B AREIR 2018 4F 4528 % 452 #9.91 ~99

doi:10.3772/j. issn. 1002-0470.2018. 02. 001

ETHERMFERNKEREFRHE"

AEED gk 4

]p;l.; ‘@ # ok

KA

(CPEMFERTEEAF R JaE 100190)
(" HFEBFRAFITENGEFFER L 100049)

i R RERIVL R EE RSB AL Sl M E S i ARAE R R BB R R
A ERGETHCRSFFEREIT T ELARIYACEEERRIEEE RIEN
AEE, AT AR NG FREERRA X —KRHAR, RET —METEENHFIT
TR F F R RBEM, REMBIEX %% 0 FF B F o7 #H4T B & R T
B 5 R, K BB/ AR R R R U RE SR TEREEWE N, v
B EGRERE R AT LI 3 32 5 32 x64 bit F F %34, 7 SMIC 40nm T
LAET, S A ERA135. 5um x 65 Lwm, 37 77 43R J 357ps, 48 b, F 1% 4t £ Chain Delay

VOB A, FE R BN 22% , 3h E BAR 35%
S S an

23t 1 A7 A7 2 22 AR AR A A B2 1) TR 2224
A, A A~ I A S 9T PN ) ) Sy 2243 R
PHR R AN 32 S IR 55, HLk RE DL 25 L4252
Kb BRI AR TR B R e A
TR SR 2 v 1 27 A7 a ME ) G RE S 8 — , A%
P AAT A HE ) TARSR KN L D A7 ER K/
5 A M R4 I Y B AR OGO T i AT
FEas HER VI FETERE 5 PO FE , 7 SRS B 42 1 R A0 K
ARBTG5 A0 I 5 o R g S 7F R RO
KA REFE I B8 A0 i Hh— 0% 5 T A7 A MERE
308 % I ERORG B4 DG JC P 28 B % , 3 3o DG T S 3R i 1Y) 722
AR H RO R AR RS =, N UTFFREIR , 20
SCHR[ 5 142 H4 % Chain Delay F1 Replica 77 %

Bifi 2 4 B FRL B 3 A ORI, B R T2 5
AR P B BTL 25 P30 P it 2 5 4 /0N 17T AS B 3

L n A FAM, HENMFIEE, KER, Ky, BSHMILEHE

ISR B LA FRL B i 9088 F S Bras AT Z [RS8
PSCBOE AL RORT L , fE Bt i A b AT L e 4
NI PP AL GE 585 , A0 52 B v xfe LT e A2 11
DIFE . o PERE & B A R 5 AR S 2 A
SR A R ARG 2k A B S AR T
FE I TERER A7 e A SR BEHR 22— BRI — )
A AR SCPE Y T — B SARF 3 10 Iy D S 4 R 3R
FAF A LAY, BT H IR Al Y B HER T Y
P 7 SEE IR A MEATL A, ] B SR 3 S R A A e R
BHOMCR A (0 BE A9 A2 P DC 1505 2 ), B2 5 M 22 o
PR Z AR T 2 A7 i 3 SR BB R e 42 o o8 R ) s e =
A5G K S E ek MR T A 45 S L U [ SR Y T
SRR I NUTAAAESR ; [RS8 R DC BCE A R 1
ATt HE AR LR BT S S TR] , 758 U5 A7 A
Ja Bt SRR SR, A 1 U5 A7 DAE . ASCi £
BT A T T T B IE LI DT C Y 22 3 25 A7
RS AN IR S BT 1, BA 1 I S AL
FIVEECHLH, S8R T 3 13 2 5 22 3 11 25 47 4 3 1) P

©  EFRARFFI S (61572464 ,61331008) Fl-1- = . F K H 5 BF & 1151 (2016 YFB0200205 ) % B3 H .
@ BB 1983 4EA: ,ﬁj:ét . %@iT}%Ufﬁ,Eﬁ?{brﬂ : ilﬁff}l%\é&’ﬁ?ﬁ@ ,%Eibﬁ%ﬁiI‘,ﬁ'ﬁﬁiﬁélﬂﬁﬁi‘?:ﬁa‘é%}\,ﬂmﬂ: yuanguojun@ ncic. ac. cn

(A B 1 .2017-08-18)



