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%R 2 INiEEHESEESERURIE R FHIE

piIBUEH DA fiei/MeV HE%E/(cm?-s) LET {&/(MeV-cm? /mg) FE A /pm
HIRFL Bi 682 1.0 x 104 99.0 43.3
CIAE HI-13 Si 135 1.9x 104 9.28 50.69
cl 150 1.4 %104 13.41 42.78
Ti 160 1.1x10* 22.19 32.90
Ge 205 7.1x103 37.42 29.95
Br 218 1.3 x 10% 42.07 30.17
I 250 1.4 %104 63.91 27.80
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3 (fEZEKE) 14 PROM 16 MbitsF 47 1 HLii 24
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5 SEEs S (14 5% w0 FT56 IE b [ 45 A (0 A Rk (0
BF L ZEAR), g, SEERME T2ZEAAR
) PROM (5 1 B34 1 A2 A00] EEAE (8 23 B P AL o
3.2.1 HFELBAIEIRM

EFXF PROM G v HEER DO BEIRIARF i, 23 0% 16 1 8
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SRS b/ EIT PN D]
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TR 7 LET {H 5 SEU A H6 Y 11 0¢ & #h 28 (WL Kl 4 F1
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10°F

1# PROM_Blank

®  Experimental data for code
® Experimental data for blank

SEU cross-section /(cm:/device)

L 1 L

0 I.O 20 30 40 50 60 70
LET /( McV-cmlfmg}

K 4 (TELRE) 1# PROM 16 Mbits 847 F (%2

M 5 SEU U

S FEA A R N SEU RN MMt S,  Hou T AL AT XS

PURE N P REREAT XS L, 0 HAR I R P 3EAT T Weibull
PRI (WA 4)o
"g 10°F 3# PROM Code A a e
e A 5 [
2 10 v 4
5 >
= e 3# PROM_Blank
= 10 > i
8 ®  Experiment-Code
k3] ® Experiment-Code
D -8 =Sl l?
s 10 A Experiment-Code
7 7 Averaged data-Code
g 10 Weibull fitting-Code
= »  Experiment-Blank
= itting-
& 1oL . . \‘\I eibull tlntuzg B!ank
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LET/(MeV‘cm:/mg)

K5 (ELFK) 34 PROM 8 MbitsH 17 F (5 2%

T 5 SEU R HUSA:

£ 4 1#PROM53#PROMZE MR Weibull HEIUESE

" \ ; LETH#I% 3 = =
stk MR / (cm? /device) {11/ (MeV-cm? /me) W2k /(MeV-cm? /mg) STt
1# PROM_Blank 5.2x1076 15.6 24.75 1.1
3# PROM_Blank 3.75x 1076 9.28 215.98 0.93
1# PROM_Code 1.08 x 1077 9.28 18.06 1.09
3# PROM_Code 6.25x 1076 9.28 33.74 1.2

H1% 4 R 4 7] %0, 16 Mbits PROM A7 )7 7E T
BRI A A O PUR SR RE BN L, A
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e L T ey
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Kl 5 ' 3% PROM 8 Mbits Hi47 i 7E SEU i#i Al
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5E T Weibull 6 8040 & 2 &5 5 18 3 #0118 4 1) $c 4
Jios, 14 PROMTE g £2 56 7 o XE N 1K) Bt 4 1V fig
Pt T 3# PROM % #2 /3 51 65 05 fr, H = BRI TR
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156.25 x 107° cm? /device, JH—FI{7 5 H7EI N 6.75 x
10~ cm? /Mbits 55 7.81x 10~ 7 ¢cm?/Mbits. SEEs ¥
BUHIRJZ T E5y 87, LET $% B{E 5 SEU WA nT
I3 A AT H s S ' 5 SEEs R B AL 6T 1H
— LA, H YA a1 B G I S A e R A IR
AAZ, NI FECT LET B B AR AR . X F K%
1 16 Mbits 1] 1# PROM, f7fifi 75 1 I 3 TH A5 ] —
B N g AR S DL R S R R T A
BAEFHBERAT I N, AR AR BN SR 4T 3
TR A M 26 AN B A7 i 25 5 A0 SR TG IR 19 I, AT AR 3R
76 SEEs b= B[ A BURL 407 0 v R THT 98, DRI, 2%
BT, 15 14+ PROM 16 Mbits 5 J JiSEUM: fig
RN T 3# PROM.

