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A radiaden evaluation was performed on 1280A (Gate Array) to determine the tofal dose tolerance of these parts,
A brief sumpmary of (he lest results is provided below, For detailed information, refer to Tables I through V and

Fignre 1.

The total dose testing was performed using a cobalt-60 gamma ray source. During the radiation testing, six parts
were irradiated under bias {se¢ Table V for bias configuration), and two parts were used as control samples. The
total dose radiation levels were 5, 10, 15 and 20 krads*. The dose rate was betwesn 0.05 and 0.11 krads/hour,
depending on the lotal dose level (see Table II for radiation schedule), After the 10 krad irradiation, the parts were
annezled for 24 hours at 25°C, 168 hours fcumulative) at 25°C and 336 hours {cumulative) at 25°C, after which
the parts were irradiated to 15 krads (cumulative) and 20 krads {cumulative). After the 20 krad irradiation, the
parts were snnealed for 168 hours al 100°C.  After each radiation exposure and annealing step, the parts were
electrically tested according to the test conditions and the specification limits** listed in Table III, The electrical
tests included three functional tests at 1.0 MHz, with V. = 450 V, 500 V and 350 V. All parls werg
programmed with the same test patterns before any radiation lesting. The test chip pattern consists of four
sections. The first section tests combinatorial logic, (he second lests basic flip-flop characteristics, the third tests
the input and output data latches, and the fourth section contains a long shift register and a 12-bit counter with
enablz, load and reser. See Appendix A for mare details on test chip patterns.

[nitial electrical measurements were performed at three temperaiures: -33°C, +23°C and +123°C. All parts passed
initial electrical measurcments at all three temperatures, All irradiated parts passed ail electrical and fnctional
tests up to the 3 krad level, After the 10-krad irradiation, all irradintad parts exceeded the maximum specificalion
limit of 25 mA for both ICCL and ICCH, with readings ranging from 96 to 312 mA. In addition, 5/ 3 failed all
three functional tests. Three subscquent annealing measurements at23°C were made at 24, 168 and 336 hours.
After 24 hours, S/N 3 recovered from functional failure. After the 336-hour annealing period, ICCL and ICCH
ranged from 39 to 50 ma., After the 15-krad irradiation, ICCL and ICCH readings increasad to batween 119 and
512 mA and /N 3 again failed all three functional tests. After the 20-krad irradiation, All six irradiated pans
failed all three functional tests. After annealing for 336 hours at 25°C, all six irradiated pans read within
specification limits for all parameters and passed all functional tests. The functional failires of S/N 5 at the 10-
and 13-krad level prevented accurate measurement of VOL!, IIH, TPLH and TPHL, and the functional failures of
all six irradiated parts at the 20-krad level prevented accurate measurement of VOHI, VOLI, ItH, TPLH and
TPHL.

*The term rads, as used in this document, means rads{silicon). All radiation levels cited are cumulative,
*+These are manufacturer's non-irradiated data specification limits. No post-irradiation limits were provided by
the manufacturer at the ume these tests were performed.
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After anncaling for 168 hours at 100°C, no rebound effects were observed. Table 1V provides the mean and
standard deviation values for cach parameter afier different irradiation exposures and annealing steps and Figures
1 and 2 present plots of the values of ICCL and ICCH, respectively, vs. total dose and annegling steps for all six
irradiated parts.

Any further details about this evaluation can be obtained upon request. If you have any questions, please call me at
(301) 731-8954.

ADVISORY ON THE USE OF THIS DS UMENT

The mformation contained in this decument has been develaped solely for the purpose of providing
general guidance to employees of the Geddard Space Flipht Center (GSFC).  This document may be
distributed outside GSFC nnly a1 a courtesy to other government agengies and contractors.  Any
distribution of this document, or application or uge of the infornation contained herein, is expressly
conditional upon, and is subjest to, the foilawing understandmgs and limitations:

{2} The information was developed For general guidance only and is subject to change af any time:

(b7 The infixmation was developed under unique GSFC laboratory conditions which may differ
substantizlly from cutside conditions;

(e} OSFC docs net wamant the accuracy of the information when applied or used cnder ather than
enigue GSFC lzborzlory conditions;

(d) The information should not be construed as a represemation of praduct performance by sither GSFC
or the manufacturer,

()] Meaither the United States govermment ngr any parson acling ey behalf of the United States
government assumes any Habiliey resulting from the application or use of the infarmation.



