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A radiatien evaluation was performed on 10201 (Field Programmable Gate Array) o determue the total dose
tolerance of these parts. A bricf summary of the test results is provided below. For defailed Wformation, refer to
Tables I through 1V and Figures 1, 2 and 3 '

The lotal dose testing was performed using a Co® gamma ray source. During U radialion testing, six parts were
irradiated under bias (see Figure 1 for bias configuration}, and two parts were used as control samples. Three of the
iradiated parts (S/N 506, 507 and 508) were burned-in (BI) by the manufacturer befure irradiation at ¥25"C for 168
hours and the other three (S/N 567, 572 and §75) were ot burned-in (NBD).  This wus done in order to determine
the effcct of burn-in on radiation scnsitivity. The wafar number was 9.

The total dose radiation levels were 3, 15, 20, 30, $0 and 73 krads*. The dose rate was belween 0,00 and 1.47
kradsfiour, depending on the total dose level {sce Table 1T for radiation schedule). After the 75 kiud madiation,
parts were annealed at 25C for 72 hours. Following this, the parts were annealed for an additional 240 hours at 25
[ur a cumuiative total of 312 hours. After each radiation cxpasurc and annealing freatment, parts were cleclrically
tested weoording to the test conditions and the specification limits** listed in Tehle TI. These tests included six
Functionul lests, three at 1 Mhz, with Vee=4.5 V, 5.0 ¥V and 5.5 V, and three at 5 Mhz, with Vec - 4.5V, 5.0 Vand
35V,

All parls pussed initial electrical measurements. Adl irradiated parts passed all clectrical and functianal tesis up to
and including the 5 krad iradiation.

After the 15 krad immadiation, S/N 367 and 572 (NBI) marginally exceeded the maximum speeification limit of 20
mA for ICCH3, with readings of 218 und 2¢.3 mA, respectively, All other irradiated parts passed all electrical and
funcrional tests. R

After the 20 krad irradiation, SN 306 and 507 (B and 567, 572 and 375 (MBI} exceeded the maximum
spocification limit of 20 mA for ar least two and as many a5 5ix ol six 1CCL and [CCH fests, with readings ranging
trom 20.7 to 353 mA

After the 30 krad irradiation, all irradiated parts except SN 308 (Bl exceeded the muximaimn specilicalivn Lot for
all 1CCL and [CC11 tests except for ICCLI, with readings ranging from 21.2 10 291 mA. 8N 308 read 20.2 wA lor
ICCH3 and passed all other ICCL and [CCH tests. All other ireadinted parts passed all electrical and lunclional
tests.

*The lermn rads, as used i this document, means rads(silicon). All radiation levels cited are cumulative.
**These are manuluclurer's pre-irradiation data specification limits. No post-irradiation limits were provided by the
miassuiacturer at the time these tests were pertormed.
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At the 50 krad leve!, S/N 506 {B1) failed Functional Tests #1, 4 and 5; SN 507 (BI) failed Functional Tests #1,2,4
and 5; SN 567 {NBLD) failed Functional Tests # 1 and 4; and S/N 515 (NR1) faited Funclional Test # 4. In addition,
at this level, all irradiated parts read either 999 ar 1000 mV for VOI. and 0.00 V for YOI, which 1s indicative of
functional failure.

Also, at the 50 krad level, S/N 507 had a reading of -3.43 mA for -108. which is above the maximum specification
fimit of -10 mA: and S/N 506 and 507 read 999 ps for TPLH and TPHL, which is above the maximum specification
limit of 100 ns. All irradiated parts except S/N 508 (B1) and 567 read 256 mA for at Jeast one ICCL or ICCH test,
which is ar the limit of the range of the test equipment. Al imsdiafed parts exceeded the maximum specification
limit for all other ICCL and 1CCH tests, with readings ranging frem 27.3 o 250 mA.

The dose rate for the 75 krad leve! was accidentally increased to 1,47 kiads/hour, which is approximately 10 times
the intended rate. At this Tevel, all irradiated parls failed yll funclional tests. ‘The same failures in VOI1 and ¥OL as
ar the 50 krad level were ohserved, and, in additfon, «ll irdiated parts read approximately -1.0 mA for -1035, which
is abave the minimom specification limit. All imadialed parts read —*256 mA for all ICCIT and ICCL tests; and all
irradiated parts read 999 ps for TPLH and TPHL.

