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for Nano—Scale CMOS VLSI Circuits Design
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This talk presents a novel design method to minimize the
leakage power during standby mode using a novel and total
leakage minimizing techniques such as minimum leakage
input pattern, adaptive supply voltage, and body-bias
voltage generating techniques for nanoscale VLS| systems.
The process, voltage, and temperature (PVT) variations are
monitored and controlled independently by their own
dedicated systems. The minimum level of power supply and
the optimum body—bias voltage are generated for different
temperature and process conditions adaptively using a
lookup table method based on the PVT monitoring and
controlling systems. The power supply variations is
accurately compensated adaptively through the monitoring
circuits based on the propagation delay change of the
inverter chains. The subthreshold current as well as gate—
tunneling and band-to—band-tunneling currents are
monitored and minimized adaptively by the optimally
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generated body-bias voltage. The proposed design method
reduces the leakage power at least by 500 times for ISCAS" 85
benchmark circuits designed using 32-nm CMOS technology
comparing to the case where the method is not applied.
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This class will focus on high speed and high performance
CMOS designs issues. This class will give students a feeling
for many ways a circuit can fail and the type of modeling and
testing needed to ensure that the circuit will work in
production. The course goal is to study state—of-the—art digital
design issues design methodologies and concepts, and
design techniques. Students will work on advanced digital
systems design issues. The latest design issues such as low-
power and high frequency VLS| systems design and signal
integrity are investigated in depth from the current literature.
This class will provide examples of current design practice
that is being used in industry, so students can evaluate them
and come to their own conclusions about their efficacy. This
experimentation will help students with building the foundation
they need to choose the appropriate circuits and verification
methods to their problems. The class topics include overview
of CMOS technology including fabrication process, device
models/transistor theory, transistor characteristics and wires,
power estimation, worst case combinational and sequential
circuit design, simulation methods as the first part of the
class, and circuit families from simple static CMOS to
advanced forms dealing with high frequency and high
performance issues of those circuits. If time permits, the class
will focus on larger issues such as design methodology, clock
skew analysis and clock distribution, power analysis and
power line distribution, megacell design flow and issues such
as adder, PLL, Memory, and I/O including high speed links.
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=2 =S [ AFRIXIAL MA T2 ] conference website: http://www.isocc.org.
[ AMEX[Al MAni= =p|3)=0| A S J19H U O30 £ Areas of Interest o
VLS A3 omalE olZa|AolM = $e = Analog and Mixed-Signal Circuits Communication SoCs
’ ZxIol : 078 242-262! Display Driver and Imaging Devices Embedded Memories
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Special Sessions
QL= AN Veriloge Z4 AAINZE QAL QlCt 2 ZZE P

