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A radiation evaluation was perfonned on $P9380 (18-BIT DAC) to determine the total dosc tolerance of these parls.
A brief summary of the test resulls is provided below. Far derailed information, refer to Tables T through 1V and
Figure 1.

The total dose testing was performed using a Co™ gamma ray sovrce. During the radiation testing, four parts were
irradiated under bias (see Figure 1 for bias configuration) and two parts wery used as contrel samples. The total
dJose radiation levels were 1,2,3,4, 5,6, 7,8, 9,10, 12.5, 15, 20 and 30 krads'. The dose rate was between (.06
and 0.29 krads/hour {see Tahle 1I (ur radiation schedule). After the 100 krad exposure, the patis were annealed for
168 hours at 25°C, after which the parts were annealed for 168 hours at 100°C. After each radiation cxposure, paris
were electrically tosted according to the test conditions and the specificatien fin its” listed in Table T11.

All parts passed initial clectrical meusurements.

After the | krad irradiation, 8/N 3 fell below the minimum specification limit of -1.00 uA for Iil DBS, with a
reading of -2.30 pA. The same degradation in lil DBS continued to be seen in S/N 5 throughout all subsequent
irradiation and annecaling steps, with approximately the same reading. All other irradiated parts continued to pass ail
other electrical measurements up Lo and including the 5 krad level.

Alter the 6 krad irradiation, S/N 2 fell below the minimum specification Timit of 9959 ¥ for Vref, with a reading of
9.989 V. 'I'he same degtadation in Vref conlinued to be cbserved in $/N 2 thraughout all subsequent irradiation and
annealing steps, with approximately the same reading. All other irradiated parts passed all other electrical tests at
this level, except for those proviously noted.

After (he 9 krad irradiation, S/N 2 exceeded the maximum specification limit of 0.00040 % for INL, with a reading
of 0.00053 %. The same degradation in INL continued to be observed in S/N 2 Lhroughout all subsequent
irradiation and annealing steps, with approximately the same reading. In addition, S/N 5 read -2,58 pA for lih DS,
against a maximum specification limit of 1.00 pA. The same degradation in llh DRE continued 1o be observed in
S/N § throughout all subsequent irradiation and annealing steps, with approximatcly the same reading, All other
irradiated parts passed all other electrical tests at this level, except for those previously noted,

After the 10 krad irradiation, S/N 4 read below the minimum spevification limit for vref, with a reading ol 9.986 V.
The samc degradation in Vref continued to be observed in 3/N 4 throughout ali subsequent irradintion and snnealing
steps, with approximalely the same reading.  All ather irradiated parls passed all other cleerricnl tests at this level,
except Tor those previously noted.

* The term rads, as used in this doenment, means rads(silicon). All radiation levels ciied are cuinulative.
These are manufacturer’s pre-irradiation dala specification fimits. Na post-irradiation limits were provided by the
manulacturer at the time these tests were perfonmed.
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Aller the 12.5 krad nradiation, $/N 3 and 4 excesded the maximum specification limit for NI, with readings of
0.00060 and 000041, respectively. 'The same degradation in TNL continued ta be ohserved in S/W 3 and 4
throughout all subsequent irradiation and annealing steps, with appraximately the same reading for S/N 3, and
increasing to 0.00060 for 5/N 4. All other irradiated parts passed all other clectrieal tests a this level, except for
those previously noted.

After the 15 krad irradiation, /N 3 exceeded the maximum specification limit of 0.00040 for DNL, with a reading
of 0.0004G, The same degradation in DNL continued 10 be observed in 8/N 3 up to and including the 168 hour
anneal at 25°C, with readings increasing to 0.00136 V. All other irradiated parts passed all other eleclrical tests at
this level, except for those previously noted.

After the 20 krad irradiation, S/M 2, 4 and 5 exceeded the maximom specification limit for DNL, with readings of
0.00083, 0.00079 and 0.00056, respectively. The same degradation in DNL continued to be ubserved in 8/N 2, 4
and 5 up te and including the 168 hour anneal at 25°C, with readings increasing (o (.00126, 0.00121 and 0.00091,
respectively. All other irradiated parts passed all other slectrical tests at this level, except for those previcusly
noted.

After the 30 krad irradiation, no additional parameters shawcd depradation. The same degradation in the parameters
as previously noted continued. _

After annealing for 168 hours at 25°C no recovery was observed.
Afier annealing for 168 hours at 100°C, no rebound effects were ohserved.

Table IV provides a summary of the functional test results and the mean and standard deviation values for each
parameter after each irradiation exposure and annealing step.

