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DUAL-PORT SUBTHRESHOLD SRAM CELL
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A A IR AL — A FT oY 18 R BE R A5 AR R M 77 BR 30 18 ¥ (static random access memory © F #%
SRAM) ¥ 7 » i A 7k B 7 B /& (substhreshold voltage) F 4 #F = A8 88 2 # £ 2k #& 7 SRAM § 704
BN gyl B a2 B W 0 3 E R 43 18 18 2% JE (reverse short-channel effect * RSCE)3#% 7%
BAAES - MARAERMA RN RBERNE—F F?-Fﬁiéﬂ'iéi(long bit line)Fri& i th 2h & 46 > B

b F 3B A B N R 85 B T F 2 kit 2 i (first-in first-out » FIFO)22 & 883% 3t « 450k > A% 892 SRAM
B AARBERETER TINAREFIRBRCHEF > BAE R %‘”’ﬁfcﬂ%ﬁ B ¥ i Ae X F %
& P RE -

The present invention provides an innovative dual-port subthreshold static random access memory
(SRAM) cell suitable for sub-threshold voltage operation. When the dual-port subthreshold SRAM of the
present invention works at write mode, it will cut off the positive feedback loop of the inverter pairs and
utilize the reverse short-channel effect (RSCE) in order to enhance write ability. The single-ended read/write
port structure can further reduce power consumption of the lengthy bit line. Therefore, it is a suitable design
for long working hours of the first-in first-out (FIFO) memory . In spite of the fact that the lower voltage
reduces the stability of the memory cell, the present invention can still provide a stable operation in sub-

threshold voltage regime.
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= AXEA/E

:v..Thé present invention provides an innovative dual-port
subthreshold static random access memory (SRAM) cell suitable for
sub-threshold voltage operation. When the dual-port subthreshold
SRAM of the present invention works at write mode, it will cut off the
positive feedback loop of the inverter pairs and utilize the reverse
short-channel effect (RSCE) in order to enhance write ability. The
single-ended read/write port structure can further reduce power
consumption of the lengthy bit line. Therefore, it is a suitable design
for long working hours of the first-in first-out (FIFO) memory . In spite
of the fact that the lower voltage reduces the stability of the memory
cell, the present invention can still provide a stable operation in

sub-threshold voltage regime.
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AERAA M — 48R LR F IR T IR R (static
random access memory * SRAM)¥( 710 § B8 m 3T » 14
P —FE KSR T4 2 & i & d (first-in first-out » T #§
FIFO) 4 3£ % g5 & SRAM % 7, °

[ & A7 £ 47 ]

MER A FERBRFIMAZAFEHMABILR
BERAERT;  TEAQGEERZAHER  EHBRUMFZ
RIMACLECRAELARATE - AERARSHBERFINLEEREE
F 45 % A R 152 (embedded memory) % B & B & 4 F
TREFZ -y 0 H T X AHEM KT IR T E 8 (static
random access memory * F # SRAM)# & AR AKE % &
AN EAHEEARE NS -

