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Abstract A 0.5V SRAM circuit scheme is proposed and fabricated which speeds up the
conventional low-voltage SRAM by a factor of 2.5 without applying excessive voltage to-
gate oxide and with maintaining the subthreshold leakage current in a tolerable level. N-
and P-well bias voltage are dynamically changed to V, and Vg respectively for selected
memory cells, while the well bias of the dormant memory cells are kept 2V, and -V 5.

key words  low-voltage SRAM, low-power SRAM, subthreshold leakage current, gate-oxide breakdown voltage, triple-well technology, body-effect

__1._



iz

VLS DREREHERREA L~OREROT

DIIE T U T3, EEESEBI{ELER T
iz CMOS 7aEARRLYMOER{LIEELVENTF ¥RV
ExigfEL, BELEINABEMICH D[] ZOLITAT
— Y 7 & MOSFET 23BN ThHH7REH
Hrb O LIHEEEBEL X CLERTHD. ‘

EEECHITS SRAM B THHATY DY —A
BIEVELSEDHE RICHIICBREELT —F#
BT —ANTAFEBIBRRBENTVS. LALARRLD
NHOFETHAIZITERBEEN08VIZHIDDLT,
F— NI M N ABER 14V ICETED. Ih
l:;bﬁé‘iccl:oﬂi{%#ﬁﬁmf'nﬁﬁﬁﬁbJ:)b%. '

ORI T 1V L FOEREBECBNTH ALy
Al RBh B A CEOHHENICHEFLARRLY
— NSRRI RELMA DI LR, PEXRD SRAM
Bl LY 2 {5 #E SRAM BEIRIZ OV TRETS.

Dynamic Leakage Cut-off (DLC)Mtktik
K 1 iZ#®E 35 Dynamic Leakage Cut-off (DLC)

SRAM ¢ ZDEMEREEZRL TV,
* _MQMML
. Ve o
Vp
@ v Viwens ___‘Lf_“. ﬂi_ _-"lr‘ ‘“EIJJ"
g D"r'I':IEeL: i I 1 Y -r-‘*"n ||J h
3l T Vg h & X
§ Yl t e
g |[Vrwed e R
:' Driver ke }4%‘". T F*%J‘-'-'r
vVII.+1 .
: Veima Voumi Voo VaLo
4 - Selecr—""—(’a')‘ Unselect—*
2Vpy VuweLL -
Voo [
Vv,

Veg _ t

1 (a)Dynamic Leakage Cut-off (DLC) SRAM O
ERE & (b)E OB ’

PWELL

:@ﬁ&@ﬁﬁmiﬁﬁénw%ut/vo n TV
B p V= MIMAONAEERTNER Vo bLE
Vss ICBIIC B (L& — 5T, BRENTORVAEY

LAD 0 TABER p T=MIMAONA AT AE

a0 ﬁﬁEWm \

JEiZEREh 2Vop bLLHE-VoD IZHERFSID. ZhiZ
J;'o_igﬂiéntxwazzy@b%v\{E&ﬁﬁﬂmt:ﬁmb,
FVERBERAMRIES N, TOREBEBENERT
x5, — RN TURVAEY EAOUEVMEILFE X
WICES, EF T ALy alRRNEBREERTS.
DLC KB\ THRY A AT RIARS Y _AEE T
BT —FBRERMPLTEY, TORELRIL Variable
Threshold CMOS (VICMOS[4])&13#72%. DLC SRAM
P EBF AN I AT 2N T O AR B LETHE
CLITIREE LT URITIERBRV, Ny =V
Bl 7o/ ERCATYERNT 477 VR
Zikgh, BRIORMERSHELRDYAT A LSI TH

CFFLWEIRTHD.

B2 i3 n V=AY = AT AER L OB
{Z3+}5 4 MOSFET @ VGs-VeD BB E/RL TV 2.

“%E o

1 ‘7:\0 v'&;l Vpp=1V

2Vpp

M1

Vop=1V |
—— Vpp=0.5V

4 05 0 05 1
Vgs (V]
) (c)
“H2 @n YA RY AL T ARGER L) ¥
) 2V AT ANA T ARBER, P E
' MOSFET ® Vos-Vob BLBF. BBt Vop %

X7V,

| OB RAL, EENOTIENRD MOSFET 7 —h
BR{LISIC VDD 282 ZEESMA DI TORNIEHE
HTx, +HREREERFRIEL TS, V=T AD
MRHERRIRLE VoD ITDILHTE, BABIRLE

BHOEEN
® 3 &E 4 0. 3suEiicBiTs IM EyMEELE

 SRAM DiRal—ay BIERHE L RN BRI

LT3,

_2__



Merﬁory ca'paclty:
1MBIt 1
P WL

BL
AVg £ BL
AVBL=100mV‘

===% DLCO25V

% 01 02 03 04 05
ViVl

4] 3 DLC SRAM O v MNROBEESSME

107 Memory cz=1p¢=\c|ty\:'1MBIt‘1

10-2;

