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Design Assist Method to Achieve Low Voltage Low Power SRAM Operation

Student : Po Yuan Tang Advisor : Dr. Hao-chung Kuo

Degree Program of Electrical and Computer Engineering

National Chiao Tung University

ABSTRACT

Searching for the lower voltage operation not only can reduce the power consumption
but also can extend the life time because of improving the reliability issue.

Only two issues that make SRAM cannot work at low voltage, write or read issue or
both. So it needs to improve these two at the same time when do low voltage operation.

In this thesis, first to bias SRAM Cell to have higher SNM, let it doesn’t have read
problem and then using negative voltage to write data:to improve write ability. Since Cell is
biased to prefer read, the write problem should-be worse than original design. So it needs to
cover back this write issue using negative design. ‘At the same time, also reduce the Cell
power to reduce the keep “1” node ability.

Not only get improvement at write cycle, but also pump Cell power at read cycle to
improve the read performance at low voltage operation using the same voltage generator as
negative voltage generator. (In this thesis, the simulation showed 0.7v read current at VDD
=0.5v). So we can get both low voltage/low leakage and high performance together.

In fact, there is no any write and read issue at high voltage operation. So I have a shut
off design in this thesis when do high voltage operation, in order to get less active power
consumption and prevent reliability problem caused by too large negative/positive voltage.

I will have more evaluation in this thesis especially at low voltage operation.
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E£ 3 100mV =%
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Write Voltage vs VDD (TT case) WV_25C
—=—WV_125C
WV_-40C
640 | 5
Z 440 f
> |
= 240
|
40 i
05 06 07 08 09 1 1 12 13 14 15
VDD (v)
B 3-5 & % é‘hﬁé—i J SRAM Cell it & » = 7 e Bit Line 7 /& 15-#% B)
Write Voltage vs VDD (Proposed TF casc) *—WV_25C
—=—WV_125C
WV_-40C
640 .
T 440
= [
= 240 I
40 I
0.5 06 07 0.8 0.9 1 1.1 1k 1.3 1.4 1.5
VDD (v) )

Bl 3-6 & # 42 Proposed SRAM Cell ic & » = 7 9 Bit Line & /& -4t §]
¢ ——von__ [ 03] 06 07 o8] o9 1] 1a] 12] 13] 14] 13
WV _TT 2] szl asal s3] aosa| 73| aces] aea| siz3| sens| eus
WV_TF(Proposed) 6532 1112 1503 073 2553 3033 351.3 a01.3 4433 4933 551.3
Decrease % 135 | am3s| e | csis| aess| 1san| aa7| zon| czar| awe| a7
125¢c—von_ [ 03] 06 07 08 09 1] 11] 12| 13] 14] 15
WV _TT 1392 1813] 22930 2ma3| 33| ssr3| a4 asma| sars| sess| esis
WV_TF(Proposed) 93,28 1373 1833 231.3 27 3233 I 4274 4733 313 L8313
Decrease % 32| 27| 00| a7i9| asas| cse| 290 a22e| cras| -0 | 1044
T 0s5] 06 07 o3 o9 1| 11] 12 13 14] 15
WV.TT a1.11 1331 183, 2352 2892 3433 3953 4483 013 £533 E73
WV_TF(Proposed) 517 or23| s3] 1o13] 2413 2013 3303 3e73| 4353 assa| sasa
Decrease % 042 | 146 | e -ase| ese| 1505 | aa7| zao| 217 -229| -vs

7 3-3 & * ¥4 SRAM Cell 5c B » = # e Bit Line 7 /& it 8" &
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3.24 % SRAM Cell § % 4 % 4L it B & 5 £ Bit Line § /& &

%: Jb—/ }E’. SRAM Cell s MOS g —'ﬁ % ‘,%‘j’fﬁ-ﬁﬁ ’ E'J WVvariation ??)’*» ?\%E é‘ LA 97\: (3_2> ’

A B % 4o Bl 3T 2 4 3-4 57 -

/4%

variation

—WV,, +542.0,,,

Oy =y(A0,, )’ +(BOy, )’ +(Coy, V' +(Doy, ) +(Eoy, ) +(Foy, )’

