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= 18 #F=xsE, 10T FEZ(10-transistor Quatro) SRAM AZ%= &2 10T SRAM A2 4 7o) AHFH
(interlocked) 2~E#A] =E%(storage nodes; A, B, C @ D)E X33}, AEEFH 2ELR =29 FZRE
AZE o (soft-error)Z ¢138F do]E] Z¥(data flipping)S & 4= 9+ 77} Yo}, =dk, 10T SRAM
Ao QEE FxoA AEFA =T 2 7)e PMOS E WA AE]E(p-channel metal oxide semiconductor
transistors) L& 2 719 NMOS E# A ~E & (n-channel metal oxide semiconductor transistors)e] Alo]E ¢
gol7] wjfol, SET xo]*(single event transient noise): PMOS EWAAAEE9 Z-¢(pull-up) = NMOS
EWPA2EHES] F-th&(pull-down)& F3H(EE ZshAA 5 k. ey, JIEE F27t v 4Ry EA
X 2B = (complimentary transistors)olAl AZE & WA (soft-error immunity)< A|FstE AL ofyr}t.
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I 32 = 19 Z=A]E 10T SRAM Ao] golE s &5 Hrulsts AlEd oA 235 A

AlEY o)L Hoto] @AM~ &% FU(worst process and temperature corner)oA F3EJUTE. T3, 0
Te} 85T Alole] 2% Wo|E 7pAsla, FHool TRA~ 2 &% FUE SS(slow NMOS and slow PMOS)$} 0C
oA #H|FHETH TolE A FEH(write failure probability)S SRAM e EWMAAE =7]d ¢ &s}7]
ol MC AlE#o] e BHe] Atold AluhE] Q. (sizing scenarios) stellAl F8E ATt o]& olget 2.

- 353 gl= ~EE xo]= ulR(read static noise margin, SNM)E 27 93], pull-downl(N1 and N3)-to-
access(N5 and N6) ratio= 1.5¢} 1.7 Alo]l¢] s zt=

- AFE dE FolEE 93f, pull-upl(P1 and P3)-to-access(N5 and N6) ratiox= 1°]aL, pull-up2(P2 and
P4)-to-pull-down2(N2 and N4) ratio: 0.75 Xt} 2o},

, 2HE(P1, P2, P3 ¥ PH)T} BE HA~ EMXAEHENS N6)2 22 fzQl & o)

ol H2Fs s Aoz TPl .ZEM -t ERAZEENNL, N2, N3 2 N F& &g 7HA

: BE EWAZEES Ha9 dolE Ze oz sy, ded F e £ %

3oA W2 FA= Wp= J’\]Q‘H‘ﬂr SRAMO A, EfolE As 5L #o]E A~ HolE(write
access rate)9} vi$- ¥ BHAo] AAHTE. & 39 A|EY oMM 250MHze] HE AAA FolES 714

EA 2B o] Ato]zob= FstA AEE] A A
3}

gt a"o|% EF3}aL, 10T SRAM Ao 247 *UH e

g etk w9, ABdold Avhs 100V FAER AYS 2 95 gl Agse A5 20 A9 38
o] A HAES RAFA R T8 golE OJ 43S AFstA= R}

T 45 B ool o AA] oo 2]3t Ale] 3R ot}

= 42 Zx3d, SRAM A, W E#] A(memory cell), 12T SRAM A S o2 wWHE £ g A(cell)S 12 7Y
o] EWAAHES X33 F Ak, Fd9] 10T SRAM AojlA ~Eg]X] ==(storage node)? = A9} -t Bvt
o] 47} thgu = AAlx EWA2EE E35le] HE gkl(bit line; BL)Z} X HIE 2}el(complementary bit

AEEOl 9la, == (9 =& D HME ZRIE(BLY BLBEYEH 1Ly Ades A uf
ATk ey, & o] o AA oo ok AL = Be} =t (E HE ZI(BL) HHEAVL == AS} =
T DE AE HE ZRIGBLBCY HEAZI= 4 /e M ERXAEHE XFer), A7) F2E T3 ZholE
2 (write operation) &<QF 4 /M 2EZX] =tV HEHow dAxE 4 Qi)