Any further details about this evaluation can be obtained upon request. If you have any qucstions, please call me at
{301) 731-3954.
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ADVISORY ON TIIE USE OF THIS DOCUMENT

The information contained in this document has been developed solely for the
purpose of providing general puidance 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 conlrastors. Any distribution of
this document, or application ar use of the information coutained herein, is
expressly conditional upon, and is subject to, the following understandings and
limitations:

¢a) The information was developed for general guidance only and is subject tn
change at any time;

(b} The information was developed under unique GSFC laboratory conditions
which may differ substantially from outside conditions;

(¢) GSFC does not warrent the accuracy of the information when applied or
used under other than unique GSFC laboratory condilions,

{d) The information should mot be consirued as a répresentation of product
performance by either GSFC or the manufacturer;

{¢) Neither the United States govemment nor any persun acting ou behalf of the
United States government assumes any liability resulting [rom the application or
use of the information.

L
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TABLE 1. Parl Inlfoonation

Generic Part Number:

XDS/ACHE Part Number
XD5/ACHE Control Number:
Charge Number:

Manufacturer:

Lot Date Code (LTXC):

Quantity Tested:

Seriul Number of Control Samples:
Serial Numbers of Radiation Samples:
Part Function:

Part Technology:

Package Style:

Test Equipment:

Engineer:

SPI3R0*
SP9380B-18
13762
CE61728
Sipex

0500

5

1

2,3,4,5
18-BIT DAC
1Ivbrid
32-pin Flatpack
A540

C. Nguyen

* No radiation tolerance/hardness was guarantesd by the manulacturer for this part.

L)
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TABLEII. Radiativn Schedute for SP3380

B BN oo et sreereetees sesassm s e s e sasre s rasse e e s se s rrrr oD ee £ 1hL S 1CfeEememeeeieitesarsesiestesssmmsesdbEILLIEIEIASERE s DATE

13 INITIAL ELECTRICAL MEASUREMENTS oovverecvieneces s st st s s 09/11/95
2)1 KRAD IRRADIATION (059 KRADS/HOUR}) 09/12/95
POST-1 ERAD ELECTRICAL MEASURBMENT............. i assn s s s s o 09/13/95

09/13/95
09/14/95

3) 2 KRAD IRRADIATION (0.59 KRADS/MHOUR)
FOST-25 KRAD ELECTRICAL MEASURLCMENT

4) 3 KRAD IRRADIATION (0.11 KRADS/HOUR) ; 09/14/95
POST-3 KRAD ELECTRICAL MEASUREMENT .eccovsvsevcessoessssessssssoemmorre aveetsssesemseceaessmsssssscsssansstssassss 0711595
5)4 KRAD IRRADIATION (0.59 KRADS/HOUR) 09/17/95
POST-4 KRAD ELECTRICAL MEASUREMENT ........ocoooross oo iesssses sssesesssssssscsssisossssssssssssssenmsoseoonsasoss 09/18/9%
6) 5 KRAD IRRADIATION (0.59 KRADS/HOUR) 09/18/95
POST-3 KRAD ELECTRICAL MEASUREMENT oo cecuuscvsseveeeeeeseerrerrrssmamemeesss st oseeesee st 09/19/95

7) 6 KRAD IRRADIATION {0.59 KRADS/HOUR) 05/19/05

POST-6 KRAD ELECTRICAL MEASUREMENT ..ottt 09/£20/95
8} 7 KRAL IRRADIATION (0.59 KRADS/HOUR) 09120495
POST-7 KRAD ELECTRICAL MEASUREMENT ..ot 0%21/93
93 8 KRAD [RRADIATION (.59 KRADS/HOUR) ..o eismmrssirese e eressim it s s s s oo (9/21/95
POST-8 KRAD ELECTRICAL MEASUREMENT .t i s s 09/22/95