s s [ $ZohAt ] [ Zoj= ] Proposals are solicited for special sessions. Please submit proposals for special
E S Sk = S
OEH Venlo:?:ﬁmﬁl :}L*ﬁlﬂﬂ zlfzoo(lsynth;esi) E_'OE OiLﬂx }4; - SHEA 3 45HA 2 LSl b= sessions to the special session chair.
HIZ RTL 2 7|& HA| ¢ I_E_}._(_)il tisf CrEo= { FaHQI [ Zto/adEf ] [ AFRIXIAL MATIE | Chip Design Contest
HAE & £ AUCE 0|20 &S Wl st=Ssict = ° e Desi ides th demia with th : introd hei
P |2+l - HDL language, C language esign (.:ontes.t provides the academia with the opportum.ty to mtroduce their
[ 20 ] novel chip designs to the real world. The selected designs will be awarded.
P AR IE, B s 2512 - 08Y 072-09Y Best Paper Awards
[ ZelsZE ] [ Z2AAFE ] 27t B2 : Verilog HDLE 0183t Digital System 17| The authors of selected papers will be awarded for technical contributions and
= - 0|2/AES ZHA} : 222 (E0LiStm MKl their papers will be invited for publication in the Journal of Semiconductor
[ AFEX|A] Mamt= ] Technology and Science (SCIE) published by Institute of Electronic Engineers of
- Unix £ linux 7125 AR HMeo| XAl CIX|E =2|5|20] i3t 7|2 [ Z2ZPH2 ] Korea (IEEK). (Visit www.jsts.org for submission details).
XJAl (.u.IAI— ) CIXIE St=Ro MAIQ| =X EEA0{QI Verilog HDLS| 7|=0|21 S8 Important Dates
off Choto] sh5slct. £56t 0|22 HIECR JIs 252 Mo, 25 * Deadline for submission of special session proposal; 01 Jul. 2013
Zxl: 088 06Y-07Y Moz CIXE FMXAIACl & 7|52 Ver|Iog HDLS O0l8sto M7Ast * Acceptance notice of special session proposal; 01 Jul 2013
2 M2 AR PCB AlA| 0] Training Kitoil Download 510 715S 315t} * Deadline for submission of regular session full paper; 21 Jul. 2013
ZAL: @42 IIEHLIRISZAEDA) [ 2ZTHAL] * Deadline for submission of chip design contest ; 21 Jul. 2013
= - = ¢ Deadline for submission of special session full paper; 21 Jul. 2013
29|HL=I 22X CIXE=2|E2 A =EX 5
[ Z=H ] : 7*°|*_; : h IE[ 7+|02||34EHE ?l f[ ARIXIAl MATHE ] » Notification of acceptance (all submitted papers): 01 Sep. 2013
EDA Solution Z0f0llA MAX ZXtl HO|HA(Cadence)Ate] System :;TI Oolé-;'" ila_|=|£, s *Deadline for author and early-bird registration; 15 Sep. 2013
& PCB , M52 Driven RuleS XI&5tn 47 EMS Hofstof & o =Tes =T .
Ol PCB Al7| HIHS OlS{EC) A REM M AARCR x-|arxqj * F0] | F21)) IDEC 8441 (051-510-2828, idec@pusan ac kr) At least one author of each accepted paper must register by September 15, 2013,
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Libraries Feature/Netlist Import / Board 2+34%/Design Rule2| 0|

ra

IDEC Newsletter o 06| 07



JopaismeN O3dl

ME

DHIY HHo=z EE= 222 S5 &0 222 48 £0= &
OtE Z0IM XtSAtof 0|27 171K 432 TAt MZFS0| X12|E T
Ak, ol2fet HESE2 22 7| Y % 7L ReH, HiE S8
= 7Itf =8 oMol MFel Y 2SS 28 4 U00f Bttt
tof 7|cH 4+ LiollMel Y =SS BEEY 4 githH, oiZEMH|
A SO FI1HQ HISS EHAIZ & OH—IEf u74o| Xz MEZ2
ol0jX| & Loprt HMEQ| ojojXjol= Xl FEs X2z
HZel M2ldoll thet nai= A7 F_f71|01|A11— Ef O|0{X{0F BiCt.

S3| AlZHol X|goll w2t MEel =2k ol gsol Olxl= Fg
01| tHEr ed= 7Idh g oMol Y 2SS 2857 flah of
<2 S0ttt oo & UoME A HMEE Fdots T2 40
EHX|AE{] LdStE =3t ALt 0| T2Et EUX|AE ZE
X 70IE HHAMO| B2 L3t g5 24 JIHSol s ZHEtS]
AT} Bttt

EX|AE0 wMsHE HEHQl L35 SHAMOZE= BTl (Bias—
Temperature Instability), HCI (Hot Carrier Injection) 12|11
TDDB (Time—Dependent Dielectric Breakdown)& & 4 U
Ch Ml 814 =25 AJZto] XIFof mat EHXIAES S48 WA
A TH| 329 M52 HEAII= Q02 AESiC,

