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Study on Single Event Upset of floating gate device
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Abstract: Four types of NOR Flash memories from different manufacturers with 90 nm feature sizes
are studied, based on the HI-13 accelerator of the China Academy of Atomic Energy. Aiming to evaluate
the Single Event Upset(SEU) effect for those memories, heavy—ion with different Linear Energy Transfer
(LET) values is utilized to irradiate the devices. Both static and dynamic tests are performed to obtain the
SEU cross—section of the device. Test results show that the memory with large capacities has a slightly
bigger SEU cross—section than the devices with small capacities. There is almost no impact on the SEU
cross—section of the device with or without bias. The SEU cross—section of the domestic alternative
devices is bigger than that of two foreign commercial devices. The LET threshold of the domestic
alternative devices is nearly at 12.9 MeV-cm’/mg, while that value of foreign commercial devices
between 12.9~32.5 MeV+cm*/mg. The SEU cross—section results from static and dynamic tests have good
consistency, which indicates test mode has no obvious influence on SEU effect. In addition, the
synergistic effects of Single Event Effect(SEE) and Total Tonizing Dose(TID) effect for Flash memory are
also studied, the results show that TID dose will increase the sensitivity of the device to SEE. The
analysis shows that the ionization caused by the TID effect leads to the electron leakage from the floating
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gate and the drift of transistor threshold voltage, therefore SEU is more likely to occur on the basis of TID
effect.
Keywords: NOR Flash memory; heavy ions; Single Event Effect(SEE); Total Tonizing Dose(TID)

effect; synergistic effects
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Tablel Details of the device under test

device ID capacity feature size/nm manufacture
KW25Q04M 4 Mbit(4 k x 128 sector)
IMECAS (Institute of Microelectronics of the Chinese Academy of Science)
KW25Q64M 64 Mbit(4 k x 2 048 sector)
90
S25FL164K 64 Mbit(4 k x 2 048 sector) Cypress
MX254006E 4 Mbit(4 k x 128 sector) Macronix
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Table2 Details of the ions used in the test

ion energy/(MeV/nucleus) penetration depth in Si/um LET value/(MeV-cm?-mg™")
Ccr 164 474 12.9
Cu 200 315 325

I 283 30.0 65.6

&
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Fig.1 Slitting structure of MX254006E NOR Flash(the substrate at the top of the figure)
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3.1.1 NOR %! Flash B 47 1 B 4% &8 i
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PVE TR — 4 0E RS R, R4S i A7 4 19 SEU BT L /25 2 85 40y, R B ™= B AR AR 14 19 SEU I 22 = T [
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LET/(MeV-cm?)
(MeV-cm?/mg) Fig.3 Address distribution of SEU in Flash logic address bitmap

Fig.2 SEU cross section of four kinds of NOR Flash devices [¥]3 SEU 1E Flash {745 %8 i Ho il o7 8 Hh 440
under different LET values

P2 DUk NOR % Flash 7 7] 2 25 748 BT 1) SEU il
Flash 77 % % FI 1 V7 425 49 b 09 0 7 200 R 0 77 00, 2497
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TFUHRD, BT SR 07 Y IR ATRA T R R R ) S AL, Fig.4 Diagram of floating gate MOSFET

L A e e o X . . P . 4 Fas A A E R = R
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MLk o v B SCEk (11 FIAREAE X 26 1 B9 [ 77 64M Flash 2§28 T & 1A R A I B 00 &0 A5 R 56, %386 b o
& T LET {6~ 50,57.5,67.1,99.8 MeV-cm?/mg [ T 2§ T4 BT #5819 SEU T o P e 25 & A SO 560 245 51 Fn Sk
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[14] 14 328 36 %% P8 7T DA XF 1% 2K Flash £7 i % () SEU #% i #F 17
Weibull 15 o UGS R 5 fron, Horpar a5 o0 SCik[14] 9 i
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i NN NN - 10y
PSR — A Em iy, UGz A i v 5 BB . o |
R AR - SCER R T B T A 13107 fons/em®, AR T AR e = daa in this paper
i F BB 71 4 2x10° jons/em?, 283 #06 J5 45 21 % 3 NOR % 10 b J. Weibull fitting curve
Flash 77 fiff #% 19 SEU 18 FI 8% 1f0 29 49 2.4x10°° em?¥/bit, Hki 1 B4
BN Y LET B {8 2 4 15 MeV -cm?/mg . 0% 20 40 60 80 100
A E=N u} S I Y LET/(MeV-cm? mg")
3.1.2 SR RN B2 BN Flash 77 #i SEU T F) 52
T 4R 24 3 BB NOR % Flash Sf087 7 B 5 4% 1 14 5% Fig.5 SEU cross section vs. LET value in KW25Q64M