BENEEET XM E H(integrated circuit; IC)&
HE TAEFAEERFTHROBFERE  ERERKIGRHE
BAREEZHHAKRSE B FE - M RE T (subthreshold)# 1
TR B AR A K M iE o 8K 3 R F 4 (ultra-low power
consumption)Z B & - Rf > M RARBEE - Tk
BB 4% 5 £ & ok # #2 (nanometer process) F oy H 2 % B
(process variation)~ & & 4 & (voltage variation)fv /5 B % &
(temperature variation) * EF BT E R AR EZ HRHF
T oA —F @ A E4H%e SRAM %3t & @R 2| # &
% 3 1¥ B (static noise margin © F # SNM) & & 4 & &9 F
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A > @ SNM % /i & # ARRHFRE L LR Y AP
8 3, A% SNM £ /ey R A8 -
- B To  MERAUBUETERABLETRORS  F£E
X BT HEE SRAM- &M » 1% 4 6) SRAM # 2L 3% 5% ot 8
2o R LRy SRAMR -2 RELBAT 4
3R BA 1R % 6y 4 32 SRAM % 3t - 4w B A7 57 » # 32 SRAM # ¢
100 & #% — # X X 4 & & R #8 2 (cross-coupled
inverter)102 ~ 104 » — # & A § & 52 (write transistor)108 ~
112 » #o — #} 3 B T & 28 (read transistor)106 ~ 110 - ® ¢ »
RXABARAEE 102104 4% E 4 3% SRAM 7T 100
HrREBREAEZREAH  BEATHE 108 A#E G HR
A /R AR iR A B AL 4 (write bit line)118 Fu 22 & 7o 44 B >
BATE & 112 4 d HEBRBVRIEEENF AL (write
bitline)120 fo 2 L Fl > HIWE X 4 106 %4 b 2 R iz
/B AR iR B 1E U Ao 3E B AL 4% (read bit line)122 f 0
@ R TRE 110 BGEGLRBIREEEN IR TH
3 B4 4 (read bit line)124 R -
sb# 4 3% SRAM £ 0 100 9 R AR A RNMIERE
6 RN LAk B 2 89 4% B (process variation) € i R B R
SNM &/ #EmBELARBRERIF - A5 B AR K
AT RERRE & > 3% SRAM E T 100 2 5 A
i B (write margin) e M E % > AR E R BN HEZHE
BRERRABLFGANRSN - BRI GEF TR T FH LY
ZAL B AFABAESCRANERH T FIFO stigf
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SRAM > BA 3 hufs & B R E1& SNM & > B & > 438 6 3%
N RERER TAREABANMALABHAMZICKRI T A
BAIERBRBAIHMER  RREAHNERLEE T

KA EEGBR -
CLLED

BN LR BroRMrzses AEAZ—-BHGENRE
BEBRE LB EMAEREEEEL AL MBS K2
BHUESE TESEINBESESR ELRSTAEMN

&

A B2 H— B é@%&%a‘%{%ﬁéﬁﬁii&%,ﬁﬁlﬁ’ﬁﬁé
% i & & (first-in first-out» T 4#% FIFO)LE# 2 442 &
BEL LABRBAT S BREHAFREG R M &L(DIt
line) L ey 33k T4 > & ML K FE IR SNM 44 -

At iwae REAGRMB -—FEER
BB AR TFREE®ELT > 4T R AN FIFO 2
A4 URERBHENRRERETET  ZEALERRBRF
EHMAARIEBRELLA 3~%Amﬁ:*%A$ﬁi
BERMAE  —ERFER —FALRESA  GHEZE AL
BABATREE —HER BAUBAHARELLS
ANFHEB AR —SFREE GAZHES HRLL -
BRERFH/ERLE  HY  SHLFEGAARRYTABRR
IXBEH_RBE ZEHAUETLROEB/RIEGAH
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ZoRMBBEE AUBRYEILBOMBEGAZEANT

Nkl F BB FEPIARAFZIER
o GTHBRAEHNEBRRER SRAM E T § A6
sboh 0 R T B A R 428 8 (reverse short-channel
effect © RSCE) R & /I~ B2 X & & (threshold voltage » V) » A
R BRI FTANAFREAE -

BB E R AEAREEAA RSCEXE > &
TRETBEARRERERT » TR A AR RE
BEABLELETENFEERSN - BE > N RAEALNK
BERERTHE R THEHE  ARTHERBIER
(leakage current) > # M3 /w SNM H E /B LK HE2E
EERFmMERNTE - Bk BE MK ET FIFO L
BALTHMA EFAFTHANHZERELEREANKN
THZ FIFORKE@ASKT -

® [xwrK]

A THEOHEZHERET R AAREAZFZMHA
Zo BRABUBREZALTTHERARAZTAMABTINTE H W
AR EAZACEHASK AFATTHBELRE
HEBERGIAETRER  ARAZTFHEF@EH T
TEARFEBREARR  AAFEEATAIBGH T EITE
HIEHAEE -