£35| BTIZH HCIQl 42, EUX|AHS Y TYS HIAHA
MOSFETS| AAQL =321 Ato]Q] x40 s2= ™Fol F7|d
TS F2=ZM A0IEQ X|H AZE S5 AP

F tael SHE Cem 2o,
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ol °

Bias—Temperature Instability

BTl= MOSFETS| CHEEQI L3t si4o= MOSFETS| Az|2nt
Attt Abolol M MMElE AH E=9 (Interface state
generation) S0l 7|QIStCt BT 25 MYut =2fel Mz EH
AZAHEA S0 MOSFET mztolE{oll Fag E22M MOSFET
of ME¥g ¢lail mafshor & =25t 2z HEHUCH £3
PMOSFETOIIA A5t Negative BTl (NBTI)2| AR, XI&ZXQI
Bt Mz 3™ olMstef mat FEol AHX|D U 1 ey
ol 7kt UCL NBTIC| HEo| Xl 0lRE Ch29l Al 7HXIE

£ & Akl

H
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HTE0F 1 CAD & Security Research
E-mail : jhkim@sogang.ac.kr
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o XM= I3 0OlMst2 LtEtLle AE Y S (Short
channel effect)& &0|7| ¢Igt surface channel
PMOSFET (2% 1.b)2] =Y AOIE Atstato] MyEl=
H7|% (Gate oxide electric field)e] £7t& 7HX2ct. 0]
2 QI8H| buried channel pMOSFET (22! 1.a)0il HIaH &
thHoz NBTIQ Feko| #ZIct,

AEf] =M HE S8 PANIY| st HZE BHol
= Zsi=0| 0l80= 213k SI02/Siol AB Atolo]
SYUEIT, Ol NBTIO Y&S F/MI7I= 20102

@ 0|E Atstat =7 (Thickness of oxide; Tox)2| O|A|St
U 32 20| 4S5 Zof HlsH HH M2 I Hastn
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33 2= nMOSFETOIA ZMst= positive BTI (PBTH2t
PMOSFETOIA ZHdlsk= NBTIE H|wstn UCt & SN 2%
MOSFETS 25 HMn =29l MRol F32 nlXm UeH,
PMOSFETOIIA g2tAisH= NBTIZ Qlsl Hatz|l= 2& Xeto| 37|
7t NMOSFETOAQ] PBTI FEHLE 25 SQlgt 4 UCH2]. 6txl
oF 71&9| Si027t 3H nlMstof| w2t ZEF JlsS REo| et
TR Eoiatoz ARE|E High—K 2X9| AL, PBTIQ| Y|
7ot A0 nMOSFETHA LASH= PBTI SA| 1 5240|
37tstm UCH3.

P+ 1B5F
C t
(Source) ﬂ» (Drain)
N well
(a)

1255 Current P+_
(Source) (Drain)
N well
(b)

12 1 (a) a buried—channel pMOSFET
(b) a surface—channel pMOSFET

NBTI

Il PBTI

e Increasing threshold voltage (Vir)

e Decreasing drain current (Ia)

o Decreasing transconductance (gm)

Occur on pMOSFET

Occur on nMOSFET

Occur when Vg <0

Occur when Vg > 0

—— pMOSFET NBTI

254 | > PMOSFET OffState
—e— nMOSFET NBTI

—8— nMOSFET Off-State
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Hot Carrier Injection

HCl= 9M 33t BTIQH OIE7IXI2 MOSFET| Ala|Zat Atst
gk Atole] A Z=9| Mol ol UASITE SEXIEH AH Z=2(2
Alo| xf0|2 ®olct 32| 32 pMOSFET

oA 2] NBTIE nMOSFETOIAIS] HCIS| Ll Q1 Hlwstn
Cf. Al 2t NBTIQl 22, ZI0|E Atgjatol] dMMEl=
ola AMa|Zut Atstab Aol AHOAN FA-ME|IE

LM M2 F L3 o

bonding)0| BOH2ZM AH &

BHH HCIl 2=, Mol TJRIt S& [[H MMEl= g i
(hot carrier) 7t 71|0|E Atglatoz Sol=
AE|A =k S sH2|of" 2 nMOSFETS] MXHt pMOSFETS| X
30| AAll =gjol Atole] HES et SRY mf MES H
H0|E Atglatoz S0l