& . e N — Flash after Weibull fitting

IR AL A BRGSO E XA R SEAT e, & B Flash £E66 45 Weibull 5145 1l 2%
DR A IS I ok & AR AR, 3R W AL BT R T BOAR AR A R
JUR A B B . N T RSN B AR RS AR R AR IR K R, AE AL B 2 S K IR R R T ok AR A
LB T R T B 1A R A O (R SR A5 56 £ I 2 R R K 0 e HE A A R e RS B T
T BR800 % 56 A R T [ B 240 Sk 4~5 K)o die e X AL BEAH A SE IR RE S OT R T AN IECIR S T EE TR IR
R, BT EMEANRLETE FAISEUR M, WME 6 ME 7R, 23 JE/RT MX254006E Fl S25FL164K #!
NOR %Y Flash £7fiff #% i I 25 51

PO #S 4 E LET 2 12.9 MeV-em?*/mg (U5 B T4 BN Kk &4 SEURN , BB IR FIMAEE 6 R 7 o X
T & 6 1 MX254006E Flash 77 #5111 75 . 76 LET {H 4 32.5 MeV -ecm?/mg A4 4 25 1 Z 45 B8 5x10° ions/cm?® TF it )i
28 ik TR 0 A B R 28 k5 R e AL R AR AR AR T AN R . RWITE X LET M E S FRRT, 2
A FRBLUE R & 8 E 1Y SEE BUBME S M IE AR K, 45 5 LET {0 12.9 MeV-em’/mg [ 58 85 + 5 B2 S50,
A g% s 1 1) Bk 1 B 5E LET 18004 22 K T 32.5 MeV-cm*mg. 7E LET {4 65.8 MeV - cm?®/mg (1) fill 55 - 48 18 2% R
o, TSR BRI B X Flash £7iff 4% 19 SEE BUBPERE A T B W Y52 M o 76 i 25+ SRR I/ 2% 10° ions/em® i HE )
2533 20, 40 krad(Si) & 57 5 4% IR B9 Flash #5124 B0 4% 400A Lb oK 2820 8050 & 40 #R(BD B FH 0 krad(Si) B9 —4H) B 75 144 # TH
S INT 0.5/ A 1A

38 LET=0638
10x107° L o LET=658 . s
T =S
‘:‘80”07” ~ 10107 - - - "
z 8. - L 5.0x101 |
i . 2 3.0x107"
%6.0X10’” B éZ,SXIO’” - .
S n E
g 40x10M | £ 2.0x10 2 .
© N Q
Z » 1.5x1012
5 2.0x107 [ £ ox102F .
OF o ° ° 5.0x10°3
1 1 1 1 1 0 1 1 1
0 10 20 30 40 0 20 40
TID dose/[krad(Si)] TID dose/[krad(Si)]
Fig.6 The SEU cross section of S25FL164K Flash vs. different Fig.7 The SEU cross section of S25FL164K Flash vs. different
y-ray pre-irradiation doses y-ray pre-irradiation doses
6 5 4 T4 S 9 MX254006E Flash #5114 76 A [ 7 5 e T4 BB S (9 S25FL164K Flash % {44 7£ A [7]
LET {H 8 525 - BN 174 5o Bl LET {B 8 25 - BT 14 ks 1 B

1M %F &l 7 W S25FL164K Flash /7 fif # , b 5] 12 T4 8 X 4% 1 SEE (9 52 I 78 LET {5k 32.5 MeV - cm*/mg 1) 4
BRI Rrh I i R B 22 5% . A BRUEE IR 5x10° jons/em? TE R, £&ad 20, 40 krad(Si) A5 R R
A4 SEU 1 43 1) Hb R AL BH (0 krad(Si)) AU #R K T 0.7 45 M1 1.4 F%5 . #R10, 7E LET{H K 65.8 MeV - cm?/mg A4 fill 25
TR 25 R, Z A0 SEU SR IH Jf R kL2 R LA M . AEMLE FAR T, TR B L RE R R & X
SEU # i 7= A= B o 43 Hrik i 24 LET {H M 65.5 MeV-em¥/mg it , %308 {419 SEU i & 48 T A, 7638 2 251
SEU 1 AR I Z |iF, P 8 B TR o5 2800 2% fiff Flash £76iff %5 (19 SEU #k E 34 1, 3X 7F LET {H = T 45 48 SO #H 5% LET
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A AR R N R . RS R IR A — E AR N, BEAE Flash 17 iff a5 75 25 6] 57 5 36 858 AR s [h) 0 S
K, HAF#E I & SEU BN A9 HE 5 25 3% i 3 i .

