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Experimental Study on Single Event Latchup
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Abstract: Single event latchup sensitivity evaluation tests of anti-fuse A42MX36 field
programmable gate array were performed using pulsed laser and ***Cf source single event
effect simulation system. The sensitivity parameters such as pulsed laser threshold ener-
gy as well as its equivalent heavy-ion LET and latchup current of device were determined
in pulsed laser test. The latchup cross-section was obtained in **Cf source test., The
current-jump phenomena induced by single event dielectric rupture (SEDR) and pseudo
single event latchup (pSEL) in test was also discussed and analyzed.
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Fig. 1 Principle scheme of SEL test for A42MX36
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Table 1 SEL experiment results for A42MX36 with pulsed laser
IR A & SEL #0t WOERE M ER T LET/ WA IE®W T/E  RAEBRR/ BRAE v 3 B B/
£k 5 {8 5 it /n] (MeV +mg !« ecm™ %) L3 /mA mA Frgimta) /s mA
1 89. 8 30.1 58~61 67 5 934
1 98 32.8 58~61 67 6 931
1 75.7 25.4 58~61 857 2 1414
1 11.1 4.1 58~61 934 6 1 488~1 479
1 66. 3 22.2 58~64 - — 1417
2 11.5 4.2 64 860 3 1395
2 57.7 19.3 58~61 - — 1214~1 231
2 18.5 6.8 61 - — 1131~1 160
2 28 9.4 58~64 - - 1108~1 160
2 130 43.5 64 — — 1169~1 189
3 13.1 4.8 58~170 — — 1108~1 144
3 18.1 6.7 58 - — 1231~1 253
3 28.9 9.7 70~74 — — 1 040~1 076
3 22.1 7.4 77 — - 1 224~1 237
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Table 2 SEL experiment results for A42MX36 in californium source system
W TAERR/mA  BUERE KRR /mA KRR R /s BUEMR/mA  BUERRERE /s BiE I/ om?

58~61 1 200 146 1405~1 443 33 1.7X1076
58~61 1 199 361 1301~1 882 143 1.7X1076
61~64 1 174 87 1156~1 985 175 1.7X10°6
67~74 1 — — 1775~1 907 5 1.7X1076
61~64 1 190 177 1537~1 575 12 1.7X1076
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Fig. 3 Current versus time in SEL test
with californium source for A42MX36
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Fig. 5 Anti-fuse structure for A42MX36

T Lo B H WECH 222 B JLE QB To i
% 2 UK B 1) 2 65 22 CMLOS %5 #6) 2 Bl b 5% i £
J I 22 UL T IF IR

1. 064 pm MK EOGTE 2 SRR 0 ST
Y] e g 2SOk, LA ST AP Y 2 3 TR
A5 700 pm® L1 nJ 1. 064 pm (8 ik vl O fiE
HAE ST A B A N R A
10" em * T ONO 4 % A i A1 37 48 1k 9 o 3%
DG 5 A2 35 WY o DRI S0 22 7 Jok i i 't e R
2R B SEDR, [A) i AT BE 435 & SEL., MR
i LR AT AL B 2 124 mA B — B ER AR
Hi Ui A2 i SEDR 5IGE , 1 F 28 930 mA Y
T BRAR F R T EORL - O BE HL U

FEBR A L 56, 2 50 e 2. 88 X
10° em “E AR IR T AUSE 2 B B4 A 4
UC R A BR AR S — B B A% P U R A R AR HL I )
B 199 mA 1 126 mA X U HL I BR A2 1 S
A1 SEDR 55& ; = B fi i BR 28 1 305 mA 3 i
F 1321 mA, IR ERAS J& T FkL P 81 e
S 25 WU N IR E) 1 882 mA, i T8 E
7 fig B B A B S SO 0 B 22 CMOS 454
WS, &JE 1 MEJE 2 Wb FIFHRE A0
FH I CH TR B IE T AR RO  H K
RIE LSRN REC IR . 2 5 50 FE 5 78 4 1]
J B2 A ) R I a2 W L A 40 38 R IX ) B O K
XULE B M A T IR LR B R
CMOS SEL Jf 5 80z X 3 % A R 3 b 58, ok
AR I 1 3 R X 3 3

3 ING

SEDR J& 45 & Be -1 oy [ I 22 2 1H A 5
2 ONO 4% 2 A i 28 . fE 2 S E A n° 37 1
X H2 I B 5 W 3 T8 5 pSEL 2 45 i B AL IR

ANB I 22 % % )2 T 1) CMOS #iE, 3% &
CMOS A A HL % & A8 B 0 %, 38 Jots F H JAE
BFHE A, A42MX36 FPGA X% 7 41 a2 i 6 v
HH B % L BR AR & i SEDR il pSEL 52, X
¥ b &% BLAY B SEDR 51 /4 BR 78 B 3 A 60 ~
200 mA, H pSEL 5| & 9 BK 28 L i 2 800 ~
1 000 mA, SEDR 1 pSEL & K 4:1% SEL X%f
A T B IMEPE A5 4 o A0 23 FEBOR Bt FL AT L T 3K
R or T he 5% . U3 4h, pSEL J& B i E
A ANRE ST B, W s 51 ke SEL, I3 30 R I 22
SRR R R HEEH ., X5 R BR S
FEMAEEAE I IEE TAE RS F RG24 5%
ST S B A B R IR KRR .

5% 30k

[1] BRUGUIER G, PALAU J M. Single particle in-
duced latchup[ J]. IEEE Trans Nucl Sci, 1996,
43(2): 522-532.

[2] HAMDY E, MCCOLLUM J, CHEN S, et al.
Dielectric based antifused for logic and memory
ICs[C] / IEDM Tech Digest. [S. 1. ]: IEEE,
1988. 786-789.

[3] WILEY P D. Fault tolerant design verification
through the use of laser fault injection[ D]. Flori-
da, US: University of South Florida, 2004.

[4] SHINDOU H, KUBOYAMA S, HIRAO T, et al.
Local and pseudo SELs observed in digital L.SIs and
their implication to SEL test method [ J]. IEEE
Trans Nucl Sci, 2005, 52(6): 2 638-2 641.

[5] MELINGER J S, BUCHNER S, MCMORROW
D, et al. Critical evaluation of the pulsed laser
method for single event effects testing and funda-
mental studies[J]. IEEE Trans Nucl Sci, 1994,
41(6): 2 574-2 584.

[6] BUCHNER S, KNUDSON A, KANG K, et al.
Charge collection from focused picosecond laser
pulses[J]. IEEE Trans Nucl Sci, 1988, 35(6):
1 517-1 522.





