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Abstract

Considering the clock routing in a VLSI design system, clock delay, total wire
length, and power consumption are three essential factors to impact the system
performance. Different routing methods result the various total wire lengths and also
make some influences to the clock delay and power consumption. These are needed to
pay attention in the VLSI routing techniques.

Clock skew is another important factor which is caused from different clock
delays. An enough large clock skew can make very negative effects for the system
performance. Therefore, the ideal objective of clock routing is that we expect to
obtain an exact zero-skew clock tree to a VLSI system.

In the recent VLSI design environment, the voltage-island placement is most one
of universal methodologies to save the power consumption in physical design. So, we
cannot ignore the clock routing problem in the voltage-island placement environment.
The main structure in this thesis is to solve the above clock routing problem in the
voltage-island placement by using DME-XP routing method which is considering the
post refinement of an extra flip. These methods are based on X-architecture and DME
algorithm to make X-clock routing which can reduce total wire length and clock delay.
Moreover, we apply the above X-clock routing in a multiple voltage-island placement
to construct a zero-skew X-architecture clock tree. Then, we observe the effects in
terms of clock delay, wire length, via cost, and power consumption from the results at
different placements.

The proposed approach of DME-XP has applied to the IBM five benchmarks,
which are partitioned into two- and three-voltage-island placements. According to our
experiments, we compare their results with that of original placement using the same

DME-XP clock routing. For the cases of two-voltage island, the clock delay and total
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wire length increase 12.8% and 0.3% on average, respectively; however, the via cost
and power consumption reduce 0.74% and 14.2% on average, respectively. For the
cases of three-voltage islands, the total wire length and via cost increase 0.3% and
0.24% on average, respectively; however, the clock delay and power consumption
decrease up to 27.1% and 14.2% on average, respectively. From above comparisons,
our X-clock routing approach is effective for a multi-voltage island placement,

especially in the reduction of power consumption.

Key words : X-routing, voltage island, zero-skew, power consumption, multi-voltage

placement.
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rq - the output resistance of a minimum device
I - the sheet resistance

Ca - the unit area capacitance
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ZTRR(tiled rectangular region) :

L.ms : msHEflmerge segmentsfiyfi#i » & (A"~ flifinternal nodespysink fi' fj= W g
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New ms

TRR1 TRR2

[l 2-16 ms 7553 !

T 2- 1659 5 71 R 25 Pl S
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New ms : ms1#ms2fi JTRREH‘E‘«F (o fﬁi,lﬁ“ﬁ@
di &ds: ﬁémslﬁ‘/mSZT[Jsmkﬂ Jdelay[}j
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SR L ) Y 03]
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rX(7X+C|_1)+d1 Zr(L—X)(E(L_X)JFCl—z)JFdZ (©)
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TRRA %A ] (ms2 A FHEHE) o
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Casel : 0=x=L

[ fiEflnew ms » ™ = new msl’ I'JH[4+ /T T ms1 = ms2.V ] - iﬁ[’[ﬁ'caseﬂ—

—fi
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AYdelay (i Fi* 7 [ B 50 ™ =] e
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Q%ﬁ‘ 2-17 casel ‘[ﬁﬁ}d_k f~ 55 i ﬁ%ﬂ
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Z/[IQEQ‘Z 185 » rjX<0EJ]§35J* » new msEJ'Jr Fﬁlﬁlmslglﬁiél ) ﬂﬂﬁnew ms
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iFjE' ?Emm Hip s ZF T new ms=Ems2 Y REE U REE prUabE (extra wire) o ISR
ms 1= ms2 3% delayfiv= > \*“J_ij“imfe [isnaking wire » i <A F[1 7 PURETE AR
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Distance(new ms * msl)=0

Distance(new ms * ms2)= L+extra wire
L+extra wire

new ms

msl

Case2 : x<0

[ 2-18 case2 il ™ fiu 53 7l
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[Fil BV R v X > LS {3+ R RUEL (4T I > Y1219 > T new ms
Elfi@fﬁl'ﬁéﬂél&mﬂ;'/ o H iy
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new ms
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q*;'ﬁ‘ -3 B B .JEFSI fPFS LT & 5 i pl- ,I{.}%ﬁSZ AL [T

s2 AR 7% % SLT ~ SRT ~ SLB ~ SRB P T [Fl 4 [l AwHibd » = )

E g EI[F[UI:[[,LA\%!T& Ny PSR s E] 52 ulgq»ﬁﬁ‘a‘lflgl F‘JF S Ee
J,E_J—]EIL"L““@%W@ pRIF=s1 S5PEZ SLT ~ SRT ~ SLB ~ SRB P4~ 1k dgke i s2 & Fl
£% rand ~ typel ~ type2 ~ rand iﬁ?ﬁ%ﬁﬁiﬁa’“&fﬁf& ' typel = type2 5 Bl {4 Sy

g

X-pattern > |ii| rand [[[{%F typel == type2 &~ -

[ 3-3 X 476
R > IR S AR T PITBIALY — - s SRRSRESR

FEPI B~ PydiRly s s sk LT Xopattern U [l > 0B
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%< 3-1 16-Kind of X topologies
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points; SLT | SRT | SLB | SRB
LT rand typel type2 rand
RT typel rand rand type2
LB type2 rand rand typel
RB rand type2 typel rand

PSR [ RS XA 53 BT s T
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[ﬁ‘ 3-4 %F%’E{H 73 b5, %;%&ﬁ%ﬁ%ﬂ

=5 (i 0 PR RASERSR - (MBDTAEAR R e HRR e £ S TeIsss - IRy
PSR 2T R o SR ERRIGHAT 25 PTE lefL e 1R > B - BiSiofe
2 fe(delay time)ist -] £ 8 lﬁlﬁfﬁ’fﬁﬂm,u# [ DR £ i B R
WERFERE VIS o =9t SRAsLR S e 4 F’Fjuﬂ\ii’ﬁﬁ?ﬂﬁ e

Fre o S i R ITSESEEAE o SEEFEAY D A5 ] (clock
delay)s{fii - SPHCOIEIIFREE PSSR A - BRI P ST e
IS EIFT By (1 -FBUR R » IR~ TS~ e e nmfFEJ;FH“ N
RATE SR RIS 2
T P S s 7 [l sessiding - frﬂFﬂ?ﬁ |Vl B ERE TR U 35
RS =S B PR POl od

[FlF > 25 P9+ S IR (clock skew) Eb %y > HUIZS P g~ %5
R IR R A (zero-skew-tree) » ﬁj’J]}lﬁ@T’i. > TP T R S
e TR AR 1P IR AE B PRAT SR i ¢ PR 2SRRI PO g
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B S T AR R YRR PO -
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it A S AR RO IIRE + 3 RLRICE R » 57 BB YRR

TIZ LSS D o SR, « e gﬁWhiﬂﬁ 5
YETFRIOPH-A VB0 [ ALY T $R7 ) DME-XP B ERGA8C 1 7 ShLi T e

FRERFTLRE VR -

P S B IR Y Y fjg TN B B
A~ B TR R AR S ] > TR A IS R [
H/FWDMEMWﬂﬁ?@§P$%H@@%O

A 1 PRV EERI 5 FTRUR A PR RV TRses il EA I
fig e - SRR AT n (R B PR - 3 X-topology

oo 2 (R YRR 5 M T RO PR

'jLLII'E“Fg' X ﬁhﬁéji FRY IF=% f/f:lﬁf HEFLY n [ﬁﬁjﬂ@ff %'LJ?EJT@’ TR E]
Eﬁ%«j}ﬁfﬁj I AR A PSR R R SR zero-skew Eﬂj
Vts] o

