74 15.63 2.4 1.3 1.5 0.8
2 0.33 4.48 0.004  -18.73 15.78 1.6 2.3 1.1 0.8
5 0.98 4.48 0.004 -18.44 16.09 2.6 1.1 1.5 1.0
10 1.42 4.45 0.004 -17.79 16.36 2.9 2.6 2.5 1.6
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DEVICE TYPE: S4HC373 CMOS Latch TEST DATE: 5-17-84
MFG: NSC 2 Devices DATE CODE: R8323
REF: JPL LOG 1054 SOURCE: Co60, 1.25 MeV vy

Radiation Bias:

Condition 4 Condition 5

VCC = 5 Vdc U . VCC = 5 Vdc

High Impedance State Low Impedance State

4 inputs high, : 4 inputs high,

4 inputs low 4 inputs low

Outputs loaded (sink/source) Outputs loaded (sink/source)

Results: Worst case parameter values, Vpoec = 5 Vdc
IT-200 Automatic Tester

Total Dose .
fkrad(s1)] 1, (ma) Vo (V) Vo (V) Ip(mA) I (mA) I,,(na) Iy (nA) Tozy(n8) I,,.(n8)
Condition 4
Initial 0.35 4.48  0.004  -15.2 15.30 2.10 2.00 1.60 0.80
1 0.25 4.45  0.002  -15.38 15.74 2.00 2.30 1.60 0.80
2 0.35 4.45  0.002  -14.84 15.72 2.30 1.50 1.50 0.80
3 1.04 4.45  0.004  -15.20 15.48 2.60 2.30 2.60 1.50
4 2.10 4.44  0.002  -13.46 15.72 2.10 2.00 3.40 2.30
5 3.41 4.44  0.004  -14.78 15.16 2.70 2.10 5.50 4.30
10 12.6 4.33  0.010  -12.39 15.21 2.00 2.30 102.4 69.2
15 19.6 3.86  0.011 -1.04 14.64 2.30 1.30 890.0 598.0
20 23.3  2.63  0.84 0.01 0.00 >20mA 1.50 4050.0 2900.0
30 22.0 1.78  0.75 5.20 0.02 >20mA 1.60 29000.0 22200.0
40 >20 0.05  0.034 7.60 0.05 >20mA 2.60 100000.0 75300.0
50 .
Condition 5
Initial 0.411  &4.48  0.004  -15.21 ~  15.14 2.9 1.3 1.6 0.80
1 . 0.293  4.45  0.004  -l4.14 15.36 2.1 2.0 1.3 0.80
-2 0.271 4.45  0.004  -15.32 15.44 2.6 2.0 13.5 10.5
3 0.526  4.45  0.004  -14.07 15.50 2.6 S 1.1 1000.0 774.0
4 0.988  4.45  0.004  -15.11 15.44 2.6 1.1 7360.0 5400.0
5 1.58 4.44  0.004  -14.75 15.48 2.0 2.0 20950.0 14400.0
10 6.39 4.36  0.005  -12.90 15.39 2.3 2.1 260000.0 140000.0
15 11.3 4.28  0.015  -11.14 14.49 2.6 2.1 1.0mA  640000.0
20 . 17.2 4,30 0.253  -14.50 -1.08 2.6 1.1 >20mA 1.7mA
30 21.5 0.02  0.02 5.95 0.01 >20 1.5 >20mA >20mA
40 >20 0.02 ° 0.025 12.10 0.01 >20mA 2.6 >20mA >20mA
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DEVICE TYPE: 54HC373 CMOS Latch TEST DATE: 5-23-84
MFG: NSC - 2 Devices DATE CODE: R8325
REF: JPL LOG 1058 ‘ SOURCE: Co60, 1.25 MeV v

Radiation Bias:

Condition 4 Condition 5

Vee = 5 Vde : Vee = 5 Vde

High Impedance State ' Low Impedance State

4 inputs high, , 4 inputs high,

4 inputs low ' 4 inputs low

Qutputs loaded (sink/source) Outputs loaded (sink/source)

Results: Worst case parameter values, Vpoc = 5 Vdc
IT-200 Automatic Tester

Total Dose

[krad(si)] I (ma)  Vg(V) Vo (V) Igu(mA) I (mA) ‘I.(aA) I (nA)  Ig,u(ad) I, ()

Condition &4

Initial . 0.87 4.48 0.004 -18.53 14.76 2.90 1.30 1.60 0.50

" 1 . 0.69 4.48 0.004 -18.53 14.83 2.90 2.30 1.60 - 0.80

2 0.54  4.48 0.002 -18.42 14.95 2.60 2.00 1.90 ~0.80

3 0.44 4.48 0.002 -18.12 14.94 2.30 2.30 " 1.60 0.80

4 0.47. 4.48 0.002 ~ -18.14 15.14 2.60 1.60 1.60 0.80

5 0.69 4.48 0.002 -18.06 . 15.14 2.10 2.60 1.60 0.80

10 - 4.11 4,44 0.004 -16.76 "15.3 2.30 2.00 2.00 1.00

15 8.11 4.36 0.008 -15.08 14.94 2.00 - 1.30 7.10 5.80
20 12.7 4.30 0.01 -13.58 14,75 2.00 2.00 43.3 . 36.2
30 »20 2.88 0.915 . 0.00 0.00 >20mA -1.20 580.0 488.0

