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SER W & . 5 " F SER ¥ 5 ik b 1] 5 F 5% -1,
o R AEH g R AL M AN 8 A M, 4n
RO ATTRRE SIS 22 A8 B AG T BBl
PEARE KA, iR T R AMSY, i
T3 AU PP B e

AR SO PRI RIS HAR | 7 BT 5507
T T % 94 oK 25 i 25 B AILAF BUAE i % (SRAM) 1Y
o RLF BT IRIESY . TR AR D7 T, 2 T U AR
SR BB o LT R SR ARG Bk T B R
(single event upset, SEU) #1515 B, K481
TE RSN PR T /) SER. TEALFRMESE i, 456
it PR PR | Rz 1) A AN SR R O5 L, BIFSE o ki
RE Az R . DORRAE IR | A 2 AP S5 SOW Ry
P, FE TR T XS AL TR

2 RIS

tRatR
1 FHBH 241 (Am-241) WEAE R A3 56 48 FH Y
o RO, AR = (1) X, KR8 ok
F I BERE7E 5.4—5.5 MeV Z ], Hirh 84.5% 1y
o B TRERE N 5.486 MeV, 13% I o ki TRERE N

2.1

5.443 MeV, 1.6% 1 o ki FHEE N 5.388 MeV.

23 Am R 33'Np + o +759.541 keV. (1)

o TR RO IR S804 1 91, HUR %,
5.73x10° ki ¥/ (2n-min), B 1.69x10° K-/ (cm?-s),
o BT MBS PR T 2 4% 1w [ k1] S0 55 . AR A
JESD89 A Frife B, HI T HAE R o kLTI AY
JEFE RN AS/NT 0.04 mm, PLARIEH 240 o kT
RETE A oA A UREIE, S ET A L SC 1 B0, 1% Am-
241 PEE R 1 mm, PHER o BLFRERE 5005 E
B2 NG VAR Y 1247 £/ TE S TN |SF AR S R =
WL T RS Gl T I ook TR IR A
T,

# 1 AAREETRSE
Table 1.  Parameters of the radioactive source being used.
ok TR Am-241
B KT -2 L-min L 5.73 x 10°
R FFEM, €18 mm, 1 mm/5
2.2 WNEHREH TR RS

B #E S B 2 2 Fr ), 1k CYPRESS
N EV =30 SRAM JFJRIRES. B0 AT, X
WEATA AT B b .

F 2 BESE
Table 2.  Parameters of the devices under test.
anfFAen Liks ] TR /nm A /Mb TAEHE/V fif R
DDR-II SRAM CY7C1318 CYPRESS 65 1.125 1.8 5mm x 8§ mm
QDR-II SRAM CY7C1412 CYPRESS 65 18 1.8 5mm x 8§ mm
SRAM CY7C1019D CYPRESS 90 1 3.3 2 mm X 2 mm

Pl 1 g g R R, e R A AT
SEH (81 4+ 1) kPa. Am-241 JECE 76 P B Y
BRI, TR S R R A R R, i
CY7 C1019 D i JH 4k Jae BEAT ] 1 F0FL i 4, o7 LA
RS O Z A BIEE LY 5 mm, HAR PR

B F
AT

Bl 1

Mt B K

Fig. 1. Schematic diagram of the test setup.

felFATRIEE Y O 1 mm. fdE A BAORE RO I R 58
I 4 BR ok AR rf SRAML 8 i R A S 1R 15 R
AR | bk | B RS R, WEE
TR ISR S B 3 2 22

3 REAHELR

5, MR EAR RS A [ A R, X BARE R
FM Y o b7 TE i R PEAT AR 524 R P
ORI RN Sk R ROT ILER 1 3k 2, ook
AR SR 5 T A 53, 2m 5 Tl 4% el [P s 5 5 ik
Fola 4, BB 43 %) 8 1 mm (65 nm SRAM) Fil

3.1
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5 mm (90 nm SRAM). XJ ik F R o BT
PEATGE R A, S50 1E 2 A 3 fifR. ]
W, oo R FFEM R AR R B 5 0 A . geitit s
PR3, A L T UE SR R SRR, #3865 nm
SRAM F1 90 nm SRAM 5 F R 1 1Y o BT 5
KM TREET 21% M 56%. 5% T B e Fn
o BEF R & 5% BRI A 2 f a3 1hi 19 52
PropiF R

T B UL SR, ORI SR gk R 2 <=
MR 8 o BT RE B ™= A — 8 1 3. 7,

65 nm SRAM
Entries 7924

4+ Mean z 0.01975
] Mean y 0.02953
RMS z 1.678
g 2k RMS y 2.56
g
= L
=
= (0N
~ L
dc
#o_2}
—4 + - |
-3 —2 —1 0 1 2 3

R X J7H /mm

Bl 2 05 EAS B 65 nm SRAM BE A K ok T 4%
A 14

Fig. 2. a particle distribution on the silicon surface of the
65 nm SRAM.