5104 -

3104

-=10°

108

107

10%—51 02 03 04 05
Vo IV]

X 4 IM vk SRAM O¥ 7 AL yvaiFRhE
FiA&tE. Vop A3 1V OB, RIRENAEVE
AOLEVMEEEIX OV THAN, BRI T
WAWAEYEADOLUEVERX 025V THS.
THICIYRNEBRICIAEHHERIT 0.9mW
iz bhs. ' B

OV OLEWMEILREDOBANLHEEL. Ll

LBIRENTWARNAEYBALORY T ALy artFli

PV ILEAK X 100MHz Bi{ERFOEIBEOER SmA &

HBTERWNEED 200mA £TLEETD. AEVEAD
1A IBVED TRV O T, SRAM 1236\ TiiBhiE
R TEXbIDY T ALy as MR BRI R LR
%. bL IM EYRAEOLORUETHEROIE, RTL
boLEC /5. DLC & AVBILICEY, Vit Vob,
505V TiZ 0.14V, VoD A1V T2 025V EHT5. @
ZITE Y MRDBEERL VoD 2% 0.5V 128\ T 125 128
HT5. .

DLC OAEVE/NVEREDA—/\—~yRiIR 5 TR
TENZ 27%THS.

I
1

i<—-5.78pm

_peasum |

,|, ,
i

l+——7.35um

)] ﬂz/mwzm

AEYLABSMCD DLC By kgA/3ic ko mEH
DA — "= ARy R E S TG, £EITDIESDOEHD
F— R~y RIBIREN AT A O DOBEETHY
20955 S0%IZRBE 6). A—/SAYRIEM - F i
DML AT 10%ETITRWAOSEDIILNTED.



0.5— : .
Memory capacity: TMBIt

0.4
®
Q
£0.3r
L
o
0.2
o
“o.1}

0 :
16 32 64 128

#of selected bitata time
X 6 DLC SRAM Qﬁfﬁz‘—/\d\yb .

DLC SRAM i SOI éﬁﬁu\rf’ﬁé':kb‘c*%é Zenx
LRF4—BORT BN, 1’74—/\471®£{h7b:1§"\
DIFSAT AD T I 0.7V uﬁﬂliﬂéné Dynamic
Threshold MOS (DTMOS)&H~TE, DLC SRAM i1k
'ok%fﬁrzr—’é:ﬁwiﬂséﬁﬁx_tﬂveéé Bz
RFA—7SAT A 2V DFfy, HRELT Vi B3 EYK
RE(LEL, bhtulbﬂbﬁhﬁﬁ‘c‘ﬁﬁﬁﬁﬂféi
HWTE5.

ﬁﬁﬁ% :
B 7 i% 0.35uCMOS 7’n~1zx-c*w’ﬁém‘_a°/7’o>iﬁ

ﬁﬁﬁﬁ%ﬂ‘l}( WA,

X7 B4EFy 7 OBEMBEER. MC iIAE) LR
e

PMOS & NMOS OLEVWMEBE I ENEH 0.15V T
H3. TOEITEELRNWEROBANLERNLIEE

ZRON, HE Il —F TEYIalb—vars TERY
BERRIERTok. hidTRbby o/ VICHB AR
RAVREMZBTANTHD. DLC SRAM Tidy=/v/3A
7ABEIEBHICEL, AEVEAOTFTHLRV KR
BE-A1H LRV, B 8 TR ERLTHD.

100 P P P

75 . P P P

VDD[V]

0.
05 P P P
i I L

200 -1.00 -0.50
Well Bias Puise [V]

B8 UMz AT ALLT 100MHz OV AEN
ZIBARDTAMER. P 13/RALI L2
7. i

AEVENLDORBERREX 0.5V »b IV £TO Vo
OEEFANE 0.5V 235 2V FTOV VAR OFEHEN
TEREShR) ok,

F- 3
%‘V‘*ﬂﬁ%@?yi%ﬁ{’ﬁ%ﬁ‘&ﬂ%é%? —k&
B RS AL ILESA L OF I RERIC S L OBt
LET.

5300

[1] M. Kakumu, "PMS and Device Technolpgies of CMOS Devices for
Low-Voltage Operation,'; EICE Trans. Electrén, vol. E76-C, no. 5, pp.
672-680, May 1993. - |

[2] H. Yamaguchi et al., "A 0.8V / 100Mhz / sub-5mW-Operated Mega-bit

- SRAM. Cell Architecture with Charge-Recycle Offset-Source Driving
(OSD) Scheme;” :1996 Symp. on VLS! Circuits, pp. 126-127, June 1996.

[3] K. Itoh et al, "A Deep Sub-V, Single Power-Supply SRAM Cell with

~ Multi-Vt, Boosted Storage Node and Dynamic Load," 1996 Symp. on

: VLSI Circuits, pp. 132-133, June 1996.

[4] T. Sakurai, H. Kawaguchi and T. Kuroda, "Low-Power CMOS Design
through VTH Control and Low-Swing Circuits,” ISLPED, pp.i-6,

Aug.1997.

__.4_