IV B} G

PRy I’F'ﬂfii“ ]'F‘[clock delay[tf - Elmore delay(ED) model[24]ﬂ’%§é’?i[ N I[iE
wH A2 Y~ {HEImore delay model j= Frff LI e R i
(i s PR 2L 0l 43 Elmore delay model P i e
FOMEGTI T » PSR 452 0 7 Y AF By FOFED(Fitted ED) Model[17] %
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“+FED Modelﬁ

O

AF B ASF LR R 9t 0 25

A :

G- i

rq - the output resistance of a minimum device
Cq - the input capacitance of a minimum device
r : the sheet resistance

Ca - the unit area capacitance

Ct - the unit fringing capacitance

7 FED Model & il 1 (U [AIA 53 BT E T 26 I13-1117)

.
% 3-2 FED ﬁgﬂ%%g&\’f

Tech. (um) 0.25 0.18 0.13 0.07
ra(QQ) 16200 17100 22100 22100
Ccy(f F) 0.282 0.234 0.135 0.066
r(Q/um) 0.073 0.068 0.081 0.095
Ca(f F/um?) 0.059 0.060 0.046 0.056
c(f F/um) 0.082 0.064 0.043 0.040

A 1.00724xIn2 | 1.00962x%In2 | 1.01258%In2 | 1.01863xIn2

B 1.02993xIn2 | 1.03047%In2 | 1.03010xIn2 | 1.02619%In2

C 1.00332xIn2 | 1.00426xIn2 | 1.00511xIn2 | 1.00530xIn2

D 1.12520xIn2 | 1.12524%In2 | 1.12673%In2 | 1.13639xIn2

E 1.10598xIn2 | 1.10582%In2 | 1.10463%xIn2 | 1.09722xIn2

F 1.04665xIn2 | 1.04468%In2 | 1.04836%In2 | 1.06471xIn2

@?Er [ERES CHER A E i AP C R (N I e S A S |
AR ] -

Fi HRfGsink ©) - = <1 IFRIEIEVE Hload capacitance(c) » 7
AT T R FED R 25 IR TSR 2 20 01 1 A e

FED Delay Model ¥¢ 3= 'g)}

1 -
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{(Dc w+ Ec, )I}r Fe,

FED(c,,l,w)= r > (7
M e P A el 22 S g FHTI@%EJI) = F"[l;ﬁl °
r cp;jifiis asink S;
(Dc,w; + Ec ),
— +C .
CIoad,i = j;i){ F load ,j (8)
if i is an internal node

Fl H[ VT()yZFA E T ;ﬁ:‘j—[/%ﬁ[ °

fobie o TIPSR > SRR (A 115 28 IR AT 1R =
i) 7 B e dl -
(Dc,w; + Ec (),

|
d, = r— + FC oo i
k iepz(k) Wi 2 load ,i (9)

it 2 Q)T N (RRLES PO S s R BEGRA i A
Hhgibuffer Vi > s 5 220 4 R [ EA~CEErg 2 B (VR E;dtrTu T

Fl I &1 E] 5 level shifter7e R Jjﬁ [[level shifter#f [ Fp’ I'| 35 Hibuffer - PF}
level shlfterjﬁ {95 'EI Fl[ﬁ[ B N ;ﬂ%ﬁ_ﬂ*w &3 ”jﬁ R %Ejj
2% I'F"ﬂE'JdLﬂé—i??ﬁj level shifter, )/ 5§®EILJ37E%L%EJJT i

(10)

{(Dc w+ Ec,)l }
ds _rd[I(Ac +Bc;)+Cc, ]+r— + Fc,

2

PRI W5 P T Ul = R US> o T s I =5 [P
I BRI FOAG I - g kLY (A Ao TRRIRE P ot 2
[o19p™ -

Power = Cy..q;FyVdd® (11)

Vei

F:EF[[ ABPIUEAYI
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Fclk : clock frequency(FFj 15 414)
Vdd : supplying voltage

Cload,i - the capacitance of sink i or point i

SMIE gﬁ Rk YEHE 2 (Level shifter)
YRR (level shifter)” s RUFFESELEER VI (0 5% (BRI
OB B0 (R S e T R I 3.5 e s A

qaﬂ’iﬂfllCLst FL Tis B % %Eﬁﬂ > Ty Rus £ #ET 'E@E}JFB

o— 5 o

J

| Ris
C|_5 TLS
4 T

q*;;ﬂ 3-5 Level shifter =557 Fjinﬁﬁ‘?ﬂ[

SR F‘-IJEJ{HIE_ il 1 o YR R A R P | ?f“‘:\ﬁ"'ﬁﬂ#‘u’?‘/%ﬂﬁﬂ A o
I*F%EJ%LV R A {6 3R T IR0 T T fﬁJ%’Eﬁ[fj']‘ﬁfﬁdm Ea ! I'E‘%:’E'Wi 7 {5 Wt 3k
FHT;% * level shifter } i I' "I A iy |[47FEIEI FEPEIVERE - 0 5 I H level shifter
Fizﬁﬁﬁiﬁﬁ’*ﬁﬁﬂﬂ%ﬁ”ﬁ%j [12][16] ; ~ 1 > E['J’F%T“E ?L‘IEE PR R LA fl
éﬁ:ﬁ%{@'[ﬁﬁ}d* TP level shifter - i/[lq%'ﬂ 3-6 B o

Low —[ 1 Shifi ]—' High
Voltage it [ Voltage

q*{‘q\‘ 3-6 Level shifter Elfjjﬁ 3
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fifl ¢ Féj\?f”iflfiﬂ level shifter £ #f fi’ I'| &5 10— {[# buffer %11%[12] . i/[lq%’ﬂ 3-7 Fr
T ﬁ’?ﬁ“ﬂl level shifter [/ " e E0 A B ﬁ%ﬁﬁ_ﬁi’?ﬁ ENA I ?751’%9? e pds
?} “J"EJ# %‘C'%E@F[f}ﬁ?ﬂ o

Low High
voltage voltage
Sub tree Sub tree

qgﬂ 3-7 Level shifter = %% buffer - ﬁlﬁ%’ﬂ
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S~ P

ST A SRS TR

ISP 25 PSR benchmark [ - 3 0Ky 2 e R
53 Bh > Ty [ AT FEPERLAT B > 2 [P T IR T A et
it DME-XP FFESIET IR o 1) 25 P98 [ e Ao 1 bl el o [ el dpdst 5
AR 5 W & [ BT S DR R YRR o 2 DM T level
shifter » I 4-1 T » 7y ﬁ‘f[ 73 (RORLETVRUE POt s o3 i) 55 [P
b SR ASERRL > [NIF S AT (AR T AL AT 1 e
JHE P S R TRR S - 0 5 F W ORL T IS AT
H VR level shifter ¥ = FIF(|S H5HAsL » Y=g »5 SEERSFLfO- it -

/)\\ /,(\ %<k e
LA h
ANV VAN

[ AT TR T

i 4-1 S A A

(PR ) RLS FEPESELIOTHIR LI 4-2 57 o Bl RRT 1 A A 2
SR AR F IR S (IR - S [ R 1
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B RE] level shifter O™ | » P 25 (P9 B It BBk o 20 &
7JE£1§“%§»~ e A Iﬂ&’]ﬁ? [Wﬁ?fﬁﬁx [y S e ngﬁﬁ’i ek
FIH

