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FPGA: Field Programmable Gate Array

Abstracts

Several failures of a new generation of Antifuse type FPGAs (RTSX-S,SX-A) were reported
subsequent to successful programming in the U.S. in 2008. It was inferred that the degradation
of Antifuses causes the signal delay after the investigations and evaluations performed by NASA,
Industry Tiger Team (ITT) and so forth. It was also suggested that the structure of FPGA die
produced by MEC (Matsushita Electric Corp.) has an internal defect. The manufacturer
recommends exchange to UMC die devices which are functionally compatible with MEC die
devices.

These devices are used by nearly several programs in JAXA with recently built hardware. Rapid
identification of root-cause and remediation are needed to keep programs on schedule.

The evaluation of Antifuse type FPGAs has been started at the beginning of 2005 in JAXA In FY
2004, evaluation test preparation (the design of FPGA circuit and the program for an electrical
parameter test) and the initial evaluation test to AB4SX32A were carried out. The signal delay

caused by antifuse degradation was successfully detected.
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Table 1- List of the samples

Sample
Part Number Manufacturer ; Remark
Size
AB54SX32A-CQ256M | Actel Corp. 190 MEC
A54SX72A-CQ256M | Actel Corp. 320 MEC

Fig. 1 Antifuse type FPGA
(A545X32A)
2.1.1 FPGA FFfi[al# D% E
LLF D ARMEcoFmikiE EiT 5 2 & 2HE LT FPGA FFIH [8E oofid i iz 5t - I‘lfr%px.ﬁ%ﬁ
vy, BIEEEEER Uiz, FEEIRIE, RElT S ACHG Lies — b F=—2 (fEI3EIR) & L.
B L TR SEHFICR L, @Bl I 2 b—a b, BERH N ONRIEY 2 lv—va/%%mbtc
k1 25, IMHz
2  70C. 1MHz
&3 125°C, 1MHz
%4  25°C, 33MHz

2.1.2 HHRBTRORE -
PSR AR B O A RABRIT do v TR W B e BB T AR — R ORRGH M OIS & 30 L 7z, RAHICBE L
T R & U O @ s e e iiplk & L. B3 L 7= RRBR R — R oo B & bt L 72

2.1.3 ??fﬁ)ﬂ:fu 7' Z KERK

LSI 72 # i X A &EX0R BRI W THERT 2 BXEFERTEE 7 2 7 Z A L C o 5E G5
&U%ﬁm%mfn&7Arﬁmbto@%ﬁﬁﬁ%&uﬁﬁﬁﬁ%/nﬁ7Aiﬁ%mb\%7&&
T LA U TENERREE &2 K0 L7z,

2.2 FIHIEE MR
2.2.1  FFAfi[E] B EA A
221 IH TR LIzEOE AL BT T,

2.2.2  FIHIESRBR R

2.1.3 THCHf LI-BRAEERMIE 7 2 7 A& H L C LSI 7 A Z 2 L 5 SR EERER % £
Lz,

This document is provided by JAXA.



ARG A A IR FEAHR T iR AR TR AR S I SR RS & — A DA R AR T — 203

2.2.3  FIHAETEAMGERER

AB4SX32A (x4 2 FmAIRE 2.1.1 HICR Lz 4 &M TS Lz, WTEh ookt LT & 4I8IEE
fili7kR & U CRFERH 240[he] % 66 L7z, FIHFHERBRPILREEZBN L, T A 2O8EREZ B
U7, ElBERBFHEL =B ERE L,

3. BROHE

8.1 FPlEAER HEf

3.1.1 FPGA i¥fli A 0 s
TorFba—AMEEHRLBHTAEDIZLITAS ALBYVOT v Fa—XOFERBRREKIC

BHEITT = FFz—r RN, RREREOBIERK L Fig. 2 1277, £, ZoRBRRERKIZE D
THATET o F b a—RA0OEE2KETINE CIER SN2 EMRE TO L ik LT Table-2 12

T,

M CLK ehadin @utput
PRCTLS

g i lulrﬁa
o
[

N

T TG § 20 S J_
2813 8 ) o

rrrrrrr

Fig. 1 Evaluation test circuit — Diagram
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Table-2 The number of antifuses in test vehicles

i # High current fuse # Low current fuse # Dynamic fuse

Design type
(IS, K, B) (X GV, H W) (total)
JAXA 9975 7931 17906
Colonel test 7818 5197 13015
General test 7834 5178 13012
NASA 7406 4696 12102
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Fig. 3 Main test board
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Table-3 Test Conditions and Items
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Test tems Test Conditions Sample Size Remarks
Programming Old Algerithm(Ver4.42.0) 190
Electrical Parameter Test (initial) 25C - 1MHz 180 Function Test - DC - AC
25°C « 1MHz - 240H 45 Daily checkup: Voltage + Current - Temperature - Waveform
70°C - 1MHz - 240H 45 Daily checkup: Voltage + Current - Temperature - Waveform
Long-term Life Test
125°C + 1MHz - 240H 45 Daily checkup: Voltage - Current - Temperature - Waveform
25T + 33MHz - 240H 45 Daily checkup: Voltage - Current - Temperature - Waveform
Electrical Parameter Test (after 240hr{  25°C -« 1MHz 180 Function Test - DC - AC
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Table-4 Test Results

(5b)70°C - 1MHz

| MH 2 CHIFHEORE 0 ByES 5 0 % i
BAEORTE (%)
(DAC HIE : I B OBEEONE (HiR)

Test Point(hrs) | Failures | Failure Mode Test Point(hrs) | Failures | Failure Mode

§ - 1 Shift register 0.5 2 2 Inverter

' - 4 Inverter 2.1 0

12.5 0 4.9 0

30.7 0 13 0
96 1 1 Shifi register 37.7 1 1 Inverter
236.95 0 109.2 1 1 Inverter

Total 6 281 0

Total 4

(0)125°C - 1MHz (D)25°C - 33MHz
Test Point{hrs) | Failures | Failure Mode Test Point(hrs) | Failures | Failure Mode

0.5 1 1 inverter 0.5 1 1 Inverter

1.5 1 1 _Shift register 1.3 0

4.8 0 3.3 0

12.8 0 10.3 0

33.5 0 30.3 0

445 1 1 Inverter 100.3 0
105 0 294 1 1 Inhverter

256.5 0 Total 2

Total 3
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