40 >20 0.02 0.016 11.32 0.00 >20mA -1.40 10.6mA 5.6mA

50 " 20 2.84 0.766- 2,22 0.01 >20mA 2.60 13690.0 10300.0

Condition 5

Initial 0.59 4.48 0.004 -17.96 14.7

2.0 2.0 1.4 0.80
1 0.44° 4.48 0.004 -17.88 14.8 2.5 1.6 1.6 0.50
‘2 0.33 4.48 0.004 -17.78 14.9 2.9 1.5 1.6 0.80
3 0.33 4.48 . 0.004 -17.48 14.9 3.1 1.3 40.9 30.8
4 0.53 4.48 0.004 -17.42 15.1 2.6 1.6 © 980.0 735.0
5 0.89 4,48 0.004 -16.18 15.0 2.5 1.6 6040.0 4300.0
10 4.84 - 4,42 0.004 -15.52 15.1 2.6 1.6 150000.0 76000.0
15 . 9.01 4.34 0.01 -13.16 14.9 - 2.9 1.6 456000.0 223000.0
- 20 12.9 - 4.28 0.01 -12.85 14.7 2.0 2.3 1.2mA~  730000.0
30 >20 0.02 0.022 4.56 0.00 . >20mA 2.0 4.6mA 2.9mA
40 ok Rk Kiktk ok ARk Rk FeAAK Kkkk Kfckkk Ffekkk Fhkkkfokhkd  RRAKAKARAK
50 >20 0.02 0.02 15.45 0.00 >20mA 0.00 18.2mA 8.0mA
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DEVICE TYPE: 54HC373 CMOS Latch TEST DATE: 11-29-84
MFG: NSC 6 Devices DATE CODE: 8323
REF: JPL LOG 1032 " SOURCE: 0060,1.25 MeV vy

Radiation Bias:

Condition 1 - " Condition 2 Condition 3

(all inputs low) (all inputs high) (Tri-state)

Voo = 5 Vde ‘ Vee = 5 Vde Vog = 5 Vde*

Vin =0 ViN = 5 Vdc ‘ ViNn =0

Enable High Enable High t Enable High

Output Control Low Output Control Low " Output Control High
(Tri-state)

Outputs Open Qutputs Open Vouyt = 250 kQ to 5 Vdc

Results: Worst Case Parameter Values, Vgg = 5 Vdc
IT-200 Automatic Tester

Total Dose

[kr?d(Si)] ICC(mA) VOH(V) . VOL(V) _IOH(mA) IOL(mA) Im(nA) IIL(nA) IOZH(nA) IOZL(nA)
Condition 1
Initial 0.65 4,48 0.004 -15.83 15.51 2.3 1.5 1.5 0.8
0.5 0.54 4,48 0.004 -15.54 15.72 1.9 2.0 1.6 0.8
1 0.47 4,48 0.004 -15.43 15.65 2.6 1.3 2.6 1.3
2 0.37 4.45 0.004 -15.11 15.90 2.6 2.0 38.5 31.9
5 0.68 4,44 0.004 -14.67 16.32 1.6 2.0 18,520 >1mA
10 9.92 4,4L4 0.004 -14.15 16.84 2.3 2.0 >1mA >imA
Condition 2
Initial 0.48 4,48 0.004 ~16.05 14.86 1.6 1.6 1.6 1.0
0.5 0.44 4.48 0.004 -15.76 14.75 2.3 2.0, 1.5 1.0
1 0.38 4.48 0.004 -15.58 14.75 216 1.6 1.6 1.0
2 0.36 4,45 0.004 -15.26 14.83 2.5 1.6 1.6 1.0
5 1.11 4. 44 0.004 -14.66 14.49 2.0 2.0 4,1 2.9
10 1.36 4,44 0.004 -13.87 15.24 2.0 1.6 47.2 37.5
Condition 3
Initial 0.39 4,404 0.004 -15.79 15.05 2.3 2.0 1.6 1.0
0.5 0.32 4.48 0.004 -15.45 15.06 2.6 1.0 1.9 0.8
1 0.28 4,45 0.004 -15.10 15.03 2.6 1.1 1.6 1.3
2 0.25 4,45 0.004 -15.08 - 14,23 2.6 2.0 2.6 1.6
5 1.01 4,44 0.004 -14.69 15.31 1.6 2.3 10.9 8.1
10 1.28 4,44 0.004 -14.09 15.55 2.0 1.6 178 129
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DEVICE TYPE:
MFG: RCA 2 Devices
REF: JPL LOG 1059

Radiation Bias:

Condition 4

Vee = 5 Vdc

High Impedance State
4 inputs high,

4 inputs low

74HC373 CMOS Latch

TEST DATE: 6-4-84
DATE CODE: 0325
SOURCE: Co®C, 1.25 Mev y

Condition 5

Vee = 5 Vdce

Low Impedance State
4 inputs high,

4 inputs low

Outputs loaded (sink/source) Outputs loaded (sink/source)

Results: Worst case parameter values, Vgoc = 5 Vdc

IT-200 Automatic Tester

Total Dose

[krad(Si)] ICC(mA) VOH(V) VOL(V) IOH(mA) IOL(mA) IIH(nA) IIL(nA) IOZH(nA) IOZL(nA)
Condition 4
Initial 0.005 4.48 0.002 -15.92 17.34 2.10 1.30 1.30 0.50
1 0.003 4,48 0.002 -15.89 17.51 2.00 XXXX 1.30 0.50
2 0.002 4,48 0.001 -15.85 17.61 1.60 1.10 1.30 0.50
3 0.001 4,48 0.002 -15.76 17.55 1.60 1.10 1.50 0.50
c 4 0.001 4,48 0.001 . -15.70 17.65 2.60 1.00 1.30 0.50
5 0.006 4,48 0.002 -15.64 17.32 2.60 1.00 1.60 0.80
10 '0.285 4.48 0.002 -15.29 17.73 2.00 0.80 1.60 .0.80
15 1.59 4,44 0.002 -14.60 17.68 2.50 1.00 5.20 3.80
20 5.37 4.41 0.004 -13.54 17.64 1.50 0.20 43.5 36.2
30 13.6 4.30 0.016 -11.63 14.29 2.60 0.80 340.0 . 2440
40 >20 2.63 1.08 0.01 0.00 >20mA -0.70 4740.0 3400.0
60 »20 2.36 -0.769 0.02 . 0.02 >20mA -4.50 >20mA 20600.0
Condition 5
Initial 0.004 4.48 0.002 -15.64 16.39 2.60 2.30 1.30 0.50
1 0.002 4.48 0.002 -15.57 16.48 2.10 1.90 1.60 0.50
2 0.001 4,48 0.002 -15.47 16.55 2,50 2.10 1.50 0.50
3 0.001 4,48 0.002 -15.38 16.60 2.60 2.10 1.30 0.50
4 0.001 4.48 0.002 -15.27 16.63 2.10 0.20 1.60 0.80
5 0.001 4.48 0.002 -15.17 16.53 2.60 0.10 1.50 1.00
10 0.128 4.48 0.002 -14.66 16.88 2.60 0.80 27.4 26.0
15 1.293 4,45 0.002  -13.68 17.31 2.00 0.40 23000.0 21400.0
20 4.098 4.42 0.002 -12.44 17.13 2.30 0.80 391000.0 340000.0
30 9.33 4.30 0.004 -10.94 16.03 2.00 . 0.20 1.6mA 1.2mA
40 »20 4.03 0.011 -9.22 0.00 >20mA -20.2 6.1mA 3.9mA
60 »20 0.02 0.014 1.78 -0.07 >20mA -34.4 16.6mA 6.5mA
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DEVICE TYPE:- 74HC373 CMOS Latch
MFG: RCA 2 Devices
REF: JPL LOG 1061

Radiation Bias:

Condition 4

Vee = 5 Vde
High Impedance State
4 inputs high,

.4 inputs low

TEST DATE: 6-5-84
DATE CODE: D345
SOURCE: C060, 1.25 MeV vy

Condition 5

Vee = 5 Vdce
Low Impedance State
4 inputs high,

4 inputs low

Qutputs loaded (sink/source) Outputs loaded (sink/source)

Results: Worst case parameter values, Vgg = 5 Vdc

IT-200 Automatic Tester

,Total Dose

[krad(si)] ICC(mA) VOH(V) VOL(V) IOH(mA) IOL(mA) IIH(nA) IIL(nA) IOZH(nA) IOZL(nA)
Condition 4
Initial 0.42 4,48 0.002 -16.37 16.24 1.50 0.50 0.80 0.40
40 14.0 4,43 0.004 -11.82 15.14 1.60 -0.30 175.4 145.8
50 »20 3.94 0.008 -0.85 -1.47 >20mA 0.40 830.0 683.0
60 »20 2,72  1.15 0.01 0.00 - >20mA -28.7 - 2930.0 2600.0
. 70 »20 2.59. 0.94 0.01 0.01 >20mA -96.7 8000.0 6800.0
80 »20 2.84  0.78 0.02 0.02 >20mA -18.6 14950.0 13300.0
90 >20 2.15 0.77 0.02 0.02 >20mA ) 0.40  25600.0 21500.0
100 >20 1.22  0.086 0.04 0.04 >20mA -11.9 40000.0 35800.0
110 >20 0.25 0.049 0.04 0.04 1350.0 -10.2 52000.0 46700.0
120 >20 0.11 . 0.04 0.04 0.04 2.0 -1.8 55000.0 53500.0
140 »20 - 0.04 0.03 0.10 0.10 2.6 o -5.3 111000.0 101200.0
Condition 5
Initial 0.18 4,48 0.002 -16.13 16.36 1.00 . 0.40 0.80 0.40
40 12.08 4,28 0.004 ' -11.18 16.06 1.50 0.40 1.5mA 1.24mA
' 50 19.63 3.40 0.01 -2.02 -0.57 2.10 © -48.9 3.4mA 2.6mA
60 >20 0.02 0.01 -9.44 0.00 >20mA -200.0 6.5mA 4, 24mA
70 »20 0.02 0.01 1.69 -0.90 >20mA -280.0 >20mA *5.9mA
80 >20 0.02 0.01 - 2.31 -0.90 >20mA -268.0 >20mA 7 .4mA
90 >20 0.02 0.01 2.4 .  -0.01 >20mA -176.0 >20mA 8.7mA
100 »20 0.02 0.01 3.16 0.04 >20mA -82.3 >20mA 9.9mA
110 »20 0.02 0.01 3.26 0.05 >20mA -26.5 >20mA 11.0mA
120 >20 0.02 0.01 3.20 0.08 >20mA -13.1 >20mA 12.1mA
140 »20 0.02 0.01 2.63 0.10 >20mA -10.2 >20mA 14 .0mA
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DEVICE TYPE: 74HC373 CMOS Latch
MFG: SPI