/

N
AN ANY

AT 2 RT3
42 = BT

P

577 8] DME-XP [FfITaeisl f) i

F"tm

R A O R SR 4-3 7 DME-XGERAD]
FAH(flip) iy 4 fer i » PRI AN €14% DME-XP » & cwf, TR STRIES
A. DPPG(Determine Pair of Points using GMA)

B. CPXT(Choose Proper X Topology)
C. DCTP(Determine Coordinates of Tapping Point)
D. DME-X

E. X-Flip
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Input: A set of n sinks ‘S’ and 16-kind of X topologies for a pair
of points
Output: A ZST based on X architecture with minimal delay and zero skew
begin
1 While(|S|>1)
2
3 (s1, s2) = DPPG(S); //Determine pair of points using GMA
4 X-topology = CPXT(s1, s2) UCPXT(s2, s1); //Choose proper X-topology
5 Pt=DCTP(s1, s2); //Find tapping point Pt of s1 and s2
6 DME-X(s1, s2, Pt, X-topology); //Construct the clock tree
7 X-Flip(sl, s2); //X-Flip to possibly reduce wirelength
8 Insert(S, Pt); /Remove sl and s2 from S and insert Pt into S
9 3
end

q*;;ﬂ 4-3 DME-XP algorithm

BTOTTHA - BIIETE PR RTHIFES 15 O(n log m).» I ™ [R5 i R
P
A. DPPG (Determine Pair of Points using GMA)

AR BT AL HR R sink) AR o I IR ol
RIS g AR AL GMAL21] < GMA HIF[IFr5 5[0 @ kLB
SR TR RS TGP R S M AVIS R

P X Y R R o (X YA OB R 2 (R
SR ST RLBLTESERERET T 7 F R

O 4-4 T > 25 PGS H SR X2 Y (13 P X
Pt Y fifr > $RRR SR ] o R e B HERL N S
) BIPREES fﬁﬁmﬁﬁ 5 A RIS RS - 35 GMA {Eiﬁf%zﬁﬁw B Rfft 1
FRISEf o =B B FIR RSTEE  T7) B BT F 2 ST - A B b
P Sl X SRR S TR, X AR E I Y ) o
SV [ SIS UHAVRAL C B Bl C B D BRI - D BRsfesiae 1 f
PIEIRPFSE] » (MR SR T SRS > SEAE A0S DPPG » 35 [
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FBAL Y % [0 g o R R o

[fl 4-4 GMA [/ S5y
B. CPXT (Choose Proper X Topology)

PEFM AR > TN - HiERL R T B %ﬁﬂ/ HIFSEASCY 2E TY! 4-5 Frer
e ‘E"E'* (R 7= ?Sfﬁﬁi@%ﬁ%‘ﬂfll sl 5 LT » [y s2 047 RT » Froel J%“QH
Rirsl ey > 2 PUAEISAE EIRLAE AT SRB » YIS HiEY- Ay ?\FJ[F'J%%?*F[ILT
&SRB A Z sk kL X FgSL rand o 1§ ffd A B 0 A OSSR R
CPXT(s1,s2)=rand » ¥ fHZ[F5H AL rand » 25 {71 FIF [ 53H7 $2 5171 s1 A6 N
(> 5 2 @ s1 pUAREEFAr ff KL SLT » 25 {32 fiffi B¢ RT 1 SLT pospffl >
Z[pAki £y CPXT(s2,s1)=typel > Ffsftrv L& fl H CPXT(sl,s2) " CPXT(s2,s1) =
rand N typel=typel » A7l & 5% o2 A RS X gsst typel » o= fifiufL]

B FE T type B rand [T S SO Rpn T R R ©

sl

%1[4 -5 | _{IT'} RLIESHRESE ﬁl[ﬁ‘
C. DCTP (Determine Coordinates of Tapping Point)

DCTP 35 [t Fd H1 H U 40085 2 (A8 1Y tapping point(5] £ Rl © i -
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tapping point - & - %ﬁ‘ﬂj Pz Bl E\ﬂj V%A (zero-skew clock tree » I'] ™ fFF ZST)Eﬁ Z!

F;g%{gj o » tapping point I /5 “Ea[ﬁ' rﬁ_g/\ﬁf E fgz?%#mfjfﬁ b T e 5
~ BEEHE R ORI B ZST JOE U - T 4-6@)
Fl1 o PLASAb i {1 P FaE HBFE Y tapping point » @[al%ﬁ;ﬁj l*%@lﬁl[ﬁ'ﬁfﬁl’ = S1
OS2 N ’%ﬁff f I JERS2 i DCTP ; lFf H 2 Rl R [fkL=i4Y tapping point
OBk fEl o [y kL tapping point i Ay ER A [0 TR A )T @;F”ﬁp(wqgll
4-6(b) » [T [HEIHE " snaking wire FIFpb S ASE T TE AU AR 6T
B ZST > Il 4-6()F -

_-Ellll

(b)

[f! 4-6 tapping point -1 i [
Wiy;gm&qﬁw[[qﬁ[ 4-7 5. > S1 = Q2 Iig[ I—F[ [ iﬁ‘x g’f I H I }ﬁ]
B flt = A

D. DME-X
BEE R/ AR Y L DME-X TR R I RIS = L i BRsssd it -
i A~ B~ C = RIS M ST E » B asaIfRr ) ads )
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Bk H ABC = SR Il 1 r“‘LF['fl‘/i_‘g'qﬁ”’jﬁEﬁ EUnet JiFJq FIEE 1277 DME-X
(i H R
DME-X 1t DME-4 & Ui > [i] DME-4 F[[RLELF® [k DME i 2 X 5t o

—fi

dnk iF;,L_: FE 1 At IR %%%% #1747 ms(merging segment)[ivz5 = [l -
v[[[ﬂjm F‘ | Hr > DME iU ms 7 SRLEH R {5 < J8 5 D P i & 6L DME-4
LR (g P 7 7 B 600 [ DME-X [I[LRLF'1 DME-4 fiy (=¥ » 41
[l 4-8 775 > DME-XH{'FUR DME-4 il I i £ (45 (T 15 D357 »

]

_Euﬁ

([ = PR ERL T CPXT [ typel == type2 ; ﬁf Yo
HRy— (W SPGB > B L E T ms o typel = type2 A% 1 DCTP 74
B [P asd 'fl 5 F'pY tapping point » El tapping point 5 ﬁqﬁx[ﬁlii&lf"ﬁlﬂ?:j:ﬁlp Y

ms > I'] Q%ﬂ 4-8 £33 > tapping point Elfftﬁ%'ﬂf[lj/ Pt == Pt‘{nj%#ro

pe 1

q%ﬂ 4-8 Tapping point == ms Elfj%% fgﬁq\g‘,l
(FIF typel =2 type2 s ﬁEUiﬁf[ﬁ‘%ﬁé %ﬁrfﬂi{‘ ms FUE S H RS A
FITRLE = 5 type abLRLE B2 o [TTONI! 4-8 Fl1s1 22 52 pu@q@q;@ CPXT -5 »
T LR S typel > Il type2 | U agHiEe IS ms vt o RLE R
fol RsEIass » [V fackf ) R 7 BPREU(X-Flip) # RIS 4 5T |F‘,E?P§:
5 Pl I =2 s DME s @i > pls [y - e e g
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ms 01 S Pl PR HRL g L Tl E(bottom-up)[IST > [T clock source
FEFAE L1 257 (top-down) (Ao g o (5 0 T g A e et o
HEREASL A3 P T S sy B DME-X [lUsgst o