90 nm SRAM
1.5 Entries 5235
Mean = —0.005655
Mean y 0.01596
1.0r RMS = 0.683
g RMS y 0.6847
g 05F N
~
=
BN Or
z
—0.5}
o]
—1.0}
_15 L L L L L
-1.5 —-1.0 -0.5 0 0.5 1.0 1.5

R X J71A] /mm

B3 FEROFEMFM 90 nm SRAM it A F i o kL T 43
A1 18]

Fig. 3. o particle distribution on the silicon surface of the
90 nm SRAM.

T 65 nm #$14, 5.486 MeV 4 o Bi 7455 1 mm
JEH 2 )2 JE e R 5.40 MeV, Jl/N T 1.6%; Xt
F 90 nm #5F, 5.486 MeV B o B T %3 5 mm
JER 2R )Z G HER N 5.04 MeV, /N T 8.1%.
BT ZHI0 o b F i R RO 20
PR3] = FP RS- 280k SEU B MNRSE S 403k 3 i
H1. SRAM #1401 a6 5 A B2 R 2% . Bk

TR o THEARH:
Nsgu
- Ny x F xt’ (2)

Hrr, Ny 0 SEU i, N, K4S & (Mb),
FORREFHERR (cm 2s 1), ¢ HIHARHK (s). AT
A RIFBHRGE T, BRI T A REY
SR T 1001~ R 3 AL 1) AT 65 nm
SRAM, 90 nm SRAM 9 o ki SEU #& [fij/N2y
PIANECR 9 ; 2) PR 65 nm 2 F 1 0 [al— 23 w5 Y
DDR-IT %] SRAM, H: SEU #f25/NT 6%.

J T RIS A EIE X SEU #1152
TR0 3 FE AR 3R 65 nm g8 2 TR
40 fi4e 1 =FE ABDE, 130 SEU #imin /& 4
Fis. HEAT L, AR DR | 4 0 Fnds 1 KD X)
N ) SEU #1220/ T + 7%, B ER 1
SEU #1224 TCHH i A

A B =3 A A 5 | e | Sk
%e, O o BT F 2Ok A TR BE o Fi
T RETZN R, (BALEH /(cm>h)), 38 H 7 =A%
9, Nk 4 R, T LR T RS 3

T

2 45

o

T o35t

o

T 25¢

=

}g 1.5}

Eerd

> 0.5 - -

2 M 20 41 | #EE 420 41
CY7C1318 CY7C1412

K4 WA ARBEXT SEU MU #9517

Fig. 4. Impact of initial data pattern on SEU cross section.

%3 SEU #miitas

Table 3. Test results of SEU cross section.

alF MAAE/Mb KT fom 25! Wi SEURGE SEURM /cm? bit *
CY7 C1318(65 nm) 1.125 1.33 x 10° 7 min 52 s 204 2.76 x 1010
CY7 C1412(65 nm) 18 1.33 x 10% 3 min 41 s 1613 2.91 x 1010
CY7 C1019 D(90 nm) 1 7.42 x 107 16 h 127 2.83 x 1012
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KA o BT R ARG N AR R R

Table 4. The « particle emissivity level and corresponding soft error rate.
LRI RER K Jem 2h ! 65 nm SRAM#F4EHRAR /FIT-Mb ! 90 nm SRAM#KEHRER /FIT-Mb !
ULA ~0.001 3.03 x 10% 2.97
Low Alpha (LA) ~0.01 3.03 x 10° 29.7
Uncontrolled Alpha ~20 6.06 x 106 5.94 x 10*

# 5 65 nm SRAM 7E 4300 m IEH IS0 15 S AU sCEEY- 1B PN AR B DR B o BT, IR RE R T AR b1 BTk L

Table 5.

Soft error rates of the 65 nm SRAM at the experimental site with an altitude of 4300 m and sea level of Beijing

city being used. The contribution rates of « particle, high energy neutron and thermal neutron are analyzed, respectively.