3.2.2 T ZHAEIRERM4

N T RS PR RS, 7 2K B hnlE
FEAR R LA B2 10N e AE NI 2% SEEs 560 A
W, SERECT AN RS L Z R 1 PROM (5 #E4T T
Prm R L RE T 20 [ B AR 73 B VRS 55 50 .

Kl 6 4 3% PROM #14# PROM & Fi K 1 0.13
pm CMOS L2 N MBEAFE5H. P L IRAE AR I K 1)
DAI7ET NMOS 2 T —MNEBEE M. 0 TIXA L2
S ) SR [0 508 1 P s P BB AU AR 16 ¥ A5 R T SEEs
BRI HU 0 B, A JOAE b R R S
I, 3# PROM Fl44# PROM 5 F 78 i 23 SEEsH 1
I E EHAT T RSN EIEARE (WK 7).

K7 45 1 3# PROM Fl4# PROM % A i i
#5 SEEs 1050 1 A [F]RE AN [RILETE R X5 5 1) 0 4 4k
TR H R, H I 7R B 104 Weibull o6 208 & 2 5
B 2 RN E , R P I(ERET T Weibull b8 (40
Hro M ZR E s A1 40,5 2 B (W AN T 5 LET §8 4% 3
H) el LAf350, 44 PROM: O BUAR IR PR REDL T 3#
PROM {5 He FTBABRAIE T 0.13 um CMOS R FEAME T
2R URBREE R DUAE R 3 5 LET 885 BE 1) —Fh
I B A

F—Jiti, M SEURAFIPENLE] Ekue, Ih5

%33 %
] [
ERE E
N-Well
P-Well
P-Substrate

(a) 3# PROME: 7oz A 1#0.13 pm CMOSHil T 2

1 ]
B CEREIEEE

N-Well

P-Well

N-Deep well
P-Substrate

(b) 4# PROME: iz I 190.13 pm CMOSIRBF T2

6 (fELFK) 34 PROM Fl 44 PROM &5 H R
0.13 pum CMOS T2 F LR 28145y

5
— 0°F  3zprOM p A
[+ -
=2 '\ A
= 0.(.
3 ! . 4# PROM
'“"E ~ . 3#PROM
2 IO-7 ¢ |3 PROM Fitting parameters:
‘-c- B Experiment-| o =625%10°cm
=) ® Experiment-2
= . =928 MeVec -
T A Experiment-3 | [y =928 MeVem/mg
o Averaged data I"=33.74 MeV-em/mg. s = 1.2
o Weibull fitting 44 pROM
% o } :
= 10 F i PROM Fitting parameters:
5] P Experiment-1 o = d55% 10 e’
= € Experiment-2 allbii i
% 10" O Averaged data| 1y, = 13.82 MeV-em/mg
Weibull fitting) 17" = 20.0 MeV-em’/mg, 5= 1.1
1 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80
LET/(MeV-ch/mg}

7 (fEZEE)3# PROMA4# PROMI: H IHSEU
R B R LETE AR C R 2k

R (Qerie) R FIWT R RS =, HHA— bt
ovalog B0,

chit (pC) =0.01035 x LETth X hsv s (2)

K LETw I LET $H% BIME, hev I R ICN M) IR
JE,

BT i Weibull o8 %804 2 H0FE , 3#
PROMAI4# PROM % J W SEU il F1 #% i 43 %l
N 6.25 x 10™* cm? /device 5 4.55 x 10™* cm? /devices
AL — T & NMd ), e AE SEU I Il St i g i
AR AR S, TR Q) MELMR, SEU Ifh At v fir 5
ARIAE T LET $H% B 5 RSO TR B AT AR B,
KR B9 1) 0.13 um CMOS T2 N 4#
PROM {3 Jv, ¥RBFEE ) — @ FE B B TR NI 5
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HL 7 28 7 ON R RS T IO B, T 386 K T L i ik R
() LET HH4% 3.