FEORIEIN 2018 4F2 A 5528 & 552 I

R BT S R, BT I SR A 1
LI P 22 3t 1125 A d ME, 7E SMIC 40nm T 25 5%
T, AHE T Chain Delay VG RBCH A (4 75 f7 4 HEZE 1)
FERYN 22% , SHFEREAR 35% , F 38 AL P45 5h 1Y)
T AT B A ST AR 1% o

1 BE A7 I A

WNEL 1 7R, 2947 e o 3228 h A7 % 4 5 ( SRAM
Array) | H & W B 35 4] ( adjustable timing control-
ler) | R U K % (sense amplifier ) | 7l 52 HL ( pre-
charge ) L | FA% A ( decoder) MUK Bl HL i ( driver)
S, P AR S T i S BEDLAF it 4% ( static
random access memory, SRAM) ™ *" 5B, 47t 3 i 47
s BT D BE AT IS &% (row decoder ) 172 UK
Fyas (wordline driver) SEHER AL AT HU KL 5 5
sense amplifier . write driver I output driver ZE5 58
IR 152 B Y BE ; adjustable timing controller 7] L)
30 DR TR S B85 R B B AR NP, 8 5 42 ) sense
amplifier SR FEDTAFIF I

[ Output driver |
TR but dr gz
S wll Write driver | &
= o= = g
i 3 g = Sense amplifier 1 2 é —
dress |55 5| [ Columnmultiplexer__]|= & dress
driver [[< © .
[ Precharge ]
g _q;)' ,§ .g 'ug E
3 3|5 5|3 2
%; %; 2 SRAM array 2 E §
|5l E e
4 ~|| 8 B (|2 8
d 2
Address | g l PrGChﬂg'e IS >|| Address
driver S w8 [ Column multiplexer ] % 5 % driver
% é S | Sense amplifier |3 E %
=l Write driver | e x
= 9 Output driver ]
Bl SHOFESRENY

29 11 A7 AT e ME (8 AR JSCBR AN R B « ) e
IR, BT FE AL SRAM Array Hh 13320 2K T3
FE R L s b B TR R, AR R S T RE 5
THREEE 1AM BARAERS, 5 bk 7 Se 20 ad 47 b hik
R A5 BT XN AT , K X I A R e R Ab
T8 R i il K sl e B P A A P B 22 1R S

SR GRLAEX KIS A SRAM Array H1E ik
WAYFT . N SRAM Array 352 H 20 i, 368 [0 152 0 11
TS B, 28 PR S R X AT S
SRAM Array X B AT H A RCHE B Skt 21 22 73 32407
2, th 2 ad RABUMOR AR R BAT Jim it A B B A
AR 1 3 P A R R R AR S P S A 114 S
iR BIVEECTEE B I, £ R 6 2 RO AR Y
/NP RN RIS [T RES 5 SAE, I/ INJTFFSEIR
B ZIAE, IE 2 Frs .

z 5 SRAM Sense
& § Array Amplifier
[a]
i T SAE
Adjustable Timing
Controller

B2 BENMFIES

FERGRES) 2 SRAM it S B 2 — 3
A SR T B LA TRV AFBUR R (5
R AR R SRR o (L SRy AR M ] Ao 2
DO AR AR R D) FE 2 [ AT, T
ML R IC A Z A A5 B T 21 6T CMOS 7
BT, IR AT AT2R 8T 2kH'1 AR SR 6T
PG5, B 2 A~ SR i 38 SCRR G A8 B ) SRR A
LK, R FH 22005 5 A T LS #0E  HLe F AS Th e
R, BAABR BT YERE ) 5 26 SO fin w4~
NMOS D el 132 UG 3

PRI SR 20 H 2 A7 4 1 3L — 2, B oy
ST RULR TAEAE M5 A a8 ] LR o
AL T 2 AR L (ap v (s i o K S T
—> n LRI AR T L 2n A n B AGEERT] A A
S UIAVEGE ik 4 A, BRI B 23 77 AR B R Y HR B
I B AR B AEIR o A 1 DA 1A H, B 14 S s )
FE, A SCR I Z R0 451, DL 3 132 2 5 32 x 64 bit
AAFERHE A B, TR PR B 1 S TR
(24 PEIAR) A1 1 AR 2% (3-8 14 ) , Hoh
FFERG ™ H 12 A (A5 5 4R Sy i 2 PR R 2 9 i
A, B B SN & 3 R



