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METHOD OF USING LOGICAL EFFORT BUFFERING FALSE DEVIATION
CWEE
—#51% F ##5% /1 (logical effort) 42 185 Ak £ = 7 7k - ALJE 7R AL 78 R $ & & (strong-inversion
region) ~ P R #% & 3k (moderate-inversion region) ~ 2% 55 R ## & 3%k (weak-inversion region)Z 8Bk > €,
A LLUTF B BR L AIRES AR P 2k B R R R B AL RO VT P 4 2 4 17 35 (Tunable-Width Buffer) » 34
HREL N A0 ZEERZEHSEANBREBER - PREEH - RHRBERFHTLAEA
WmEZHBE D RBEZFTRA AR LR BESMEZERNEEAREXHB R TEEHEZHER
& AR ERABEETRERR > LhmEEN IR RREZHER P REMBAZRES
BN EAEME S URRIFEEAN RN A EEL S ST LA AY - BB FHSRE £ -
Disclosed is a method of using logical effort buffering pulse deviations applicable to a time pulse tree
at a strong-inversion region, moderate-inversion region or a weak-inversion region, comprising disposing
a temperature sensor and a Tunable-Width buffer in the time pulse tree and configuring a width and
temperature comparative list applicable for the buffer to use at the strong-inversion region, moderate-
inversion region or the weak-inversion region respectively according to a logical effort function; selecting

a corresponding width and temperature comparative list according to the inversion region of the time pulse
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tree; allowing the temperature sensor to sense the temperature and acquiring a corresponding width value
from the comparative list according to the sensed temperature; and modulating the width according to the
acquired width value to thereby buffer pulse deviations.
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‘ —f4 A BB S (logical effort) 4 #05 Ak 16 £ 2 &
E OB BERAR AR REEB (strong-inversion region )
P R # & 3% ( moderate-inversion region) ~ % 35 R #& & %
( weak-inversion region) Z BBk #t @ 65 A F H B | N
FFAk Bt P R ERERAMAE AR AZETHAYE X & % 5
( Tunable-Width Buffer): ##k#EBEX H HX o NEE
HHZEHSBANBRREES - FPREGK - RFHRHE
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Disclosed is a method of using logical effort buffering pulse
deviations applicable to a time pulse tree at a strong-inversion region,
moderate-inversion region or a weak-inversion region, comprising
disposing a temperature sensor and a Tunable-Width buffer in the time
pulse tree and configuring a width and temperature comparative list
applicable for the buffer to use at the strong-inversion region,
moderate-inversion region or the weak-inversion region respectively
according to a logical effort function; selecting a corresponding width ‘
and temperature comparative list according to the inversion region of the
time pulse tree; allowing the temperature sensor to sense the temperature
and acquiring a corresponding width value from the comparative list
according to the sensed temperature; and modulating the width according

to the acquired width value to thereby buffer pulse deviations.

2 111916



1411234

HEREE -
(ARHEAREBRALF (2) B -
(2)AKREBZ A HREERS
20 B R GRI A
21 EEH A
22 RAETAZI&HSB
220 EETHAEZ K3

u)\:a

ERERABRTE HERRERTEAHUNLER

B o
XA

111916



1411234

BB
[ % A pr B 2 Boais 48 8]

AEGHMN—REEERBEI T E HETX %A
—HERABEE I REEHEHRBEZI S X -

[ s AT £47 ]

B EBROEHRAGAEIFRARRETRA S > 12
KT B KE BT é%%% BheEXEBREELND
SRR E A8 E 0 AR 0 ko T BB R AL AT A A 8
kiR 2 AR R AREABRTIEFEZHARES -

o £ B F 6653883 S EAMEAMBEIFRAEEHR
Mo B A —RIERERIEES TR RBARR P LWEHE
HAR GO FREEHEZSREESL L O FIRME R - KK
2 E B RERS Bk kB E - T > A A — 18
BBk 1 £ 915 E T8 A — B R AN E A R K 6T AR &

R AR BE o RS FTHHRERETRZA
ENMHBK RTEHEWEZN LeRARHARXLTETRS

AEBRRAGBERS

#n IEEE # 2009 # 2 A 4§ % — 3 X “Design of
Thermally Robust Clock Tree Using Dynamically Adaptive
Clock Buffers” » #bHmX ¥ > BRE—ET T HRE AN
Bt B ARk £ A RHT - B 5 X 0 b AR X Hiirlk
E1IRFHOBEERTREGREHS > LA BE KRR S
R LR LARBHEREETR > EMKREZBE TR
RBHEGFARAEZFREH ORI > TR FHREFK

