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ADVISORY ON THE USE OF THIS LCOCUMENT

The informatien contained in this document hag been developed solely for the

. purpose of previding general guidance to employees af the Goddard Space Flight
Center (GSFC). This decument may be digtributed outside GSFC only ad a
courtesy to other government agencies and contractors. Any diptribution of
this document, or applicaticn or use of the information contained lerein, is
expresely conditicned upen, and is pubject to, the follewing understandings
and limitations:

(a) The infermation was developed for genexzl guidance only and is
subject to changae at any time;

(&) The information was developed under unigue GSFC laboratory conditions
which may differ substantially from outside conditions;

{e) cSPC does not warrant the accuracy of the information when applied or
used under other than unigue GSFC laberatory conditicons;

(d} The informatien should not be comstrued as a representation of
preduct perfeormance by =ithex G5FC or the manufacturer;

{e) NKeither the United States govexnment nor any persen acting on behalf
of tha United States government assumes any 1iability resulting from
the application or use of ths informaticn.
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A radiation evaluation was performed on the 54AC646LMNQOE to determine
the tctal dose tolerance of these parts. A brief summary of the test
results ls provided below. For detailed infermation, refer to Tables
I through IV and Figure 1.

The total dose testing was performed using a cobalt-60 gamma ray
cource. During the radiation testing, eight 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 10, 20,
30, 50, 75, and 100 krads ., After 100 krads, the parts were annealed
under bias at 25°C for 264 hours. After this annealing, the parts
were irradiated to 200 and 300 krads (cumulative). Finally, the parts
wera annealed under bias for 168 hours at 100°C followed by an
additional 192 hours without bias at 25°C. The dose rate was between
300 and &,250 rads/hour, depending on the total dose level (see Table
IT for radiation schedule). BAfter each radiation expesure and
annealing treatment, the parts were electrically tested at 25°¢C
according to the test conditions and the specification limits listed
in Table III. These tests included two functional tests at 1 MiEz
after each radiation and annealing step.

211 parts passed both functional tests on irradiation up to 300 krads
and on subsequent annealing treatment under bias for 168 hours at
100%c followed by 168 hours without bias at 25°%C. Also, all parts
stayed within the specification limits for all parameters on
irradiation up te 20 krads. However, after radiation exposure to 30
krads, 3 devices exceeded the maximum specification limit of 160 ua
for ICCH and ICCZ. These parts had readings ranging from 188 uad to
449 uA. Upon continued exposure to 50 krads, 5 devices were over the
1imit for ICCH and ICCZ. The readings ranged from 365 uA to 4.5 mA.
In addition, one part exceeded the limit of 1 va for ITH with an
actual reading of 8.83 uwA. The TICCH, ICCZ and IIH parameters
continued to degrade through 100 krads of eXposure. after 100 krads,
& devices were over the limit for ICCH and LCCZ with readings from 1.8
mA to more than 16 mA. B2lso, 5 of these © devices excesded the IIH
1imit with readings from 22 uA to 676 uA., The 264 hour annealing step
enabled the devices to recover slightly, however, the same 6 parts
wera outside the specified limits. These 6 parts had readings for
IccH apd ICCZ ranging from 0.5 mA to more than 16 mA and ITH decreased
to a range of 2.5 uA teo 384 uA. Upon further irradiation to 200 krads
and then 300 krads, the degradation in the ICCH, I¢¢Z and IIH
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parameters continued. All 8 samples exceeded the limits for these
three parameters after 300 krads. Readings for ICCH and ICCZ were in
excess of 16 mA. Readings for IIH ranged from slightly over 1 ua to
3.8 mA. The post 300 krads annealing step consisted of 168 hours
under bias at 100°C plus an additional 192 hours of unbiased room
temperature annealing. “his annealing enabled 2 devices to recover
enough to be within the limits for ICCH, ICCZ and IIH. The other 5
devices also recovered, but remained outslide the specification ilimits
for ICCH, ICCZ and IIH. Readings ranged from 200 uldA te 2 mdA for ICCH
and ICCZ and from 2 uad to 85 uA for IIH.