0P ZEAE L T 3 I E I P fER B AR A 77 e A

A4 A3 A2 Al A0
| L-si%!@alg || zl%@laﬂ
)~ outo
T ) outl
D—Ol.lﬁl
B3 i

FRABIRAR T AEBEARAE O 2k 22 IR
/N R R 2, AR AR A B o 72 25 A7 A HE BT
o, R T R TINAA E BE  A 7 B CE RE  dR/RT
s ISR T iR/ R S A A o DL, SR A £
24 LA A B T R B R R, TR Y
P2k LA POCECEIR 20, h TR,
MR AR TS R R A R OO OR A
2R RS IR R A . — PR ARE
AR BE FHT P05 A9 R SOBOR # XF T #2155 SRAM
ARV R AR BUR RO A T . R
KA Z A AL B 25 H ) AR S BT Latch 45
FR BT REUI A, N 4 s, R s Rk
T ERUBE GO0 72 BB i Al AR AN ) R
ST EFAF AR EREST CMOS 2L

{ vdd
M2 E
PMOS i
L

Mo,

NMOS
”'3' = =
]

, PMOS
— & 4

Ml
NMOS

qn

Il La

SAE = '11:141:1405

GND

M4 REHABLEH
2 BN RARRIER LN,

20 % 11 F5 A7 HE DT AT AR 2 A A7 e it i 5%

S —, B WS AR TR Ui i
IS T A A A S S S 3 6 IR - PR A HE IR 4
AT Ry A B 58 J 74 28 T 1Y) A IS 5 004k g
HE SR A 7 U 1 B A7 e i L AT R S A
SR TR A S B IS AR 1 4R R I R R AR
FTTF RS ARt 221, B SRR R ek RE Mk ok ) 2 ]
SRAM Fhfifi il RBUSCR S N I OR A7 2k B A 24K
it/ BRI R ARG DN BB A 5 B IR A
o WELS PR, AR RABOMOR 4% RERK vh SAE F]
Head i, 72k IR (BL 5 BLB 22{H) K/IN, 847
i ] B Hh TR A P T AR R R A T R A
TROR e R H A DR A 8 5 n SR8 BE bk o SAE K
1/ 2 S I NEES TR 1S~ B NI ) | I NIVAE S F 13T
SGRB TS — M DIFE . BEAR AR 2 7 2k
220 55 22 (AR R T 45T RO 9 /)
PUNHLEIS , STIFEREIK i SAE XL R REPRIE I
SCREW/ N R 5 T 24 R AR AR i S D
IRF 5 22 B EORIN, R G £k L R BUICR AR AN
L N oS

L
-
.

5 HERENENE

PSRRI, 52 380 0 1l L e ol 3 T 200 22 L
JEARE RS20 55 R A G I8, T AR
Py A A7 A B AR I, A RAEOIOR
R BB (S5 AN BEAR 4 b BR B B T i A8 4k K &
HAAF AR HETL S H R, DR, BT R 7R L 2 4
XY B A TAME

1£5: 77 % F Replica #i1 Chain Delay (77 153k
BREEIT BB, i 6 s, o 6 (a) SR

AT AR R AR 52 S FEAT I P DR, 18T 6 (b)) BTz Y



FEORIEIN 2018 4F2 A 5528 & 552 I

Chain Delay 753K H ] 5 SiE 38 4 > BEAT IR DT IE o
1T AR R SR B Sh B A AR R R Y
i/ N T AN BB K, 36 SIS 1 285 T 1) T 2O ARG
M AMEESEBRE R B 48 Bl S B 8l , SEBR AR
e WEAh, D9 T PRAERT Fr DR BC A HERR JEE 3k S Hb
Ik ARG R B, By i R BE 5 B IR
R g8

B
= a2l a3
2id
REUIKA
STIREE
I P g
(a) FEALILAD (b) FERHITHR

6 fREHTF RN LA REE

ARSCHET F A AT 3R (9 SE R PR OT AR ) — Ff
L SE I AMEEAL AR, B n] DUAR IS S BB T AR R
Rk A SR I B AMEE R TR E A BRAY I
WD IR IR AR IRE . AR SCHR B 22 3 11 75 47 4 e
HA G L R AE SR SRR 1] Bl E R AU AR ) il
REFEMI5 5, e 072 b A L R 28 8 B3 1 A FR IR
SERBER I AE S (0 B RBUBCR S REAS 5 ) &
N i AP, RO AR EAA RCTARARZS , #E £
SRIRTE I i