TFAHoRE, A(100)2 BHFo =5, B, C 2 D), 549 2= EUWUX2EE(load transistors; P1, P2,
P3 ¥ P4), B9 =glo ]H EWA B E(drive transistors; N1, N2, N3 % N4) & B0 o~ Edx X
E]E-(access transistors; N5, N6, N7 @ N8)E Es3ic),

Z}7}o] ~EZ A :Z(storage nodes)® WHE FLE 9= Bo ==5(A, B, C @ D) ZZ o= HolEr}t A
2 Atk d o2, == A% == Dol =g sholgh('1) 3 = i—r%}( 0') T o= stte] ghol A4
E B9 wE CllE =9 shelat('1) ¥ =8 230 F 3pel gro]l A= 4= gy, Bre
A, B, C % D) ZZol A4 dHolHe teHs A= E%X]QETE: Eate] HlE ZQI(BL) EE AR
JABLB) &= ZFHHAY, HIE ZI(BL) E= ZE HE SRIBLB) S2FH dEE = dHole7h de¥=
EANAHE Edlo] Bo wmE(A, B, C 2 D) Zzh A%9 4 o).

J%EH‘:%
lml(\
‘*ﬁ“‘i‘fm

X

Y
1o
fl

Iy

OH

= EJRAZEE(PL, P2, P3 9 P4) Z47be H59 =E=5(A, B, C 2 D) § H&HE =59 HY

il o A&d 4 Aok, FAHeR, Al 2= EWA2EH(PDE =5 A9 FF AY(DD)E FFhe

AE T 2kl Atolo] HA&EEI, A2 2 EWAAE(PI)E =t BY AV A8 FF <l Aol H&
= EWRA2EHP)E =5 0o 7] AE 35 2 Abelel A&, A4 RE ERA2E(PH) =
| A= &5 2kl Atolell H&E o U,

b oo ozl iz
n RN

2

Y

it

vl

5o 25 EWIASHE(PL, P2, P3 B P4) ZZFe] AolEx= 549 =5, B, C 2
T vk dAY, Al 2E EJIAXE(PDE Alo]Ex kB Coll HEHEar, A2
E(P3)2] A]EL =X Dol H&EHI, A3 2= EWAZE(P2)Q AJEE =& Dol H&EFHIL, A4 2=

BONINE
Lo
t
[r
=2
X
JH
mﬂ
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[0047]

[0049]

[0050]

[0051]

[0053]

[0054]

[0055]

[0057]

[0059]

[0060]
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EWA2=E (P49 AllEE =5 Co &5 5 ATt

L3, E4o 2 EUWAAEE(PL, P2, P3 ¥ P4) 74 Al BN EWUAAE, dAY PMOS EWAAE R
TEE & Jrk. o, 2 Iyl A WU 59 2= EWA2HE(PL, P2, P32 P4) 7o) Rl Al
Al oo we} B4ee] 2= EWRAAES(PL, P2, P3 @ P4) 27 A2 EIgle] EUA]

, B 1 D) T desdHe =29 F

A 2]l Afolell HEE 4 Qv ?Zﬂﬂoi, A1 Cﬁ‘r 18 EAAEHNND = =5 A9Jr A A GND) & FF

E = HA 2kl Atolell A&

AXE(N2) = =5 C9Jr 71 @ﬂ 2hQl Atelol HEH L, A4 EgfolH EJRAAEH(N)=
1 Alolo] A&"E 4~ ),

E B, C¥2D F o=
shtel o HEE %Tﬂr. GﬂﬁtH, ﬂll EEME_ E%X]iEi(Nl)?J AolEx= wE Bl A&Ha, A2 =2
ojH. EYRAAEI(N3) ] AloJExE x=E Aol A B xE Al M
i, A4 EgelB ERAAE(N4) ] ACEx & Bl &9 5 ).