After armealing for 72 hours at 25°C, S/ 306 (BI) conlinued (o (ail all functional lests and S/N 567, 572 and 575
(NEI) passed all functional tests. §/N 507 {BI) passed Funclional Test # 3 and failed all others, and 5/N 508 (BI}
fatled Punctinmal Test # 4 and passed all others. 8/N 572 recovered to within specification limits for VOIL and 5/N
506, 572 and 575 recavered to within specification limits {or VOL. Al iradiated parls continued 1o exceed
specification limiis for alil 1CCIL and ICCH tests, and all irradiated parts except S/N 506 and 507 recovered to within
specification limits for TPLH and TPHL.

After annealing for 312 hours ar 25°C, all iradiated parts continued 1 exceed specification limits {or all TOCL and
1CCIL tests. Alt itradiated parts recovered to within specification limits for all ulher clectiical and functional tests.

Table IV provides a summary of the mean and standard deviation values for each pararneler afler different
irradiation exposurcs and anncaling steps.

Readings for 1OCL1 and ICCH1 are platted vs. total dose in Figures. 2 and 3, respestively, tor both burned-in (B1)
and non burned-in (NBI) parts. As ¢an be seen in both fipures, there does not seein Lo be 4 consistent difference
between BI and NBI parts.

Any further details about this cvaluation can be abained upon request. 1T you have auy yuestions, please call me at
{301) 731-8954.
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TARBLE 1. Parx Infotmation

Generic Part Number: 10205+

Code 400 Part Number: 10208

Cade 400 Contral Number: 1193]

Charge Numher? EE44502

Manufacturer: Aclel

[.ot Date Code: unknoewn

Quantity Tested: &

Seripl Number of ‘

Contral Samplas: 509, 535

Serinl Numhbars of 506, 507, 508 (Burmed-In)
Radiation Samples: 567, 372, 575 (not Bumned-In}
Wafer No.: 9

Part Function: . Field Programmahle Grate Array
Part Technnloagy: CMOS

Package Style: E4-pin CPGA

Test Equipment: 8-5

Test Engincer: T. Scharcr

* No tadintion tolerance/hardness was guaranteed by the manufacturer for this part.
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TABLE 1i. Radiation Schedule for 10200

EVENTS

1} INITIAL ELECTRICAL MEASURGMENTS

2) 5 KRAD [RRADIATION (0,12 KRADSATOUR)
POST-5 KRAD ULLCTRICAL MEASTREMENT

3) 15 KRAD IRADIATION (0,06 KRADSAIOUR)
POST-15 KRAD ELECTRICAL MEASUREMENT

4) 20 KRAD IRRATHATION {0,172 KRATIS/HOUIR)
POST-20 KRAD FLECTRICAT. MEASITREMENT

5) 30 KRAD IRRADIATION ( 0.11 KRADS/HOUR)
POST-30 KRAD ELECTRICAL MEASUREMENT

£) 50 KRAD TRRADIATION (0.31 KRADS/AIOURY)
POST-50 KRADL ELECTRICAL MEASUREMENT

7) 75 KRAD IRRADIATION (1.47 KRADS/HOUR**}
MIST-73 KRAD ELECTRICAL MEASUREMENT

8) 72-HOUR ANNLEALING (@25C
POST-T2 HOUR ANNEAL ELLCTRICAL MEASUREMENT

9) 312-HOUR ANNEALING (@25C
POST-312 HOUR ANNEAL CLECTRICAL MEASUREMENT

PART: WERE TRRADTATED AWND ANNCALED UNDER BIAS; SCL FIGURE 1.

*The dose rate for the 20 krad irradiation was accidentally increased by a factor of approximately 2-3.

***The dose rate for the 75 krad irradiation was aceidentally increased by a factor of approximately 14,
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Electrical Charagteristics of 10200
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Table IV: Total Dose Exposures and Annealing for 1020B /1