4 111916



1411234

BEZOBRR - KM RITHAELBRYATRRLARBEARN
i B2 7 ( near-threshold ) #1 =k & R ( sub-threshold) &)4% &
TREH Y > FE » LBEREALETFTREERE K
( moderate-inversion region ) & 3 KR #¥ & K
( weak-inversion region) ¥ : {2 b A X Z K 4P L R 1
REFESHBHFITR LR REREBANBERBEE &
( strong-inversionregion) & x4 HES N ABERER T
RREFEBR TR EITEHREE - £ &M % E 4
@ iAR-
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AENL AEAZIZBENGAEANRBE —FHEFL
REFERRAERERT 69 65 AKAHF AL A X 05 Kk & 4
HAg o |

® BT RE M A G R E 6 AR R — AR
##E % /1 (logical effort) & Ak £ H k> HERARN
k1t 5% R 8 & % (strong-inversion region) >~ ¥ R #& & 1
( moderate-inversion region ) ~ & 3 KR #& E =K
( weak-inversion region) Z BF Bk Kt » &5 A T B | B %
BF Ak # P % ERABARTET AR XL i 5
( Tunable-Width Buffer) > ##&#EBELX H KX 2 HNEE
HHZEHRBANBREER - TRBER - RBHR A
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EABEZHBEATREARAHEEENBMESTE
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AABRZ-FHREHR T i kREEESE H &KX
FTHEEBEHIZEHBZAANRRBER - PREE K -
EHRBERTHEAEAREZIHRBAYO TR » 445K
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B RBRHERYHBRLNRBERETRG SARSE
R ARBHRIEZIEZBESNABERTRN % B
FREZEHBRZEHS T NBAANBRAEAGR - PREE
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Ak B £ X H ok #ER YR AEBRRBE K

( strong-inversion region ) ~ ¥ KR #& & &

( moderate-inversion region ) -~ % 5 R # & =

( weak-inversion region) Z BfRk#t - W —F i B ¥ > &

R # & 3% ( strong-inversion region) % B E TR 4 A 1

KEFHE»HKE P R#EEB (moderate-inversion region )

HIEBETELHA 05 RENFTRKE  BREFE B

( weak-inversion region) %4 #E R TR AU A 03 REFH T
@ HKE mERBATAS LT 1 BAFA-TX HA & IR H
| 10 -

BERAZEAN > &4 GAFRE F& B R R AR
R EETHE 2 & % % (Tunable-Width Buffer) » 3 4k
BBES N AT EELAHAZEHZIAANERKREE
B FPREEB - ABREECBRTHWEAEHAIEZIHB X -

BERRAR AFATANTRBEGSE—BHITREE
wH 2B TR E R B A (Temperature Sensor) 20 ~
EERE2 - REETAYZEHBE 22 WAETHE Z
BHR2L2TEHRBEETHAYE 2 R4 % (inveter) 220 »
EFYRETHEZRMABRE 2209 HAEATH IXFAE E nXe

BE REEESHNERA-NEE LM ZEHSAER
NERBER - TREER - ABREGRTHRERE

EZHBER NUESHRT THEAREBET AKX 25 #
ZFEEBANBREER - PREER - AFRBEERTH
BEFLHIABIERERYZEAA RN AREFEETEZ L
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ZBESNABERERNS ARSI FELAHBZRE
THEZEEHR 2423 BRANBERBER - PREE = ~
BRBRBEARATHRERBEZIHR LR » B#EFN48 M8
whEsa (RKBT) F -

Tz BHEYE A &KX (logical effort

equation ) * f& & das = (f + p) = w(gh + p) -
g=Rlo _jre, =kYemc, * Ryg-—L_ > B ¥ g REXBEX A

R,.C,, eI, kVooCint

(logical effort) » R, XA RAMBEHH B ErA > ¢, K&K 48
ZEHHEEE RRABERBHE I (specific gate) h& & &

- c, X%k B8 o B(specific gate ) ey Iy i E & kK %k = IC

&) % # (constant) - R,R%Y;—D’ LREALAEBHT LR

( MOSFET) # & # & /& (drain current) °
W b BB Y H &KX 0 T 16 B ;L eEE R
(near threshold ) #1 =%k B8 i ( sub-threshold) & & Ak & KX >