T, B ZglolH ERXAEHENL, N2, N3 2 N4) ZhZ2 A2 Elle] EWXAE, oA NMOS EwUX]
HE 339 4 ol ok, 2 2w dn WYy B4 sglolH EWRAAHE(NL, N2, N3 2 N4) zHzte
ERSlell AgE= AL ofum, A dof we} Bl EdtolH EMAAHE(NT, N2, N3 H N4) ZH7He Al g
o] EUXAE, dAY PMOS EAXAHZ FEE Fx Q).

Bpo] oAz EMAAEIE(NG, N6, N7 2 N8) Z47He HE eRI(BL)3 AH HE #RI(BLB) & o dhitel
53 =EE F dSHE =& Aol AF&E ¢ k. FAFLE, Al Al ERAZEHNSE =5 A9
FH HE ZRI(BLB) Atololl H&E AL, A2 A2 EMRAE(N6)= == B9 HIE 21RI(BL) Alelol] &= ar
A3 Al ERALE(N) = =5 CoF HIE 2FRI(BL) Atolol]l &L, A4 A= EIALHINT) = == D9Jr
HIE 2QI(BL) Atelel &= 4= St

wek, B dAs EWRAAEENNS, N6, N7 D N8) ZHzhe] AlolExE 9= #<¢l(word line, WL)o| H&E <+

T, B dAla EUWMAAHENS, N6, N7 2 N8) ZHe A2 Bllel EQx|AE, oA NMOS EWAAH

= Q. oiRk, 2 odbgo] A We7F B4 dAla EUXAEHENS, N6, N7 2 N8) ZHzhe] EFY
of AgtElE AL ofyy, AA] oo ug} Ho] A EMAAEENS, N6, N7 2 NS) ZzHe A1 Elqle
EdA~H, dAY PMOS ERAAHZ FdE F T},

% 4o mAE A 4 Jle] oz EdAAHE 2Sm 3, o= ste] 4 wE Pel WA FrhY
At BAGel WA & ok olo] Be AMF UWE E 5ash & 5bE Rxe T2 )

ki

T 525 T 1o =A]E SRAM Ae] #lololS E=AEI, X 5hiE E 4o mAlE Aol gololsS wAE,
5a¢} & bbell&= M H (active) #olol, &2 (poly) #olo] B P-well #lo]o] who] LA|E o] 9T},

A o] EMAAHES 9Fo]oHE7] $I8] All WlES(netal-1 layer)d A2 wl&-3F(metal-2 layer)o] AFEE
QATF. HEZE, 10T SRAM Aol theh L&zl flojobo] EAstA= ¥ot, & Sadl ZAlE @lojopo] A WA w
A FHZHe] oJolxol H 4= <}, 6T SRAM A2 #loJo}x-3 wWlwd uw), 28nm FD-SOI(Fully Depleted
Silicon On Insulator) 7]1WHe] =2 tjx}el & 3folA 10T SRAM A2 #HoJo}= 2.1v) & A dH9S zh=r}.
Ty, 2 o] o AA] oo o% SRAM Al 10T SRAM Ay} FUd A7)e] A J9E s o F

ol 2t EWA~H N7H 2= EW!A~F N8o] 10T SRAM Ao off FZk(blank space)ol #IX=E F 7]
0]},
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[0062]

[0063]

[0064]

[0066]

[0067]

[0068]

[0069]

[0071]

[0072]

[0073]
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4 (write operation)S AwWsl7] §3 HOE = fat
1 Ak 988 ZAET. ojul, = 6be] AlE#olAS

o,
o2l
BN
[ =i

= A9 == Dol '0'o] AFEO] 91, == BS == Col 'lo] AFHol S w, A "ol Aty
olEl & Aste A5 s B gelE $3 Feb, HIE gIBL) I R HIE 2FQ1(BLB) > Z+7F ovel
T5 ALGODD)E e7piErn. oju], & Bt »E CE AAlA EAXAE NI Al EU@XAE NS o)
Z-t+&(pull-down) @}, o]} FAlo], AAA EWAAE N5&F A2 EAXAEH N7S =2 A9} == BE =-
A(pull-up) A ZATh, Fg 2] 10T SRAM A¥= o244, B wgo o)g 349 BE 2EgA ==(A, B, C ¥ D)7}
27] dlelElE xd3t7] 3l vrelojagd o2y g 227] F2H(good writability) S AlFd = QUrt.