191 ¥ KRAD IRRADIATION {0.11 KRADS/HOUR] ... 09/25/95

POST-8 KRAD ELECTRICAL MEASUREMENT.vvvooovooooosseesreeeseesesoe oo oerosrs1sssss1500 100 erresissnsssseseee 09/25/95
11) 10 KRAD IRRATHATION (0.59 KRADS/HOUR) cuuvsmsicomsssrsse soossssssossssssssssss erassssessssessessssreserssoaes 09/25/95
POST-10 KRAD ELECTRICAL, MEASUREMENT .....oooooo.cooooooesceosseseosssiss st ess ssssssessssssessssansessesans 09/26/95
12) 12,5 KRAL IRRADIATION (.15 KRADSIHOUR) ....ovoooseerrrrooeooooersraessessress st e cesoscasscasncsssane 09/26/95
POST-12.5 KRAD ELECTRICAL MEASUREMEN T ..vcvooesceroesecesoesees s cosesssssesreessessassesssesrerreeseeesseosisse s 09/27/95
13) 15 KRAD IRRADIATION (.15 KRADS!HOUR) ................................................................................... 09/27/85
POST-15 KRAD ELECTRICAL MEASUREMENT. .. oo oo ooooeosessessensmeessseseese st atssssssssssssseseeseress 09/28/95
14) 20 KRAD IRRADIATION (0.29 KRADSHOUR) ...ooooo oo eoesiessssonssss s e seiees 09128195
POST-20 KRAD ELECTRICAL MEASUREMENT ...........ccovumssssssssoseersoseesssresssssssassasssssssssaneseemsesesene s 09/29/9%
15) 30 KRAD IRRADIATION (0.15 KRADS/HOUR) ... ocvoocorresesencesseesessssanesssessssssmssssaressssseesesssios 09/29/95
POST-30 KRAD ELECTRICAL MEASUREMENT............. e e 10/02/95
16) 168-HOUR ANNEALING (@257C ...oovvcsussessessssesoasstorssssoressss sssessssesss sssessssssesseessesssssermsessseseess 10/02/95
POST-168 HOUR ANNEAL ELECTRICAT, MEASUREMENT .......ooos oo mssscasrassssrosseseessens erremrioreeemneersees 10/10/95

17} 168-HOUR ANNEALING {@I100%C* ..o nn s snnos e e censesessnsamnsnes 107 10093
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT ..o e eecnccncnnine e [OTTH9S

*High temperature annealing is performed to accelerale long term time dependent effects (TDL), namely, the
“rebound” effeet, due to the growth of interface states after the radiation exposure. For morg information on the
need 1o perform this test, refer to MIL-STD-8830, Mcthod 1019, Para. 3.10.1,

PARTS WERE IRRADIATED AND ANNEALED UNDER BIAS; SEE FIGURE L.
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Table III. Glectrical Characterisries of SP9380

Iih D17
Iih DR1G
Iih DE1S
likh DR14
Tih 113
IiLh DB12
Iih DBl11l
Iih DE1Y
Iih TBS
Iih DB
Iih DB7
Iih DEE
I1ih DES
Tih LB4a
Iih mm3
Iih DBZ
Iih DBl
Iih DBO
Iih LEM
Iih HEM
1il DBLY
Iil DEl&
Iil DELS
Iil 171414
Iil DB13
Iil DB1Z
Iil pEll
Iii DBiC
Iil DB2
Iil DBO
Iil DB7?
Iil DE6
Iil DBB
Ii:l DB4
1il DR2
Til ©B2
Iil pBl
Iil Do
Iil LEM
Ti)l HEN
Vref
+Psar
-Pssx
INL

DL

154,

~1.000
-1.000
-1.000
-1.000
~1.000
«1.0G400)
=1.000
-1.000
-1.000
-1.400
-1.000
-1.4600
-1.000
=1.000
=1.000¢
=1.000
-1.000

=1.0040-
=1.000

-1.000

VEE =

-15V  WYout

+10v (1)

unless ntherwise naoted:

Hax

-20.00 ma

A
ua
ua
ua
Ua
LLE-}
a
&
ua
ua .
ua
171
usa
ua
U
ua
ua
ua
JLE
ua

9.959000v
-0.00010 %
~0.00010 %
-0.00040 %
-0.00040 %

e

maa

30.00

600.0
1.000
1.000
1.000
1.000
1.000
1.600
1.000
1.000
1.000
1.000
1.040
1.000

“1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000

Condition

ma

i
ua
114

1a
ua
ua
ua
a4
ua
ua
ua
i

us
LEE-N
ua
na

ua
ua
ua
ua
ua

0.00010
0.00010
g.00040
0.00040

L

Vih=3.2v
Vih=3.2v
Vih=3.2v
Vih=3.2v
Vih=3,2v
Vih=3.2Zv
Vih=3 2v
Vike3 . 2v
Vih=3.2v
Vihaid,2v
Vih=3 2v
Vih-3.2v
Vih=3.2v
Vih=3 _2v
Vih=3.2v
VYih=3.23v
Yih=3,2v
Vih=3.2v
Vih=3.2v
Vih=3,3v
vil=0.4v
vil=0.4v
Vil=0.4v
Vil=0.4v
vil=0.4v
Vil=0.4v
Vil=0.4v
Vil=0.&wv
Vil=0_4dv
Vil=0.4wv
Vil=0.dv
Vil=0.4v
Vil=0._.4w
Vil=0.4v
Vil=0.4v
Vil=0.4v
Vil=l.4v
Vil-0.4v
Wil=0.,dwv
Vil=0_4v
internal
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TABLE IV: Summary of Electrical Measurements after
Total Dose Exposures and Annealing for SP9380 /1