E. X-Flip

X-Flip if~ W DME-X FFRLE #TE R g pudsl » & Fig 0
DME-X & 191 5 3] GMA V™~ pug i (flip) s = » =5 {1y £ 5% X-Flip > 'Rl
Ui A S DME-X > 05 X-Flip O pIEE - HI[B g £5% DME-XP -

X-Flip lﬁ o (AR (B8 [ HRE e %‘7 B - A AR Y
AR > BRI - SRR L RL A S E R T R AR PO RS A 1 e U [
4-9(a) » 5 (FURAEEERE 11) L(sinkl,sinkzm i o 1Y LOXT,X2)% L(X3,X4)
55 I B S HS sl s » X9 X10 55 ]| B [fy a5l i tapping point> =" L(X1,X2)
2 L(X3XA)E R AR | L(X9,X10) i UL 240 X9 X10°[[153 B
Fp b= fi# i<V tapping point f¢f » T |- X% X10"fiERLig Ry A é CPXT
PP b~ 78 type it |V tapping point -

qgﬂl 4- 9(a)HI1H|[4|7J% TFE B g;{ﬁJ’I‘FJLimeE“ X10 fF['?zﬁ‘y X9 ﬁ& X10>
FHITR T BRI S S ARG IR By T PR
SR X9, X107) ] 4% L(X9,X10) » KR E HEPELRL [k £ o, 20 > R X9
X10" [ @ g 7 CPXT MRS =1 ffiset » 570 )% P77 i1 X-Flip 35~ 7
PHAST HIRVFUA DME-X S fURGERSCR A 9 T B YR 4-9(0) 7 15,
1 ERLA L(XT,X2)% L(X3,X4)5 55 B (flip) Ao -

- )
X '_.1]0 X3 *
: X10
X13  / ®uuaaig X4 . X4
X2 X10° - y
X9 » l X13
r"@ (a) & X9 (b)
X1 x1

qﬁﬂi 4-9 X-flip = &t q%‘['
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Py @kﬁiﬁﬁﬂ@ﬁ%?ﬁkply}‘*‘%FazT,

¢Wﬁ£ﬁ} FIFTIRE L AR DME-XP #isas s “?f E{%’E{H R |
EVT IR P 5 7 pORYRR - i TRl - A S ERRATIE 2
Ry ARl o (E e AR B PRI fellfor i I‘/'[F'EJIEI CIEa s INGLE S
level shifter[12][16] [HIRERLT 7 (1 g FFpS2 S BRposladt 5 s afy
P AL AR i

:‘MFW (R Py IR ESFL PV b ™ BRIV - DL 4-10 B el SRS

(7] > 5 PBR RO FIPRESEL (RSB0 R0 0 T oy e oy i 4 -

53 Il DME-XP fEe -

Cl —— || Cl C2

[l 4-10 A5EsUgh 35 ) *U—l Al
PP AL TR OB YR 25 (T BTG SRS (T 4-11 7
HE TSR 7 2t R Oy I £ A - SR e

1 A HE]AY- [[ tapping point ﬁﬁ’?‘/ EBZS A% clock source :

Clock source

Leve2

Level

Leve0

[ 4-11 TGk S Op A8
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fﬁ'ﬂﬁ'}'ﬂ (REXRIE QR 1220y J}HLFr (e 6k 35555 Qﬁﬂm’;ﬁi"ﬁ_u (RS SR %U
2Rl PRI P sEst > JP 4-12 B TRUA T RS zrk[] % pﬁ}
(I YA 7455 o = A

Clock sourcel Clock source2

Level2

Level

Leve0

[ 4-12 ﬁ%mﬁ“ﬁ*ﬁ’fvﬁ
2. Vi 25 DR 73 HI5E 5 et o Sl e T g b o Rl
5 (subtree) USRI IR » U 4-13 T SLRLRY R T ST 2 82 S
[ FED SS55A5 R Rl > o RUR! DR Ryl b asest l e it et i - et
tapping point(*/ kL clock source) 3L » I 4-14 77+ i+ 819 clock
source - fhit 3w % ({1 58 Y o {l W 3o = = f& e E]- WY clock

source °

[ 4-13 [ St FED 3 g
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Clock source
Tapping

point-1 \

Tapping

/point-2

(Bl 4-14 Ry l'[E'E?j Sl RIS
[l 4-15 (Rl e G- [ MRl ks T B (kI8 E [
ﬁﬁ%%fﬁ%ﬁﬁ% T3l 79 clock source i ARV &+ €1 21
SRS IS FE TR R tapping point - S ARV g Rl
IR ] -

Clock source
]
/ \ Tapping
point-1 \

[l 4-15 SBuistigsasslid =

3 SRy > ) LA R R 5 A I R B L (R
BT IR0 R T VPSR ™ 25 PTRCE T Ry Bt iV T3 level shifter 7§
i1 PR P T dnk o iy = Tevel shifter b UFH (S P ESHIR ]
PR [12][16] 5 ARSI > 3 Ry P Sl (R PRty A I FEP T 11
i ST ] level shifter- O 4-16 77 (AL level shifter FfivEy R4
AR T R [P SRRRsAG S level shifter iU S rHERIHIINT 4-17
B o

Clock source

Tapping

4 point-2
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Clock source
.

/

LS

Clock source

Tapping

C 1 / C ) point-1Ny | 8

Tapping
(

point-2

1.2V 1.0V

1.2V 1.0V

ﬁ%ﬂ 4-16 Level shfter Jﬁ E %7[%:' A ﬁ%*['

d(core;, P))

§ —01 —VW—0
5 Tis
: Cis | T

y ]

N LS 7 ﬁrﬁlb’?

ﬁ%ﬂ 4-17 Level shfter [/ jﬁ R Fiqﬂ%‘q%[
pISE > FEF IS I =14 level shifter BTEF 1) S5~ i buffer Jitg
[12] > 5l f I 48 level shifter [f= 27 [T ﬁl{k PRI (F 9 B %EHJ:
B T - AR R

BTFIE LRI R SRR O RIIR RS e~ R
Bk BT B S B k3l e et tapping point [T > BRI R0
Ig_vg‘ﬁzhﬂr%wjf/\i L= I_{g’!~[/ra ’ fl“\;:l —[—F’T [ q%‘l[ 4-18 B ZMH = E[

’EPtt vy
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Cl C3

1.2V .

C2

1.0V L1V W\ b

Tapping point
418 = ?:’Eﬁgﬁ T
g = M E= R VilIAd i FORL C1>C25C3 > HeTy 4
A= HiZ] level shifter F,J’Fjujﬁ a ]EE ’E*triﬁ FES VB ARl C1>C2 Vi ﬁ;f[ﬁl B
Z][ level shifter > [ C2>C3 ! VR =42 jﬁ“ level shifter » [lq*{‘q\[ 4-19 = > |2'*~E:F1

AT > SR ) A Rl 2 P S R TR -

—fi

Cl C3

1.2V

\ 4

C2 s

1.0V 1.1V

[p 4-19 = PSR SH Ey]
PRI BT T > DME-XP H P & [ B BLRERERL > [y

(= Wk SR RS A DR g e B IR E rjlﬂﬁ’é"?%‘]' oI 55 level shifter
PR | q%ﬂ 4-20 Fr= B~ %Ef_m?gkfﬂlﬁl“ " level shifter U5k W’ﬂ—i »C1~
C2~ C3 hL= {53 ™ | DME-XP 3 sSgaasiiy—" s » v & {5k w5 mesliz =y
im% "FVLH CI1~C3 3 » & = ]’*HE’*P 'k Iﬁﬂ%djﬁ“ level shifter o

j?u
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Cl1l C3
C211V_ LS > v

Q%ﬂl420 jﬁ‘* LS ug &Hiﬁ{?‘i

a2

SYPHMAT %I RIS DME-XP sy s

OPE 4-21 7 £ 2 £V YRS, DME-XP 113 (Multi-Voltage Island DME-XP
Algorithm)