BFFPZE 4300 miFHRALAARFE IR /FIT-Mb 1 (4300 mifFdk)  Es0f P b B9 4REER% /FIT-Mb ' & B (b 50 1)
Eouil 2356 100% 429 100%
o F 303 12.86% 303 70.63%
g 2053 87.14% 126 29.37%
Py 0 0% 0 0%

T ESIAEE T o BT BN AR (BN
FIT/Mb):
SER = R, x o x 1024? x 10°, (3)
Horpr o Sy Fb - BHECATE (PR em?/bit). HHEK 4
ALE, 24 65 nm SRAM (1) 35456 A RH FH $2 46 /5 1)
HRAK o ki F (ultra low alpha, ULA) & B} R 552
mF, HAR AR F N 303 FIT/Mb, HIl 1 Mb %4 1)
MEFE 1000 TAE/NET (9 114 TT9) WA 4
303 MR, T E UL, & 4 b SER #YHEAE
) SEU #1E R bSO sk a1k . = Fpns
A 800 . 24 90 nm SRAM A9 B4k
i AR 215 1 ULA KRGS, HARE RN
2.97 FIT/Mb.
X 54T 65 nm SRAM 7E 4300 m IR
55 1l o5 R AU T Y TR FH B ) BB R R T T B h 2R
Kook mfgth A DTk G AT AR R
BATZ AT FEHGE 12 Z A AE 4300 m K
{18 P R/ i DX ST 6 A5 381 11 S B R R
4 2356 FIT /Mb, H 4 & 1 o ki B ¥
(E > 10 MeV) FIEPF (E < 0.4 eV) 3L BTk
o KT R PR R 5 T A il s AT G R, [
303 FIT/Mb. #t— I i i) v B A —
KB F s (secondary ion mass spectroscopy,
SIMS) Wt F1 43 Ar, ¥R BIZ R a0 rp o1
TURR, T LA B X6 SR RS R A BTk, 4t
AR AR, I X RE b Ol R
(118.9 n/(cm*h)) b 5UHEF i (7.3 n/(cm*h))
= 16.3 4%, UL 545 8% 65 nm SRAM £t
L VST TE A AT I v RE g LR B RS R

126 FIT/Mb. fZ435], % 65 nm SRAM 7EJt 50
T SF- 181 A8 FH B B SRS 1R RO 429 FIT/Mb, Hor
o R I BTHR A LA 70.63%.

3.2 {FEDHR

R T IR A B A5 R, X N FE LB T
63\19?, AR HF TRIMEY 1 CREME-MCE—18]
PR BT 25 G 98m B ml or p 45 58, XF big
I FEHEAT TOTEL, 158 T oo BT 7ESR I I
FEREHD | RBUIX DR RE I | S B0 A% 8 I S5 f
MAF B
3.2.1 R @A

K5 45 T 65 nm .75 SRAM (1] 1 FIAT
it X EME, % SRAM AT AN ZE G B AL, M5 N
ALFERE, Hofth (M4—MO) S Cu #EE. 78 MO AR
LR Z B R W ZENAEAE. iR E 5(b), x4
PAERGRATC NS, KN 1 um x 0.5 pm;

S st as st aee s aan
N e R FE E
-t . - ' e - 'Y=
* 888 e a s e
. L L -
88 8 % 80 a0 s an
- W g g -

& 5 65 nm SRAM ¥ 52 [ 43 Br 45 S5
it X &1 14

Fig. 5. Reverse analysis results of the 65 nm SRAM: (a) Cross

(a) BEDIIH; (b) £7

section; (b) memory area image.
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%6 65 nm SRAM Rt AT R IR BUIX S50

Table 6. Memory cell size and SV parameters of the 65 nm SRAM device.
anfE Tt IR R REYPXIERE /um  HEFLETHE{E/ MeV-em?>mg!  IiAAER /keV
65 nm SRAM 1 pum x 0.5 um 0.2 pm x 0.19 pm 0.45 0.22[19] 22.5019

K <7 25 NMOS ¥ XA S BB 1% R A IX

HK/PNH 0.2 pm x 0.19 pm;

B 9 TSRS B AR T AR R R R
BEECHBFR, HP0.45 um. £ 6 254 T 65 nm SRAM
HI A BT R R X S48

3.2.2 TRIM 17 A

H F SRIM-2008.04(stopping and range of
ions in matter-version 2008.04) #X {f: H ) TRIM
(Monte Carlo transport of ions in matter) Z4FR
PR THIFRE o hi FrES Rz g5 5.
K6 i, 1094 o ki N F s Ab T B AGY, WG

AEHE M 5.486 MeV, 234 1 mm M55 <2 G KK

%33 65 nm SRAM s {1 #Y £ 2 & Jm A 2 . R
JE R, 114825704 “on distribution and quick
calculation of damage”, % & T o ki T 7€ %5 7F fii
i g AR P Y L R R S U R TRIM TE

[SI<E=N

A1, PR RUIRF IR 2.5 x 1075 3) 99.75%
G HL S R 1 I (9 BE P ST L ok LR B A R SR A, Hk
iR (AN opa% | 2S00, FAE) 5 HUAR/D.