(3.2)

Write Voltage with variation vs VDD —— WV_TT
—=— WV_TF(Proposed)

500.00

200.00 /'é;/

400.00 e
300.00 —

WV (mv)

10000 | /
0.00 1 1 1 1 1

-100.00 F Os 0.6 07 08 09 1 1.1 12 13

-200.00

VDD (v)

B 3-7 7 42 SRAM Cell it % » = 5 ¢ Bit Line T /& -4 §]

WV DD 0.5 06/ 07/ 08 09 1] 1.1

1.2

1.3

1.4

1.5

WV_TT -62.40| -18.29| 30.29| 80.94| 137.93| 193.29| 246.81

299.51

350.92

404.21

456.59

WV_TF(Proposed)|-108.38| -62.29| -13.71| 34.94| 87.93| 139.29| 188.81

239.51

286.92

336.21

386.59

# 3-4 2 42 SRAM Cell st § » = # 11 Bit Line & /& il b

d % 3-4 AP F &> i SRAM Cell % VDD=0.6v,0.5v FF > 2 WV yuiation 018 5 f 70

- 4% SRAM # 2 B » &7 > % SRAM & B e & # 3 (T B E LT F] 0T - & #F

#4134 1 SRAM Cell F] 2 2 fL SNM 13 % > Bt ke Cell B g B &R L
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¥)45mV - #¥ 3 2 VDD £

7 100mV = +

FHY I RE kRS

3.2.5 SRAM Cell & 7 in

S 4 fB rSNM i o @ B i
PMOS z. Vren@ B E# ™ > d Typical % = 4&>" Fast « 4ot

WP/ R R €3 T e > £ 3D TR AR ITH T B

(5 08v)> 4t

?,@7 ’iy%'

LoAPTHER AR BC/APR AT RET » MTREFN 2

7R T REFIN LA

BR KB4 1 T0%

AP N BRTT O H

Al MERBRTHEIT & F % SRAM Cell 7 PU

F B~k (e h 23,3

A 2
L‘Llfd’:

2R e TR 2 iR

q_"/n ‘Ji“%{%‘l”’ 30%’

Unit: pA

25C DD 05 06/ 07 08 09 1 1.1 12| 13| 14 15
Cell-Leak_TT 264.94| 297.84| 333.29| 371.73| 413.55| 459.19] 509.08| 563.66| 623.45| 688.96| 760.77
Cell-Leak_TF(Proposed) | 303.22| 359.70 425.03| 500.58| 587.87| 688.63| 804.83| 938.68| 1092.65| 1269.53| 1472.47
Worse % 14.45 20.77) 27.53| 34.66| 42.15| 49.97 58.10 66.53 75.26 84.27 93.55
125C D 05 06/ 07 08 09 1 1.1 12| 13 14 15
Cell-Leak_TT 7253.8]  7912.5] 8600.4| 9323.5/10086.9| 10895.7| 11754.4| 12667.6| 13640.1| 14676.4| 15781.6
Cell-Leak_TF(Proposed) |[10774.1| 12242.7|13869.6| 15672.617670.9] 19885.1| 22337.8| 25053.5| 28058.9| 31383.0| 35057.2
Worse % 48.53 54.73] 61.27| 68.10| 75.19] 82.50 90.04 97.78| 105.71| 113.83| 122.14
-40C D 05 06| 07 08 09 1 1.1 12| 13 14 15
Cell-Leak_TT 0.04 11.16] 12.86 4711 16.73] 18.94 21.36 24.04 26.99 30.27 33.90
Cell-Leak_TF(Proposed) 12.83 1598 19.80| 2445 30.09] 36.93 4522 55.25 67.36 81.95 99.50
Worse % 34547.6 4323 53.98| 419.26| 79.89| 95.05| 111.69| 129.84| 149.52| 170.74| 193.51

235 BRIHEHIFERE D B TR L

3.2.6 SRAM Cell

2§ g ok
# PR
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SRAM Cell 3 0% i 2B L% B SRAM 3 chscie 3 & & ch %8 > 82 SRAM Cell