REF: JPL LOG.1043

2 Devices

Radiation:Bias:

Condition 4

Vee = 5 Vde

High Impedance State

4 inputs high, .
4 inputs low

Outputs loaded (sink/source)

Results:
IT-200 Automatic Tester

TEST DATE: 5-17-84
DATE CODE: 8340
SOURCE: €00, 1.25 MevV y

Worst case parameter values, Vpoc = 5 Vdc

Conditidn 5

Voo = 5 Vdce

Low Impedance State

4 inputs high,

4 inputs low.

Outputs loaded (sink/source)

Total Dose

[krad(Si)] ICC(mA) VOH(V) VOL(V) IOH(mA) IOL(mA) IIH(nA) IIL(nA) IOZH(nA) IOZL(nA)
Condition 4
Initial 0.649 4.48 0.004 -8.68 15.82 2.00 2.30 1.50 0.40
1 0.518 4.48 0.002 -7.94 " 16.06 2.00 1.00 1.60 0.40
2 0.414 4,45 0.002 -7.98 15.95 2.60 2.30 2.30 0.80
3 0.323 4.45 0.002 -7.83 15.78 2.90 2.30 3.40 0.80
4 0.261 4.45 0.002 ~7.85 16.28 2.90 1.50 6.40 1.60
5 0.328 4,44 0.002 -7.76 16.30 2.30 2.00 14.20 3.40
10 0.921 L.obb 0.002 -7.49 16.39 2.60 2.30 30.80 7.10
15 16.84 4.30 0.008 -5.78 15.50 2.00 1.30 1180.0 272.0
20 . »20 2,30 1.053 -0.09 0.00 >20mA 1.60 21300.0 - 6800.0
30 »20 0.31 0.776 0.16 0.02 >20mA 2.00 124000.0 46400.0
40 >20 0.02 0.040 0.73 0.16 >20mA -1358.0 583000.0 240000.0
¢
Condition 5
Initial 0.119 4.80 0.002 -6.99 12.70 2,00 1.60 1.50 0.80
1 0.073 4,48 0.002 -6.25 12.94 2.50 2.00 1.60 0.80
2 0.044 3.64 0.002 0.040 11.10 1.60 2.00 15.1 6.40
3 0.029 4,48 0.002 -6.39 13.09 2.60 1.60 200.0 87.1
4 0.024 4,48 0.002 -6.30 13.15 2.60 1.60 2210.0 941.0
5 0.071 4,45 0.002 -6.22 13.22 2.30 2,10 15480.0 7300.0
10 0.304 4,44 0.002 -6.03 13.25 2.00 1.30 68000.0 29000.0
15 6.859 4.06 0.012 -4.77 12.26 2.60 1.50 2.0mA 1.2mA
20 »20 2.65 0.025 -3.44 -3.53 2.00 2.10 >20mA 3.5mA
30 »20 0.02 0.130 -1.20 -2.70 >20mA 2.60 >20mA 15.0mA
40 >20 0.02 0.040 5.27 -0.07 >20mA -1545.0 >20mA 12.0mA

5-16



DEVICE TYPE: 74HC373 CMOS Latch TEST DATE: 5-25-84
MFG: STX 2 Devices DATE CODE: 8244
REF: JPL LOG 1057 : SOURCE: Co60, 1.25 MeV vy

Radiation Bias:

Condition &4 Condition 5

Vee = 5 Vdce : Vee = 5 Vde

High Impedance State _ . Low Impedance State

4 inputs high, 4 inputs high,

4 inputs low 4 inputs low

OQutputs loaded (sink/source) Qutputs loaded (sink/source)