TABLE 1. Part [nformation

Generic Part Number:

GPEP/PFL
Part Number:

GPEP/PFPL
Control Number:

Charge Number:
Manufacturer:
Lot Date Code.
Quantity Tested:

Seral Numbers of
Control Samples:

Senal Numbers of

Radianon Samples:

Part Function:
Part Technology:
Package Style:
Test Equipment:

Test Engincer:

e

1280A

1280A

8990

C45256

Actel

9328 (S/N 2,3), 9337 (5/N 1, 4-8)

B

1,2

3,4,5,6,7.8
(Gate Array
CMOS, 10 um
17&-pin CPGA
$-50

A Karvgiannis

* No radiation tolerance/hardness was guaranteed by the manufacturer for this part.
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TABLE TI. Radiation Schadule for 1280A

EVENTS
1) INTTIAL ELECTRICAL MEASUREMENTS

2) 5 KRAD IRRADIATION (0.11 KRADS/HOUR)
POST-5 KRAD ELECTRICAL MEASUREMENTS

N 10 KRAD IRRADIATION (0.65 KRADS/BOUR}
FOST-10 KRAD ELECTRICAL MEASUREMENTS

4) 24-HOUR ANNEALING @25°C
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENTS

5} 168-HOUR ANNEALING @25°C
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENTS

63 336-HOUR ANNEALING @235°C
POST-336 HOUR ANNEAL ELECTRICAL MEASUREMENTS

7) 15 KRAD [RRADIATION (0,11 KRADS/HOUR)
POST-15 KRAD ELECTRICAL MEASUREMENTS

8) 20 KRAD [RRADIATION {0.11 KRADS/HCUR)
POST-20 KRAD ELECTRICAL MEASUREMENTS

9) 336-HOUR ANNEALING /@25°C
POST-336 HOUR ANNEAL ELECTRICAL MEASUREMENTS

10} 168-HOUR, ANNEALING @ 100°C*
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENTS

DATE
N3/0%/04

03/08/94
03/10/94

03/10/94
03/14/94

03/14/94
03/15/94

03/14/94
03/21/94

03/14/94
03/28/94

03/28/94
03/30/94

03/30/94
04/01/94

04/01/94
04/14/94

04/15/94
04/25/94

*High temperature annealing is performed to accelerate long term time dependeni effects (TDE), namely, the
*rebound” effect, due {0 the growth of interface stales after the radiation exposure. Faor more information on the

need to perform this test, refer ta MIL-STD-8830, Method 1019, Para. 3.10.1.
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Table [11. Electrical Characteristics of 12804

FUNCTICNAL TESTS PERFORMED

PARAMETER viC CONDITIONS PINS LIMITS AT +250 ONLY
;======== == 4+ 2+ 1 2 1 2 % 5% %1 =229 ENENXEDIIRENNEARATETEE S
FUNCT 1 bebS¥ FREQ=1,000MH2 ALL /0 VOLL 2425 » VOHP 2,25V
FUNCT 2 .0V FREQ=1.000MHz ALL I/0 NOL€2,.50Y » VYOH>Z2,50V
FUNCT 3 5a5Y FREQ=1.000MHZz ALL I/D VOLC2.75Y » VOH>Z2,75Y

DL PARAMETRIC TESTS PERFORMEL
PARAMETER VCC ' CONDITIONS PINS LIMITS @ =55C,+25C,+1250C
3111 3 5 === Sa=2ZE== ES= SEEITENDRASET EFRX ERCESFERNTNESEEEIEAESENREINTN
VOH1 4,5Y LOaD==4,.0mA ouTs s SHL.50Y
IIH E,.5v VIN = 5,5V INS s <+10uA
TIL S.5¥ VYIN = 0.0V INS s SP10uA
I053N Sa5V YOUT= GND v s <+100ma
ICLH 5.5V VOUT= 5.5V vEE s <E25mA
ICCL a5V YouT= 0.0V VYCL s RFE25SmA

PARAMETEIC TESTS PERFURMED

PARAOMETER ¥LC CGMQIIIDN§ EIE§ _______ @ -SSC;+25C:+1ZSE
TRLH LaSY YTEST=2.0Y guTa 5 r <HI00NS
TPHL La¥ ¥YTCST=2.0v guTs 5 » <+1GONS




TABLE IV: Summary of Electrical Measurements afier
Total Dose Exposures (TDE) and Anncaling [or 1280A /1