B R A PUPMOS ¢ > A3 E3 ¢ 3T ing 2 - AR I 44
PER SHGUE- AT ok 36 90T 0 AT o RER BT 2 2 A

A28 05% ) -

Unit: uA
25C VDD | 0.5| 0.6] 0.7/ 0.8 0.9 1 1.1} 1.2 1.3] 14| 1.5
Read-Current_ TT 3.88] 9.45|17.05(25.94|35.70(46.12|57.01|68.23|79.74| 91.46(103.40

Read-Current_TF(Proposed)| 3.86| 9.42/17.01|25.90|35.66|46.08|56.97|68.20(79.70| 91.42(103.30

Worse % -0.41(-0.35|-0.23|-0.15|-0.11{-0.09| -0.07| -0.04| -0.05| -0.04| -0.10
125C VvDD | 0.5/ 0.6/ 0.7) 0.8 09| 1| 1.1} 1.2] 1.3] 14| 15
Read-Current_TT 5.42|10.55(17.04/24.51|32.70|41.50{50.78|60.41|70.35| 80.55| 90.96

Read-Current_TF(Proposed)| 5.41|10.5317.01(24.47|32.67|41.47/50.74|60.37|70.31| 80.51| 90.92

Worse % -0.29|-0.19|-0.18{-0.16(-0.09| -0.07| -0.08( -0.07| -0.06| -0.05| -0.04
-40C VDD | 0.5 0.6/ 0.7) 0.8 09| 1] 1.1} 1.2] 1.3] 14| 1.5
Read-Current_TT 2.60| 8.51(17.18|27.40|38.55(50.32|62.51|74.99|87.69/100.60(113.60

Read-Current_TF(Proposed)| 2.58| 8.46|17.13|27.35|38.50|50.28|62.47|74.95|87.66(100.50{113.60

Worse % -0.81|-0.59{-0.29{-0.18| -0.13| -0.08| -0.06| -0.05(-0.03| -0.10| 0.00

% 3-6 FhTint ik
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oo TR R38N RRAL O T LR AP R
YPASS NMOS %k i*r 3 i fqie# - BIU/O e ~»% - B f TRAL Brug g MOS & 5
ey o A @hegt o gt f TR SRAM Cell cnT B MK 3 e B ehd 5 -

o AL P RB2Z S LR AL - B cha gy 0 - RRR VDD B TR

P

ok E fit % B > SRAM Cell (3 R0 * o dopb 7 8 8 i 7 R 2 P o
TR B e v it R A Pump chE DR T S L RRA L AL TS

Pk - Gt A LB Pump 0 TR A I3 -

Cell_\Vddo Cell_Vddn

BLO BLBO
ell 4

L Bit ECEII i T Bit

ell o

’,

DLB

331 fERAL B

B-9&R3-10: 5 AR R B ETRTLE - B T2 2 B4 Al4ck
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3-7 st 7 -

BLO BLBO BLn BLBn

L Bit Cell AL L Bit Cell ,L

¢ Bit Cell @ & Bit Cell @

B Fay e

'>

DLB

B13-9 4 0 i 2

|
| S | P_BLO =
|
| n I”_ L VDD_cell-BLO
| 2 ' P
i NV-Trg = o ® (Cap En|?rgefnrline loading) %
| | R.E¥n
| | VPR _cell-BL.n
i |
| 1@ eo® | p_BLn B
| |
| - | N_DL =
| PV-Trg ° | ot
: N | MN_Rl-00
| R_C—| o | N_Nv-DB__ DLB
| l
i |

__________________________ N_DLB =)

®3-10 § % B/Pumping % /& £ i 1
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Truth Table |PV_Trg [NV_Trg | W_C R C PV NV
Precharge 1 0 0 1 1 0
Write 1 o 0 0 0 <0

437 TR i B B4

Pre-charge & — B 4o 4o 8 > 2 FF NV-Trg 22 W_C ¥ 207 > @ ¥ & 2 PV

A e 17 @ PV-Trg 2 R_C % 5170 ¢ 17 & 25 NV 4f A4~ 4= 07 > L pFiE ¥ PMOS
(P_PVO~P_PVn)® i 2 “ON” > %%’J‘/\ & 2L PV %k #% & SRAM Cell 7 VDD_Cell 7. /& - @
NMOS # B | 5 “OFF” -