Results: Worst case parameter values, Voo = 5 Vdc
IT-200 Automatic Tester

Total Dose

[krad(Si)]) ICC(mA) VOH(V) VOL(V) IOH(mA) IOL(mA) IiH(nA) IIL(nA) IOZH(nA) IOZL(nA)
Condition &4
Initial 0.34 4,42 0.002 -8.83 21.7 2,60 2.10 8.90 0.80
1 0.22 4.39 0.002 -8.52 21.7 2.50 2.30 20.6 1.00
2 0.17 4,31 0.002 -7.23 21.7 2.60 1.50 48.2 1.60
3 0.46 4,25 0.002 -6.48 21.7 2.60 2.30 107.2 2,90
4 1.65 4.18 0.002 1.60 21.5 2.60 1.10 200.0 5.40
5 3.84 2.90° 0.002 0.00 -20.7 2.00 1.30 400.0 10.0
10 >20 2.74 0.893 0.02 0.00 >20mA 1.60 6130.0 204.0
15 >20 2.60 1.14 0.04 0.00 »20mA -1.40 35000.0 1781.0
20 >20 1.53 0.908 0.34 0.00 > 20mA -4.20 156000.0 10300.0
30 >20 0.08 0.058 1.18 0.04 >20mA -6.60 703000.0 96800.0
40 >20 0.02 0.016 2.36 0.15 >20mA -8.50 1.6mA  340000.0
50
Condition 5
Initial 0.569 4,48 0.002 -8.81 21.64 2.00 1.10 1.60 0.80
1 0.384 4.48 0.002 -8.68 21.62 2.00 2.30 1.60 0.80
2 0.251 4,45 0.002 -8.05 21.58 2.10 2.00 7.50 5.80
3 0.162 4. 44 0.002 -7.73 21.58 2.60 2.30 320.0 112.1
4 0.112 4,54 0.002 . -7.58 21.58 2.00 1.10 3040.0 2100.0
5 0.088 4,42 0.002 -7.40 21.58 2.00 1.60 11100.0 8000.0
10 0.811 3.04 0.002 5.29 -16.54 1.60 -12.9 346000.0 200100.0
15 6.69 4,03 0.004 -5.25 -14.42 2.00 -27.6 : 2.2 1.6mA
20 >20 0.01 0.87 -5.18 0.00 2,60 -32.8 7.3 4. 5mA
30 >20 0.01 0.005 0.76 -0.56 >20mA -33.9 >20mA 10.4mA
40 »20 0.01 0.005 0.89 -0.96 >20mA -33.9 »20mA 15.8mA
50
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DEVICE TYPE: 9407X-1* Data Access Reg. TEST DATE: 4-8-83
MFG: FSC 3 Devices DATE CODE: 8239
REF: JPL LOG 0954 SOURCE: Dynamitron 2.5 MeV.e

Three saﬁples of the Fairchild Data Access Register, date code 8239, were
gadiation tested at BREL (Boeing Radiation Effects Lab) on 8 April 1983. The
devices were log number 0954 and were tested per RTR 321. The radiation -
levels were 30, 75, 150, 300, and 600 krad(Si). The test device serial num—rl
bers were 93, 101, and 105. Serial number 10400 was the control. |
These devices are hard to at least 600 krad(Si). - -There were no failures noted
and the maximum parametric change, in most cases, was less than 5% after

600 krad(Si) irradiation.

*IZL Process

1
i
i
i
I
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DEVICE TYPE: A1l0l Hyb. Preamp A TEST DATE: 9-29-81

MFG: AMP o L , DATE CODE:

REF: JPL LOG 0759 ' SOURCE: Dynamitron, 2.5 MeV e
. - ' - ) Serial

Parameter Units Initial " 30 krad 75 krad 150 krad 300 krad 600 krad No.
Igc-0 Hz mA 3.6l 3.65 3.62 3.62 - 3.64 3.63 187
Igc-0 Hz mA 3.52 3.57 3.58 3.57 3.58 3.58 214
Ioc-10 Hz mA 3.61 3.65 3.62 3.62 3.64 3.63 187
Ioe-10 Hz . mA 3.52 3.58 . 3.58 3.57 3.59 3.58 214
Ige-1 kHz mA 3.61 3.65 3.62 3.62 3.64 . 3.63 187
Ice-1 kHz mA 3.52 3.58 3.58 3.57 3.59 "3.58 214
Ice-100 kHz mA 3.61 3.65 3.63 . 3.64  3.66  3.63 187
Ige-100 kHz mA 3.53 3.58 - 3.58  3.58 3.59 3.58 214
Threshold mv 47 97 51 sl 52 54 187
10 Hz

. Threshold mv 49 49 51 50 51 51 214
10 Hz ,
Threshold mv 47 49 51 . 50 52 53 187
1 kHz . .
Threshold ‘mv 49 49 51 50 50 52, 214
1 kHz : . R
Threshold w47 49 51 56 sl - 52 187
100 kHz ’ ‘ . .
Threshold ° mv 49 49 51 so  so 51 214
100 kHz :
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DEVICE TYPE: Al10l Hyb. Preamp TEST DATE: 10-8-81