5 2bolAl, NMOSS] oFst E-9 F&o= sty & A9 Xuldo] VDDo| Zdshx] &Esta o= st 10T
SRAM Ae] holE 2 AT =

o] F4 &&e AHE v dv. ZEy, & 3ol o g = gldibe] &
4skd w(enabled), == C7F AAla EQIAAE N8Ol osf E-thdtt. o, =t (7} E-vhego= <ld

2= EWWXAFH Plo] ©1-2(turn-on)¥ i, 2= EWUX|AF P19 ©-207 <ldte] =t A9l #<to] VDDE #+
A E=-E 4= Q). o]9f & ko] m=wl(positive feeedback)S H Wb o]l o AA] oo o3 W A
o 27 A& ¥ AL F A

2 e wyAE 2] s (writability)S Bty §5ted, 3 7FA9] SRAM AL(6T SRAM 4, 10T SRAM A
9@ OE o] ofg SRAM ADS o= 1000 MC AlEHIAS T35 Y. AlEd oA E, A4S HuE
93t BE SRAMS HU3 Alold AWM (sizing approach), & - PMOSSt A2~ EWAAEHEL FH A3
ZIgtT& AV1E ZEa, E-UE NOS ERAAHELS E-¢ PN0S EWRAZEE Bl F(width)o] 1.5x #f =
A TEEE Aoz JMAsta, d4A ZA(SS conrner, 0C) kol A AlE#Ho|AS 3ttt T3, NC Al EY

= =
ol Vel FH F& HALODD)ONA 2 GHz HM 2= olER S},

Z}zto]l Age] dig 27] g5 AEdHold ANRE T8l = 7S EsH, 10T Ao g Awe 2] A
(write failure)E RAF3 ). o]gldt A= & 39 ZAE AlEH oA 23R o \5\}% A= Fgss
4], o] SRAM Aleo] 27| i &Eo] AM 2~ #o]E(access rate)’} Eolddl mEt FrlstE Aoz gk 3
o2 &5 4 9rh. wbdel, 6T SRAM AZ} 2 wrgo] o3k SRAM Ao A9 227] Auj7} dAsHH] 5S4 5 U

o},

T%5 AH(VID)S 0.6VE 2FHS wjo] AlE#H oA A= 3 7FA SRAM Ao wt} A3 27 A% HluE AT
3t} Al Egolde % }x] AMA| 2 dlo] E(200MHz9} 333MHz) 2 3= ST}, AA2 do]|EZF 333MHz 7 §-2

Ay o 27 A 3F "WolA 7 Y Ay e B $

A = 78 ZZ5d, Ge dix FolE(Z, 200Mize] AAA #HolE)dAe]l AlE# oMo, 10T SRAM A&
w9 =2 7] Ay }ES BoFd v, 6T SRAM Az} 2 dbgo] o3k SRAM A2 227] Asfj7} wAsi#] o
S5 & F Ak, 333MHze HAM 2 o] EoA o] AlEoo] A, 6T SRAM Az} 2 whgo] o3k SRAM A T

o 2] Ak WS, ARdoldo @ A%, ¥ owel % RN AL 53] F& TE Aghol
A 10T SRA Aol Hls AASA ANE 7] HEE ATEE % & Ak oledd ¥ wge] oI RN A
27) %€ 61 SRAL o] 7] el mAge s,

)
==
o

o |

SRAMO A, ¢17] A3fj(read failure)® F } A wjAUZ, = Z= SNM(read static noise margin)¢ HF-Fo =

213k dlolEe =% (data flipping)®} = MM~ A3f(read accessing failure)® 72 4 r}.
P BAS old 95 ghel(i)o] BAEE w, SRAN Ao AEwA wsESe uE ehlS(BLY BB o8