3 o B B PV-Trg 245 5917 w R_.CPJd “17# % 2907 @ 7 88 NV
fe*t “Floating” &7k g » 4ot §_5 Jydief /& Pumping 2. % - @ W_C R £ 40"
ﬁg?]%;kﬁn % NV-Trg d “0”#& % 217 -8 B & 2PV d “178# % 50" @ E &2 NV 4t
G bk #6507 > Pumping ¥ f TR -
PP o TR fR RS AT & BN - i BLo L -7 35 3% 975 BL ch PMOS B B B
B Ry TR iEHE 9 BL s PMOS B R fa4F 5 “ON” » ¢ (73:% BL 5 SRAM Cell =7
VDD_Cell & B 7 Ba AT R » F- EpF{sf & PMOS B M BF -

F3 50 FLE B0 AL kAT LE4 B NDLA NDLB - £ # §

T B pFi@ » DL & DLB ¥

Gd Pitdiv2 {8 0 B I g % 7 & & (T0 BL 9 SRAM Cell 52 VDD_Cell
TREMLTH 2 g2

Benf RRAE AR B DL & DLB ¢

3.32Pumping i+ TR 4 B

Bl 3-11 2@ 3-10 5%+ Pump it T Ben# i H T R7 LB - A 72 E B4

Al4e2 3-8 #77F -

40



BLBO

WA

BLO !

.

Bit

Bit Cell

Bit Cell Bit

_____________________O_____\_/_\\___

L

B 3-11 Pump & % & 3% 5t 7 2 B

Truth Table | PV_Trg|NV_Trg| W_C R C PV NV
Precharge 1 0 0 1 1 0
Read L 0 1 1 > 1 1

-+

% 3-8 Pump I § & i E B4
ket pgf % #p2 w0 ¢ 5 Pre-charge 7 iz ¢ @ (F & B8PV 217 > @ &8NV
2907 - i 153 PMOS B B 5 “ON” > %ﬁ."i & 8L PV %3 & VDD_Cell eng & - @
NMOS = i P 5 “OFF” -

R ORPE > NV-Trg R4 %4F 5907 = W_C Pld “07% =“1"> ¢ (¥ &% PV
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fe®t “Floating” &7k f& > 4opt #_% 7 &t # Pumping & & & 2. % - @ R_C:BAFHF 517>
PV-Trg 7= WL “ON”pF> Rl o “178 5 % “07> & 7 & BE NV A~ 4ok f 0073 8 = <17
i€ & B PV ARG b & 69717 > Pumping = + ¥~ R VDD i R -

X5 2 j345 5 75— B BL & bk ¢6s (7@ (5 F %2 PMOS B B (P_PVO ~ P_PVn)
D H-H e R R gt 4 32 VDD chr R E g 3 4B e BL <9 SRAM Cell
RSB o B A T N

% Pumping = it ¥ /&2 % > PMOS % % i #&>t Strong Inversion sk f& [5] o #pt
Pumping # it 4 pF > B i%x3 PMOS © 7% E e g chiz ¥ F > @ ¥ &8PV s mif 450
43 16 ® PMOS ¢ Junction & % (P_PV0O ~P_PV15, }* ren=15)> 4opt # ¥ H 4 T % &

@ A 4 &+ g Pumping 7 &R -

3.3.3 One Step PMOS & %

2 BF e ] 3-10 #7770 3E 48T One Step PMOS 7 % k- kT4 4 § TR
% Pump & TR e0F G - H2d L FGAD Y R L PMOS 4 Gate 3 0 w2 g LB
Arde Ak R A B A Fauk i 0 PMOS ‘F"K /R f5e & e 3 N (Strong
Inversion) - 7 i & ## % (Accumulation)£? z Z % (Depletion) » ¢ %] Vgs & /& P-i#
ON/OFF i¢ ¥ Inversion Layer # j* }-if (07, m R T 7§ @ "% -