BP Ip=(W/L)Coxpus(1/)(Voo—Vr)* B I = (W/L),uoCox%exp[(ﬂ/n)(Vuo —vi-nlp))’ & &

BEAGHCEIURTHBAANBRBEANBEET I A
BEBRERNSZAXNEGEX - BANRFREBEHZHBEY A
AEERERAGZANEGX - RAANHREBERGHEH
SHNEEBEERERNZAAEGK EF BN RKREE
B BEFTNABERERYSZAXNEN 4% A
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logical effect) TR &ABE " vREAEBE » aDXREKBREH
—MEEX S X BANFTREEBHWBEL HNAEER
TR SEXNBIRK 1425 1 =0We +cTWm+DT) ° H P g, K
k% — 9B E % S (unified logical effect)» TR R B E > v
KREER B~ > DORKBEH =M Z BN @@
ANPHRBERWBEEL NRBEEREEHSZEAXNSZ X >
Bl B g, =E@explFMVs -Vl > B F e R B2 G — B E H A
(unified logical effect) TR EZBE  vREAER » EOHAX
@ ABENWMSIAX  FORKRBEMH-MEZHAX -
| KEABSEOAANRBRBERNBES ) B8
BEREEREGH B  -BANTRBEB N EHE H A&
BEAETRGYSAREGX - ARAANBRBAERMAES
NAEBERERWSZAAXNEGN  FINARMHEERER
KETEELR W Z3EAPTIETRARBEYS H 23
MGE - o E4BABTZIERABEY /) 2 #8614
B R R SEAGTZERABEL N ZEAHAHAE-
® B &8 %/ (unified logical effect) 14 B F £ 1, &
&%z%ﬁﬁ& BLhEAERRE %2 kM % 220

ZREE ﬁ&.ibbz%ﬂ#—*ﬂi s B ST 4% 3] B 4% X, gD W,

gnV,T) W,

A TEHRYDFIKE £ (clock skew)&y B 85 0 g,,7,T) T &

A 1 433 M 1A X m=Wxg Ve ° & 4F 2] 89 B 4 X
WD E i E 3EH - £ 48 A% SEATZE
BRABES HhzEBaMGEE  FPTE-FEFEH 55
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10FFRZRBER KEETHHNEEADEIHRB LR PE
BLHATHEEABEZIHRBA 4B ERAAL A 20
BATBERE LB EELESETEAEIEXIHBEARTEN

HEmRRAZBEAHEYOTEME - B8R > NEFRA
10 A EATERRT > BERAMS A 20 RS HBLETE
BERA > RRAAEEHEBEFNRESI Ry EFEH
48 21 L EARFE IS 10 AR5 2| X 42 4 8 F F) B & o5 AR Bt
1I0AARZRBER  EREFEHELHORBERRATEE
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ZHBAR  EMBRBEBERRL A 20 AR EHERE S
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RETHYE
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Q_ B 4 89 85 Bk 4 £ ©
BEIBAMFAIERMIOESALARER T AL
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BAHEOISREFEFIRBER T HARRER TLHRER
R A-25°C £RRER TR BEREZA 0°C B K H
SATH kG £14 A 1014 (ns) MEE RS AL G FREG
EHRKIEHRIKE 5.6 (ns) ERKIEE S 94.5% ° G b
oo AEARBMIEABES N EEHEFRBEZI S 5 > 5%
EEARY TR £ h 2 -
MERPE R AL ALZELHRAANBREERE
B FREER - RBHRBERNBELNAZERER
$AXKA LB LEFLHEANBRBER - PR
EH - -RPERBEBORTERABTEIHB LR AU TH
BERINYBESHEALEHS I EE » 5B A F TR
PR —RBEHSHBETN 5 BEEHEIZEEY
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hgHhs—BEE BHFRHMLOE—BEAHR Ot EZR
A8 B 0 i@ K1k D BBk & £ (clock skew) °
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Mo MIEANRF AL - EMBTRFEBREZALHYT
AXRABHEALAZIHHREST  HEREFTHRY ERITH
g% c Bsb AEAIHEANGELED  Bohilizd
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FHEA
’ﬁﬁﬂ&ﬁ%ﬁ(b@Memm)ﬁﬁﬁwﬁizﬁ
x> R AN R A B R ¥ E B ( strong-inversion
region) » ¥ R # & & ( moderate-inversion region) ~
35 R & & 3% ( weak-inversion region) Z 8§ Bk #1 » & 4 A
A