MFG: AMP DATE CODE:
REF: JPL LOG 0758 SOURCE: Dynamitron, 2.5 MeV e
' Serial
Parameter Units Initial 30 krad 75 krad 150 krad 300 krad 600 krad No.
Icc-0 Hz mA 3.61 3.62 3.62 3.63 3.63 3.64 177
Igc-0 Hz mA 3.71 3.72 3.73 3.73 3.74 3.75 207 |
Icc-10 Hz  mA 3.61 3.62 3.62 3.63 3.63 3.64 177
Icc-10 Hz mA 3.72 3.72 3.73 3.73 3.74 3.75 207
Ico-1 kHz mA 3.62  3.62  3.63 3.63 3.64 3.65 177
Icc-1 kHz mA 3.72 3.72 3.73 3.74 © 3,74 3.75 207
Icc-100 kHz mA 4.05 4.03 4.03 4.03 4.03 4.02 177
Icc-100 kHz ‘mA 4.15 4.13 4,12 4.13 4.13 4.13 207
Threshold mv 63 63 64 67 63 65 177
10 Hz
Threshold mV 56 56 59 57 61 59 207
10 Hz
Threshold wV 60 62 63 65 63 63 177
1 kHz
Threshold mV 55 56 56 . 58 57 58 207
1 kHz ’
Threshold o 6l 64 - 65 65 64 64 177
100 kHz ' . )
Threshold C mV 57 56 57 57 58 58 207
100 kHz '
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DEVICE TYPE:

Al101 Hyb. Preamp

TEST DATE:

10-12-81

MFG: AMP DATE CODE:
REF: JPL LOG 0757 SOURCE: Dynamitron, 2.5 MeV e
) Serial
Parameter Units Initial! 30 krad 75 krad 150 krad 300 krad 600 krad No.
Icc-0 Hz mA 3.57 3.57 3.58 3.58 3.59 3.59 174
Igc-0 Hz mA 3.57 3.57 3.58 3.58 3.59 3.60 188
Ice-10 Hz mA 3.57 3.57 3.58 3.58 3.59 3.59 174
ICC;IO Hz mA 3.57 3.57 3.58 3.58 3.59 . 3.60 188
Icc-1 kHz mA 3.57 3.57 3.58 3.58 3.59 3.59 174
Ige-1 kHz mA 3.58 3.58 3.58 3.59 3.59 3.60 188
Igc-100 kHz mA 3.57 3.57 3.66 3.59 3.59 3.60 174
I0c-100 kHz mA 4.00 3.99 3.99 3.97 3.97 3.95 188
Threshold mV 57 57 59 58 58 57 174
10 Hz
Threshold mV 58 59 60 60 62 61 188
10 Hz '
Threshold mV 54 56 - 56 57 57 57 174
1 kHz
Threshold mV 58 59 59 60 60 60 188
1 kHz
Threshold mV 55 56 58 56 58 58 174
100 kHz )
Threshold mV 57 59 60 60 60 61 188
100 kHz
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DEVICE TYPE: ADSP-1016A CMOS 16 x 16 Bit TEST DATE: 10-23-84
Multiplier DATE CODE: 8435
MFG: ADI 5 Devices SOURCE: Co60, 1.25 MeV vy

REF: JPL LOG 1109

The ADSP-1016A is the latest version of the 16x16 bit CMOS Multiplier which is
manufactured by Analog Devices, Inc. (ADI). This device is a pin-for-pin

replacement for the older model ADSP-1016.
The following changes have been made on the newly designed ADSP-1016A:

. Geometry Shrink (x3) to 1.5 micron
. Thinner Oxides
. Lowered processing temperatures

. Titanium - Tungsten layer under the metalization

1

2

3

4

5. Process changes
6. Positive Photo-resist
7. Faster by 3 times

8

. ICC is 30% higher

A total of five samples, log 1109, of the ADSP-1016A (date code 8435) were
radiation tested at BREL on October 23, 1984, The devices were packaged in 64
pin DIP's. The test procedure was RTR368A using Co60 (1.25 MeV gamma

rays). The radiation levels were 6, 10, 15, 20, 25 and 50 krad(Si).

All measured parameters were within manufacturer's specification to 25 krad(Si)
except for IDD-1 which exceeds specification at 15 krad(Si) and IDD-2 which
exceeds specification at 25 krad(Si). Both IDD parameters are about four

times harder than the previously tested ADSP-1016.