H4BE2BAMTZERE RRALARAEHRXTZHE
BRERFEEBFRZER (THLERER SRAM)
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B 200 ko B ATF 0 B3R REESR SRAM 2 5T 200 14 & 45
B X X548 R 48 % (cross-coupled inverter)202 ~ 204 Fo 1%
# A E B 8% (pass transistor)206 Ff 48 s 89 44 77 % (latch)L - -
Wl B AGFRE S L (write access transistor)208 # R &9 B
ANGBRAEE W 7 dERE SR (read transistor)210 ~ 212
A ERAA R-UREBE#ANE B &ERF %(read word
line) 214~ B A F % ( write word line ) 216 ~ & A 4 ( write
bit line) 218 ~ & E B {4 4 (read bit line) 220

gk FHRFELE (read word line) 214 & 3F B Ax
4% (read bitline) 220 4T HFRME A Ri&EHE > FAFHK
( write word line) 216 A TH EAGFRE A W R HF &
(latch)L i& 3 » @ & AL 4 (write bit line) 218 4T #1 §
ANTFEREE W HE -

XX EAGRME 202204 AT HENZEERX
F SRAM ¥ 7T 200 &4 ¥ i & 3% A 4F & # 3% R B5 & SRAM
B 200 2zt ATARBEIHANELERER @
Ao mARWAE & 206 X RIE/ERABGERERMEZ 202
ZHAMFRABE 204 ZH B RARFMAENEF B
(latch)Le A —F %A E ¢ > FHA T H A 206 9 RAE R
o AT R 8R4 B 202 98 i k48 E 204 &9 &
Mg o NF—FRAEY > FHUE KR 206 89 R iEf
BAE o B R4S 204 H B fo R 48 E 202 & &
2 X

BARRELAE 208 B ERB/ABERLEFA
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£ 48 218 4477 Z(latch)L B - W —FHRAVE Y » BAF
BRE &R 208 9 RABE IR 4%%5']%%‘%75’:‘%)\41.?% 218
megFBE(atch) L MRS —FERYET EAFRELAE
208 &y R AE MR 0 oy AR ENT AL 218 HHFF
(latch)L. M BAGFRE L 208 & TR A R4 8 E % E
(reverse short-channel effect  RSCE)R #iT#H R ¥ w &

A A7 BRAE
‘ MPERELE 210 2 B4 TEREZEBEHF R

(latch)L » HRE L2 210 2 BRI/ RABLTHFEE 38
%%Omwnzﬁ%m%%%2u—wwum@ﬁﬂ’ﬂ£
RE &L 212 A% ZRB/IRBGTEREZFRME
(read bitline) 220> B & » TR T & 88 212 2 M4zt T
B E2ERF4H (read word line) 214 -

BER-ReZ - BNERET LA 210 212 THFR
fir 4 220 # #% (Decoupling) > £ R ETRREAF &

® AR R € P& L ey kR T 38 (noise disturb) »

M HEBFR SNMMA - £R P FRE LKA 210~ 212 87
J& B R 45 i@ i8 2L & (reverse short-channel effect © RSCE) A
- S HERRMR 220 9 FERAEHN L FRER -

B# > & »EE R E & (threshold voltage » F #% V)& &
AR ETLBREATAEORBZIHARBKRELL - B
BRAHBERECHERV OHRALE -ERARERE
B B RSCEXE €A VHE L HMUATHEERTE &
THOEEWELBRERESTARE w FHFRIERALE )
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HERAEE R -

B R E 2 3% REER SRAM ¥ 7T 200 4% 4F & R B
REBE > GREARMENEEALEN B AELT
HEhyl R ;AR % 202204 AR 2w T
EE$ A WEBEANER > R RE R o NI M Ao
TR TEREWEANERAH K -

mAEETEANEER  BAFR 216 CHBAEAFTR
TR 208 AMMEAHAET LI 206 oF 0 BT TE
BEAHKATLB 200X EFRARIREZIIIBHKR
A8 % 202204 ¥ m A A&HAE &8 206 &7 & A RSCE
HERABRERETRE > UAE—FHEFERAIBAER -