3.2.3 CREME-MC 15 A

FRAE S 18] o3BT 25 5, T, — HE 0 AR 4
B 7 iR, BRI /NA 10 pm (2) x 10 pm (y), #in
HRYX N FEZIZERMELZE T hokt. #45
X CREME-MC {jf B 2, 108 4> o ki FFEHLA
5, WA BER N 5.486 MeV, £t 1 mm 552
(RTERE 7 il JRisBIge R, ALk
ARG o b F AR EE LA 2A
Jr i, Ry B 0°, 30°F1 60° = Fh AL
FARE S, 0T AR B B B A R MR R R e
SEUEHIRY I, X TR A o kL, HBA A
RMFTEF 2 ZEEHK 1/cos(0) 5 (0 A A

AT BT B R LR P B, etk TR, AT, o BT ROREREBEZIRUD. TR AR RAY

it ArE L HAHAEER.

K 6(a) i, g REIXALT REUZ PO (BL
Ab). R IL: 1) ook g a] LSRR MR
Ea BT, 1R RE PR e, (B3 R CHIPS HP, particles, G4 GammalLeptoNuclear-

I o BT B R T RIAZ ROV G AR e S R A
DX TR RE oA AR 5 8L (P B B e
fI4% decay, EmStandardScreened, hElasticWEL _

TREF B ar IS 2) i TG BUR A AR, Phys, hlnelastic FTFP_CEM_HP, stopping,
o b TSR R A o AR b B B B R B IonInelasticLAQGSM 4.
[ 65 nm sRAMEHF |
(a) +753 pm i (b)
Ton trajectories | Transverse|view
0 .'."
Nty |-
g i
—753 nm .
0A 1.50 mm 1.50 mm 0 1.50 mm

Target depth

B 6 TRIM {j B 45 (a) o BLFFERR A A AL BRI ; (b) A% PR IBT AL A T B9 ook T8I0 OB 00 40 A S AL B o % ridd)
Fig. 6. TRIM simulation results: (a) The propagation trajectory of alpha particles in the device; (b) the alpha particle trajectory

from the cross-sectional view of the device (the initial incident position of the particle is at the zero center).
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s

Scale (z-y) view

Scale (z-z) view

| 1. Si3N,[700 nm)]

2. Aluminum [1.7 pm]

3. Si0s [1.15 pm)]
4. Copper [1.17 ym]

5. 8i03 [530 nm]
| 6. Copper [400 nm]
| 7. SiO; [270 nm]
8. Copper [235 nm]

- 11. SiO, [83 nm]
12. Copper [190 nm]
13. Tungsten [350 nm]

14. Silicon [5 pm]

Schematic (z—z) view Schematic (y—z) view

Bl 7 65 nm LAk =iy KA A
Fig. 7. 3 D simulation model of the 65 nm device.

Bl 8 45 th TR AT fe R ABIX Y
DURBERLRE. AT DL, B ASH A 2R3, U
FRRE 11535 I URVRAAIE : AT 500G (BLAE X6 102 1390

m °
e 30°
A 60°

Counts

N .
10-1 L L !

10—* 10-3 10-2 101 100 10! 102
Deposited energy in SV/MeV
58 AR A AR BE T A R A X A B TR AR i

Fig. 8. Deposited energy spectra in sensitive regions of
devices at different incident angles.

_ L6
‘bo L
P
g o
= °
> 0.8 o0,
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Abstract

In this paper, the Am-241 is used as an alpha particle radioactive source to investigate the soft error
mechanism in 65-nm and 90-nm static random accessmemory (SRAM). Combining reverse analysis, TRIM and
CREME-MC Monte Carlo simulation, the energy transport process, deposited energy spectrum and cross-
section characteristics of alpha particles in the device are revealed. The results show that the soft error
sensitivity of the 65-nm device is much higher than that of the 90-nm device, and no flipping polarity is found.
According to the real-time measured soft error rate at an altitude of 4300 m in Tibetan Yangbajing area, the
thermal neutron sensitivity and alpha particle soft error rate, the overall soft error rate of 65-nm SRAM used at
sea level of Beijing city is 429 FIT/Mb, and the contribution from alpha particles is 70.63%. Based on the
results of reverse analysis, a three-dimensional simulation model of the device is constructed to study the
influence of the incident angle of alpha particles on the single event upset characteristics. It is found that the
corresponding deposition energy value at the peak of the number of particles in the sensitive region decreases by
40% with the incident angle increasing from 0° to 60°. While the single event upset cross sectionincreases by

79% due to the apparent single event upset edge effect in a sensitive region of the 65-nm device.

Keywords: alpha particle, soft error, single event upset, accelerated test
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