Table IV provides the mean and standard deviaticn wvalues for each
parameter after each radiation exposure and annealing treatment. It
also provides a summary of the functional test results after each
radiation/annealing step.

Any further details about this evaluation can be cobtained upon
regquest. If you have any questions, please call me at (301)731-3%54.

Tn thi= report, the term rads is used as an abbreviatien for rads
{51).



TABLE YI. Part Information

Generic Part Number: B4RCE46LMOR

SMEX Common Buy

Part Number: F962-89682013A

SMEX Common Buy

Control Humber: 1412

Charge Number: C90353

Manufacturer: National Semiconductor Corp.
Lot Date Code: 91094

Quantity Tested: 8

Serial Numbers of

Radiation Samples: 302, 303, 304, 305, 306, 307, 308, 309
Serial Number of

Control Sanple: 300, 301

Part Function: QCTAL TRANSCEIVER/REGISTER
Part Technoleogy: CMOS

Package Style: 28-pin LCC



TABLE II. Radiation Schedule for 54ACE46LMQOB

EVENTS DATE

1) Initial {(Pre=-Irradiation) Electrical Measurements 11/18/91

2) 10 XRAD IRRADIATION (500 rads/hour) 12/09/91
POST 10 KRAD ELECTRICAL MEASUREMENT 12/10/91
3} 20 KRAD IRRADIATION (500 rads/hour) 12710791
POST 20 KRAD ELECTRICAL MEASUREMENT 12711791
4} 30 KRAD IRRADIATION (525 rads/hour) 12/11/91
POST 30 KRAD ELECITRICAL MEASUREMENT 12713791
5) 50 KRAD IRRADIATICN (300 rads/hour) 12/713/91
POST 50 KRAD ELECTRICAL MEASUREMENT 12717791
6) 75 KRAD IRRADIATION ({1,320 rads/hour) 12/17/91
POST 75 KRAD ELECTRICAL MEASUREMENT 12718791
7) 100 KRAD IRRADIATION (1,320 rads/hour) 12/18/91
POST 100 KRAD ELECTRICAL MEASUREMENT 12/19/91
8) 96 HOURS ANNEALING AT 25°C 12719791
POST 96 HOURS ELECTRICAL MEASUREMENT 12/23/91
9) 264 HOURS ANNEALING AT 25%C 12719791
POST 264 HOURS ELECTRICAL MEASUREMENT 12/30/91
10) 200 KRAD IRRADIATION (6,250 rads/hour) 12/30/91
POST 200 KRAD ELECTRICAL MEASUREMENT 12731791
11} 300 KRAD TRRADTATION (2,130 rads/hour) 12/31/91
POST 300 KRAD ELECTRICAT, MEASUREMENT 01/02/52
12} 168 HOURS ANNEALING AT +100°C PLUS 192 HOURS AT
25°C WITHOUT BILAS 0L/02/92
POST ANNEALTNG ELECTRICAI, MEASUREMENTS 01/18/92
Notes:

- a1l parts were radiated under bias at the cobalt-60 ganma ray
facility at GSFC.

- All electrical measurements were performed off-site at +25°C.

- All Annealing steps were performed under khias except as noted.
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Table I1L.

(3) THIS PROGRAA DETECTS IMPROPER DOUT IHSERTIUM.



TABLE IV: Summary of Electrical Measurements After
Total Dose Exposures and Annealing for S4AC646LMQB 1/ 2/ 3/ 4/