FATE T 2 SHRE i i~ fli 1BM benchmark fif - S AT A FD S
SRETREIN » 6 E AT o 0 IS ™ TR B - T R RLAS PR
FOpifEl >t o PR RO e S S | PR [ R
7 gqj@& * B RS [URL IR o FRESFL B U™ | DME-XP 1 [ Tease >
= e ? K SR e i PR ERK (W S B AR TR

e 20 MERYEREHINAS  level shifter » A[JF* RS RGN -
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Input: One of IBM benchmarks, r1~r5, that the clock net with n sinks is
portioned to be the number of C voltage islands
Output: An X-architecture ZST based on multi voltage island
begin
{ Let C be the number of voltage islands
Divide the clock net into number of C clock nets depending on
the clock sinks locations
For (i=1to C) [/H#ETF H BR - m S MBS
{
Use DME-XP to construct the X-ZST for the ith clock net

b

While (whole clock routing is not completed) //if4&*75 % Hu

{
Combine two X-ZSTs to form a new X-ZST based on the new
tapping point finding for a pair of subtrees and insert a level
shifter for the case that the low-voltage island drives the
high-voltage island.

b

Output the routing result

end

Q%ﬂ 4-21 Multi-Voltage Island DME-XP Algorithm

AR VRS > TR E SRR (clock sinks) Y AEEE! n Y
B 0y WD o7 B b UL AR s A - g R O AR SR e
n (R AN Om) - 53 FFE D I TRSESL 15 RIS - = iy s pre e
[F Tkl DMB-XP g {555 - ASUE O] » v feb S ™ P T HEFEE 15 O(n log
n) > [ij# C Y DME-XP » [NEL C /[ 45 10 - s T Y U IS - 57
P RIRLS SPVEE S (T sy & LS o I PR LB i) 55 8 S S T
BESFL T Sty DME-XP SEsGRi fT > H R el o s R YA (R LB
DBV ASERSSEET > i IR 28D O(n) o [NIF > R ETIR PO TR

F%, [R5 O(n log n) -
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51703 - R

S H] BB
i%ﬁﬁﬁw N4 Eﬁﬁ?ﬁaﬁﬁj £y AMD 754pin Sempron 2800+ PC,F—%[‘I‘FTL?E 1G » ffi7]
Borland C++ Builder 6.0 %ﬁ%ﬁﬁfé o ARl PPy T e case YR EL IBM
Benchmark I r1~r5[27] » {0 "] 0.13um A =E{9] - F%%E%L%]"%[’i& E\JJ: LIS
£% Fclk =100MHz ~ sheet resistance £% r=0.623Q/um ~ unit area capacitance £ Ca
=0.00598fF/um -~ unit fringing capacitance £% ¢=0.043fF/um ; [ij FED Delay Model
ﬁ[%%‘ifg'?‘ A~B~C-D-E-~F 5[ 1.01258In2 ~ 1.03010In2 ~ 1.005111n2 -
1.126731n2 ~ 1.10463In2 ~ 1.04836In2 ; level shifter ' E#+% buffer » ﬁ?ﬁ'?ﬁ@ﬂ@
{051 0.13um ZAF 1Y buffer 225¢{19] » £l output resistance £% rs=250Q - input
capacitance £} C s =23.5 fF - intrinsic delay time £% T, s=54.4ps - = ﬁﬂ‘ifﬁ\’f[/[l% 5-1
)
* 5-1 E’ﬁﬁ?ﬁ[rﬁ%ﬁ;‘/éﬁﬁ?

r | 0.623Q/um [B][1.030102 | rs | 2500
Ca |0.00598fF/um | C [ 1.00511In2 | T.s | 54.4ps
¢ | 0.043fF/um 1.126731n2 | Cs | 23.5fF
Fclk| 100MHz 1.104631n2
A | 1.01258In2 1.048361n2

Mmoo

25 (AR RIS PR « S ~ 2 SRS A A U
P PEEAsL - = = [RGB AT ™ (7] DME-X % DME-XP st
[ B BRI BUR { JELRR I - RRUTSRR AR T i (vias)

o
=~ °

e S FEFHSFLF I > HERLFU 1 50§ ok 19 DME-X(PYgEst > 75 e

) PORESIREEL 12V 0 I 511
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Cl

1.2V

[ﬁ‘ 5-1 EF {H'"ﬁ HF%U?'?D %Lﬂ%ﬂ

o SRR Z5 I R IR RS DRI 5-2 B R R )
rfﬁfﬁi =R #L%[ iMrl 1.2v trﬁlﬁ‘:gz’g’t:f fieh [~ F,ﬁﬂj;ﬁﬂgﬁﬁ@7j tﬁﬁ?,

Pk F RS DME-X(P)sast » =5 (153 Bl E4E o oy flf B do8 P A [l R 1.2V 22 A1
BF“* Es 1.0V+1.2V pusgEssd i o ﬁlgl}%& I/@@zﬁ@ﬁﬁfﬁ@ HIEHE level
shifter {1917 JJIH! 5-2 V ()22 (b)Y 55 Bl A P LA e P TR 2

R o

PFI

Cl C2 Cl C2

1.2V 1.2V 1.0V 1.2V

(a) (b)
[l 5-2 SFEFISRL B
}*@%E‘ F”[?Eiliﬂ g Wl R TEWﬂ RS 1.2V TR S5

= %‘EH
= Fji S 1LOVAHLIVHL.2V Padifd o [qgll 5-3 (a)=2(b)Fr- 55 HIJ?‘@W&[ & B A
Pl F <y QZ’EPt j;ﬁff [?F'I
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Cl C2 Cl C2

1.2V 1.1V

C3 C3

1.2V 1.2V 1.0V 1.2V

(a) (b)

ﬁ%ﬂ 5-3 = F%’E’tﬁj 'L'frJ Frﬁ%ﬁﬁ[‘_’?‘ ﬁl Eﬂﬂ

5y Ay Eﬁﬁ’fﬁ%ﬁ i

o U I S EAY DME-X % DME-XP (OFEFR 7 > H 2T
B R TS DME-X(P)Eist ~ [ S & (B2 T e ]
STHEE LY DME-X(PYRE - {71 LS BRI HESE R g
Y DME-X(P)sals™ » kRl — [l benchmark ™ fik# Rl FEEr E;*_'Fﬁ[ o

PPN T IFIEAve  eekeens 5 > B e 10785 5 - ST flRL ¢
1. DME-X(1.2V) : 1SR 1 s DME-X A7gsL -
2. DME-XP(1.2V) : B FEESEL I E U T < DME-XP 753 «
3. 2V-DME-X(1.2V) = S5 HSL (7 |- i s o DME-X gt -

P

4. 2V-DME-XP(1.2V) : ﬁ;—"éﬁ%@ﬁﬁl (R L= fﬁ?f@ﬁ%ﬁéﬁﬂ DME-XP 5556k o

P

5. 2V-DME-X(1.0V +1.2V) * S5 = i 7| SFEGE LAY DME-X A8t -

P

6. 2V-DME-XP(1.0V +1.2V) : S5 HEf, = i | ST EY DME-XP 6L -

7.3V-DME-X(1.2V) © = FESEL(E LR = [ IS DME-X it -

P

8. 3V-DME-XP(1.2V) © = BR[|~ (B DME-XP 5

P

9. 3V-DME-X(LOVFLOV+1.2V) © = FRIES = ™| = iy DME-X S5t -

P

10. 3V-DME-XP(LOV+1.0V+1.2V): = [EESf), & ] = JEESEE DME-XP i
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PITS R RIS = = BEISRL PR |y R A
5-2-1 Fﬂ EPESEL Y X Eﬂjﬁﬁ»ﬁﬂf&&?%