2 U sf2lolg

22 mat HolE AMsiatol HHE

o, w2t MOSFETS|

= [
g2 F
centenZ =30
of &= &Cf. =

oco= L

08 0z
mo rin

0lsA (mobility)s Za

= &Ch

AH ZA7F TRl A

1=l A
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OII

b JEHol whEr S

7t YgEch

ZoM == FYUECH

&1ol
Z# (Si-H

off w2t AE =97t o

SEf2 MOSFETS| ClHiolA EXMojl
MM =25HH (generation recombination
M &4 (junction leakage)2t M1t &g
M2HE (scattering center)2Z2M 2|
A7 TS HF (drive current)o] F&t

Het (flatband

SoiLt
2 & US =9 E2& 2F oUXIE
olojsttt, of2{et 2& olHXl= 2017t xH
HI|1EE Il mat HA|

HHER| LBRAe] BAY 3 SRS

voltage)O| 30| Hststy, Ol= Z= MOSFETS =8 HY
(threshold voltage)S H3fA74 TIHIO|AS] HS0i| Sets 4| =t

( HCI ) NBTI )

Due to broken Si-H or Si-O bonds |

| Mechinism | |

| The reason of Reaction ” Hot Carrier ” The Electrical Field |

The Dimension of
Diffusion

SiSiSi Si SiSiSi

2D-diffusion at drain side 1D-diffusion

J8 3 HCI 2 NBTI H|i

Time dependent dielectric breakdown

TDDBE HO|E Atatatol MAH S2iut A IE wat sidoz UM
oigst BTI, HCIets CH2 £Xg 7IXIch TDDBE ZE&st BT,
HCI 25 AH0|E Afstatol A IE T71Ee 70l BES K|
ot TDDBQ| ZR0l= Atetatel MA s530| AA=0f MOSFETS
Jlsg 2Ms| $3stx| Rk Eltr E5| Uekmol St st
M MNEle Moz oFst M7l XI&siM &S0 AlZtol
Xlgof wat M| WAsitl= EFe=z 2o 48t H7I1E StollM
LIE}LI= dielectric breakdownits FEE/0] MOSFET =3t9|
BEOIM gt

12 4 249| soft breakdown (SBD)7t AlZto| X[of w2t
Atsatof] LIEH =, A0IE (gate)2t HAEROIE (substrate)
Atololl M= AZ (conduction path)7t 4=l& hard
breakdown (HBD)7} st Atstatel M S2{0| MuEl=
gg ol UCt CHE2 TDDB 40| 7HXl= Yetsel EME
o[ct [4].
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ct.
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@ C[HO|AS| 20 I FEg gh=Ct

® TDDBE 324 (polarity)2| Hsh2 HH=C},

o Asalg 0|2 MY M= ko 37|17t 242 TDDB
o =45t}
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Z9| Sio20i Hish 2 k & 7IXIZZ TDDBO < Fofele & AFQ| L3t Jefg 29 m2to|Eof] HYstd M22 2 ni2io| T HIZ0| ks BEE 7K ok S SHEXQ) Yol F
4 drt matM TDDB Y2 AM AZ BTIRE HCIE 8 3| B IS H4eich 52z ZAE-AEHA (Post-stress) 2, 2t Mol =2| S42 0125l =9 F YHUMRE = E
29| A=IME flall AAl HA0IM u=lojor & S8t k5t @ Ao MZ dyE 2E oi2to|eE 01&5H0 SPICE-AlE|01d of OIZ7|7IX| &AL 2 AMGHLZEY| 20 =2| AlZ20|82

o & 8 7Hx|o|ct = TSN atE 0|29 32 ds55 EMeltt Ch 2ch= FES 7kKI ACh

(a) Initial m [ #1 Stress estimation-based |-————-

Transistor-level (( Temperature ][ Lifeti
_______ Prost e - f X p 1etlme]_‘
Highk T e Cod (e s ec] |[#2 Aged Cell
| Lib.-based |-

1
1| Fresh Device
IL
. 't

®) 1* SBD(hi ¢hklayerBD) |  lEE===== . - === - CaIculfmons e Estimation

. Loglc Slmulanons

*Pp ic Method

|Aged Delay Model } [Aged Cell Lib.

