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Y IRIS—EFELR FUJTSU

BYJRIS—IZRHTHRE

m JESD89A(JEDEC Standard: Measurement and Reporting of Alpha
Particle and Terrestrial Cosmic Ray-Induced Soft Errors in
Semiconductor Devices)
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@Mt. Mauna Kea (4700m)

[2008 Y. Tosaka, et al.]
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Quasi-mono Ring cyclotron
- EiEEIE neutron beam AVE
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[T. Uemura, 2010]

B Spallation neutron beam

B Research Center for Nuclear Physics (RCNP) at Osaka
University

B More than 200k bit flip-flop on the test chip
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SER trend on sequential element FUJiTSU

10
—&—65nm DATAQ l\tﬁ

—#- 65nm DATA1 o

5 D\D\D

7
—/— g

tonm DATA) X 1 A - Normalized with
7 45nm DATAI E N4 451m-SRAM@1.1V
——28nm DATA0 | 2 D\D\D
—1—28nm DATAI1
01 | | | | [T. Uemura, 2011]
06 08 1 12 14 16

Voltage [V]
B SER decreases with technology advancing

B |[n 45nm and 28nm technologies, SER on DATAO is more than
twice higher than on DATA1.

B SiGe process is used on PMOS in 45nm and 28nm process.
B PMOS width in 45nm and 28nm is shorter than in 65nm.
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SER Ceritical part on a latch FUJiTSU

| Feed-through gate
Din D—DO— > Dout
/|OW I
DATAO K CK

high
\

CK
NMOS Feed-back gate

B A latch consists of un-balanced feedback loop.

B Feed-back gate is sensitive to soft error

B In DATAO, SER on NMOS of feedback gate is dominant.
H In DATA1, SER on PMOS of feedback gate is dominant.
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Technology trend of redundancy technique rujitsu
10000

Single-FF(SBU) | FF

— 1000
:). \
<. 100
(8‘/4) TMR-FF(MCU)| FF | FF | FF |
10
6\5/0 [T. Uemura, 2011]
I (i) (i) (iii)
65nm 45nm 28nm
1.2V 1.1V 0.85V

B SBU rate decreases with technology advancing.

B MCU rate on the horizontal layout does not so change with
technology advancing.

B Soft-error mitigation techniques by redundancy techniques are
effective even on advanced technologies.
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PRIMEPOWER
650

? Internal view of PW650 server
CPU module placement

Spallation
neutron beam

Neutrorr e ——

r

[2007 H. Ando, et al.]
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90nm SPARC64 V FUjITSU

B Microprocessor for Mission Critical servers
W High reliability, High data integrity
M Introduced in 2005

M Major specifications
®90nm Bulk CMQOS, 10 Cu layers

=18.46mm x 15.94mm amase.
m~1.0V Vdd, 2.16GHz Clock T B \
m~240K Latches T S R
ML1$: 128KB+128KB

mL2%: 4MB

[2007 H. Ando, et al.]
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CPU(SPARC)IZEIFTHVIRIZ—MD)A/\) rjitsu

Noticed Among
6.4% Noticed Errors

Error Detected Recovered
90% 76%
Vanished (5.8%) (4.9%)
93.6%

Fatal 24%

M 93.6% of estimated Latch flips were Vanished

B Noticed Errors were 6.4% = Derating factor = 0.064.
B Among Noticed Errors, 90% of them Detected

B Among Noticed Errors, 76% of them Recovered

B Only 1.5% of estimated latch flips resulted in Fatal errors
[2007 H. Ando, et al.]
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Under fill
Flip—chip /

[M. S. Gordon, 2008]
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Simulation FUJITSU
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Simulatorff] (NISES) FUjiTSU

N-nucleus /~ Structure data
reaction Device s & 4
data structure J...eeeeeeeeeee
; ' data /

| | ’ \Sensitive Volume

A

F /N1 ASim.

Circuit
Simulation

V\Xonte Carlo {

simulation
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YILIS—XIR FUjITSU

B RAMIZHITDHYIRIT—XIK
WECC (Error correction code)
—/\)T4EYhEIL IS —% & H (detection) & & 1E (correction)
(51 : 64 bit + 8bitd s \')T+—1bit error correction, 2bit error detection)
B LogiclZHITHVIFITS—
BRIV E—REILL R DR E
- Latch ~AE T REIB#EREZT Lo -3t K Latchz{E A,
-HEEEE —-2F1k. /A XT4LF—
ERLARIILDXE
* 7. : TMR (Triple module redundancy) — O v M3EF1t

« T5—Fxv% :HIR (Hardware Instruction Retry)
— IS—%#RELEBEDAHMEEERT
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TIYFITHTHV/IRT
B Multi latch technique

W 2000: A multi-latch flip-flop
using a C-element was
proposed by T. Maruyama.

m 2006: A reuse paradigm

(BISER) was proposed by S.
Mitra.