¥4 RBRE3AR3IBEST~Z SNMEHLL&E @ ek
fR R %z 435 kB8 R SRAM ¥ 5t 200 #1 1% 4 2 4 3% SRAM
BL100z4MHER -

Wi ABAT ARNAERHEHERRER SRAM
BA200 THRAEARBERER > ATAEAR®BE mE FA
S BREZBUERIXBESHRBE 202204 X EE
¥ U mEBASER  KAOAREZ ARG K TR
Bp ST ik pk o FI 8% > EHA T S48 206 T &£ A RSCE # &
RAEBR V. ETURSBAGEAER - &> KAEHES
R E R SRAM ¥ 7 200 89 A SNM {4 & & 1% 4 &4 4 3%
SRAM ¥ 7t 100 % & -

X4 % 3B EA T BANABRER BAMHBREEL
BEeBBR Vi EH a8y E - 2L AREFNEB » B RSCE
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%R Vi@ o AT B T KK E MY P
BREFAAE VP ERLEENSRE - BF SN ERETLA
210212 THFIRAL 44 220 A48 > FRA L ERBAE - &
H A7 BB BB AR R X L 4% b & 3 3R F #& (noise disturb) - & M

WIE AR SNME - Bloy » FERMELM 210212 & TE A
RSCE # /& » # A3 F IR 220 &9 BAE N B R E
Moo 0 REWHEERER SRAM £ 50 200 &) 3 iR SNM
gt ey 8 SRAM £ 1 100 & » # M A & SNM
&% /ey BT R AR -

BE—R4LBE 4A £ 4C B AT+ 2 3 £ 4 #£(power
consumption) ZHMLLEE »  RE—FHBRRAET I E R RE
# SRAM ¥ 7t 200 f21{f 4 = 3% SRAM ¥ 7 100 & £
E AP FAABHETAZAT RO EANSD R
HEBLRE - F 4B B ARG ALTAET oI BRY
FHARMULKRE - § ICEGHBEAETAEET o RITZH
@ hEpEEERBLEE -

ANABEAZERERAEREANEHERTUA

BRIV Mg BB SEN ATEINERDRHAEGY

HoOKRMEFABAEIESORANLEAARREERA T

Y2 FIFO 2 BB A 4R+ - MLBFE 2BAEE 1 BB

THEBHERD > AEZLRIER) " BERLBKLRE—HKE

AL &R

FHELMESEATERES URARFAIES

REER SRAM Bz 5 —#%3itHF K MR b®RFF A%
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ey gk REER SRAM £ 500 AT § 2 B & T &
% HRER SRAM £ 200 9 R A Z R R > BP AN UH{R
e REATHERR#LAR-
Yo B PR 2 38 2k BE R SRAM ¥ 51 500 Bl 4% 45 — ¥
R X #8469 R 48 % (cross-coupled inverter)502 ~ 504 Fo 1% #5
# E B, 52 (pass transistor)506 A7 41 g & 45 77 % (latch)L » A
B dEANFRE SR (write access transistor)508 #% sk 49
CE AR E We M iE iR E & # (read transistor)510~ 512 ~
514 %0 516 R & 7T Bt @A R -
—HEXBAHRME 502504 BB EBENEELR
R SRAM B 4 S00® F B AL E LM MR8
£ 502 -S4/ TUORMBIAGETLBEEMA - F8H
AE LS00 RIB/RABRAEEERME 502 X sy A\ 3%
Fo R 48 % 504 = # 43 0 A4 R4 % (latch)L -
BAGFRE & 508 — 3 RAB/RIE1GEEDHF
% (latch)L: @ % — 3% X RAB/RIEIZEHE I E ALK 522 -
MPEREDHE 510 — %X RB/RIEAEEETRR
(VDD)526 » B E &% 510 2 MG ERLEFERF K
518 I E BB 516 — % X RiB/EAEAGEH 2 &b
(VSS)528 3 I E S8 516 2 M b2 EZHFRF L 518
HRFERELE SI12 A # & HRB/ERARE H R RAMLE
524 fog IR E AR 510 R RELAR S14 8 RAB/RAE -
FRELBSI4SMEAREZ S F R (atch)L) AR
TRBSI4GRB/RBGEFRE LM 510512516 49
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TS R AR A -

HANERELE 51051251440 516 THBERME
- 524 i BMABITEREEST  THAEARDGIER X E
s Eegsen T4 0 MY KEFR SNM 4 - B 5
BRE L S10-~512~514 %0 516 4T # — % & A RSCE %%
e A EFERME S48 FRENBFRER -

