ADVISORY ON THE USE OF THIS DOCUMENT

The information centained in this decument has been developed aalely for the
purpose of providing general guidance to employees of the Goddard Space Flight
Center (GSFC). This document may be distributed outside GSFC only as a
courtesy to other government agencies and contractors. Any distribution of
this document, or application or use of the infarmatlon contained herein, is
expressly conditioned upon, and is subject to, the following understandinge
and limitations:

{a})

(b}

(<)

(d})

(&)

The information was developed for general guldance only and is
subjact to change at any time;

The informaticn was developed under uniqua GSFC laboratory conditions
which may differ subetantially from outside conditions;

GSFC doas not warrant the accuracy of the information when applied or
used under other than unigue GSFC laboratory conditions;

Tha informatlion should not be conmtrued as a representation of
product performance by either GSFC or the manufacturer;

Neither the United States government nor any person acting on behalf
of the United States government assumes any liability resulting from
the application or uese of the information.
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Subj;?i;ta 0% Loty Lanham
Radiation Repert on T. Perry
GPEF Part No. 54ACTQ374 S. Archer-Davies
Control No. 4655 G. Jacobs
Library/311

34 radiation evaluation was performed on B4ACTQ374 to determine
the total dose tolerance of these parts. A brief summary of the
tesnt results is provided below. For detailed information, refer
to Tables I through V and Figure 1.

The total dose testlng was performed using a cobalt=60 gamma ray
source. During the radiaticon testing, ten parts were irradiated
under bias (see Figure 1 for bias configuration), and two parts
were used as control samples. The total dose radiation steps
were 5, 10, 15, 20, 50, 80 and 100 krads*®. After 10C krads,
parts were annealed without bias at +259C for 168 hours. The
dose rate was between 250 - 1,500 rads/hour, depending on the
total dose level (see Table II for radiation schedule). After
each radiation exposure and annealing Lreatment, parts were
electrically tested @ +259C according to the test conditions and
the specification limits listed in Table ITII. These tests
included two functicnal tests (1MHz, at VCC voltages of 4.5V and
5.5V) after each radiation and annealing step.

All ten paris passed initial electrical measurements at testing
temperatures of -55°C, 25°C and 1259C. All parts passed
functionally throughout the radiation testing to 100 krads and
the subsequent 163 hours of annealing at a testing temperature of
259¢. All ten radiation samples passed all tests through 20
krads. After 50 krads of exposure five parts exceeded the
specification limits for IOZH and ICC; one exceeded ICZH, ICC,
and VOH limits; and three exceeded I10ZH, IOZL, and ICC limits.
After 80 krads of exposure, seven parts did not meet the
specified limits for TOZH, IQZL, and ICC; one part was outside
the limits for TOZH, I0ZL, ICC, and VOH (S/N 160); and one part
exceeded IOZH and ICC limits. After 100 krads of exposure, all
ten parts were outside of the specification limits. HNine parts
were outside the limits for I0OZH, I0ZL, and ICC; and one part
(S/N 160) was beyond the limits for IOZH, IOQZL, ICC, and VOH,
After 168 hours of annealing, only one device (S/N 154) passed
all tests. However, there were no signs eof catastrophic or
funcetional failures after 100 krads of exposure.

Table IV provides the mean and standard deviation values for each
parameter after different radiation exposures and annealing
treatments. Table V provides this data at high/low temperature
pre-irradiation electrical measurements. Tables IV & V alsc



provide a summary of the functional test results after each
radiation/annealing step.

Any further details about this evaluation can be obtained upon

request. If you have any gquestions, please call me at (301) 731-
8964.

*In’ this report, the term rads is used as an abbreviation fer
rads (Si).