L N I e P i SR A 18] 7 fis , R 2 2%
J¥ 57547 % (Ref __ Registers) | 2 % e df (Mux) |

Ho %5 %% ( Comparator ) | 1] 3 ZE R 4% ( Adj  Delay

Chain) F1 H & 7 VE Btk A AL ( Timing _ Auto _ Adjust
_ FSM) 254 i, , Hirp Ref _ Registers £E6f I BHEE A
RdData_ref

WrData_ref

WrAddr Cin_p
5 E Comparator|
| SRAM [T Cin_n™—g
8 array ] Sample
RdAddr(~ r}g} p Cmp
BitSel

SAE! Del A 4 i
- —reey . TrainDone
Adj Delay Chain Timing Auto Adjust FSM
CE
TSysClk TTrain

E7 BERKFIESER

YIZRBAG WrData _ref 5 A A7 gt , IF Sk LLE A
2% S (5 54 A RdData _ ref s th T 77 i B 51 2 4L
B2, 0T AT RS, R AR, B AR ER
i Mux GEREH T LALTE A HEBEAS HEAT R L, X L
iR 55 Cmp [ 5 25 ARZSHL; Timing _ Auto
Adjust _ FSM 1§ 57 5¢ Jil B8 A5 B A IR 25 5 i, 455
FIIF ORI R R Hl LU B 45 S 81 8 ik 3R 4 R
JNSAd] Delay _ Chain 3% 35 A JER 638 3
15 Delay i Timing _ Auto _ Adjust _ FSM ${iL,
TER B AF S AE R EUSOR A 1 RE 12 45 5
SAE,

YA A R EORT b H B S 3 g R R S A
PP AR, [ 3 B A e AT 46 T A, B A
I DCIC I i 32 AU R 520K

B 1 UNAE S Train ETHEEDR, REGE0EA
LR PR ROIR A, S0RE 22 S 11 2 A7 i 3 v ) SR
FERIIG A I T 256 T IR A, IF th 2% 5 47
#ir Ref _ Registers Yl 25515 A A fras HEFE 51, X
L HETE I Rl

AR 2 AR Y T HE R AR CE R N A A A
Rk AT UTAAARAE , B U Rl 22 0d SRAM
Array H7 Bitline , Column Multiplexer , Sense Amplifier
F Output Driver £t f5i0 % RdData _ Test,

BR3P RdData  Test 52% 751 Rd-
Data _ Ref 285 Mux B0 0 AL 73 5 7 Compa-
vator AR HEAT HOXE, 5 S B 91 B4 i AT 80 # —
B, BT E TERA, BN IR A 5 T REAETE W AR
JlBsk/IN Adj _ Delay _ Chain HHESEIR 55 352 Rdle 5
SHEEA—EL WG Adj  Delay  Chain Y 3
R R BRI 7 2008 UG B B AR R, A
SCRHTT Zar ok s bl &

R 4 AT SR UE IR B RIS IR ER A
PR 2 F2B R 3, B 2 4R B RES 1E A 122 ) £ 8 1)
T/ INSEIR At B 22 i S R A B S5 1 e T S B
FEARRYIEIR /NN o IR [ 355 7 I s DE PG 3 A 50 B
B R R AE R BE A IC B A5 BB AL & 277745

325 V7 P DE A PO R 5 SEE S i e/ ] R
B UVRE O , B/ IR R R 32 S 38 i 1) AR BT AE IR
P, LA GE IR B TT /)N, DG TCNE 28R 5 1 3 N



0P ZEAE L T 3 I E I P fER B AR A 77 e A

J7 (4 WE PE T 145 20 38 A PG 8 B DDA O, 3
BTGB , R DE I A Y L ™ 0 PE
NSRS IRINGR LR i Rk PSR € 3
FEA IR BT HEA T R U 1 B0k DRk, A T L A AR
B X RO AT IR

ARSI IR BEAE L SE P (1 ELRN 22 56 A B L,
H AT A EVIAF A AN R PVT (T2 i s i
JERHAHEIC) A 1F T AR R P S Hl JF A —
SE MR RIS 1 R/ INBE PR B s R R, A
SCR M Zomk AT IR EAC . T i W A 7