Ok 5-2 B TR ESEL U F T 1.2V 7 DME-X E:*]q Aok VA A 18 5 %

rl~r5 &f‘{#ﬁ fii] ~ ﬁiﬁﬁiﬁﬁ”f S el S B TS o SRR 'r' Fﬁiﬁlﬁl i
FIT i BIsl HE - FRESEL - 75 ELR UQF[?J Bheasl DME- Xﬁfﬁ@%‘w
# 5-2 1@ <], DME-X R} AseAsid
Benchmark DME-X(1.2V)
Delay(ps) Power(W) Wirelength(pum) Vias

rl 467408.0535 0.077655 1435149.5962 1258

r2 972452.4831 0.199508 3036216.2639 2813

3 1684443.0943 0.265957 3768944.2810 4003

4 4653341.9445 0.619044 7611433.2169 9170

15 5954887.4156 1.023837 11327484.3528 14648

Ipishe 5-3 5 LTRSS £ fj7] 1.2V DME-XP E\ﬂjq@;;m'@\ UEER > Fep] 1t
£ 115 J’«%Eﬁﬁﬂﬂ CIREE  BRLS R E TG LD R
UEID o3 BV = PSR > 7o EVRUE T Bhsses) DME-XP Eﬁq@%w

#.5-3 PITEESEL DME-XP [ 1ERER60: !

Benchmark DME-XP(1.2V)
Delay(ps) Power(W) Wirelength(um) Vias
rl 309829.6925 0.078951 1419028.1007 1217
r2 1122692.1516 0.194193 2911773.5471 2842
13 1799442.9549 0.259581 3658510.8161 4019
4 4792344.2442 0.599519 7230327.3794 9155
S 8564433.4758 0.993228 10837358.1902 14583
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Urizke 5-4 Fra. B }Ifj' el FI'%ETAE{H %:E:TM?%\[ F|I§LIM ’ qu[

== DME-XP [ﬁj Fl]ff’l /«].L#Fb%ifjjra

,_._,

SRR

o2z

B F[]u—’l&'*"k

" DME-X

BT e H [T

FSESlERE B 11 7 DME-XP A i ') DME-X AN fff > (AP > (A5
L[l 2~15 [/ [—‘—‘[E] ’ ﬁ |,§(}'Z{ﬁ]/]f<[ IE{?FEI J]:[I.Sé[ —r ’ ,[l’ ]:[ ?E['{%F«[Fﬂj ‘[“:J]E:[ ’ I
T L P A

=2

fi

% » DME-XP =

[k DME-XP -V X-Flip = i, [ e RLE )« i 1)

£l 15

oz <,

(RE I

3.5% o ARy FIHGR

¢

'I

£,

,:JI‘HJ

Wl

L 1% o T TETPEIE Y DME-XP &
Y9t HT PR I DME-XP &g -

P

|‘?‘<ﬁ?j/

LI - TS

= DME-X J/ 17 2% o "“jf rj:;[v]—tﬁ@&wﬁ’_ijpl ’ ; Jﬁ%{'ﬁiﬁfj s

(=5 P2 ] v 3256 DME-XP p U5 vl BB e o PHIRE S R e
([ 2 = 15 F‘ [kl DME-X ﬂlﬁl&v

DME-X

 DME-XP # J ¥ it

T rl PE DME-X

z

i

iﬁjﬁﬂ 73
TR AE = [

fﬂ 't DME-XP R i sy o %3‘ HEtERS DME-X 7P

{ﬁF'E IX*E (& [pI % Rl E 1—:}l—~@@§ﬁ1&

o P WIS 14 DME-XP [EAl-] 5 0.5%9 i o
% 5-4 17 F B DME-X&DME-XP [ Tt 1 Pt
Benchmark|Delay(ps) Power(W) Wirelength(pum) Vias
DME-X DME-XP DME-X |DME-XP|DME-X DME-XP DME-X|DME-XP
(1.2V) (1.2V) (1.2v) |(1.2v)  |(1.2V) (1.2V) (1.2Vv) |(1.2V)
rl 467408.0535 (309829.6925 |0.077655|0.078951|1435149.5962 |{1419028.1007 1258 |1217
r2 972452.4831 |1122692.1516(0.199508]0.194193|3036216.2639 (2911773.5471 |2813  |2842
13 1684443.0943|1799442.9549(0.265957|0.259581|3768944.2810 [3658510.8161 [4003  |4019
r4 4653341.9445(4792344.2442|0.619044/0.599519|7611433.2169 |7230327.3794 {9170 |9155
15 5954887.4156|8564433.4758|1.023837/0.993228 |11327484.3528|10837358.1902|14648 |14583
2 1aE 1 1.070 1 £ 0.980 1 0.965 1 :0.995
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5-2-2 &= SHHE EESELEY X Eﬁﬁ@ﬁ%’%ﬁ#
o SFFRERIEIT > ST HIRRESE - RS LR RN 4 T Ay
Rl s FEHSELAA Y DME-X 22 DME-XP A8 1 =7 = A=t -
gk 5-5 e B ESEL U] 1.2V - FESY DME-X [ TRt i -
Feplve) ISR R~ SRR R B R R
SEEH I8 5T 1 fzﬁﬂf[ﬁx (BRI 5T Bl 5 DME-X 68U | b gl -

A 525 SEEESEL 5 DME-X I YRSt !

Benchmark 2V—DME-X(1 2V)
Delay(ps) Power(W) Wirelength(um) |Vias
rl 489014.1386 0.078581 1485089.8699 [1238
2 1375928.6377 0.187755 2933756.1558 2815
3 1832959.3035 0.274151 3850237.2836 |4004
4 4976550.2665 0.644625 7789011.0684 |8962
15 8696753.6059 1.036605 11487913.8924 {14533

g 5-6 T FRSEEESEL S ] 1.2V Hl- FES) DME-XP [ TREsLl A

B Sl R~ SRS BERR W T WRD G

JRAFEARE J58 7 B 52 (W Bk APk > ST I8 DME-XP Gaslise D = 7 [y dof
% 5-6 éﬁgﬁ’gﬁ,ﬁi EFI' E<DME-XP Ef Pl
Benchmark 2V-DME-XP(1.2V)
Delay(ps) Power(W) Wirelength(um) |Vias
rl 486635.3891 0.074501 1373878.8390 |1243
r2 1227976.2215 0.182567 2815443.7426 2795
3 1594420.2270 0.268301 3749254.9402 |4018
4 4773084.7405 0.621109 7410579.8887 |8863
rS 8840822.3293 1.020858 11205841.4336 |14471
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U1k 57 B B AR - F

B

@ﬂiw

,_._,

7' DME-X % DME-XP Py

SR Fﬁ 53 IR 5T B i Agab i i STl A

M

(PR 351751 DME-XP i -

| » DME-XP = DME-X ittt =1 §RAZL]
B

TEEE PR N o AT 570" DME-X 5% 3.1% © =

PR Rl o = el

«]Jf%ﬁjj FEI _‘Lj l}l » DME-XP ¢

I“E [igmsrTE ’ @

INh oot S

> Age L

o
Ff"

