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Soft error analysis and evaluation of dual-layer
3D SRAM based on 65 nm technology
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Abstract: The 3D SRAM ( three-dimensional static random access memory) will take the place of 2D SRAM ( two-dimensional static random

access memory ) , and will be widely used in high performance microprocessor. However, 3D SRAM still suffers from the dangers of soft error. A

novel 3D SRAM soft error analysis platform was designed for studying the soft error characteristic of 3D SRAM. The soft error characteristic of the

designed 3D SRAM and the original 2D SRAM were analyzed by using our designed platform. It is found that 3D SRAM and 2D SRAM have the

same upset cross section, but the soft error of 3D SRAM is more serious than that of 2D SRAM, which makes it difficult to harden 3D SRAM by

using error correction codes technologies. At the static test mode, the upset sensitive nodes were only distributed in the memory array of both 3D

SRAM and 2D SRAM. It indicates that the logic circuit can’t induce soft error at static test mode.
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Tab.1 Description of each tier in single die
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Tab.2 Upset cross section in all 0 static test

SRAM MBI/ SCU i/ MCU #/
E3ii| (em?/bit)  (em®/bit)  (em?/bit)
2D SRAM  2.21E-7  9.44E-9  2.10E-7
3D SRAM  2.26E-7  3.38E-9  2.23E-7
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Tab.3 Upset cross section in all 1 static test
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eIy (em’/bit)  (em’/bit)  (cem®/bit)
2D SRAM  2.20E-7  6.68E-9  2.14E-7
3D SRAM  2.26E-7  3.58E-9  2.23E-7

MEE - 3kF ,2D 13D SRAM 1 SCU #;f
¥re/NT MCU T, 32 A AR 31 F- B i
BRBCGEN 1 um, 7E T um N A8 EIIAR
Jal R, I R i 2 7 4R SET,
FESR GRS I, 3% 55 B S 55 2 Ak
AT A5 2 FEfE BT R B &A= SEU, PRI 1 B 45
Gy MCU , I 5 276 TP BBURRTS 55040 A7 v g
N b A F

M\ 2D F1 3D SRAM 1 BH %% 8 1a %54k % bb ok
% ,3D SRAM #1 2D SRAM #yJL-FAH R, —J5 1
3D SRAM HSRIEAT T EHES  (BA7-ff o B
AR A A, N BT B ASLCEE, B
SRAM S5 FITRAT O& R , T A2 A o B DA S
H: SEU BYWREA X5 55— 51, 3D SRAM f diel
il die2 A RE S AE R E 7 ) RS EA
1), e T B2 2R T B A B0 R
B AT AH R A, K1 0 79 2 1) B At A D
ZER PR 2200 % R R 55 kL7 7E 3D SRAM
HORTE DN E AL H#E , KA T S8l 25, (145 3D
SRAM w25 o B A B 51 B AR I K

2D SRAM [ TN,y F1 MN, o 30 1, 380 2D
SRAM Hh —Frig 2 Has Bl 1 4> SCU, 1
3D SRAM [ TNyu, 1 MNyu 95 2, #3681 3D
SRAM mh— /> A] g8 H BE 2 4> SCU, Ff H.ixX 2
A~ SCU FIfgAHSR . %FF 2D SRAM 2R HI 8 i1 28 X
FAR W] DLA Rk e MBU 19 & 4, H X F 3D
SRAM, BRI T 8 {38 LHAR(HAR SR S5 7= 1 2
HLAHRR MBU,, 3% &[5k i3k 3D SRAM i []—
DF 8 AU 8 743l T diel i die2, Jf:
HAER —HEE 7 b Bk 7% &6, — 4
v 8 ALK 8 A3 AT BB [A] B & A A , TNy,
722D SRAM (1) 2 £% , - HANSRAK 8 i+ i =i &
AR T v 8 A B A R A R R 2 AR

2 Vi AH4B SCU, Z5 b frid, i+ 3D SRAM 4774
2 i AHAR A MBU, R BEE LR ECC B AR X H it
&

MATHFEE R L B4 0 Fi4 1 K TR T,
RO S A DA o 1S 25 H T 4 0 A
T, 51U AR B E0 i BT 7E 2D SRAM
13D SRAM Ritl& Hh i 70 A o 181 S HAS ) B FE Y
RARFGDEA R S E . Ry
FOTATE IR TT LLE F] 2D SRAM i £ 181 10
fiify MBU, fif 3D SRAM iz 2 3L T 20 i/
MBU, % 220 3D SRAM j=/£ ) MBU Lt 2D SRAM
AR INES

no error
m SCU
4+ MCU(@2~10 SEU)

Y/um

£ et : i@"%

T L] T ¥ T L T ¥
0 20 40 60

8‘0 ' l(l)() ' lZIO ' 1540 I 1I60' ll80'
X/um
(a) 2D SRAM PRy fi oA
(a) Sensitive node distributions in 2D SRAM
o no error
SCU

MCU(2~10 SEU)
MCU(11~30 SEU)

> & A

Y/um

(b) 3D SRAM H Uy 543 A1
(b) Sensitive node distributions in 3D SRAM

KI5 WfH SRAM HR gty i A

Fig.5 Sensitive node distributions in both

2D SRAM and 3D SRAM



%5 4

2, 55 :65 nm TZEXUZ = 4EF AT & B R S5 Al 25

XFF 2D SRAM Tfi & , i g S BRI 1 5l
fE P EEAERE S B, 9F H 5801 4 SCU )
TR SR AR AEAEABRES A b o X 1R AE
BT, SRAM HUG 7 1 47 2 SURR Y, 55 i
HAEBEA S FEERES R . & A T
ATAT] T AR 28 SRR, T 45 32 R A R A A
X R 55 7748 SET, {H SET AN & & 42
RN S EURASR. S 8D BUR SCU Y U
T BIARAEAE A B A 1O PR k5%
A AEAE RS I A, UG N S B w5 — /N
OIAFAE AT, HLAYTE 5 (0 R B L T A2 e
Ao 32 SCU, A HA HA 5 1A BT Rk A=
T SCU,