Initizls Todal Dose Exposure (TDE) (krads) Annesling
S5O0 250 125°C 15 w £ 50 756 T2 hrs 312 hrs
Tesd Spec. LimJ/2 I e WIS
% Parameters Lniti  min max mean sd mesn sd mERD sd L4 | mean sd sd s mean sil mean s mean sd mean sd
1 |Fuscy ¥OOe1 5%, SIL-Y, VIH-4.5%. 1WH T P P P 3P3F F 41’3? B ]
3 lFusca, VOU=SOY . NILsLIY, VIH-S0, 14IH, I’ _ - P P : f;P‘iF : __41:'"1]'?; : F
3 JFUNCA,¥ECESEY, Vel IY, VIH 5%, 1M i P : SPIF P
4 [FUNCL OO 2V, NILALIY, ¥TI-L5%, SME r ) I“ - B P IPJii‘ IFIrF P
5 |FUmos VEC=SOY, Yil=EOY, VIN-E0Y, SHFr P P P P .. :1P3ii" 4P2F !} P -
B [FINCE VEC=54Y, Vi1, VTIF=2 8 SWE, F P L P P . :.:_ 4dPI¥ P
7 |vOR v 37 | 45 |4 | m 0 | 415 | o 01 |7yt o a2z om [ 423 m |oatd e noioo | 4 22 | a2
$ [voL my: 0 | 403 | si3 | 195 | 54 | asw o |oar 48 |zt o4a | e 2o bz | 20 Paaw s os Lasen o5 {ar | s | s 30
o JilH A -1l 10 i i B n nit A2 [} [i L) . 0 ] 0 .05 07 .65 2% .10 .o A0k X3
0 |17 ur| -0 10 ] 0 0 Do-pe3 | e 0 B t | .o ¢ | 002 .04 | 039 23 | 011 | 37 | <881 .01
11 |-I0S wA| cmn | a1 f as2c a0 [sen | om0 awi| 43 A9 21 83 Go 354 | 77 (268 14 [ofard .1 |23 17 | 347 s
12 {I0cL ma| 0 w0 | 93 a4 |13 a4 366 | 4 3.1 4.5 90 [ gz | 20 | 231 0 12 | »2% vin Joum | 449 | 27
13 {ECCTTL mA| 0 -] 361 .16 | 323 ] a5 464 | 18 34 5.0 13 [ 207 24 | 250 | 79 | =% 156 A4 10
14 CCL ma| 0 2 4 A n 3.8 5.4 14 | 208 23 TR 1k | 11 | 3841 63
15 oo mal 0 2i 4 4 i, a2 61 84 [ 2451 30 110 | =256 114 | 10 | 404 | 7T
16 [ICCL3 ma| 20 ’ s " 4.7 6.4 86 | 236 27 | 73| 88 | =28 uL | uz | 392 68
17 {ICCH T - i Lt 51 7.2 | 204 98 | 2m2 - 35 |.7aa | 38 | =25 1d | 10 | 430 | 82
18 {TPLH /5 ms| 6w |33 | 1z [ emr| 15 | 4me | 2 14 15 | 5501 75 |18 17 Tdeer F 4pIF 453 | 1s
19 [rFe. s | 0 w00 |20 | 11 [ 463 14 [S407| 18 (4 0 |58 | 56 |"45% . 12 | apzF F. 4PIF s12 | 98
Nates:

Ll

wbopd

pasied at this lovel and m pacts B le? at this level

47 Nz dats wore avaideble for this 2arameater atth 5 rradiation Beve'.

5 Some pats experienced Functional fzilure at the 50 <rad level and bavond, therafore. data arc shovwn as "F/F", ¢5 m rote 3

¢ Thesz sre manufacturcr's pre-ifrad iation data shest specification |mits. No post-iradia:ion imits wera provided by the manulaeterer aithe time the tests were perfonr.ed

& Al parts at Sis jrragiation lovel read al 7o mit 27 (he test eq liprment range of 236 mA Trral’ leo tesis, therafore no velid mean cocld be culoulaed.

Radiation-sensitive parameters: ICCL, ICCH, TPLH, TPHL, VOII, VOL, 108, FUNC,

Wafer #&:

S/ N#s:

9

BI: A6, 507, 508
NEI: 867, 571, 575
Control: 509, 855

5-

The mean and sandard dev:atizn values were ezleulatad cver (he s1x parts irradiazed 'nthis testicg. The control samples remizned ¢onstant throughout the testing ard are not ine,uded in this table,

£ lnthe finglional Tests, *P" rieans that al] parts passed this test at this imadiatipn o anrealing leve., "F" means that afl parts Ladled th-s test m this sradiation or annealing kevel g9d "nPrl” reans that r parls



Eignal

PRE

PRE
MODE
5DZ
DCLE
CLK
INZ1
INK2
IN1A
INZA

IN AND3
IN AND4
IN_OR3
THN_OR4
IN NANDY
IN NORA
A
RESET
ENCNTR
CRTRLD

RESEVCENT

CLOCK
CUTX]
QOUTXZ
OUTR
O AND3
MND4
OR3
R4
} MAND4

Bid
Ell
Bll
DY
Fa
L&
511
J11
H1G
L4
K5
Fl1
N1l
LS
3
HZ2
E3
CE
B
R a7
Fa
nla
K1l
K10
)
co
L1l
C1C

Az

A

CAR

EPORTSZY].DOC

Figure 1. Radiarion Ring Cireuit for A1020R
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Figure 2. Comparison of Burned-in {Bl) vs. Non Burned-In {NBI} Parts
1020B ICCL Wafer §
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Figure 3. Comparison of Burned-In {BI) vs. Non Burned-In {NBi} Parts
1020B ICCH Wafer 8
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