= ph

PR SRR P 5 i &
/«]lfFfEHj FEI

PRI~ ERR W B
ST |
T - Fi s

Frl TU r4 ?ﬂ]ﬂ ~ DME-X » [EI7F 15 'Flﬂﬁilfwjﬁ’\ DME-X »
DTS 5.4%: [/Z}E%EﬁF ° ) "_f‘/jjj“‘#{ 44
rl Z[ 15 ﬁﬂéjﬁléj‘

yj‘ﬂ% (55 PR

(kL7 DME-XP ?J%j\sﬁﬁf@fﬁ P AR ISR 4.3% o PIYE F5 AR R

BSFFI ™ A8 e oy R 3 T 159 DME-XP A
970.3% o BIPLA HT A G AR RV PIpuAR e
% 5-7 €= ’E{F Eﬁ' FHE«DME-X&DME-XP Ejj st i AN e
Benchmark|Delay(ps) Power(W) Wirelength(um) Vias
2V-DME-X [2V-DME-XP (2V-DME-X|2V-DME-XP|2V-DME-X 2V-DME-XP |2V-DME-X|2V-DME-XP
(1.2V) (1.2V) (12v)  |(1.2v) (1.2V) (1.2V) (12vy  |a2v)
rl 489014.1386 |486635.3891 |0.078581 [0.074501 1485089.8699 [1373878.8390 {1238 1243
r2 1375928.6377|1227976.2215|0.187755 |0.182567  |2933756.1558 |2815443.7426 (2815 2795
3 1832959.3035|1594420.2270(0.274151 |0.268301 3850237.2836 |3749254.9402 |4004 4018
r4 4976550.2665|4773084.7405|0.644625 [0.621109  |7789011.0684 |7410579.8887 |8962 8863
15 8696753.6059(8840822.3293|1.036605 |1.020858 11487913.8924|11205841.4336{14533 14471
=l 1 0.946 1 0.969 1 0.957 1 :0.997
iz 5-8 Hrs ti'zsrruf EEENES @Flﬁ—j—j FElE €= ) DME-X Eﬁq’fﬁ;ﬁﬁx A
B Sl R s %M@w IR
SR Al k55 £ *Eﬁff‘]‘ itk > = B o IR 7 [P - 5 B BB AP
1.0V ~ [Eﬁ& £ [EI H1.2V o ™55 [H[HE 7 DME-X ;5;3521%4?—' 15 }F[F‘KJE&@?}@% v 5

ﬁ[ff' EEAUSEIPTAS IS Eiﬁ 7 level shifter 7 [ o
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% 5.8 4 L_,’EPtHy ’Ef*tDMEXEfﬁ’fﬁ?ﬁ%?%\‘

Benchmark 2V-DME-X(1.0V+1.2V)
Delay(ps) Power(W) Wirelength(um) |Vias
rl 497287.4253 0.065804 1485089.8699 [1238
2 1392312.6666 0.164655 2933756.1558 |2815
13 1854663.9460 0.241805 3850237.2836 |4004
4 5022428.4947 0.556912 7789011.0684 (8962
15 8766221.5632 0.878678 11487913.8924 14533
Uiz 5-9 Hra B éﬁﬁ% L [ﬁi ﬁ',&‘ﬁg}* </ DME-XP Eﬁ’i’fﬁ%—?& At

B Sl TR TR R G R U RS
e R I Gl R I A A N TS IR R
LOV ~ 7B KBl 1.2V > 2055 I 5% DME-XP Sk F I = T P Bl > =
AR RS S 4 1 7 level shifter 7 [ o

% 5-9 %;*’E{H%%’E{DME -XP Eﬂ’:‘%”{ﬁéﬁy‘i

Benchmark 2V-DME-XP(1.0V+1.2V)
Delay(ps) Power(W) Wirelength(um)|Vias

rl 494374.4394 0.062179 1373878.8390 1243

r2 1243736.4432 0.160584 2815443.7426 (2795

13 1615490.8391 0.237622 3749254.9402 (4018

4 4817220.9200 0.536803 7410579.8887 |8863

S 8908966.0047 0.863778 11205841.4336 (14471

Pk 5-10 Fr= £ }H TP L "—'@@Fﬁw I/%F%E&H’“i’&éﬁ#gﬁ % it
i€ {7 DME-X % DME-XP RAfaasds Ve e - St
W T



TRy [—{ﬁifkl EEEY ?Ej[}dm  flE 'jﬁ" level shifter 7 [Fpa@ > Jﬁ_‘

level shifter %%° Z}E{%E;j ]~ TJJE’*?F‘J\% 2= fﬂ ' "t”“

510 [125 PIfi )]

- (YR

i

3.1%% 4.3%  PIgt > TR AT PN

lj: F-f

Fﬁ%ﬁﬁﬂﬁ} Fomdi A filrs= 4 Jﬁ 7 level shifter E\JJ‘ Elfiglﬁ@ﬁi[ﬁj
A4 0.3%. il o i = FEORL © T (RS = e i )

S UL+ SRS, DME-X  DME-XP §

lm*
TN~

Uﬁ%ﬁﬁ%ﬁ%ﬁ’DMBXPl
= rd - B

PSR IR | DME-XP AL

DME-X(P)igs i f

’-

PR R

@@%%qJ#Wﬂﬁﬁ%ﬁﬁﬁwﬁﬂ7$w'n[

IETE ©5 VR T U DME-X - {H7% rl

oy

5{“

[

iU > BT 15 DME-XP /|- DME-X 59 5.4% © [fi i 2o

;|\

¥

B O S SR

75 PR

2 IRV ESE o AT ISR
193 F e U

bV IFOEARASRHE 7 — [ level shifter B¢ 12U Z] 8 Gy plens >
» [MIRELT
“fyﬁ[ Fj‘CT‘
U

)

DME-XP it ')

’E&F Al

L R

A S -
e 510 LIRS LS DME-X&DME-XP [ Iaseissi i 1 =it
Benchmark Delay(ps) Power(W) Wirelength(pum) Vias
2V-DME-X |2V-DME-XP |2V-DME-X |2V-DME-XP|2V-DME-X  |2V-DME-XP (2V-DME-X |2V-DME-XP
(1.0V+1.2V) ((1.0V+1.2V) [(1.0V+1.2V)[{(1.0V+1.2V)|(1.0V+1.2V) |(1.0V+1.2V) |(1.0V+1.2V)|(1.0V+1.2V)
rl 497287.4253 |494374.4394 10.065804  |0.062179 1485089.8699 (1373878.8390 1238 1243
2 1392312.6666(1243736.4432|0.164655  |0.160584 |2933756.1558 |2815443.7426 (2815 2795
3 1854663.9460(1615490.8391|0.241805  {0.237622 3850237.2836 |3749254.9402 4004 4018
r4 5022428.4947|4817220.9200(0.556912  |0.536803 7789011.0684 |7410579.8887 (8962 8863
5 8766221.5632|8908966.0047|0.878678  [0.863778 11487913.8924/11205841.4336|14533 14471
Tk 1 0.946 1 0.969 1 0.957 1 0.997
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5-2-3 = RV X [ TS
= RIS 5P BT BINRSE M- TR S EERR 4
ATl @mﬁ%«ﬁ‘w'%? = FESHARE[Y DME-X % DME-XP S 7 2 Af
Ipigke 5-11 A 15 = FRIEEL SR 1.2V 1= FPESD DME-X [ YEREs i
B SRl B 3B ~ TSR BRSSO
e afﬁﬁy}iuﬁ Sl A ﬁ,f— E.&E"ﬂfﬂ— gt H = lﬁ RS o T fﬁ@.&iﬁ
fEHVWDMEXEﬂ%%%%¢[ﬁﬁno