Total Dose Exposure (krads)
: Initial 1 2 3 4 5 6 ! 7 8

Test Spec. LimJ2 i

# Purametersf3, Units  min mix sd mean  sd mean  sd mezn sl mean  sd sd mean  sd mean  sd mean  sd

1 |Lec mAj - 10,90 12 TR i g1 Faeds] a1 a1 F : s | 16

? |IEE maAi -20.00 - 14 A3 .13 .13 13 13 11 15 .
421 |tih DBI7-DB  ud - 1.00 0 0 0 0 0 0 11 v ]
22 |1ih LEN uad| - 1.00 0 9 0 0 0 0 [ [} 0
23 |lih HEN uA - 1.00 0 0 0 0 D 0 0 0 0
2d-41 (LI DBE17-DB0 wA| -1.00 - 0 0 0 0 ) 0 0 [} 0
42 [HILEN nA| -1.00 - 0 [ ] 0 0 [} 0 0 0
43 |Nil HEN ud| -1.00 - ¢ 0 0 0 D -0 0 0 0
U g4 |Vref v| 5.999000 - 0 0 ] 0 ] D A1 a1 .10
45 |+Dssr %] -0.00010 | 0.00010 | o 0 a o 0 0 0 0 0
i 46 |-Pssr % | -0.00010 | 0.00010 | 0 0 a 0 0 0 0 0 0
48 }iNL %% -0.00040 | 0.00040 § 0 0 ] 4] ] 0 0 |.oqox| o 0
49 |DNL ¢3| -0.00040 | D.OGO40 [E000E| O 0 0 D 0 0 0 |.000% 0 0
Notes:

1/ The mean and standard deviation values were calculated over the four parts irradiated in this testing. The control
sample remained constant throughout the testing and is not included in this table.

2/ These are manufacturer's pre-irradiation data sheet specification limits. No post-irradiation limits were provided
by the manufacturer at the time the tests were performed. '

3/ In this table, the Tih and Iil test parameters have been combined for clarity. Complete results for all test parameters
are available on request, ’

4/ Data for S/N 5 are not included in the Iih and Iil statistics. Refer to the discussion on pages 1 and 2.

Radiation-sensitive parameters: Iih DBS, Iil DBS, Vref, INL, DNL



CYREPDRTRRT6 XLS

TABLE IV (Cont'd.): .Summary of Electrical Measurements after
Total Dose Exposures and Annealing for SP9380 /1

Total Dose Exposure (krads) Annealing
Initia) 9 10 125 15 20 30 168 hrs 168 hrs
Test Spec. Lim./2 @25°C &100°C
% Parameters/3, Units  min max mean sd mean =d sd | mean sd mean sd mean sd mean sd
1 |Lec mA - cages] a2 [Fgods] 1 09 ] at Al o8 fpoasds] 08 K
2 |IEE mAl -20.00 =120 14 12 . A a2 A0 Fladgsl a1 | =ldds] 10
421 T BIT-DE UA - i3 )] D 1] ] 1] Q it | i) g 1]
22 lih LEN uA - S | 0 D 0 i i 0 a |l e K 0
23 1ih 1IEN A - ] 0 1] 0 0 i} i i 0 0 o
25-11 (LI DRIT-DE0 wA|  -1.00 - o . | [T} 0 0 ] 0 po! 0 1] 0 0
42 |LILEN usj -1.00 - a - ] 0 (] 0 ] o | 0 : 0. a T 0
13 [Tl HEXN wal -1.00 - 0ol oo [i] 0 D o A 0 0. € |0 i
44 Ivref - V| 9.399000 - oubs 0 01 .ol 01 | osgss| o1 [haesy, 01 1999731 0
45 [+Pase 24| -0.00010 | 000010 | . 1] 0 0 0 0 [ o | 0 0 i
4G |-Pssr 5| 000018 | 000000 | 0 0 a 0 0 "I 0 (.04 0
48 [INL on| -0.00040 | 000040 | 0N 0 0 0 0 0 0 | o |.of0s| O
49 |DNL o -0,00040° 000040 | 000L ) 0 [i 0 0 a T B ¢ |0bbi:] 0
Notes:
{/ The mean and standard deviation values were calculated over the four parts irradiated in this testing. The control

2/

sample remained constant throughout the testing and is not included in this table.

These are manufacturer's pre-

by the manufacturer at the time the tests were performed.

In this\table, the [ih and Iil test parameters have been combined for clarity. Co

are avallable on request.
Data for S/N 5 are not included in

irradiation data sheet specification limits. No post-irradiation limits were provided

mplete results for all test parameters

the Iih and Iil statistics. Refer to the discussion on pages 1 and 2.

Radiation-sensitive parameters: Iih DBS, lil DBS, Vref, INL, DNL