B T 5 B0 SEE AT LAS B il BT PRI A AL bR T R A D, R A Y I (R R TR AR IR )RR, AN AT 8 Y
AGEREPI 7R oy BRI R M it A i 2 A A A A B0 A )R P R R A A R, — R L - O R
e, AERER TR T HARRRTIRR, R NELERRE, M2 RER R, mEE®g, S
TR A A T A ORAE R ALY R A G R 2 7 A R, K R R A R AR — R R B A T
BEAh, vy LGRS R LA A AR, R TR RN, B A R S SN R A . XS R AR 2
BOFME By T R A ROT B A R RS, R BRI R RS, MR T R R IR E, B
S EEe, WA 8 B BIE AR BTN . AEANIKIE T, Flash 774 & 75 420 ©Co-y SF 2 MRUR IR % BUA Bdla B0 A%, DIk
il 70 R X A B 3 ) B (LR TR R A% A UL (TID) A R, A ol 9 Al ol A A 9 B0 (P s PR IR R i L R LR o )
H M SEE 14 iy [] £ i 45 77 fif 50T % 2B SEU BN 5 o
B 3 2N X A7 it B B (L FL S Y 2 A UL (SEE) 5 A 5
R TR LET (A O, 7 70 3 S8 B0 A ol 7 S 2 7 4 TR

q° <0

AU,(SEE)| AU(TID)

cell distribution

IR & A SEURLRE , A LET 9 12.9 MeV - ecm?mg 4 44 -ETID) ©

BTN 2 S A7 i B B P, 0 B PR R —/ ®

AR AUWSEE) BN, AR UL BUBCE % A B Fe . LET (i & — [ @B

T 32.5 MeV-em’/mg [ 5 25 5 5 X A7 fiff 5000 7 A 5

AL A T (R R R . A R R AN 2 il AT A BT )

(B HE R & A R AUL(SEE) YIS 0~ , SEE 1] DL ffi 77 it 2.

JCEEHR TS, MESH CiHRiN, &/ Vs AUV
HZ ﬁ fiti $ JUAE T LET % {E BEEFRRT R4 Fig.8 The synthetic effect of TID and SEE to the threshold voltage
1] of Flash cells

@%ﬁ KB SEU A 20T, By 2R 8 Efggﬁ*ﬁﬁma@wﬁlﬁlvﬁmxﬁFlashﬁﬁ%ﬁﬁfcrﬁ@a

E, & SEU ROV B F7 i Hooo B i S 2 Wi i, SEU
A 2 B B . 20 krad(Si) 4500 SR AR Y B E R B RS AU, (SEE) R JE EAIK T 40 krad(Si) B AR = T 20
MR, AR 7 v B AH 20 krad(Si) A #8514 SEU #1184 2 /N T 251 40 krad(Si) 19 #5174 .

3.2 shisMEK

BT R 25 003K A, 7 NOR I Flash 77 % 55 i 2 75 0 ist 192281 F —
PR R AE TR B . DL KW25Q64M R R B, [ 9 R AE 146 262F .
S T 45 26 P60 G U A R ] 07 % woe S \//
BB % 85 T HE I RO LT BRI, 7E— 20 3 4 1R 28 £ o L
4 25 3 B R T B 8 A 87 (Single Event Functional Interrupt, SEFI) g 250 L
S A ¥URE - U8R (Single Event Latch—up, SEL)!. 7 K% =l -
18 SEFITSEL AR 19 BIT4R T, 2 P78 R U B2 i 2 o P 23 14 B
A7 TG KR, BDERARAE 310 ANl s FAR IR N &4 T 141> SEU AL of -
BE O 28 O P AT 111X1070 em?+bit . % Lo [ S o 2R PR AE e S S S
B A5 AR 9 BB T B BT, 24 LET 4 65.8 MeV-em¥/mg i, N N S
B S B T O 1.20% 107 e bt 45 T 3 1 30 25 0 ik ion fluence/(ions-cm)
o7 B 1 SEU R I SO — BOE BT, PRI A o U 20 0 7 24 Fig.9 Buildup of errors in KW25Q64M under read-
JC SEUZLRLHY R WA o M5 S BT KWI0OIMAVHRMRRN T
XTI 4 A4 ) SEFT AT SEL 240, B AT/ LET B{EH KT B Rk

12.9 MeV-cm’/mg. 4 SEFTZN 5 BUET, 7 fif 25 30K i 4 i

X SR AR JE B T AR O L B A RIS R IR B T 3, MR AR R MR A T RUIR B, TS E
HL B0 30 (T8 R iR & 5 24 SEL RL0 Y BUA , A7 it i a0E A i s TR IR 2R 4 T 1 DA 1 v i3 S T A 1Y
KOG . fE Flash 228, SEFLRLN K A 25 7F (4N BI L B, SEU U 7= A T3 A B AE A 4 3, 1 2w i gk 6 4/ i P
#40F SEU RV B LET B {5 K T 12.9 MeV-cm®mg, i SEFI &0 i LET B {E ¥ T 12.9 MeV-em?mg. [H Ik} 78
90 nm T- 2097 &K, Flash &5 {4 i) S5 6] i [ LG A7 it B 50 6 SRR 35007 B I AR . %8 41 Tl I 1 285 A A L 5 2% L
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