BOEIEIRGEA n A IEIR HIT, BN IER FLoT R
/NA T, WEEASSEIREER/NA nT,, 2 p = logn, H
I I DE FE ) B E FRAn T

Jeps N Ly = 1
(1) 55 1 KAEHREIEBR N T, =

?n Td o

BRAR IR, W5 2 KARFA B E

T, A 2 YRR A
s 1
BH T, = (o +

4
2 %)’”“

(3) A p — 1 AR IER, WEE p IRTGIIX
RN T, = T, — T,, &G p WABFR L R
BT, =T, +T,,

(4) A5 p UEEHRAE IR, DI FE IR 4% f & AE IR
BT =T, SWERGRAGERN T = T, + T,

TERLIRAEIR Y, 2 T 5000 Ml i e s 1 I
AL 3E A ] Mux BRI T 2K HEXT

T BARE O T, B £ H s 22 I 25 1 R 4
RS B fe /N L R ESR Ry Ty, 284 Bk p A~
TEAZ G, WA IER LA B IER T 5 T, 21E
NFT, BO<T - T, <T,.

T LA no= 8 o iR [ 3 N VT AR JEIR
FER N 8 NMERFIT, p = log, 8 =3, tLRi@ T 3
RAEIRIEAC R AT 5E B VCRCHERE o Delay[2:0] FRHE
IRBERBCEAE O, B> Delay[2:0] = 3’6101 B,
FEREE R 5 N HER BTG 5T, .

H 3 B 7 VC L RS L B AN K] 8 o, ik
Vit SE R IR Oy 4.3T,, A BT L F 7h
SAMEFR = AL IR AR 58 BN Delay[2:0] BYTC
B, BRI

Xt

(2) A% 1R

HERHT, = (1 -

=

(1) WIKAEINES S Delay[2:0] = 36100, FEIR
HEREBCE T A, I SEIR Gy 4T, , T HE IR B
KB /NT PR AER 4. 3T, , R AR # ) i S2 b
HL /N T iR UE TS, 285 Comparator 24
JESAE S LR, SEBn i P81 5 2 2% 5 91 AN — 2L
Cop {555t o 0, SLPRIER AN/NT 4T, KWk,
Delay[2] = 1'b1,

Delay[0]
=1'b1

Delay[1]=1'b0

N Delay[2:0]=Delay[2:0]+3'5001

IR

Delay[0]=1'b1

8 BEEFILEREE(r=8)

(2) 5 ZWRE B 1 %64 Delay[1:0] =
2'b10, 2555 —EA RN Delay[2] = 1'b1, I}
Delay[2:0] = 3'b110, ZEREE K JE N 6T,, T 4E
RBEKER T PR IER 4.3T,, REUCK IS i
SRR R T i NRG R ETFIR , 48 s AT 58 1)
FEA e XS 5, 52 bR e 7 41 5 2% ) 51— 2, Cmp
IRE R 1, I, Delay[1] = 1'b1,

(3) S =RPEIRIS 1 5% Delay[0] = 1701, &5
AR PR A A 1S B B9 Delay[2] = 1’01 FI



FEORIEIN 2018 4F2 A 5528 & 552 I

Delay[1] = 160, MEt Delay[2:0] = 3'101, JLHT
FEREER R 5T, T HER R B R T PR IE R
4.3T,, R TF I B 527 o R R F d5 /N 3]
HLEFF R L 28 s AR SE U FE X, SEBRisE s
5 Z% 75 —B, Cmp tRZ 0y 1, K Delay[0]
= 1'b1,

SER T IRAEIRG , Delay[2:0] = 3'b101, s Bl
JERGEA FE e A 8y ST, BB IR B A e
BCEMR R T,,2T,, - ,8T,, FLPRIER Hy 4.3T,,
W 3 W DG I 7 3 R SR A B o DG G A IR T B IR
5T,

Questasim H {4 Xof b YA 4 14 7 B an )& 9
[z, quDlyAdj[2: 0] CHRZSHLH Delay[2: 0])
FEREEPEHIE S, R T 28 3R 4 AR A 0 I 24 1%
Rt 58— MEH 100,55 —AMEFR K 110,58 )5
PARE] 101, 05 B A RAT & A 1 DL BEJ7 25 19 AR 3
R RE AR B D A I AR

Ve —— -

Fle| Edt View Add Format Tools Bookmarks Window Help

|B-s@2& i h@0x|
e

WE || SERH || o tew Ho-HUnDHe AR
ZpnslqQaqn || 1 mimI

B9 KSNHER

T B INVCECRE RE , FRATAT LR 16 A~ 5R
JUA 0.5T, (¥ 4E 3R &, o i %€ 3R & ¥ ) 7 K
Delay[3:0], #EiR&E v] A9 L ¥ K 0.57,, 1.0T,,
1.5T,,---,7.57,,8.0T,, & WA EH %G, A
T N VC AT B 4ER Sy 4. 5T