¥ - i Jk F]4_% PMOS 7 P+ Implant #73) = 11 Drain/Source #% £2 NWELL =4 » #
TR L €€ 0v I <3 VDD > 4% £ % * 7 NMOS «%& > € 3 PWELL & & 7 &
#r ¥ 3% i1 Forward-biased »c & > @ F AR i ¥ 1 3 BB iR - B R eRE 0 X &

4e b — k& Deep NWELL £ § % #-y¢ PWELL & A > 2) =% & A 91 3

34 BT RBPITE
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PR ERETRTRE A G A LRAL L Pump & RRDTEK - RAd
B 3-7 %7 > § VDD TR LOv > &4 % > 00 TR IE X &30 100my 3
FoLG oo dept A7 E VDD RBRA LOVE AR ZRG A TRAS KFT G~ he
oA RRA D DT ERLMAT - (F RF ST R AHORINRT 2 L
PORECHMAT) Aot TR AP R T - B 3512 5 - TRERTRST

LW ARG ATRAE) TR KR

VDD

Reset | ®

<~
|
2

12

e

P3 1

> NV_En

e

G

Z

D
B 3-12 & %R0 pT R

fe— W 4epF o Reset # ~ TR 517> # ¥ PMOS P1 5 “OFF” » @ NMOS NI 3
“ON” » g B Na a4 3 <07 » @ & @45 1305 NV_En 5917 - (3 NV_En="1"% 7
Default z ic 2 2 f % B R dEHR3 chF 4% 12484 NV_En=1 ct 5L i -

%415 Reset # » JUELFed “17% 07> i » #ip] VDD s it - % VDD g R
BRF O R FEENa T RAPH AR 0 PR 12 AR Rend (F o L J F] 12
FIMOS + /| R 2F | e gcie @ U5 NV_En d “17 % 407 > & % Disable f

RAEZE -
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PMOSP2 2 P3eng Bl 1 2 Mo i T /BRE > 2977 LT REE RS

PF o RIT R 5 4 PMOS(™ ¥ i % MOS s+ o] ) » F 2 Pl -
TF 7 & 4 SRAM 4% Power ON BF » | i g T B B|T¥ » I 2 T B & X 8 e
’%?!P‘F'gfévifﬁ‘iﬁ‘l AT M R TR DT WA T AL T RAG A A

TREPIET LA 2y - TR AFFOCOTRERE L » F g ifoa 2 flg”
g BT #-§ 7R Disable r ¥ -
#23-9:W3-12vmiE H2F7 2 F®AzcomerEd FRERAE - NPT FIR

BT TREB QR MORRF R DM > 23 8 £ 5 B E T > NMOS 4 Vy

-3*314

2

ety R 22 PMOS 2 3 g R F k- ¢ 17 82 8L Na 5 d PMOS P1~P3 #7182

@a‘

;B
w
VDD TR E ¢ G RS T L g XTI AR E LVI2 il i BhAiE Roc k@ § e AR

wdd B 36 @ WV ABETHREIVRE T EET ABERIVRE LD

reF i xRl f TR A S BErON/OFF fR 8 ALF 14T ' i

Condiiio Negative Detect
Voltage

125C 1.00v
TT |25C 1.30v
-40C 1.55v
125C 1.00v
ENSP |25C 1.30v
-40C 1.55v
125C 0.90v
SNFP |25C 1.25v
-40C 1.50v
125C 0.85v
FF |25C 1.15v
-40C 1.40v
125C 1.10v
SS  |25C 1.45v
-40C 1.70v

2393 B RUATIETRERE

44



35 pHRRBr>TRZETRAL TR

AR 23 fRRAAEE S TRD oD F & 34 TR O AR
i~ LRPE S ATRATOFF R - BB P o PR LR RDEL S LAY E
£ BEEHES

Ad B 3-137vwHEEM - A Casel? » Flimizief 7 /BaK3 > & BL/BLB
BEBr T R- 2B N0V BEBABEXIU A F L B~ 453 - @ & Casell
Py f R ROk i F f R B x5 i Pumping (¥] ¥ # One Step Pumping) > #
B4 BL/BLB 08 » e B4 ¢ 30 0v i & B8 » 85 (05 4 B30 - & s+ 4e
Case-III #77+ 11875 » % BL/BLB ftt S i€ e 3 R -R i enif 2 T o i f 7 /& &7 Pumping >
pt pF 7] BL/BLB @ % & #4337 Qv e e BRele it 248 1L fad § i{@%&? E I i 7] BL/BLB