Total Dose Exposure (TDE) {(krads) Anneal {TDE] {krads) Annea.
|158 hours
Spec Limlts ) 10 340 50 75 140 |264 hour 24040 300 ‘m 100°C ¢
a 25°¢ |[{Pre-Rad) @ 25°C 1192 hours
;@ 25°C
Parameters min max {mean sd |mean sd mean s5d jmean sd i sd
ol @ L s =] — . - e e
FDHC2 @ 1 MHZz
voHL_3.0v ¥ 2.9 | 3.0 0 0 o
lvouz 4.:v v | 4.4 | 4.5 0 0 0
vOH1 5.5V V¥ 5.4 | 5.5 a 0 ]
voHd 3.9y v | 2.4 3.0 o ] o § ¢
VOHS 4.5V ¥ 3.7 | 4.5 0,01 o o1k 0.0l
YOHE 5.5V ¥ 4.7 | 5.8 0.01L (o ¢, 01 f 0.01
VOH7 5.5 v | 3.85 | 5.5 0.02 25 0,02 | 0,02
voLl 3.0v v o 0.1 a g i
voLi_ 4.5V ¥ 0 0.1 0 a 0
voLd 5.5¥ W ] 0.1 0 g U
VOLA_3.0v ¥ 0 0.5 D 0 0.0°
VOLS_4.5V V¥ 0 0.5 0,01 0.01f 0.0L
YOL6E S.5Y WV 0 0.5 0.01 0.01F n.oL
VOLT _5.5¥ ¢t |1.865 0.02 [ 0.02 [ 0.02
IIL uh | =1.0 1.0 o o i o
Iy uA | -1.0 | 1.0 g a 4B¢ . B |; 7.06
IccL uA 0 160 0 a 0.01
TCoH uA (] 160 i g 3373
TCog ul 0 160 i & 33E8
TELHCLK YA NS 1.0 |14.0 0.26 0. 0.3¢
TEHLCLK YA ns 1.1 12.0 a.22 0. .26
TPLHCLKIB nE 1.0 |14.0 0.62 0. Q.56
TEHLCLX3B ns 1.0 [12.0 0.60 D, D.5E
TELHA*A 7.5 1.0 [10.0 .58 . 0,44
TEOELB*A DS 1.0 | 9.5 0.60 a. 6.72
TOLEAYE DS 1.0 {10.0 0.58 0. 0,59
TPHLADE n3 | 1.0 | 5.5 Jo.62 0, 0.61




TABLE IV (CONTINUED) : Summary of Electrical Measurements After

Total Dose Exposures and Annealing for 54AC646LMQB 1/ 2/ 3/ 4/

Total Dose Exposure [TDE) (krads) Anneal (TDE} {krads} annesal
168 hours
spec Limite 4] 10 30 50 75 100 264 haour 200 ang % 100°C &
@ 25o¢ {Pre-Rad} ) ‘® 25°C 192 hours

! @ 25°C
Paranstere min max |mean sd mean sd 'mean sd fmean =d mean s5d
TPLHSELOA nS| 1.0 | 12.0 0.22 3738 0. 18 8537 wigofo.2L b 32| 0.25
TPHLSEL*A n8 | 1.0 12.0 0,50 0.64 1 FoE23 0.85 5.76
TPLESEL)E ns 1.0 12.0 .59 0.59 |} 4: 0,58 0.59
TPHLSELE ns| 1.5 {12.0 0,580 0.61 |; 13 0.58 0.56
TPLZICEXA n3 ! 1.0 11.0 0.28 0.25 159 0,73 ;0,22
TPHZOE3A  nE] 1.0 | 11.5 0.29 0,32 | 9.5 0,34 54 . 0.37
TPHZOE®® nS| 1.0 | 11.5 0.57 0.52 f J0.54 0.54
TPZLOEYA ns | 1.0 11.¢ 0.76 0.9z [ 10,97 B.92
TPIHCE?A hS | L.0 5.5 0.72 40,66 [ Ho.52 0.47
TPILOE'E 0S5 i.0 11.0 0.7L 0.83 | el £ 9.8l
FPZHOESE aS | 1.0 %.5 0.61 1.03 i 0,73 | 1.21
TPHZDIR*A ns 1.0 2.0 1.40 0,36 | _ 725 0,49 0.53
TPHIZDIRE ns | 1.0 { 12.0 0.61 J0.32 |%573: 10,57 0.55

1/ These statlstics do not inclode the contrel samples which remained comstant thrcughout testing.

2/ The statiatics for the post 20 krads and %6 hour annealing steps are available upon request.

3/ It shall be noted that bevond 50 krads of exposure, three devices were reading bzlow the minimum
limit for YOH3. This trend was not consistent with sore parts passing VOHI at later radiation

steps,

4) #ssw - ipdicates that stakistlcs are not avalleble due b fluctuatlons with the Autcmated Test
Faquipment {ATE).




Figure 1. Radiation Bias cCirecuit for 54ACE46LMQB
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