) TDE {krads} Annealing 8@25%C
Spec. Lim/2 [ Initial [ Initial]| Initial g 10* ¢4 RFrs |6 hrs [J°6 hrs
@znuc @259 @-55°(C ®125°C

Parameter min max |mean sd |mean sd |mean sd |mean &4 |mean sd
[Furc1 vec 4.5%/3 B ; o

[Funcz vee = 5.0v/3
Fuhcl Yoo = 5_5v/3

ivoH1 v 3.7 8 4.5 LG L0l }.6
‘voLl m¥ | o 400 4.2 i.6 123
'TTH pa | -10 | 1o .1 o 3.7E4
TIL  wA | -10 | 10 -y 0 .01
TOsN ma |-100] 100 13 L6732 11
& Iech mA| @ 25 k] 2.6 149
‘ ICCcH ma| o 25 .05 Z.5 150
TPLH ns | © 100 7.4 3.8 Wdl2. oES
L ns | o | 100 5.5 4.5 41,565

Radiation-sensitive parameters were VOL1, IIH, IIL, ICCL, ICCH, TPLH and TPHL.

1/ The mean and standard deviactian walues ware calculated over the six parce irradiated in this testing. The concrol
samples remalned constamt Chraughout the testing and are not included in this table.

2/ These are manufacturers’ non-irradlared data sheeb speciflcation limits. Mo post-irradiation limits were provided
by the manufacturer at the time the tests were performed.

3/ "Pasg" means that al)l irradiated parrs passed this funcklonal test at this irradiation or annealing level. "PAILY
®eans that all irradlated parts falled this cest at this lrradiation or annealing leval. "nPmF" means that n parts
passed and m parts fafiled the test at chis level.

* At the 10 krad and 15 krad irradiaclon levels, one part failed functlonally and was out of gpecification limita for

angt pther paramatare, All other irradiated parts continued co read within specification limits for sll parameters.
AL measurements wéke nobl performed at this lavel due.to_eguipment preblems.



TABLE IV: Summary of Electrical Measurements after
Total Dose Exposures (TDE) and Anncaling for i2B0A /1

TDE (krads} Annealing
Spec. Lim/2 15m 20 336 hrs |168 brs
@2500 @25°C @100°C
Parameter mln max |mean sd |mean sd |mean sd |mean sd
Funcl Yoo « 4.5v73 ISBIE: CBATL, PREE : ﬁ%ﬁf
Func2 Yoo = 6.0V/3 B E
Funcl Yoo = 5.5v/2
YoH] V3.7 1.5
VoLl mv 0 400
IIH pa | -10 | 10
IIL na -10 1o
I0SN wh |[-100] 100
FCCL =R 0 25
ICCHE EA o] 25
TPLH ns a 1O
TPHL ns o 100

Radiation-sensitive parameters were VOLL,

ITH,

1/ The mean and standard deviatleon values were calculaced over the iy parcs irradiated in thls testing.
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IrL, ICCL, ICCH, TPLH and TPHL.

The control

samples remalned constant throughour the testing and ara not included in this table.

These are manufacturers’ non-irradiated data sheek speciflcaticen limikes.

by the manufacturer at the time the bests were performad.

"PLSS" means that all irradlated parts passed this funetlonal test at this lrradlabtion or annealing level,
means that all irradiated parts failed this testr at this Llrradlation or anmealing level.

paesed and m parts falled the test ar this level.

mast other parameLers.

Noe post-irradiatlion llmics were provided

“FAIL"

"nPmF" means: that n parks

« At the 1D krad and 15 krad irradlacion levels, onp part failed functlomally and was out of specification limits for
hll other irradiated parts continuved to read within specificaticn limits for all parameters.
4 s pC measbrements were not performed at this level dee to equipment problems.