Bp T RKE

i S

VDD

Case-l: Without

Negative Design

BL/BLB "

Case-ll: With

Negative Design

But Wrong

suee " |\ e

Case-lll: With
Negative Design
VDD _
BL/BLB And Right
’ Timing




B 3-14 50 p o iply > TR JLRAEL RELOT L - Ad 3 F Nand X1 £
MOS « ] > kP g H@EFRmH S i §RB > T RELT @
Bk i @ & 2 N load 22 % % NMOSI > R £ 05 BL 1+ sha f 4 - (F19 TR >
& - i BL #8425 4p i e NMOS PG) -

¥ LB WP Web_Cr § 2717 i @ & 8 Na 2285 1 Neg_Trig 44~ 4 5 707 -
AR P Web_Cr € 5707 B 45 ] DL/DLB 1% & > "@“1’*1 5 2t Neg_Trig
e7121 555 4L Enable » B 4 57 # & 4.3 17 DL/DLB #1SRAM Cell 2. & » T & ¢ 1T 1
TRk @ ® fifdE DL/DLB = 57SRAM Cell 22 8 » 3 &+ Fhopt > L pERL ki3

A2 RR G REI RS Tk

VDD

Web_Ctr >—4[ P1

oL X1 1 &N Ioad |2
DLBEE— B Neg_Trig

_| NMOSH1

Bl3-14 padRB» TR EITRAES TRD

—{ |
Crn\:»
=

36 pEHA L TREALZ TR

LE3-137 s F e AR FEA Y T T RAA L X TR LT o 2
BhERETRAAN? 9 > A3 & 1.3.1.3 7 fi7 SRAM Cell 78 » # i% >
BB~ TRE &y #Cell ch& 87178 M2 K02 ff% SRAMCell 24 & w25 &0
T -SRAMCell B » % - g B 3-14 A2 7 f T ROfFH P> 2 18973 g enp] 20
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5T & 58 BL s f 0 i 4 @ 3] i 4 DL/DLB 2 ¢ SRAM Cell 7

PR R RREE

R 3-15 AL T Bl 3-14 > £ 5 41 T F NMOS2 £ I3/X_AND T & » #1E 5]
pOAB B @ L0 W4 § TR L o Margine & £33 § % NMOS2 &2 NMOSI
k> (29 NMOS2 - NMOSI + » 11at £ f 2 Ravw% k) - & B 3-16 % B 3-15 2
Timing & %@ - ¢ B 3—16?—?1 A1 &gk Trig_off % 4,7 Buffer ehpFfF > @ ® %ﬁ%:”.f‘#
Neg Trig d "17# & 5 707pF » T F BB ent PG M PR > 4opt 3 EF B8 ¥ I 45

o H AR EE R { £ & AV RN ik (T 5 420 ¥ F i~ 9 ¥ Pre-charge

SIMOS % | o LK 6 A -

VDD

Web_Ctr D—q P1

DL
DLB
NMOS1
GND GND  11ig ON
— X_AND
ﬁc Trig_Off Neg_Trig
NMOS2
GND

BI3-15 B3 poMuf R RAL 2 L TRGFTE
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._ Original_Write_Cycle _,
—\_Proposed_Write_Cycle
Web_Citr N g

DL/DLB \

Na

Trig_On

Trig_Off

Neg_Trig

Timing-Save

Bl3-16 57 pMEELRAAZL § € B T E Timing §

3.7 = SRAM } crfidg B %

MEETLIRAL BLR/ R

W

TE/PEMALTRALZ JIRFF TR

F_k

/IYPASS % #./Tracking & F-/Pre-charge 7 ¥ ¥? SRAM Cell £ Critical Path> — 42 &k @ pF &
PR - APFLAEBEL A Bat P E DL § TRSA 2 & SRAM Cell
VDD TR T @ § 53k % U > SRAM Cell o VDD 7 R+ 2 -