M2}, T sje] BlE @Q1E(BLY} BLB)S X7 VDDE Za]-x}X| 5 ] pre—charged) wW¥-ol, HE 23 oA
Alae = Zd8S S7R71 SN A2A1Z 5= vk, o2 Wale SNe] 5] #t& 7k w AL o]
B9l F¥(flipping)S °k/1& ATt

2o wndab= 3 JHe] SRAM AlE, = 6T SRAM A, 10T SRAM A 9l & el o]k SRAM 4 Zhzlel] dfsho]
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[0074]

[0075]

[0077]

[0078]

[0079]

[0080]

[0081]
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g SNle] $9] gk 1 BE

T 79 AEdo)HAY =Add 7 dlolA, Zzte] VDDE WA e ®E 1000 MC AlE#H o]l FaHYTH. 0.8VY
VDDA A 58] 50mVA 7HAA1A 0.6Ve] VDD7EA] AlE# ol do]l 3= At). Z47he] VDDA, &9 Bl= SIS Zte
AL N5 7ES Ayls = 8o TAH Y ).

% 8o mAlE mie} o], 0.65V7hA] 10T SRAM Ay} R wbgo] o3k SRAM A RF &9 = SIS ZA
FSTh. ek, 6T SRAM A1) A9 0.7VEE &9 f= SNIE zZke Ao g7t e T .
SRAM Az} B wbgo] o]k SRAM Ao] 6T SRAM Aol H|s] dFA4¥ 2= oFgA (read stability)E A&
k. 0.6Ve] VDDellA, & #Fwol gk SRAM AlellA 10T SRAM Ael wHls| HEruk WSS9 ZZ SNMO]
WA AT, 10T SRAM o] A9, F 7o) 2EZA =7t fl= 52 ¢ Ag(A) P o R Qlste] HE 2l
MH o] o] HAS Aoz olsfErt. Ty, E o] o]d SRAM Ao A, BE AEIA kEEo] H
E glol dAzd o8] S W] wiio] = SN 937l Aow B 4tk SRAMCIA, F= SN
o|E oA (writability)w A2 AFHE YA 87 AMES Ze Aol glorm=z | o]k ﬁ/‘—‘é—% Al
HEojok dhrh, <okA AH3FL npel o] 10T SRAM A2 28nm FDSOI 71¥1e] &
Lale whdo], 2 odbgo] o3 SRAN AL = SNMIF A7) oA RO tiE) HS AFEES B

tlo
jud)

EESES

(]

Z= A~ A (read accessing stability) SWollA 3 71#] SRAM A1(6T SRAM A1, 10T SRAM Al = 2 g
o] o AA oo <3 SRAM A)S wwEH the 7).

-1, SRAMelA 8] 2l= Aol wal] AWt Y= &2 (read operation)S #13], SRAMO] = JHe] HIE €<l
£ VD& Zg-xA " (pre-charged) Z&7F dvh. 2 &, MA|= ERALHES F3to] HE gRIES A
¥ OSRAM Ale] AEEA] g} WdrjHer HEAT= 9= dkle] &4stdn. o, dHol¥ '0's A% st
J= 2EYA =g dZH= HE #Rle a%84 ‘1’%% HIE 2kelel] mlsf & v 2-2kx] ¥ al(dis-charged),
ol F HIE #RIE Atole] ¥Rl AY(swing)s ZHdt. HIE 9 2o FR3] e F HA-TF7

A
=
(sense-amplifier)7} @A3st= 1, A|-FZ7]= A do|HE At A3,

4714, FE ME B 298 QS aTHE A7 SRS = alxs e
: EoaFEE Azte] HopdsE = 9MAE A% o 2 el ml(tining

margin)< R = Q7] witoltt. AFA 2 TAE H8 Hok 100mve] HE Rl ~9go] aFHBR
et 3 719 SRAM AE ZHzte] diste] 100mve] HIE 241 A~9E& dAdstr] sty 87 E AlZES M alEY]
2 3}, AlEY oS SS(slow NMOS and slow PMOS), FF(fast NMOS and fast PMOS) % TT(typical NMOS and

typical PMOS) Z =242~ FUY(process corner)ol A P = A},

oA e, dHoly '0'& AP v =TS HEE HE gelvte] taxA L, tE HE #le e
FElAS FAFT 2y, AAlFeR HE kel A wo]=(bit-line leakage noise)= F 7l HIE kel
& O2AAAA HE g1 2o HE7] fg ARbE S7HA7I= Aol ok mEkA, HIE gl vA
wolzol #edte] 85T FHoleol &% U (worst temperature corner)ﬁ Agatgltt. A8 AFAESY AT