Ao #ERER SRAM E T 500 g AL THRAELER
BB MAR®E WL BN A6 #FbE
XXiBHhHRME 502504 2 EEF LT UREMEEA
ER KRR EENMANRBIISORNESL - TR £F AR
EE o BAFH 20 EATRE &8 508 425 B
A E L 506 2EHTRBEHY T RHE 506 4%
I AEAEEHAEZRMBES02-504 F > mA EHATE L
B 506 2 THEA RSCEA B RBEI& V. UBEFBERYEA
B
® EHARBG R RARBEATREATRAABEZA

 REGHR A - FEEARN KN 442 FIFO 2R %

% > ¥ A RSCE L JE AR SRR BT X Huak At /1 - 3

MEANFZRBITENTRRBEL  EALASLRBEL

tAMESAL FIFO el A% > T T RALITHA

M2 2B EF24 T2 AicHMBAERLZ L -
BEpmul » AEARE - HRBANRBEREREMAY
%3 SRAMEA R -MPRFRKERBFTEERBREAET
o B RBEAGPMERNRERETREZEE TRERLENHE
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 FEEABTETHRSORE - 4 RERZIEHR
B2 X SRAM E LN BEAFEFH e b LBt iE
BHRAEBEEANESN  MAETRFNERBTTONRE £
e — P RIEBRMRAAERGDRHER Bk AF
ZHRHGRB/ET —REFTRAESEALA KRG T4 FIFO
WRBALTHRRBEBREL KMAEBRRAT B oMY
FREMAE LE— SRS TEABRBAKL LMY TFBRE -

o P TR EATHREALALTAZIREERLY
Mo MIERANBRBARER - EMBFBREZALHYT
AREFABEAZIHEN RIS T - H LT ®H BITEAH
g At ABEAZREEBTALAMITFEHNE
Briesnt -
[BX&ERA]

% 1 Bt A48 42 435 45 & g 4% 77 IR 32 8 2R (static
random access memory * SRAM)E 2 E R E# B

F2BMGAASEAZEERERSRAME L —E %
BB

% 3A Z 3B EAEABEAZLERRER SRAM ¥
LPL4E g 2 3% SRAM ¥ 7T e # A 3 3 i B (static noise
margin ° SNM)& 5 tb & B

¥ 4A 2 AC Bl A e R A X 4% REEF SRAM ¥
OB {E 4% x 4 % SRAM ¥ 7 &) 35 £ F # (power
consumption)4E M LL & B ; A A&

FSBGAREAIERERERSRAMELZ S —§
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- 100
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102 R 18 %

104 B8 8B

106 HRET SN

108 EANE &M
P 110 ERETEHE
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114 W F &
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118 B AL &

120 B AL 42

122 R AL AR

124 BERALE
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202 R A8 &

204 B 8 %
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208 BEANFRE & H

210 BRE &
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216 EANFH
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% 100119160 SEEFIERGHE |,
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WP HEHNEEE 3 BAEIERRBERFEERS
RERBEAL HY ZF-—HFRETLBVOFEAEZ
GHEBEE L FARTAEBR MO RB/REAA
ZE _HRELBE—BHRB/RBERERE  ABE —
FRELES —MARB/IRABAAZNNRER S KB
—ERELBOFNBRGRZBTRFIKEE MA—RY
B/ BB BERMGERE -

P HEAREEAE | AMEIEERERBEERS

RIEBBREL AT ZEREEALEHE — - F =~
F=Z - REmFERETLE -
WP FEANEEE S AMEXIEERERBEEARRS
RiEHEL AP ZFE - F- REWHEREL
BOMBGAZARTHREE ZF —FRETLE 3%
BWERB/IRBGREERMEBZLZRZ —FRETLEE A —
M RB/IRBRGAZE _RARF_FRELB RO R
B/IBRABREE P _BRELB I WO BRB/IREA
BYERMGER BEZHRETLE I — 3% 8RB/
BRABGAZFOERTLEB — RO RB/RIZRE S A
AN ERELEA A RB/IRBGAE KR
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REHEHRESE | ARG R RBRBEHERY
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