Table V. Radiztion Bias Circuit for 12804

Signal Location|Burn-In Board
FRA C9 vee
PRB D7 Voo
MODE 3 GND
SDI Bl4 vCCe
SDO P13 vee
DCLK B3 CND
ILINO J15 Voo
ILIN1 Li GND
ILINZ B& \ele!
ILIN3 Hi GND
ILIN4 RS vee
ILINS R3 CND
ILING M14 i ele
ILIN7 ' B2 GND
ILINS M1 vee
ILINS F15 GND
ILIN1G C1 VCC
ILINIL J3 GND
ILIN12 H15 vCe
ILIN13 N2 GND
TLINL4 Pg Voo
ILIN1S N14 GND
ILIN1G 4 vee
ILIN17 M3 GND
TLIN1S N1s vee
TLIN1S 33 GND
ILOUTO L15 vVCCo/2
ILOUTL K3 Voo 2
ILOUT2 AR Voo/2
ILOUT3I J1 VCCT/2
ILOUT4 B7 VCoC/2
ILOUTS B3 VCo/2
ILOUTS Pl4 vVoC/2
ILOUT? Dl vee/2
ILouTs N1 - vCoc/z
ILOUTS Gl4 VCoC/2
ILQOUTL1O D32 veo/2
ILOUTLL Kl vCC/2
TLOUTLZ G13 VCC/2
ILOUTL3 Pl VCC/2
ILOUTL4 R10 VCC/2
ILOUT1S L1z vCC/2
ILOUT1é6 A3 VCC/2
ILOUT17 P15 vCoe/2
ILOUTLS R15S vCe/2
ILOUT19 G2 vee/2

NOTES «
Ve = 5.0 V, +/- 0.5 V¥
VeC/2 = 2.5 V +/- 0.25 V
211 cutputs through 2.2
kohm +/- 10% 1/4 W
resistors to VOC/2

Inputs connected to VCC
through 2.2 kohm resistor

Inputs connected to GND do
not require resistors

VCC: F4, H3, J4, M5, N&. M1l Hi3, G112, D1, DS, D5, 114, H2, Hi4 (NO RESISTOR)
GOND: D4, E4, G4, H4, K4, L4, M4, M6&. MB. MI10, M12, K12, T12, HI2, FI2, E12, D12, DID, CK. DA, J13

8-




Table V. Radialion Bias Circuit for 1280A (cont.)

Signal Locaticon|Burn-In Board
OLINO B4 \Ffale!
OLIN1 K15 GND
OLIN2 c7 vee
OLIN2 E1l4 GND
OLIN4 C10 vee
OLINS c11 GND
OLINS M9 vee
OLIN7 A10 GND
OLINS Al1l vee
OLING D2 GND
OLINLO 114 vee
CLINI11 B8 GND
OLIN12, N1l iHele
OLIN13 M3 GND
OLIN14 5 vee
CLIN1S F3 GND
OLIN1§ c12 vee
CLIN17 Ps GND
oLIN1A E3 vee
CLINL1S P11 GND
OLOUTO A4 vee/2
OLOUTL G15 vee/2
OLOUT2 B7 vee/2
QLOUTA E2 veo/ 2
QOLOUTS Bi: veoC/2
QLOUTS A1z vee/2
QLOUTE N9 VCoo/2
QLOUT7 DS vCo/2
OLOUTE B10O vCeC/2
OLOUTS Al VCC/2
OLOUTLO L13 voC/2
OLOUTLL R7 Voo 2
OLOUT1Z2 R1Z VCC/2
OLOUTL3 M2 VoCo/2
OLOUT14 B5 vCC/2
OLOUTLS F2 VCC/2
OLOUTLE B12 VCC/2
OLOUT17 RS vCC/2
OLOUT18 B1 VCC/2
OLOUTLS R11 VCC/2
IOCATE B8O GND
SERIALIN A7 VCC
SERIALOUT F1 VCC/2
INX1 R2 Ve
INX2 NS Voo
IN1A M15 GND

NOTES :
VCC = 5.0 V, +/« 0.5 V
vCee/2 = 2.8 V o+/- 0,25 V
All ocutputs through 2.2
kohm +/- 10% 1/4 W
resistors to VCC/2

Inputs connected toe VCC
through 2.2 kcochm resistor

Inputs connected to GND do
not require resistors

VOO F4.H2. J4, M5, N8, MI1, H13, G12, D11, D8, DS, {14, HZ, H14 (NO RESISTOR)
GND: Dd, E4, Od, He, Kd, L4, M4, M6, MS_ MID, M12, K12, 112, H12, F12, E12, DI2, 210, C8, D6, J13

o
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Table V. Radiation Bias Circuit for 1280A (cont.)