HEERAPREBERABLEARRETAEZ
4 16 32 ( Tunable-Width Buffer) r # &k 3F & & % 51 & X
HHNAEEHHEZEHBZAANBREER  TREE
BRHERBERATHAEABEIHRBEK S

KRBT AR E R A EE S 0L A
ABEIHBAFTERLHBEIHREL 2% EER
BB EMETRERR BamMEFENEEAABREZY
BEAFREZBERAE QAN ZIBEEANHEY
BEE XA

RBERMEHRNNAEASREHBSETEEAYE -
WwHHEHNEERE | AL REBEEY N EHIFK
BEZFE EY AENKBEBEES IR 25EE
HMZEHEREANBREER - PREER - EAHK
BERTHAERBEIHBRANOTRF » RaFF

RBEBEL A AN #HSFHERANEREBE
B FPREEBR -RPFIRBERTHEET NABER
TR ZAXEN S AR

RBEEFHZEZBES NABZERTRNY SR
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REAZEUHRZEHEELHNBEANRRBER TR
HER  APBREAGATHAEAEHBEIHRB L -

S FHEHNEERR 2 AMEZIGRBEY N EEEK

BEZZFE AP MEHBEANBRRBERHEEY
ho B E R EERY % AKX &KX 0 KA
g =an@2Vr DT g L KRR BB
(unified logical effect) » TR LB E » VR EXEE » 4D
REABEH=_T %A -

U R EAHEEE 2 AR BEE N SIS K

BE2zFE AP AMEGBEANTREEZVEBEY
H 2B E R E RS S AKX &KX BB
/g, =BTWoo' +CTWoo+DT) * £ P » e, R KK —HBBH A
(unified logical effect) TR A B E v &K EE > BD) ~
cr) s DINKRKRBEN =M %RAKX -

WY FEANEE R 2 BAREIERBEY H EEHFK
BEZFE AP AMEGBEANHRBERNBEY
o B E R E RS %5 AKX &KX 0 BB
Vg, =EQeplFMVm-Vel} * £ F » e, R K&K — B EH S
(unified logical effect) TR &X B E » vREXE R > ED
REBEHOBSEAX  FIORXKBEH=—MSEAKX -
WwEFHEHEEAE | BAAIERBES NEEHTRK
BEZFE AT AANKEZFRBMARIREE
BHREEITENRAERBEIHBRATEEHRERZIHER
ZOTEHFY A  RELFTRHMZIHL TR HE L
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TLCC)|TRCC)| Clock Skew @0.3V Clock Skew @0Q.5V

Before | After |Improvej Before | After |[Improve

(ns) (ns) |-ment | (ns) (ns) | -ment

0 1014 | 56 |[945% | 1.055 | 0.120 | 88.6%

25 1538 | 7.6 |951% | 1.769 | 0.327 | 81.5%

5 50 183.2 | 18.6 | 89.8% | 2.259 | 0.476 | 79.0%

75 200.9 | 19.0 [90.5% | 2.645 | 0.641 | 75.8%

100 | 212.2 | 25.7 |[87.9% | 2.891 | 0.800 | 72.3%

125 | 219.7 | 27.4 |87.5% | 3.108 | 0.873 | 71.9%

25 524 20 [96.1% | 0.714 | 0.207 | 71.0%

50 81.8 | 13.1 |84.0% | 1.205 | 0.356 | 70.5%

0 75 995 | 134 |86.5% | 1.590 | 0.521 | 67.3%

100 | 110.8 | 20.1 | 81.9% | 1.836 | 0.680 | 63.0%

125 | 1183 | 219 |81.5% | 2.054 | 0.753 | 63.3%

50 294 | 110 [625% | 0.490 | 0.149 | 69.7%

75 75 471 | 114 |758% | 0.876 | 0.313 | 64.2%

100 584 | 180 |69.1% | 1.122 | 0473 | 57.9%

125 659 | 198 [69.9% | 1.340 | 0.546 | 59.2%

50 17.7 04 [97.8% | 0386 | 0.165 | 57.2%

50 75 29.0 70 |[75.7% | 0.632 | 0.324 | 48.7%

125 36.5 88 | 75.8% | 0.849 | 0.398 | 53.2%

75 100 11.3 6.6 |41.2% | 0.246 | 0.159 35.4%

125 18.8 84 |551% | 0.464 | 0.233 | 49.8%

100 125 7.5 1.8 [76.2% | 0.217 | 0.073 | 66.2%

= 7 &
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