38 NV 1 B DG e ol i 7 A0 PR a4, AR M 5
BB RE BV C , Ry T 980/ N o AR Ak %t 2 A7 i HE B
JP R FE RIS, A% SCTE A 3 W DG FC 1) Al 50 41
BN —AN2ER M, 7E ORIE AR P BE ) S A L B
TUMRE R . i KNS A A an e LR AR B
AR, AEA X RISAE T PYT B B AR HE
IR PS5 1k ) SE R A R/

3 XBER

ASCHET SMIC 40nm T2, % b SC iR (1 45

FBETHSE A 3 B2 2 5 32 x 64 bit A A7 gnifE, RAZS
Bangz 1 Pos .

R1 FERHESY

Process SMIC 40nm
Depth( Words) 32
Width ( Bits) 64
Column Mux 1
Frequency =1GHz
Read ports 3
Write ports 2
Activity factor 50
Area 8821.05pum’
Access time 357ps

T SR B b D A A A HE PR R RN L 3 N AR R
B TEALTE 44, 3£ T Cadence 2% &) 1Y Virtuoso - 4 5¢
BT RRE BT (8110) , T 205 R H] SMIC 40nm 3 32
2 5 32 x 64 bit FFAF 4 HE L Ky8821.05 wm’, Hir
1385 107 DG e A 8 D ASE B 1 17 AR89, 8 pum® | £ L 1
T 1% , 38 BB ST AN

65.1pm

o
e foh
IR i

135.5um
10 734 (3122 5 32 x 64bit) B E

FAE A HEAE TT Corner . Input Transition = 10ps
F1 Output Capacitance = 0. 025ps Hf 1Y 132 5 B} J3 40
K 1177, SysClk i RGBT 8 {E 5, WrEn A1 WrData
59 NG RE(S 5 M5 A%, RdEn M RdData {5
TONBE RS T A R . B AT L, AE Sy-
sClk A9 3 ANFIER 6 NI b T, 70 iR Rt 17
40" G A7 fede, th T RE— B o0, M
P o ] U A7 o M A A 5 15 B, el o 4 3 R
WA 07 s FERI I A S A" Z )5, W47
e S Oy < 17 JF — ELAR TR, ELRIER 6 A g
JIE A" Z )5t il A2 07

Ry T AT A A A AR R A 38 I DT EC AT
e % H, LI AE 55 ) Chain Delay J7 B4 B & 8 fE AR



0P ZEAE L T 3 I E I P fER B AR A 77 e A

mm;(TTWJJ[\f}W[ e
WrEn [ [ :
u £
WrData ‘ ‘ ;
RdBn b e yﬂﬂﬂi
EEEs=sisEScssEsEE=s
RdData | { I :
1] | *
- ] \
E 11 32 5 32 x64bit FHERHEILTIKFE

] LY R T TR R T 20T, T A T HE
N 71 Chain Delay 77357 28R FDIFE T HERE
o [ 38 AR ) SEA PRI AE R AT T, O 25ps,

e 2 AT O, SR A I DS e AR IS, 223 1
AT R B IR AT B B, SR /N2 22% X
I TAEGE B TR IC BC i 5 76 T AR IE B AR 2
M, Hﬂ”ﬁ?%‘% FeAE R TR FH A N 7 ¥, T AR A
Hh FEIRBEIEAT A 35 R VSRR AL, 4 RO
SN (U ?*%JHTIEH ST HARE A 22 BRI AE 1 AN IER
FEICZ N,

*x2 BIEMAESMES Chain Delay 75k 3E iR B 8] b 82

TT Corner FF Corner SS Corner

T(C) Vd(V) Cd Taa Imp Cd Taa Imp Cd Taa Imp
-40 0.99 498 434 13% 421 323 23% 689 533 23%
25 0.99 519 418 19% 433 354 18% 705 548 22%
125 0.99 547 439 20% 448 353 21% 723 575 20%
-40 1.1 415 321 23% 369 266 28% 486 413 15%
25 1.1 430 341 21% 382 282 26% 515 450 13%
125 1.1 450 368 18% 398 304 24% 558 448 20%
-40 1.21 369 276 25% 336 234 30% 415 329 21%
25 1.21 384 295 23% 349 249 29% 434 352 19%
125 1.21 404 318 21% 366 270 26% 459 382 17%
Average 446 357 20% 389 293 25% 554 448 19%