B Multi node latch

® 1990: A multi-node latch was

proposed by M. Katoh and K.
Okabe.

m 1994: An multi-node latch with
8 transistors was proposed by
T.Masson and R. Ferrant

® 1996:T. Calin, M. Nicolaidis, R.

Velazco (DICE).
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Conventional 1.0E+00 - unhardened latches
— N
D_ :\\l A/I,L 0 g A\ +"'*-- local clock
% 0.8 u\/l\\:\. E 1 0E-02 - \l\ node strikes ™= ;
w 0.6 o heS
o ALL 1 -~ 7 charge sharing
g 04— - induced SER  Xs
= 'S worg ALLO  ALL 1 2 1.0E-04 - hES
- 0.2 p | v '\\
5 O \"' / \ »
Z O | | - | 4 A
1.0 1.2 1.4 1 OE-06 | | | ‘
VDD [V] 32 45 65 90
Technology Node {(nm)
[07.T. Uemura] [07. N. Seifert]

B7/O0HKNEDITE, RRIZ2HAMT/AXNRET HEEN
EhB,
B oEBTOMENENETT S,
BoOvI/\I7—CHREL-SETORIBELEMR TSR,
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MRIVFICHITH, BRERTTOERIRSE  rjisy

2 critical area
2 critical area & 1 cancelling area

SREELALY

| | | | | | | | ‘
0 20 40 60 80 100 0 20 40 60 80 100
Time [pico sec] Time [pico sec]
[T. Uemura, 2010]

m éggzmﬁmwzu T CI/AANRETDHE VT DRFET—F
Lo
B ODI)TAAINTITERBZ, —2DX )T T)T7T/A
ANRETHE. FYFORET —FERERLEL,
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l/ 1 I \|
__IQ_ : —Ol _Ol |
Data input > >o—e __'_D | .I%_L~—II:‘|7 !

: ® = : > Data output
el : T |
g 19l {j I

CK |:>—>0T—>c : | | DICE-base
: | circuit

l ,'

CK D—>OT—>C

[T. Uemura, 2010]
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SEILA (Soft Error Immune Latch)® g4 FUffTsu

—— Un-robust latch DATA1
—— Un-robust latch DATAO

—&— SEILA DATA1
1000 —4— SEILA DATAO SEU @SIET K
ClOoC

A——p——A
o L EDTYF 1 0.100
2 LIETD R ESYF | 0.102 | 0.090
o S SEILA 0.007 | <0.001

w 10 ) i

0p)] : :ﬁ: |

[T. Uemura, 2010]

1

0.7 0.8 0.9 1.0
Voltage [V]

1.1

B SEILA (Soft Error Immune Latch)l&. 512105 Ll E
VILIS—MtEAm ELT,
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Robust latch (SEILA: Soft error immune latch) FUJITSU
(a)robust(SHC) -|- (b)DHC-SEILA

é ol o CK . - f
L | N T ]ﬁ .
GK | CK el 0 DpTFLI [
Mﬂ—d%—ﬂi Y]
TK | y CK ! f
CK T2 = E
| Y e —D CK :Ei__ﬁ |0";E
TK :% zd - Nwell
_l
Dp2: distance between critical PMOSs
(b1)0.56um, (b2)0.34um
B Collection charge on one node is not upset. Pwell ... :
B (a) critical PMOSs are not separated by STI. Nwell | DHC
B (b) critical PMOSs are separated by STI. iiaen

®m (b)DHC-SEILA is sensitive to CCM only on PMOS. : ]
T. Uemura, 2011

36 Copyright 2008 FUJITSU LIMITED



SER mitigation efficiency@1.0V FUjiTSU

0.12
0.10
0.08
0.06
0.04
0.02
0.00

Normalized SER

SERSs are normalized
2 2well with SER on (o) un-
B 3well robust lathes

| —_: [T. Uemura, 2011]

(a) robust (b1) SEILA (b2) SEILA

w long Dp2 w short Dp2

Coatl

} Dp2 Dp2 I Sensitive drain

o

B SER on (a) is dramatically high.

W Separation by STl is important for mitigating SER.
B SER on (b1) is higher than on (b2)

W Shorter Dp2 become higher SER.
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