TABTLY T. Part Information

Generic Part Number: 54ACTQ374

GPEP Part Number: S4ACTQ374

GPEP Control Number: 4655

Charge Number: 14250

Manufacturer: National Semiconductor Corp.
Lot Date Codc: 90243

puantity Tested: 12

S3erial Numbers of 152, 153, 154, 1565, 156,
Radiation Sanmples: 157, 158, 1%%, 160, 161
Serial Number of

Control Samples: 150, 1351

Part Function: Octal D-Type Flip-Flop with Tri-State
Part Technology: CMOS -

Package S8Style: 20-Pin DIP

Test Engineer: C. Nguyen



TARLE IT. Radiation Schedule for S54ACTQ374

EVENTS

1)-

2}

3}

Initial (Pre-Irradiation) Electrical Measurements

at 259¢, =559C and 1259C

5 krads irradiation @ 250 rads/hour
Post 5 krads Electrical Measurements

10 krads irradiation @ 250 rads/hour
Post 10 krads Electrical Measurements

4) 15 krads irradiation @ 250 rads/hour
Post 15 krads Electrical Measurements
5) 20 krads irradiation & 250 rads/hour
rost 20 krade Electrical Measurenents
6) 50 krads irradiation @ 1,500 rads/hour
Post 50 krads Electrical Measurenents
7} 80 krads irradiation @ 700 radsy/hour
Post 80 krads Electrical Measurements
B) 100 krads irradiation & 1,000 rads/hour
Post 100 krads Electrical Measurements
9) 168 hours annealing @8 +259 wilithout bilas
Post 168 hours Electrical Measurements
Notes:

DATE

10/04/91

11/08/91
11/12/91

11712791
11/12/91

11/13/91
11/14/91

11/:4/91
11/15/9L

11/15/91
11/16/91

11/16/91
11/18/91

11/18/81
11/19/91

11/19/91
11/29/91

- All parts were radiated under bias at the cobalt-60 gamwma ray
facility at GSFC.
-~ All electrical measurements were performed off-site at 25%C,
unless otherwise noted.

~ The parts were annealed without bias at 25°9C.



Table III. Electrical Characteristics of H4ACIQ374

FUNCTICNAL TESTS PERIORMED

PARAMMETER V£ VIL VIH CONDITIONS PINS LIMITS OVER TEMP,
FUNCT 1 4.5V 0.0V 4.5V FREQ=1.90MHz I/0 VOL<2.,25V; VOH>2.25V
FUNCTT 2 5.5V 0.0V 5.5V FREQ=1.00MHz I/0 VOaL<2.,.75V; VOH>2.75V
ICH = -5,0 ma
LOAD USED <= VREF = 1,5 V
o, = +5.0 mi
DC PARAMETRTC TESTS PERFORMED
PARBMETER VCOC WVIT, VIH CONDITIONS PINS LIMITS & 25°C
VOH1 4.5V 0.8V 2.0V LOAD==50uA QUTS »4.4V ; <4.5V
VOH2 4,58V 0.8V 2.0V TOAD==24mA OUTS >»>3.86V | <4.5V
Voila 5.5V 0.8V 2.0V LOAD==-5C0LA QUTS >»h.4V ; <5.8V
VOH4 5.5V 0.8V 2.0V LOAD=—24mh ouTs  >4.,.86V ; <5.8V
VOIS 5.5V 0.8V 2.0V LOAD=-50mA .OUTS =»3.BSV ; <5.85V
VOL1 4.5V .8V 2.0V LOAD=+50ul ouTs »0.0V  ; <0.1V
VOoL2 4.5V 0.8V 2.0V LOAD=+24mA- ouTs »0.0V ; <0.36V
VL3 E.BV 0.8V 2.0V LOAD=+50ul ouUTSs »0.0V  ; <0.1V
VOoIL4 5.5V 0.8V 2.0V LOAD=424mki oOUTS >0.0V  ; <0.36V
VOoLS 5.5 0.8V 2.0V LOAD=+50mA oUTS »0.0V ; <1.65V
ITH 5.8V 0.0V 5.6V VIN = 5.6V INS > 0.0uA; <0.1ulf
IIL 5.5V 0.0V 5.5V VIN = 0.0V INS >=0.1ui; <0.Cul
JOZH 5.5V 0.0V 5.5V VIN = 5.8V IKS > 0.0uA; <0.5ub
ICZL S.5V 0.0V 5.5V VIN = 5.5V INS >=0.85uk; <C,0ud
ICCH 5.5V 0.0V 5.5V VIN = 5.5V vCo >0.0uh ; <8.0u0A
ICCL 5.5V 0.0V 5.5V VIN = 0.0V vCo >0.0Uuh ; <8.00A
ICCZ 5.5V 0.0V 5.5V VIN = 0,0V VCC >0.0uA ; <8.0ui
DEL ICC 5.5V 0.0V 5.5V VIN = 3.4V VCo >»0.0UA ;7 <l.6mad
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AC PARAMETRIC TESTS FPERFORMED