R SE RIS [T ps; T WL, B4 5°C

Vy R, B V; €y FORAESERYT Chain Delay I 7 ITAL
Jri, Taa FoR HIE NI FICHRLTT 5 Imp KR Taa FXT C, BILAL T3 L s Average FR AT H{H,

%3 HIERAiELS Chain Delay 5i%iE S IhFELLER

TT Corner FF Corner SS Corner

T(C) Vd(V) Cd Taa Imp Cd Taa Imp Cd Taa Imp
-40 0.99 1.19 0.75 37% 1.36 0.76 45% 1.12 0.62 45%
25 0.99 1.24 0.7 44% 1.13 0.73 36% 1.21 0.69 43%
125 0.99 1.01 0.73 28% 1.12 0.81 28% 1.29 0.69 47%
-40 1.1 1.66 1.4 16% 1.9 1.06 44% 1.42 0.85 40%
25 1.1 1.32 0.88 33% 1.46 0.92 37% 1.16 1.02 12%
125 1.1 1.37 0.91 34% 1.45 1.01 30% 1.43 0.87 39%
-40 1.21 2.31 1.37 41% 2.41 1.64 32% 1.89 1.47 22%
25 1.21 1.68 1.06 37% 1.83 1.1 40% 1.53 1.00 34%
125 1.21 1.73 1.14 34% 2.19 1.29 41% 1.55 1.08 31%
Average 1.50 0.99 34% 1.65 1.04 37% 1.40 0.92 0.35

LR IIFEEAAL N mW T S, B0 N °C 5

Vy NEIEE R, 07 Vs € F/RESEY Chain Delay B3 VCfiC
I, Taa Frm HE N I FISHC )k 5 Imp R Taa FXTT C, IEALTE 43 L s Average R ARFEHIE



FEORIEIN 2018 4F2 A 5528 & 552 I

32 5 32 x 64 bit A7 B 5L H3E S )
FEWLF 3, ML T 4L R Chain Delay J73% , 26T H 1
IO I DG TAC F) 25 A7 i HE SRR I /N 35 % o ix 2
Oy T RV DE E R A A0 A A i S P R R B A9 T
JE IR I), 78 58 BT B AR J5 By S AT S L R AR B
R R GEFE

4 % i

2 ity 11 P A7 d AR o LA G e M RE AL 2
5 SoC WY H BRI 2 — , B 0 i PERE 512
TEVE o FEBET OGS SC B I A S I A7 FTDC B 990 P4
PVT JUA i L5 T3 125, A 2 L R0 10 X 44 oK

S 3k

[ 1] Zheng N, Mazumder P. Modeling and mitigation of static
noise margin variation in subthreshold sram cells [ J].
IEEE Transactions on Circuits & Systems I; Regular Pa-
pers, 2017, 64(10) :2726-2736

[ 2] Mittal S. A survey of techniques for designing and manag-
ing CPU register file[ J]. IEEE Transactions on Parallel
and Distributed Systems, 2017, 28(1) :16-28

[ 3] Sarfraz K, Chan M. A 1.2V-t0o-0. 4V 3. 2GHz-to-14.
3MHz power-efficient 3-port register file in 65-nm CMOS
[J]. IEEE Transactions on Circuits & Systems I; Regular
Papers, 2017, 64(2) :360-372

[ 4] Agbo I, Taouil M, Kraak D, et al. Integral impact of
BTI, PVT variation, and workload on SRAM sense ampli-
fier[ J]. IEEE Transactions on Very Large Scale Integra-
tion Systems, 2017, 25(4) :1444-1454

[ 5] Amrutur B S, Horowitz M A. A replica technique for
wordline and sense control in low-power SRAM’ s[]].
IEEE Journal of Solid-State Circuits, 1998, 33(8) :1208-
1219

[ 6] Song Y, Yu H, Dinakarrao S M P. Reachability-based
robustness verification and optimization of SRAM dynamic
stability under process variations[ J]. IEEE Transactions
on Computer-Aided Design of Integrated Circuits and Sys-
tems, 2014, 33(4) :585-598