Input Stress
I—L| (Input waveform )

i S| Post-stress Stage P
|
| 1
| Parameters Post-stress 1 =
] S——— Stage | bo—m——x Iy v Netlist S Er——— Delaygiags =205

‘ Transistor-level ‘ 'E 'E Delaygzage =2.708 Delayoaages =2.7ns

The worst
aging effect
AVth o

DV Doty | Aged Model \_/_\
(©92™,3 ...SBD Aged Device —I_IiL Parameter Generation
Simulation

@ “}1:[” (L BD) 12 5 SRIAE oMl L3l A5 BN 222 —_—

| Dpath1 Aged=Delaygiageat Delay goagea |

A
NMOSFET PMOSFET
(‘ . $5 : layer breakdown spot) Ve / HCI Stress HCI Stress b
| , Dpaml,/\gcd =4.7ns
(IL : Interface layer) f 1
I \ a8 7 71ZS A0|E oAl 3t HE BN 222
22 4 Multiple SBD & a HBD i NBTI NBTIStress |
1 Recovery \ o o
! | XEVK| EHXIAEL 3t S 2 HAl HAAM 35 S40|
= = — H = = = —
329 L3t M5 2M J7|HE PR NI S20 OlxXl= Fg2 246k 7180 s 7tz AMHEQAT
SynopsysAte] MOSRAL} Cadence? RelXpert Z2 7|Z2] S T Tiow 7} Time EMRIAE]Q| L3t SIMNS TSt 520 MAE 320l MRNS

SPICE-AIZzl0]M 7|gte] 3|2 M2z M E52 T8 59 ¢ SHANA|7 =0 i =Q35ITt

2 F HAel 2M HAE Jizict HX Z2|-AEYHA (Pre— % 6 st M5 BN flth A=A o iy
stress) EHHOIM EHXIAE ¥ AE20|NS Sall 2t EHK|A S5 2 HE ROl we U x|Ps MKl AM AT 20| Re.f.QLQDQ_e—
E{Q] XM7|&Ql EN2 ZFSIC} O S0 HCIQ| FakE AAtslz| I8 72 7129 AOIE oMol 32 3t d5 2M J|HE O L2 ME Z™EE Z2F7| foif O 42 dxt 371 A= [1] Alvin W, Strong, Ernest Y. Wu, Rolf—Peter Vollertsen, Jordi
sl zt EMRIAES| =22l MT (0@t MAEYO|E MT |swbE  2O0|U ATt Olwf 2|29| DX|= L3to| HY¥S sk WY 2 oflafstct, Sune, Giuseppe La Rosa, and Timothy D. Sullivan, 2006.
Zx5t1, NBTIQ| ¥&H2 s 2t PMOSFETS| H0lE Y Vg 3| 2|9fe| ldt Fos st Wzo| AMCIE M ato|=a{2l5 Reliability Wearout Mechanisms in Advanced CMOS
0] =& AlZt THighZt R A2t TLowS EHE 4= UCh 0185t it AEHA OF H =&t XHARF 2HS 0|3 Technologies, John Wiley & Sons,

uh [5]2 S 4 Uk : \

: [2] Reddy, V.; Krishnan, A T.; Marshall, A.; Rodriguez, John;
Ol i, UHoZE= EMX|AH HO| 5|2 HIZ|AE 2lof Atstat . a

Gl Natarajan, S.; Rost, T.; Krishnan, Srikanth, "Tmpact of negative
X|AEC EM MEE oo ool migtn|e| AERA oS L L35} X[HAIZ REIS AIR5E ER