PARAMETER VCC VIL VIH FINS LIMITS @ 25°C "
TPHL._DQ 5.0V 0.0V 5.0V DN TO CN »2.0n3; <7.%ns
TPLH_DQ 5E.CGV 0.0V 5.0V DN TQ QN ~2.0n8; <7.5n8
TPHZ_0Q 5.0V 0.0V 5.0V OE TC ON >1.0nS; <10.0ns
TPLZ_0OQ 5.0V 0.0V 5.0V OFE TQ DN »L.0ns; <10.0ns
TPZH_0Q 5.0V 0.0V 5.0V OE TO ON »>2.0n3; <2.0n3
TPZL_0Q 5.0V 0.0V 5.0V CE TO QN »2.0n8; «<9.,0ns



Table III (Continued). Electrical Characteristics of 54ACTQR374

DC PARAMETRIC TESTS PERFORMED

PARAMETER VCC VIL VIH CONDITIONS PINS LIMITS @ -55%9¢, 125°C
VOH1 4.5V 0.8V 2.0V LOAD=-50uA OUTS >4.4V ; <4.5V
VOH2 4.8V 0.8V 2.0V LOAD=-24m& OUTS >3.7V ; <4.5V
YOH3 5.8V 0.8V 2.0V LOAD=~5Cua OQUTS =>5.4V ; <5.5V
VOH4 5.5V 0.8V 2.0V LOAD=-24mA QUTS =>4.7V ; <5.5V
VOHS .5V 0.8V 2.0V LOAD=-50mA OUTS >3.85V ; <«5.5V
vora 4,5V 0.8V 2.0V LOAD=+50uA OQUTS >0.0V ; <0.1V
VoL2 4.5V 0.8V 2.0V LOAD=+24mA  QUTS >0.0V ; <0.5V
VOL3 5.5V 0.8V 2.0V LOAD=+50uA OQUTS >0.0V ; <0.1V
VOLA4 5.5V 0.8V 2.0V LOAD=+24mA OUTS >0.0V ; <0.8V
VOLS 5.5V 0.8V 2.0V LOAD=+50mA QUTS >0.0V ; <1.85V
1IH 5.5V 0.0V 5.5V VIN = 5.5V  INS > 0.0ub; <1.0ud
ITL 5.5V 0.0V 5.8V VIN = 0.0V INS >-1.0uk; <0.0uA
IOZH 5.5V 0.0V 5.5V VIN = 5.5V INS > 0.0ul; < 10uA
I0ZL 5.5V 0.0V §.5V VIN = 5.5V INS > ~10uk; <0.0uh
ICCH 5.5V 0.0V 5.5V VIN = 5,5V  VCC >0.0uA ; <160uA
ICCL 5.5V 0.0V 5.5V VIN = 0.0v- VCC >0.0ul ; <160uA
ICCT 5.5V 0.0V 5.5V VIN = 0.0V VCC >0.0ud ; <160uA
DEL_ICC 5.5V 0.0V 5.5V VIN = 3.4V  VCC >0.0uA ; <i.6mA
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AC PARAMETRIC TESTS PERFOGRMED

PARAMETER VCC VIL VIH PINS LIMITS @ -559C, 125C¢C

TPHL_DQ 5.0V 0.0V 5.0V DN TO QN »1.5nS; <10.5nS

TPLH_DQ 5.0V 0.0V &E.QV DN TO QN =1.5%5n8; <10.,5n8

TPHZ_0Q 5.0V 0.0V 5.0V OE TC QN =1l.5n8; <10.5n3

TPLZ_0Q 5.0V 0.0V 5.0V OE TO ON =1.5n8; <10.5ns

TPZH_OQ 5.0V 0.0V 5.0V OE TO QN =1.5n8; <11.0nS

TPZIL_O9Q 5.0V 0.0V 5.0V OE TO QN >1.5n5; <11.0ns5
COMMENTS JEXCEPTIONS

1 -~ VIL & VIH tested during VOL & VOH tests as GO/NO GO.