XFF 3D SRAM 1 5, th FHm AR KA 2D
SRAM [1)—>F, If H 2 5 i 4 AR ], SO L
JET S 2D SRAM [ Ry %4, 3D SRAM [
BRS04 JEAR ] 2D SRAM [ 48 ] , AN [) 1) 2
SHEECRE D> SCU U STEABI TA A Z
., A A AL R & B B R B
JEHA LU R FA : OF T2 578 diel ()32 5 H
o, SRR A% & A i & AR K e, 25 )
die2 MFFEAERES T S ET SEU; @KL T 5 4 Rl
R AN R UORL T, Bk PR 8 i
B TR PR3 A S 28T SEU,

4 #Fit

EXf3D SRAM [ Z 2 B 455 d T 3D
SRAM HASIR AT V-G o BT &l K FfbL
FEEE L SR T 2R B L
MBU {5 8. A B AT 5500, B X 28 2 500T DA
X AR R IEA T 0 M o ARG /BT 25 5 T LIS
T 3D SRAM inf&E i it. L 3D SRAM #g iR
G HTF 6 X BRI Y 2D SRAM F13D SRAM 3k
137 5347, Hordh 3D SRAM R 74l 4rikit. 43
Wreb 28] 3D SRAM #1 2D SRAM 1% & % K 1A
JUFAHTE , {H 3D SRAM —A>5 Hh i 2 Bl 50
¢ 2 AH 40 T B 34 2 2D SRAM 1 R A%, Ui ]
3D SRAM H, 2D SRAM & fii sk L) Fl ECC 45 A ik
TP, fEFASEUT,2D 13D SRAM 1) sk
B TAEAERES o, R, SRAM )32 45 L
FEAN S T R

2 % 3R ( References)

[1] Puttaswamy K, Loh G H. 3D-integrated SRAM components

(2]

(3]

(4]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

for high-performance microprocessors [ J]. IEEE Transactions
on Computers, 2009, 58(10) ; 1369 —1381.

Hsu C L, Wu C F. High-performance 3D-SRAM architecture
design[ C]//Proceedings of 2010 Asia Pacific Conference on
IEEE, 2010. 907 -910.

Chen J J, Chen S M, He Y B, et al. Novel layout technique for
single-event transient mitigation using dummy transistor [ J ].
IEEE Transactions on Device & Materials Reliability, 2013,
13(1): 177 - 184.

Chen J J, Chen SM, He Y B, et al. Novel layout techniques
for n-hit single-event transient mitigation via the source-
extension [ J]. IEEE Transactions on Nuclear Science, 2012,
59(6) . 2859 -2866.

Gouker P M, Tyrrell B, D'Onofrio R, et al. Radiation effects
in 3D integrated SOI SRAM circuits [ J].
on Nuclear Science, 2011, 58(6) : 2845 —2854.

Gouker P M, Tyrrell B, Renzi M, et al. SET characterization

IEEE Transactions

in logic circuits fabricated in a 3D IC technology [ J]. IEEE
Transactions on Nuclear Science, 2011, 58 (6) . 2555 -
2562.

Tsiligiannis G, Dilillo L, Bosio A, et al. 90 nm SRAM static
and dynamic mode real-time testing at concordia station in
antarctica [ J]. IEEE Transactions on Nuclear Science,
2014, 61(6) : 3389 —3394.

Roche P, Gasiot G, Autran J L, et al. Application of the
TIARA radiation transport tool to single event effects
simulation [ J ]. TEEE Transactions on Nuclear Science,
2014, 61(3) : 1498 - 1500.

Abe S, Watanabe Y, Shibano N, et al. Multi-scale Monte
Carlo simulation of soft errors using PHITS-HyENEXSS code
system[ J|]. IEEE Transactions on Nuclear Science, 2012,
59(4) . 965 -970.

Huang P, Chen S M, Chen J, et al. Single event pulse broadening
after narrowing effect in nano CMOS logic circuits [ J ]. TEEE
Transactions on Device and Materials Reliability, 2014,
14(3) . 849 -856.

Touré G, Hubert G, Castellani-Coulié K. Simulation of single
and multi-node collection: impact on SEU occurrence in
nanometric SRAM cells[ J ]. IEEE Transactions on Nuclear
Science, 2011, 58(3) : 862 —869.

XA 5 B FEL B BR800 AR S i B i g [ D ]
Kb EBRIFH AR, 2008.

LIU Biwei. Modeling and hardening of single event effect in
integrate circuit [ D ].
Defense Technology, 2008. (in Chinese)

Gorbunov M S, Vasilegin B V, Antonov A A, et al. Analysis

Changsha: National University of

of SOI CMOS microprocessor’s see sensitivity: correlation of
the results obtained by different test methods [ J]. IEEE
Transactions on Nuclear Science, 2012,59 (4 ). 1130 -
1135.

Gorbunov M S, Dolotov P S, Antonov A A, et al. Design of
65 nm CMOS SRAM for space applications: a comparative
study [ J]. IEEE Transactions on Nuclear Science, 2014,
61(4). 1575 -1582.