Parameter Exceeding ADSP-1016 ADSP-1016A
Spec d/c 8317/8322 d/c 8435
IDD-1 4 krad(Si) 15 krad(Si)
IDD-2 . 6 krad(Si) 25 krad(Si)

At 50 krad(Si) all devices failed catastrophically.
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DEVICE TYPE: ADSP-1016A CMOS 16 x 16 Bit TEST DATE: 10-23-84
Multiplier ' DATE CODE: 8435
MFG: ADI - 5 Devices SOURCE: Coéo, 1.25 MeV vy

REF: JPL LOG 1109 ’ i
(continued)

These devices are rated at 18 krad(Si) for total dose applications. Because
of process changes, it 1is recommended that the flight lot be radiation tested
to verify the hardness of the flight devices. Also, these devices have 40
étorage elements within the circuit which may be Single Event Upset (SEU)
sensitive. Therefore, it is recommended that an SEU evaluation be conducted, .
and if an upset or latchup would cause a problem with your system, an SEU test

should then be conducted.
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DEVICE TYPE: AM6108 8 Bit A/D Converter TEST DATE: 3-3-83

MFG: AMD 6 Devices DATE CODE: 8237DM
REF: JPL LOG 0969 SOURCE: Dynamition, 2.5 MeV e
RADIATION BIAS CONDITION: VCC = 5 volts
VDD = -5 volts
RESULTS: Worst-Case Parameter Values,

External Reference Voltage to VREFIN

Total IrLs Irn, VoL IoLs VoH s IoH»
Dose, nA ' HA mV mA v mA
krad(Si) (maximum) (maximum) (maximum) (minimum) (minimum) (minimum)

Initial 1.0 8.88 350 13.2 2.90 ~13.6
30 1.0 9.34 352 12.9 3.10 -13.7
75 1.0 9.77 354 12.6 3.00 ~13.6
150 1.0 10.40 356 12.4 2.85 -13.5
300 1.0 11.05 358 12.0 2.04 Fail
600 1.0 7.40 347 13.6 Fail Fail

Total Isc, ToZH » 1071 VREF» VRF—REG» OFFSET
Dose, mA HA nA \ mV - mV

krad(Si) (minimum) (maximum) (maximum) (Amaximum) (Amaximum) (Amaximum)

Initial -34.7 5.27 1.00 - - -
30 -34.6 5.08 1.00 -2.85 204 -20
75 -34.5 5.28 1.00 -5.12 169 -37

150 ~34.4 5.21 1.00 -8.13 150 | -58
300 -34.2 5.28 1.45 -12.51 135 -95
0 3.94 4.65 -13.87 103 Fail

600 -34.
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DEVICE TYPE: AM6108 8 Bit A/D Converter TEST DATE:
MFG: AMD 6 Devices DATE CODE:

REF: JPL LOG 0969

(continued)

3-3-83

" 8237DM

SOURCE: Dynamition, 2.5 MeV e

Total OFF-ERR, NON-LIN, GAIN, Iecs IgES
Dose LSB LSB LSB mA mA
krad(Si) (Amaximum) (Amaximum) (Amaximum) (maximum) (maximum)
Initial —— —_—— - 42,2 -68.1
30 -0.5 -0.2 0.3 41.3 -66.5
75 -0.7 -0.2 0.9 40.9 ~-65.4
150 1.0. -0.2 1.6 39.7 -63.8
300 2.0 -0.4 2.6 38.9 -61.7
600 Fail Fail Fail 33.0 -53.3
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DEVICE TYPE: AM6148 8 Bit A/D Converter ) TEST DATE: 7-15-82
MFG: AMD 4 Devices DATE CODE: 8220D
REF: JPL LOG 0823 SOURCE: Dynamition, 2.5 MeV e~

Four samples of the AMD AM6148, 8-bit, analog-to-digital converter (date coae
8220D) were tested per RTR 342, 15 July 1982 on the Dynamitron at the Boeing
Radiation Effects Lab (BREL). The total dose levels were 30, 75, 150, 300,
600 krad(Si), and 1 Mrad(Si).

Note: The AMD AM6148 is from a family of ADC's which
includes the AM6108 8-bit and the AM6112 12-bit ADC's.
All three devices use the same cell structures and
processes. Therefore, the radiation test results from
this test of the AM6148 should be similar to the

test results expected from the AM6108 and AM6112 ADC's.

Test Results

The first failure was after a total dose of 600 krad(Si). Device S/N 101
falled VOH and IOH on data l%ne 7. VREFvwgs degraded w1Fb a A of 9mV _
and the Gain Error increased by a factor of two. The other devices tested

indicated nominal changes.

At 1 Mrad(Si) total dose devices S/N 101 and 104 failed most of the tested
parameters. S/N 102 and 103 remained functional and only slightly degraded.
Leakage does not seem to be a problem as typical leakage currents increased by

only a factor of two, which is a very small increase.
Remarks

The overall test results indicate that these devices are useable to 300
krad(Si). Because these devices are from a very early production run, further
testing will be required after the final design and processing "tweaks' are
completed to establish their production lot radiation hardness. Because of
their similarity to the AM6148, the AM6108 and AM6112 ADC's.should be of
similar hardness, but these devices need to be radiation tested to establish

their individual hardness levels.
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DEVICE TYPE: HM6508 CMOS 1Kx1 RAM TEST DATE: 9-11-81

MFG: HAR 6 Devices DATE CODE: 8029

REF: JPL LOG 0764 SOURCE: Co60, 1.25 MeV vy

Six éamples of the Harris HM6508 RAM, date code 8029, were radiation tested at
BREL on 11 September 1981, per RTR-231A, Rev. 1. The radiation levels were 2&
6, 12, 20, and 30 krad(Si). The dose rate was 53 rad(Si)/second. <
Four of the lot failed at 12 krad(Si). One of the devices, S/N 37, was prone
to enter SCR latchup during some measurements and failed at 2 krad(Si).