(Kenichi Agawa, Hiroyuki Hara, Toshinari Takayanagi, and Tadahiro Kuroda, A Bitline Leakage
Compensation Scheme for Low-Voltage SRAMs, IEEE Journal of Solid State Circ., vol. 36, no. 5, pp. 726-
734, 200Dl oJetH HIE gl A wolze] s HIE #Q1S Ffrske AR Aol SRAM Ao dlolE iE
1 ojFEgt. B AlEH M E T A7 Ao g SRAN AdE bEE dHoHE Zte dA A
T SRAM Ae] 9o} 2 zote] dlolE | ®(worst data pattern)S 7HF3IAT).

= 9+ HE 1 299 A AIZre] Hlw AE =A]S Lot 6T SRAM Az 10T SRAM Al RE FUY
EollA vt A7 AlZF(development time)= RS9Itk 6T SRAM Al 2 10T SRAM Az} H]—‘T’—ﬁ}‘?i, 2 e 9
g SRAM AL Aol 27% 2k AN AlZkE BolFar vk, AlEdeld Aol ok, & gl 2%k SRAM A
o] FtE TlE MMz FAE e AS & 4 drk. SRAM A9 FE A~ Uﬂﬂ‘% I HEsto], vz
2-A™E(discharging on-current), HE 1 A A

2kl 74 wo]Z(bit-line leakage n01se) 2 HE 2}
2~(bit-line capacitance)E& X3} 3 7}7\]7} HE ol 29 A 7S ARG F000e 22

o 9714, HE g1 JEAEAE dME EAXAHEY HE AgAEze] A HE AlEiA
(parasitic junction capacitance)® 7]‘1@5}. B oalrgo] o]k SRAM A1 6T SRAM A % 10T SRAM 4] F nf

L



[0083]

[0084]

[0085]

[0086]

[0088]
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L4 7He] oAl EE”XV\H%% i%OW] el HE 2l AR S ¢ Ao a2y, ded 3
7ol SRAM Ale] wlEZ AsiAE 2~ (metal layer capacitances)= 79 Fdslth. wheha, ¥ Lo ogh A~
E-lo]ok-2(post-layout ) Eﬂ'oﬂ Cly 73‘ ool o)gk SRAM A tHE SRAM A W] diFA o=
L3x & WE 2] AR As Zet, , MAlE ERAAEH O vt 202 SRRkl me v aabd -
ARME AA] 5 wj= 7 HaL, ]% rgel o3k SRAM Ale] WE kel Zd7) Alzte] @A EHA AAAH

olft7t d 4 vk MM ERALE ] 7R ¥ F HE &Rl 7 wol=E fste] HE 2kl Ay
Aol o] Aol ofgds WA & v a2y, ¥F 75 dSH(nominal VDD)OlA YAy -AYET}
HIE 2RQl A wmolzo] wla v a1, o] & <lef HIE 29l A wmo]=o) TUFR QIR JFE Al o,

Fl-E r‘»’«l .

o]t = AZE o8] YA (soft-error resilience)d] & A 3ict.