2 - IPLD & IOHD are tested in VOLE & VOHE as GO/NO GO.

3 - Tests not performed per GPEP memoe : VOLP, VOLV, VIHD, VILD

4 - TS, TH, TW, TOSHL, TOSLH are not tested due the

discrepancies between GPEP and manufacturer specs.



TABLE IV: Summary of ©  ‘rical Measurements After
Total Dose Exposures and auncaling for 54ACTQ374 1/ 2/ 3/

Total Dose Exposure (TDE) (krads}) Anneal
Spec Limlite 0 5 10 15 20 50 B 100 168 hours
@ 259 {Pre-Rad)
Parameters min max |mean B84 &d lmean sd |mean sd [mean sd |mean sd mearn g4
PUNCL @ 1 MHz e S R i SEp : :
FUNC2 @ 1 MHz : itk
voHl_3.5v v | 4.4
yoH2 4.5% V| 3.86
voH3 5.5v v | 5.4
voHd 5.5V V| 4.86
YOH5 5.5V W | 3.85
VOLL_4.5V ¥ i
VOL2 4.5¥ ¥ 0
yOoLI 5.5V ¥ 4
YOLd 5.5V V¥ 4]
IvOL5_5.5¥ ¥ 0
‘ITH oA o
IIL na | =140
oz ua 0
Q%L ur | -0.50
TCCH uA 6 | B.0
IcCL uA a i B.0
IeCE uh 0 8.0
DELTA ICC m& 0 1.80
TELH IO  ns 2.0 7.5
TFHEL DO n3 2.0 7.5 .
TPLE 02 ns| 1.0 10.0 0.51
TFHEZ_GC ng| 1.0 10.0 H1a.81
TPEL, ©Q mS 2.0 9.0 E
TPEH 03 mns| 2.0 9.0

1/ These statistics do not include the control samplee which remained constant throughout tezting.

2/ Prior to i:radiatiop the two control samples and ten radiation samples were electrically tested
at 25°C, -~55°C and 125®°C. This teat data, as well as data collected at 25°C after all of the
radiation ateps, leg avallable upon request.

3/ It shall be noted that all A.C. measurements shifted by 1 nS to 2 nS from the initial readings atter
the routine callbraticn of the ATE {5-50). Thia shift cauged all ten radiaticn samples and both
contrel samples to marginally exceed the limits for TPHL. Thereforae, all marginal A.C. fallures are
disregarded in this report due to the shlft in the ATE after calibration.

-7-



Table V. Summary of Low and High Temperature
Pre-Rad Electrical Measurements for 54 ACTQ374

Parameters

Spec.
Limits
min max

Low Temp.
-55=C

125°C

mean

8d

Funcl @VCC=4.5V

Func?2 @vCC=5.5V

VOH! v 4.4 i
VOH2 V| 3.7
VOH3 V| 5.4
V(H4 vl 4.7
YOHS vi 3.85 5.5
[YOL1 mv

YQL2 mv

VOLA my

YOL4 mv

YOLS my

IIH ni

IIL nA|-1000
ICZH vA

I0ZL ui|-10.0
ICCH ul

ICCL ul

ICCZ Ui
DEL_ICC mA

TPLH DO ns
TPHL_DO ns
TPLZ_0Q na

TPHEZ_ 0Q ns
TPZEL_QG ns
TPZH_0Q As

Note:

1/ The mean and atandard deviatlon values were calculated over
elghteen parts tested prior toc radlation testing. Of these elghteen
parts ten were used for radlation testlng, two were used as

contrel samples, and the remaing slx were gpares not used in this

evaluation,




Figure 1.

Rédiation Bina Cirguit for S54ACTO374
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