Device serial number 38 remained functional to 20 krad(Si), even though its

I and IC

CCL C
prone. There was little parameter shift on any device before failure except

H had increased from 22.4 nA to 8.5 mA, and was latchup

for I and I .

cCL CCH
Individual ICCL and ICCH Measurements
Initial,
S/N__ nA 2-krad(Si), pA 6 krad(Si), mA 12 krad(Si), mA 20 krad(Si), mA
36 21.4 383 17.6% 45.9% .
37 21.2 1330% 31.1%* 71.5% '
38 22.4 883 , 1.3% 8.5% 8.5%
39 . 31.7 391 0.14% 11.7% .
40 21.8 19.5 8.1% 32.8% .
41 21.3 86.3 - 11.5% 41.8% L

*SCR latchup prone
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EVICE TYPE: HM6551 CMOS 256x4 RAM TEST DATE: 10-6-81
FG: HAR 6 Devices - DATE CODE: 8049

EF: JPL LOG 0786 SOURCE: Co60, 1.25 MeV vy

ix samples of the Harris HM6551 (Flat pack) 256x4 RAM, date code 8049, were
radiation tested at BREL on 6 October 1981. The devices were tested per RTIR
217A. The radiation levels were 2, 4, 6, 8, 10, 12, 14, 16, and 18 krad(Si).

The dose rate was 53 rad(Si)/second.

One device failed at 12 krad(Si). Three additional devices failed at 14
krad(Si) and one more at 16 krad(Si). The last device failed at 18 krad(Si).

Most measured parameters indicated little or no change. The parameters which

had noticeable change are listed in the table below.

Worst Case Values, Selected Parameters

Total Dose, krad(Si) @ 53 rad(Si)/second

Parameter Unit Initial 2 4 6 8 10 12 14
VTH v 1.661 1.502 1.383 1.264 1.126 0.983 Fail Fail
ATW ns - -2.0 -4.0 -6.0 -7.0 -7.0 Fail Fail
Icc paA .028 181.5 1885 4130 6220 8930 11550 14700
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DEVICE TYPE: HS6551 CMOS 256x4 RAM TEST DATE: 10-6~81
MFG: HAR 6 Devices : DATE CODE: 7909

REF: JPL LOG 0765 , SOURCE: 0060, 1.25 MeV vy

Six samples of the Harris HS6551 (Plastic dip package) 256x4 RAM, date code
7909, were radiation tested at BREL on 6 October 1981. The devices were
tested per RTR 217A. The radiation levels were 2, 4, 6, 8, 10, 12, 14, 16,
and 18 krad(Si). The dose rate was 53 rad(Si)/second.

One device failed at 10 krad(Si). Two additional devices failed at 12 krad(Si)
and two more at 16 krad(Si). The last device failed at 18 krad(Si).

Most measured parameters indicated little or no change. The parameters which

had noticeable change are listed in the table below.

Worst Case Values, Selected Parameters

Total Dose, krad(Si) @ 53 rad(Si)/second

Parameter Units Initial 2 4 6 8 10 12
VTH v 1.46 1.33 1.31 1.23 1.10 Fail Fail
ATW ns - : 3 5 8 11 14 Fail
Icc* mA 11.9 12.7 13.3 14.7 14.3 22.3 29.1

*Note: There is some question of the validiti of the power supply current
(Igc) measurement as the values seem unreasonably high.
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DEVICE TYPE: HS6551-RH* CMOS 256x4 RAM TEST DATE: 10-6-81
MFG: HAR 6 Devices DATE CODE: 8119B

REF: JPL LOG 0787 SOURCE: Co60, 1.25 MeV vy

Six samples of the Harris HS6551-RH (Dip package) 256 x 4 RAM, date code
8119B, were radiation tested at BREL on 6 October 1981. The devices were
tested per RTR 217B. The radiation levels were 10, 20, 30, 40, 60, 80, 100,
120, and 140 krad(Si). The dose rate was 53 rad(Si)/second.

One device failed at 100 krad(Si). Two additional devices failed at 120
krad(Si) and the last three failed at 140 krad(Si).

Most measured parameters indicated little or no change. The parameters which

had noticeable change are listed in the table below.

Worst Case Values, Selected Parameters

A\

Total Dose, krad(Si) @ 53 rad(Si)/second

Parameter Units Initial 10 20 30 40 60 80 100 120
Vog v 2.06 1.86 1.69 1.54 1.41 1.27 0.924 Fail Fail
by ns — -13 =20  -24  -26 -29  -30 Fail Fail
I mA -3.14 -3.07 -2.97 -2.89 -2.83 -2.69 -2.55 -2.50 -2.32
Iogas mA 5.81 6.07 7.37 13.0 17.6 25.3 25.8  34.9 41.2

*Radiation Hardened Process

**Note: There is some question of the validity of the power supply current (Igg)
_measurement as the values seem unreasonably high. .
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