SET wo]=E wWre wto =% HF AdY(independent current source)S F7}8til YA|H o=z FAgsia)7] o
24 EAME 4 v}, Robert C. Baumann®] "Radiatioon-induced soft errors in advanced semiconductor
technologies(IEEE Trans. On Devi. And Mate. Reli., vol. 5, no. 3, pp. 305-316, 2005)"o] #A|A]%E A4~ A

F A9 Edl(exponential current source model)S &3 AlE#H oA AUl = = 109 Z=AIHC bk,
= 52 e HolE sz 9, vWiEE =REEE AEYA =EE)S HE 9 7H“ﬂ’\]‘3’\°ﬂ 7" o2
AEHDRZ AXE oo o3 g3 W] FEr. weha, J= 2lo] vj&Agdst Ha 74 AFE FaAY
7] g8 W2 VDD(S, 0.6V VDD)7F A &5+ &= EE=(hold mode)E L ghe},

A, AXE el b wze e A AR A4S A&, P R wE2 = AE 18
olfE to¥ b, == B9 == Dol el SET o)== N13b N4o] E-the W P2¢} P39 E-¢9S oF
sA7IY, A dlolEle] THE Ao fisiAe ettt W, == A9 == Dol sbell SET ko]l 2E
AAH o wE ASt =E DE AOE YdPor zh: EUAAXEES "H-2A1A Holg & ofr]dtl. SRAM
Ao A, E-The NM0S EHRAXEES -9 PNOS ERA2E S H&] o WS F& 7H7] g == A7t
Ll CHO AXE o g wiztsitia & 4= gl

T 109 AL stedA, AR ALY A3 ARl g 71719 oy E9o] EAsHA] &+ Ad @&
HAs G, 2 Irge] ok SRAM Aol EE EZRAL FYoA AlgdoldE st I, sdE A&

T SRAM 413} 10T SRAM Al ﬂ%oM FEstga, AEdold Ad= = 110 =AH o] k. o714, FS
Z} fast NMOS and slow PMOS®} slow NMOS and fast PMOSe] oFojolt}. = 118 AwHw, B o
©| gk SRAM A& 10T SRAM A1} Ae] Hlzeh AXE o] YAS 7S & 2

¥ ouwe wed EAE A4 A8 FuE AgEgont o dAHel e Basivl, B J)% o] B4
AN b Aehd ol vhe Wy L #EW B A4 vt sbsetths 4 olalE Aolth. ek, B
el 1AW e nE WAE Y F2YTUN J1EH Aol oJa) Aok & Aol
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k1
N2

1
(g
~

Bit-line (BL)

V)
ssoocoom
BNONAIWOD

Word Line (WL)

P4 P2
I 4
D=0 c=1

(e1e) aul] — ng

. 'A' cannot write;“l ,v =

= f Y
1 flip fully fail | ' —— s
1 T |

0 2E-10 4E-10 6E-10 SE-10 1E-09
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k1
)
x

) W)
SO0 D

)

]

Number of failure

Boosted -~
word-line

—WL
(1.1V)

RO ANWOON

- --BL
\ —BLB

Scooooom
BSOS NANGOD

300

250

200

150

100

2E-10 4E-10 6E-10 SE-10 1E-09
Time (s)

Enormal Eboosted WL

1.5 1.6 1.7
‘WxD/Wxa
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BL

N6 Ni:".f._B .i.l l;ljz N5
ot
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F1

(g
S

W)
SOOSIO M
RDohiake

)

m)

BL=0

El

I =4d71d

—WL

2E-10

""_data write —_—A
fﬂipping » success
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EH7
1000
N
§ m0.6V@333MHz
o 800 N
E % 20.6V@200MHz
::: 600 % 1.0V@2GHz
E \
2 400 \
z \
N
\
200 \
% No failure No failure
\ o3 s
0 Q\L - __ - N
QUATRO 6T WE-QUATRO
=8
250
% m6T
Eg an B Quatro
= we-Quatro
& 150
S
’*g 100 No failures
&0
z
- S0 / \
=
s | 2 .
0 = ~ W ¢ — :\ £ — :\ —
0.8 0.75 0.7 0.65 0.6
VDD (V)
=9
14
i BO0T HQuatro =we-Quatro
. VDD = 1V
Ew
h
T 8
=
= 6
g
e
S 4
7z
2
0
SS TT FF

SIS
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EH10
P4 P2
‘ 1
D:
IL_4 ON
ON
N4
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