T HE— 0 MU UE R BE 45 R B [ 1 e, AR A
HT GEANT4 ) MUFPSA (Multiple Functional Pack-
age for SEEs Analysis)!®~ 6%k A S ki 7 15 45 Jo IR Bt 45
P R T A BAE G R s pURR AT T b .
TR ()M 7 B %dE, MUFPSA {7 £ 10* 4 AL T
Ja FE A e R VTR B A i 8 rs. DLRE R VTR
A R A b, S AR I RE R VIR 2 Lh 4 1.5,
FLW A 332 I LETHH 4% 38 53 73] 245 9.28 MeV-cm?/mg
F113.82 MeV- cm®/mg, HZ RIFEL N 1.5, 55— 5
[, XFH B A R U, 3# PROMAI4# PROM
WA BRI 6.25 x 1074 cm? 54.55 x 1074 cm? |7 £
HRe i DRGSR ar EE HUIC R B, 3%
BT 2 454 N 1) 44 PROM SEEs U ME Nl T 34
PROM.

0.10 F
—=— 4#PROM
; —e— 3#PROM
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8 006 ~15
2
)
T omf
)
e
> o
Zz oo2f
I 1 1 . : :

0 10 20 30 40 50 60 70
LET/ (MeV'cm:/mg)

K8 (FEEOR ) A RL7 5 R e BEAE AL AR 1)
RERDIBISE

4 it

(2
X A FPGA BUE Fr & 2 PROM B AT T

RYIE )N 2% SEEs i 5, I 6 377 42 1) SEEs i
JEPEVEAT T 0 T vF 4. PROM R 415 H £ LET {54
499.0 MeV-cm?/mg I HL L 5 5 (1 3 3h 9L 50 K
WM e B I fe k%, P DAL PTSEL MR R &f. 7 4h,
TE K R R T2 E I WF 9 & 5 R, SEEs fUs M
RIMW R, TR REY, (DEIEER A EZWE A
PISEURE WL TIPS IS, KEE T 14# PROM
ELET B B A5 — e i, HRA=
1] 14 PROM {7 B4 R /N T 3# PROM; (2) M
R AP EE L EH56E T 0.13 wm CMOS 3%BF T2
T PROM 85 F HU4R B BE o [ B AR (07 v, =24k
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Investigation Single Event Effects Characterization on Configuration
PROMs of FPGA Induced by Heavy Ions

GENG Chao", LI Xiaoyuan, LIN Yi, LUO Chunhua, XIE Wengang, DENG Yuliang, LI Da
(Academy of Shenzhen State Microelectronics Co., LTD. Shenzhen 518057, Guangdong, China)

Abstract: Single event effects (SEEs) have been characterized and investigated on one-time configured devices
for field-programmable-gate-arrays (FPGA) of programmable-read-only-memory (PROM) in 0.13 pm Comple-
mentary Metal-Oxide-Semiconductor (CMOS) technology. The variables of their memory size, written data and
technology have been taken into consideration as the key parameters affecting the SEEs sensitivity when testing
and verifying the reliability /radiation tolerance on self-made PROMs by heavy ions. The results show that, 16
Mbits PROM within blanked data has been studied that it has better performance to radiation tolerance as
compared with the 8 Mbits PROMs. Additionally, 16 Mbits PROMs have the higher reliability, if based on
the viewpoint of the saturated single event upset cross-section. To the single event latchup, 16 Mbits PROMs
were exposed to a total fluence of 107 ions/cm?at the linear energy transfer (LET) of 99.0 MeV-cm?/mg and
no obvious fluctuation of current has been observed. Additionally, as comparing the zone of high LET value,
0.13 um CMOS transistors with deep-well technology present a better radiation hardened approach than normal
technology, especially in improving the threshold of LET at the zone of low LET value.

Key words: heavy ion; anti-fuse PROM; single event latchup; single event upset
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