E (Tox) 82 24 EH = , BlRE T bias temperature instability on digital circuit reliability,"
ojlo| LRSIt YetMoz ma| AEA CHAlMO A0l  Jot= 2 Aol Yo JleliAls AEYAE AME + CE T Reliability Physics Symposium Proceedings, 2002. 40th Annual ,
NS QEll AIREl= DY OiEt0|E DS Zt EMX|AE EAol  HE JHX|m QUch ZF Mo JisiXls AERAZ 0|SEHe WHo vol., no., pp.248.254, 2002
Z7| MEf = LSHE|X| U2 MEHOIMS BHRZS AtRSICt = =2| AMZ30|M (Logic simulation)2 St Wt SEH [3] Zafar, S.; Kim, Y.—H.; Narayanan, V.; Cabral, C.; Paruchuri,
21 & (Probabilistic method)g A& 4+ 2L, V.: Doris, B.; Stathis, J.; Callegari, A.; Chudzik, M., "A
ESE D8 et 2 UM oiy FHEIL Eze ZF & ot 2 Comparative Study of NBTI and PBTI (Charge Trapping) in
Q5IH, FoZl U2 mislo| My SE 7|7t & BrEECtn JEE £ UHY 2F 29| F Y Asof et HEE HRE sh=d, SiO2/HfO2 Stacks with FUSL, TiN, Re Gates," VLSI Technology,
Lt SLRise?t SLral2 ztzh 213 xMoto| Halst=rn| Zals Uzl ol A Ao MU0l =2 MEHUIAL] AlZt (Thigh)zt 2 AEf 9006, Digest of Technical Papers, 2006 Symposium on , vol,,
AlS Ho| AlZF (Input transition time)& 2J0|§tt. THigh?t TLo oflM2] AlZHTLow)2l B9l TstresstRecovery (=THigh+TLow)2t AFZ no., pp.23.25.
= 27} EMX|AH AHO|EQ HY0| &2 AlZMI 2 Azt '-|' & a (=THigh/Tstress+Recovery) 2 LIEFHICL. [4] J.W. McPherson, Time dependent dielectric breakdown
EILHM, AFZ2E1} TstresstRecoveryE AlLtSH=Hl AMEELCE SLRise, physics—Models revisited, Microelectronics Reliability, Volume
SLral, THigh®t TLow?| 221 Tclk U2 ol 7| AlZtg L =2 AI2H[0|8E Algsle &2, Z =9l AlZoich F o™ 52, Issues 9-10, September—October 2012, Pages 1753-1760
EILH, 329 A =8 St i AMSIt HHEEICtD 7St (Primary inputs)oilMe] 2t2 AFEE ! TstresstRecovery0ll 7[ElS [5] Wenping Wang; Shengqi Yang: Bhardwaj, S.: Vrudhula, S.;
F0l g ddgstn, Jof st =2] AIZ20l8E gh=Esitt Uy Liu, T.: Yu Cao, "The Impact of NBTI Effect on Combinational
Do|-AEHA HAOIMO AlS20lM ADlE ESHE 2 EMXIA  AlZE Sete| =2| Aol ZANE HIYeR 3|20 45 2 A Circuit: Modeling, Simulation, and Analysis," Very Large Scale
Bl M7IX EMut Al (2123)1 Z2 =&t ZUS Higo=z 2t YUHMQ MEBE X TstresstRecoveryS Al 4~ Ut SHX|2 Integration (VLSI) Systems, IEEE Transactions on , vol.18, no.2,
EMR|AEO| L5t FoFS M 4 QITt 01F, AlALE 2t E2ix]  HFEXQl =2| AlZ2{ojMo| ERsIER 3|20 F7|7t 2 FRA pp.173,183, Feb. 2010
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AW 0] (Process Variation)o]| &3t HZA|7 2%
(Access Time Failure)ol] 7391 L1 FA| 7=

KAIST ZAketit

KAIST ZiArett

A HA
el Ru

Low-power, Reliability, Real-time System
E-mail : kims@kaist.ac.kr
http://ecl.kaist.ac.kr