Fe 5-11 = BRI FEESDME-X [ It 1

Benchmark 3V-DME-X (1.2V)

Delay(ps) Power(W) Wirelength(um) |Vias
rl 384565.7765 0.083120 1493726.8764 1234
2 917976.8964 0.195453 2968150.6328 2851
r3 1615202.8912 0.278143 3827819.1246  |4099
4 4086336.4378 0.660220 7871734.2408 (9025
rS 8220294.2397 1.057198 11473926.2822 (14789
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* 5-12 = FEHSEL TS DME-XP [ TE5d il

Benchmark 3V-DME-XP (1.2V)
Delay(ps) Power(W) Wirelength(um) |Vias
rl 392062.4559 0.079007 1406856.9620 (1223
r2 942497.5961 0.187545 2808698.5025 |2866
3 1317739.1529 0.268285 3659159.5228 4045
4 4041696.7180 0.631730 7503910.9183 |9085
15 7259983.0037 1.038590 11115029.0422 |14624
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3V-DME-X |3V-DME-XP |3V-DME-X|3V-DME-XP|3V-DME-X  [3V-DME-XP (3V-DME-X|3V-DME-XP
(1.2V) (1.2V) (1.2V) (1.2V) (1.2V) (1.2V) (1.2V) (1.2V)
rl 384565.7765 |392062.4559 |0.083120 |0.079007 1493726.8764 |1406856.9620 1234 1223
2 917976.8964 |942497.5961 |0.195453 |0.187545  |2968150.6328 |2808698.5025 (2851 2866
13 1615202.8912(1317739.1529|0.278143  |0.268285 3827819.1246 |3659159.5228 {4099 4045
4 4086336.4378|4041696.7180|0.660220  (0.631730  |7871734.2408 |7503910.9183 {9025 9085
5 8220294.2397|7259983.0037|1.057198  |1.038590 11473926.2822|11115029.0422|14789 14624
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Delay(ps) Power(W) Wirelength(pum)|Vias
rl 278270.6501 0.058990 1493898.3551 (1234
2 930193.1770 0.143994 2968651.5659 |2851
13 1324301.6221 0.209522 3827848.0045 (4099
4 4121200.7247 0.488450 7872493.5855 19025
15 5649290.7000 0.778362 11473994.3159 {14789
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Benchmark 3V—DME-XP (1 .OV+1 AV+1.2V)
Delay(ps) Power(W) Wirelength(um) |Vias
rl 273618.6498 0.055854 1407027.2732 1223
2 869296.7449 0.138511 2808722.3861  |2866
r3 1332732.2572 0.202097 3659575.9567 4045
4 3042190.3196 0.470024 7504053.6470  |9085
15 5264249.3969 0.766720 11115198.3364 14624
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benchmark| DME-XP 2V-DME-XP [2V-DME-XP [3V-DME-XP [3V-DME-XP
(1.2V) (1.2V) (1.0V+1.2V) |(1.2V) (1.0V+1.1V+1.2V)
1 1419028.1007 |1373878.8390 [1373878.8390 (1406856.9620 [1407027.2732
0 2911773.5471 |2815443.7426 (2815443.7426 (2808698.5025 (2808722.3861
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benchmark| DME-XP  |2V-DME-XP|2V-DME-XP|3V-DME-XP|3V-DME-XP
(1.2V) (1.2V) (1.0V+1.2V) [(1.2V) (1.0V+1.1V+1.2V)
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- E“FF[" % a7 E{Jﬁ‘ level shifter 7 [ > El‘"éfﬂ%{lﬁ * level
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benchmark [DME-XP [2V-DME-XP [2V-DME-XP |3V-DME-XP |3V-DME-XP

(12V)  |(1.2V) (1.0V+1.2V) [(1.2V) (1.0V+1.1V+1.2V)
rl 0.078951 [0.074501 0.062179 0.079007 0.055854
2 0.194193 [0.182567 0.160584 0.187545 0.138511
3 0.259581 [0.268301 0.237622 0.268285 0.202097
4 0.599519 [0.621109 0.536803 0.631730 0.470024
15 0.993228 [1.020858 0.863778 1.038590 0.766720
FESEFERT 1100%  199.6% 85.8% 101.9% 75.1%
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#< 5-21 DME-XP B =513 %

Delay(ps) Power(W) Wirelength(pum) Vias
Benchmark
3V-DME-XP 3V-DME-XP 3V-DME-XP 3V-DME-XP
DME-XP|2V-DME-XP DME-XP|2V-DME-XP DME-XP|2V-DME-XP DME-XP|2V-DME-XP
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Abstract

In the recent VLSI design environment, the
voltage-island placement is a universal technique
which can save the power consumption. So, we cannot
ignore the clock routing problem in the voltage-island
placement environment. The main structure in this
paper is to construct a zero-skew X-architecture clock
tree in the voltage-island placement by using
DME-XP routing method which considers the flip
process. Experiments for benchmarks, we observe that
results in power reduction based on two-voltage and
three-voltage island placement have up to 14.2% and
24.9%, respectively, better than that of single-voltage
island.

Keywords: Multi-voltage island, X-clock routing,

Zero skew, power consumption.
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%3 57 B E DME-XP S84k 5 fF fF 21t

Delay (ps)
benchmark DME-XP 2V-DME-XP 2V-DME-XP 3V-DME-XP 3V-DME-XP
(1.2V) (1.2V) (L.Ov+1.2V) 1.2V) (1.0V+1.1V+1.2V)
rl 309829.6925 486635.3891 494374.43943 392062.4559 273618.6498
2 1122692.1516 1227976.2215 1243736.4432 942497.5961 869296.7449
3 1799442.9549 1594420.2270 1615490.8391 1317739.1529 1332732.2572
4 4792344.2442 4773084.7405 4817220.9200 4041696.7180 3042190.3196
5 8564433.4758 8840822.3293 8908966.0047 7259983.0037 5264249.3969
A ) 100% 111.5% 112.9% 90.5% 72.9%
%4 % TR E DME-XP 5 £ B 2" it
Wirelength (um)
benchmark DME-XP 2V-DME-XP 2V-DME-XP 3V-DME-XP 3V-DME-XP
(1.2V) (1.2V) (1.OV+1.2V) (1.2V) (LOV+LIV+1.2V)
rl 1419028.1007 1373878.8390 1373878.8390 1406856.9620 1407027.2732
2 2911773.5471 2815443.7426 2815443.7426 2808698.5025 2808722.3861
3 3658510.8161 3749254.9402 3749254.9402 3659159.5228 3659575.9567
r4 7230327.3794 7410579.8887 7410579.8887 7503910.9183 7504053.6470
5 10837358.1902 11205841.4336 11205841.4336 11115029.0422 11115198.3364
E B 100% 100.3% 100.3% 100.3% 100.3%
%5 %% RE DME-XP ¥4 & i §£2 10
Power (W)
benchmark DME-XP 2V-DME-XP 2V-DME-XP 3V-DME-XP 3V-DME-XP
(1.2V) (1.2V) (1.0V+1.2V) (1.2V) (1.0V+1.1V+1.2V)
rl 0.078951 0.074501 0.062179 0.079007 0.055854
2 0.194193 0.182567 0.160584 0.187545 0.138511
3 0.259581 0.268301 0.237622 0.268285 0.202097
4 0.599519 0.621109 0.536803 0.631730 0.470024
5 0.993228 1.020858 0.863778 1.038590 0.766720
I ) 100% 99.6% 85.8% 101.9% 75.1%
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