Signal Location|Burn-In Beoard
IN2A K14 GND
IN_AND3 P12 VCC
IN_RND4 PL3 GND
IN_OR3 N& VCC
IN_OR4 N10 GND
IN NAND4 M7 VCC
IN_NOR4 N13 GND
DA L3 VCC
RESET_ P2 GND
ENCNTE C13 vCC
CNTRLD_ E13 GND
RESETCENTR_|D14 GND
CLOCK AS GND
QUTX1L? N3 vCC/2
QUTX2 R4 vee/z2
CUTA K1z vee/2
O_AND3 R13 vco/2
O_AND4 N12 fvee/2
0_COR3 £ VCC/2
C QR4 P10 VCC/2
O_NAND4 N7 VCC/2
O_NOR4 R14 vee/z
QAQ L2 vee/2
QAl X2 vCcC/z2
YOl11 B13 vCC/2
YOL10 El4 vCC/2
YOS Al3 VCC/2
YO8 AlS VCC/2
YO D15 VEC/2
YO8 Al4 vee/2
Y05 D13 vee/2
YOo4 C1l4 vee/2
Yo3 E1S VCC/2
Y02 B15 VCC/2
Yol C1l5 VoC/z2
YOO F13 vog/z2

NOTES :
VOO = 5.0 vV, +/- 0.5 V¥
VOC/2 = 2.5 V +/- 0.25 ¥V
All outputs through 2.2
kohm +/- 10% 1/4 W
rasistors to VCC/2

Inputs connected to VCC
through 2.2 kohm resistor

Inputs c¢onnected to GND do
not require resistors

Voo Fa, Hi M. M3, NS, M1l HI3. G12, D11, D3, D5, J14, B2, H14 (%0 RESISTOR)
GND: D4. B4, G4, H4, K4, L4, M4, M6, M5, M10, M12, K12, 112, H12, F1Z_ E12, D12, D10, (&, D6, J13

-10-
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Figure 2. ICCH vs. Total Dose & Annealing Time for 1280A
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Appendix A

Test Chip Pattern

The test chip pattern consists of four sections. The first section tests combinatorial logic, the second tests basic
flip-flop characteristics, the third tests the input and oulput data latches, and the fourth section contains a long shift
registar and a 12-bit counter with enable, load and reset.

Far the gated latches, 20 input and 20 output latches are tesled separately. All latches have direct IO connectiens,
permirting direct control of the data and monitoring of the cutputs. Additionally, all iatches are operated with a
common gate contral. This gate is open when the IOGATE signal is a "0" for input latches and a "1" for cutput
latches.

All internal flip-flops are configured a S-Modules. Although flip-flops can be made out of a pair of C-Modufes,
thay are inefficient, particularly when configured in a TMR configuration. Additionally, it is not clear whether
futire release of Actel toels will continne to support flip-flops made of C-Medules, which have been shown to have
a lower susceptibility to SEU's in the 1.2 pm version.

Currently, no C-Module flip-flops are in the design. However, if 1t is felt that these sheuld be tested durning the
run, they can be added to the design. Please let me know quickly what you think so the chip design can be
finatized.

The internal flip-flops are configured into a shift register consisting of 17 stages of 34 shifi flip-flops, all with a
common positive edge-triggered clock. The input into the string is on SERIALIN and the output comes from
SERIALOUT. The single common clock configuration was chosen to simulate operation in a synchrenous device
with a heavy clock load 1o test the clock distribution system Two inverters are placed within the string to aid in
establishing differing biases. '

§umma.n'

The circuits in the test chip are simple and based upon a Hughes test.  Additions to the original Hughes circuit
includad logic strings with a varicty of gate configurations, and maximum use of the chip by testing a large amount
of Iy latches. a long logic string of inverters, and a long string of flip-flops.

Additional material is provided in the following sections for review:

TD 1280 schemaltics.
TD1280 pin assignments.
Logic simulation waveforms and timing diagrams,
Sfatic unung analyzer results
a. Best case
b/ Worsl case
Onginal Hughes test plan.

Fol b e
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10172640
INX1 QUTX2
 lINx2 QUTX?2
IN1A
INZA QUTA
IN_AND3 ' Q_AND3
IN_AND 4 D_ANDA
IN_OR3 0_0A3
IN_ORY D_0A4
IN_NANDAY ' O_NANDG4
IN_NORJ O_NQA4
DA Qa0
A1
— QAz
GLIN[219:61] GLOUT{ 290
ILIN[(15 0] SILcuUT(19:01
CQIDEATE
SERIALIN SERIALOUT
Y011
YQ10
ENCNTH Y09
Y08
Wy TNTRLD ‘o7
| ~ RESETCNTH Y06
Y04
Y04
Y03
> CLOCK ‘o
Y01
Y00
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