HLE0} : Embedded S%slem/Soﬂware, Computer Architecture,

E 401 spAbty

lemory sy
E-mail : seokin@kaist.ac.kr
http://ecl.kaist.ac.kr

=0} : Computer architecture, Fault tolerant system,
M system

BreR| ARSFo| ojMISHEo] et Oo|Z2Z2M M| 7|2t
HADE oD MeS2 HEQICE SHXISH 3ol BH o 0]
MErE42 23 Hol(process variation)= B™ O HX|IA =
Olz 2= DO|FRZ2AMM ZF 2249 Azjd U £E(yield)
£ 3 goice|A EcH1]. £3l, HAl(cache) HIZEIE FAst=
SRAM(Static Random Access Memory) cell2 SH0[of oj
< FYsict,

SRAM celltlAMQ] S3=H0|Z sl FHA|l HIZEME 7| 2F
(read failure), A7| 2Z(write failure), 2|1 HZ AlZt 2F
(access time failure)7t 2Hlgt 4 QUCi2],

o
Al
to

FE SRAM cellofl XM¥=E Clo[E7} 7| S& & #Y
7] 2 Mz 2F= SRAM cellof thgt M7
Q8 AlZto] H7| Al XIFE ZiXIE Zuke o

8

0=

Q'E

Kl

&
T i

ofn

Jal
2
e

g 12 EAX|AES 2& H(threshold voltage) Hxtof ot
2F UMES HOELL 0] M & 5 JUX0| AR

o 4

S5, DB mat SYHOI MafELE HIARIRR UM
E2 240l B7I6l7| W0l 012 SHXCRE siEE 4+ U= 7|
£0| HIEA| EQsitt, 2 ZEHM= HIARIRLFE US| gt
2 29X ef= L1 Al E(AVICA) [3]0f cha ATHEtaX} St
> 0.005
£ 0.004 W Access time failure
< 0.003
<2 0.002 B Write failure
[
& 0.001 )

0 ORead failure

20 30 40
oy, (mV)

3 1. ESHXIAEC & Mg Hijo| ©E

i}

AL oi=2(of Mol @F LHE

=2
ATEa
QFA 7St Aut 20| MIZAZIRF = SRAM cello XMZEE (o]

Sl 2ot AZHEZAIZHOl EA BN XIFst 2

7|

kg mf LAstCt Ol= slie SRAM cello]l MEE Hlo|

ElotA|l ¢iE 4 SUSS 2nleitt. 0l shi&sty| #1718
|_ =

T2 L= + Ak

Error Correction Code (ECC)

ECCe 25|HLt MEET U= HIOIEM 2F7F MII=XIE A
St MEE 4 U= FY7IHOZ Sixf Al H22lo= ME (o]
ARBE|D UCh R2|= ECCE AMEdl WZARIRRE siEdE &
QUCh SHXIZH SF OlMIstol mat F2AIZIF YME0| S7HE
42, dl2{E™o| 2est ulg £t 2o| Bt ECH4l.

Redundancy

FHAl HIZ2|E MAlsk= SHAMA o122 SRAM cellg F7I510,
T2AZIRRE YWHA7|= SRAM cell2 HAHIGIE=E st= 7|HE
O] MIQt=IACHB, 6, 7]. Ol2{8t 7|HES TZAIZIQFEDL otL|2t
7| Y MYIRRE sHAE £ QUCH SHX|ZH SFHO|7E alatEtof
et F7t2 Zest 2 SRAM cell®] £7t 3| B7t6tAl =1
0|2 A83SH HlZ2| of2fol(array)E M5 | fI8t =&t
Interconnection networkZt ZR5}A St

Variable—latency Cache
SRAM celle] HZAlZt HALE Tafsto] 7HHEQI ¢f7| SEE X|
Hot= FHAIFETE MIQI=IUCHS, 9] Ol 7IHolME FHAI2ER!
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