[ 7] Gong N, Wang J, Sridhar R. Variation aware sleep vector
selection in dual Vt dynamic or circuits for low leakage

register file design[J]. IEEE Transactions on Circuits &
— 98 —

IR 2N A SR SRR . @A
SCHR A AT A E I 3 R G B A A I T
5 AShA IR S L, AT DA RO EE R B
e A ST AT ICRC S M, LS SR E AR 7 5
MR 2 00, e RIE R] e SRR
AR T, S i v S A BB L AR DR , ) At e 28 1
A A . ASCEET SMIC 40nm T 20F 58 i
332 5 32 x 64bit 2 ¥ 1 A7 At E A FEL S A0 ]
B, SEER A R« [ DR R R AR DN,
S A7 A HE B ARG 1% ; X 2 A7 E V5 A7 P g
PEFHI VTR R ALy 357 ps ; [l % Gt 14 i 5 4E IR
HER Y Chain Delay £ ARHM HE, 338 2t 22% , )
FEW/IN 35%

Systems I. Regular Papers, 2017, 61(7) :1970-1983

[ 8] Singh J, Mohanty S P, Pradhan D. Robust SRAM De-
signs and Analysis| M]. New York: Springer, 2013. 31-
35

[ 9] Jinhui W, Lina W, Haibin Y, et al. ¢<NV SRAM: CMOS
technology compatible non-volatile SRAM based ultra-low
leakage energy hybrid memory system[ J]. IEEE Transac-
tions on Computers, 2016, 65(4) :1055-1067

[10] Yasuhiro M, Hidehiro F, Hiroki N, et al. An area-con-
scious low-voltage-oriented 8T-SRAM design under DVS
environment[ C]. In: Proceedings of the IEEE Symposi-
um on VLSI Circuits, Kyoto, Japan, 2007. 256-257

[11] Zhang H, Chen X, Xiao N, et al. Architecting energy-ef-
ficient STT-RAM based register file on GPGPUs via delta
compression[ C]. In: Proceedings of the ACM/EDAC/
IEEE Design Automation Conference ( DAC), Austin,
USA, 2016. 1-6

[12] Mishra A K, Acharya D P, Patra P K. Novel design tech-
nique of address decoder for SRAM[ C]. In: Proceedings
of the 2014 TEEE International Conference on Advanced
Communications, Control and Computing Technologies,
San Francisco, USA, 2014. 1032-1035

[13] Pavlov A, Sachdev M. CMOS SRAM Circuit Design and
Parametric Test in Nano-Scaled Technologies[ M ]. New
York: Springer, 2010. 31-33

[14] Rodrigues S, Bhat M S. Tmpact of process variation in-
duced transistor mismatch on sense amplifier performance

[C]. In; Proceedings of the International Conference on



0P ZEAE L T 3 I E I P fER B AR A 77 e A

Advanced Computing and Communications, Surathkal, [16] Arandilla C D C, Madamba J A R. Comparison of replica
India, 2006. 497-502 bitline technique and chain delay technique as read timing

[15] Licciardo G D, Cappetta C, Benedetto L. D, et al. Design control for low-power asynchronous sram[ C]. In; Pro-
of an offset-tolerant voltage sense amplifier bit-line sens- ceedings of the 5th Asia Modelling Symposium, Manila,
ing circuit for SRAM memories [ J |. Electronics Letters, Philippines, 2011. 275-278

2016, 52(16) :1372-1373
A low latency register file based on adjustable access latency
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Abstract

It is pointed that the random variation of the characteristic parameters of semiconductor process and transistors
gets bigger with the decrease of the chip feature size, thus the traditional register file design based on prematch has
to increase the matching margin to ensure the reliability of read and write operations. To overcome this key factor of
restricting register file performance, a low power register file circuit structure based on adjustable access latency is
proposed. The proposed mechanism can auto-test the practical path delay of the sense amplifier, and automatically
match and tune time delay of sense enable signals to guarantee the correct operation,so as to improve the perform-
ance and power of the circuit by reducing unnecessary margin pre-placed in design. For 3-read ports and 2-write
ports 32 x 64bit register file generated in SMIC 40nm technology, its area is 135.5um x65. 1jpum and read access
latency is 357ps. The simulation results show that compared with the traditional chain delay technique, the read ac-
cess latency and the power consumption of the mechanism are reduced by 22% and 35% respectively.

Key words: multi-port register file, adjustable access latency, low latency, low power, static random access

memory (SRAM)