4o 5 B 3-17(a), 3-18(a), 3-19(a)4 %] 5 VDD=1.2v, 0.6v, 0.5v P 2 % ch% ) chpk &
W3R - @ B 3-17(b), 3-18(b), 3-19(b) 4 & 3 VDD=1.2v, 0.6v, 0.5v F¥ 2 3 e §J chaph &

WA - A R AcR 3-10 477 -
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WL pu

BL0 pumpin

B 3-17(b) VDD=1.2v p¥:#

e1% 8P 2_ Timing 3% ]
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WL pu

] 3-18(b) VDD=0.6v p¥3f 1% #p 2. Timing H-#% B
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® 3-19(b) VDD=0.5v P

-

N

§ 2_ Timing %% @
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Write | VDD_cell-BLO DL Cell N WL pulse Cell data flip

12v |down 200mYV down to 242mV  |down to -76mY Zns Before Negative_(On

09y |down 133mV down to 208mY  |down to 7lmV 3.8ns Eefore Negative_(On

0.8v |down 180mYV down to -199mV  |down to 7lmV 4 2ns Eefore Negative_(On

0.7y |down 162mYV down to -189mY  |down to H9m Y 4 Tns Before Negative_(On

0.6v |down 104dmV down to -162mY  |down to HlmV Sns 45 Negative_On

0.5v |down 72mV down to -7 1lmV down to -16mV &ns After Negative_ On

Read VDD_cell-BLO Read Margin

12v |pumping to 1 68v  |pumping to 141w 100mv

0.9y |pumping to 1.28v  |pumping to 1.13% 140mv

0.8v |pumping to 1.15v  |pumping to 0.96% 148mv

0.7y |pumping to 1.0lv  |pumping to 087y 150mv

0.6y |pumping to 087y  |pumping to 0,77 197mV

0.5v |pumping to 0.73v  |pumping to 0.68y 190mV

4 3-10 % I+ VDD ™ » B/ 0% ¥ 2. Timing ## %
AP E T 7 af‘””*ﬂﬂfﬁp é S %IE* ’Jl“ﬁ »xks # SRAM Cell i Data

“17 & VDD cell A % 4 »o5 < B 7.8 &%t mﬁﬁg =¥ A& VDD & 3] 0.5v &

T s AT UE-Cell B r A s Fddet 0§ FERRp PR P f{'ﬁ.’rﬁ_?

Cell & » eppFF > 4o . VDD=0.5v. 7 > WL pulse:+ 4% & 8ns > 4y ¥ 3 1%- SRAM i
R

L RS Lt 1 R P

7 & Pumping 7§24 T 5 82 A M VDD §

BAe 0.5v T T e 0.68v~0.73v = - GRE DR INE At T U R ke

X ¥ 10 % SRAM F 7

38 # F L iR
# 3-11 &2 ®) 3-20 5

< VDD 100mV - p|+#

AMEETTRT > 3] F 2 HE 5P g0

"5 R e

Critical Path s 2

Z ) £ %) 58.3% 2 ¥ M3 cht 3

/}i A 2 %3‘3‘:‘5&7‘7— g]rl

- (2P &F{q’«, s _-i.;-u{é

S A6 61.5%.
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Voltage |Write_Current|Read Current| Write Power | Read Power
1.2v 223504 1.98E 04 268E04 2.28E04
0.9y 1.73E04 1.59E 04 1.56E04 1.43E04
0.8v 1.53E-04 1.45E04 1.22E04 1.16E-04
0.'7v 1.OSE-D4 1OOE-D4 7.A4ED5 JOLEDS
0.6y 6 ADEDS £.22E05 284E05 279E05
0.5v 224E05 284E05 1.62E05 1.92E05

% 3-11 Critical Path &7 F i 4= 2_ 4% %

) . I W rite_ Charemt
Write/Read ThEigitEvVDDRAGFEE I Read, Current
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200E04 F BN 4 2.50E-04
> 1 200E0 E
Z15EM | e
= 1 LSOEO4 I
2 1O0E08 T #
& 1 LOOEO
U B o
0.00E+00 - - L. 0.00E+00
1.2v 0.9 0.8y 0.7 0.6 05y
VDD, (volt)
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