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(A Codeword Generation Technique to Reduce Dynamic Power
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Abstract

As semiconductor process rapidly developed, the density of chips becomes higher and the space between adjacent lines
narrows smaller. This trend increases the capacitance and inductance in interconnects and the coupling—capacitance of
adjacent lines grows even bigger than the self-capacitance of themselves, especially in global interconnects. Inductive and
capacitive coupling observed in these phenomena may cause serious problems in signal integrity. This paper proposes a
codeword generation technique using extra interconnect lines to reduce the crosstalk caused by inductive and capacitive
coupling and to reduce dynamic power consumption considering probability of input data. To estimate the performance of
the proposed technique, the experimental results have been obtained using FastCap, FastHenry and HSPICE, and it has

been shown that the power consumption using the proposed technique has yielded approximately 15% less than the results
of the previous technique.

Keywords : bus-encoding , codeword, crosstalk, dynamic power consumption

I.M & s A 5 U HRi AlE A Al
Aol A= &R, FHote A AE oblsr] Wi
A 34 71Eo] w243 FdHel wel IC Uwt o] EAZ dAsly] Y& BE AFESo] Agu o]
ojii= AHHOoR zopAla uf. o|& <lE A [ R A S A SR A b
AAA zte] 3HAo] FopAwA Wi A 7] A= Az ] & TR S AdE Eole dEA
)l Q=d 7lwd w& JHE JleR old dolEet

CE e, A AT Al A 7 _
%ifqéﬂ 23%11511%@1?_1 } AR wlelel e Y AgE Fate] 1 ghe]l Tuk 3
(School of Computer Science, Soongsil University) W &

oo =R AR(LEASG &)Y Adow - ©
FaATAee]  ALL  wop SR AT & g R e MR
(2009-0074031) =

HAedA 2011914919, AR 20119114916



1017} Qo]

L

=l

%

1o} e =g

Mol =

HH, 0" 3 =k]lel
k)

[

[

<)

&% o

(a) 00

(b) 01

(c) 10

(d) 11
B}, ma
2k

Mof| Al LEEF}
oF

Transition patterns in two interconnects.

1998< o
a4

)

iz
z]o

=
e

7
017} w4

Z

3

15982 9lv]

1.
1.
1

R

A
<l

g]

Fig.
A

!

]

il
ol

%z

EEE
o4 4] 7]

Ea

d

Kl

]
‘04

Zlo
o}
st A RLC3 =

Al (self-)

A

TE7F AR HA

ool
W2 Qe )

1€ 3} H]a

[e}

L
s

b, A

3

0

z]o
14

VIHMELS ATEAL 7)E WA
RLC3| 2o A2

A A
o]-§

o

[

8] AA

o

2 RCEZA Y

=
gy

17} 24

Hch

I

5 99

zlo
3

g
b, S Al

7}

]

Mo AA s

7 R w Qep
RCH 2ol 4] Hote)

&, [10], [11]914
#d seb

10
ol o
A
S
hy:

17F A A 5=

=] o

. A2 o)A

o
R

< 7t

“00100”

=

=

% 9% 949 dolHe o BE nsy

N
N

g
!

& XOR Al

5

71 ¢l

o

e

=
=

M3

Al

q 0]

%
Tl

L

R

3

9

A Al
°JEE A

FaL, Vel A

9]

7}

tof 1z et Had s AdAs)

9

Bl
Gl

=

o] B 1" 9

7} 0ol A

]

171 el R7kA] A

I3

b,

k9
pal

17 2

sEgE 44 g 44
[¢)

A9l

ol
s

©

F 114 0

A&7

” 1
L

to, |

5

(626)



HER e
QQA«WFLQﬁE@
=]

14314

EOJE “1

2011 11g MASsts ==X ® 48 @ SD # A 11 = 11

R

RUAEE 19500,

l‘:_‘: O”J/]' “1))011.;]—

0" A Azl Mozt

1_)1>’ “177% %1017}_

A= QFH0-1, 1-0).
o] HolElE 7jFo I o

"9 ’il”w% ‘ﬂEOﬂ ‘1"

(F, Z=Y= 1172 A3 gl

2bit (3)

3bit (5)

4bit (8)

5bit (13)

Fig. 2

AN A Ho|7} ur

FeYes Frd ey 2o
AEGE 070 Has] u]Eo
Ud_ “OO” “10n O] E]— ic E

000 010 100
001 101
“ e e
0000 0100 1000
0001 0101 1001
0010 1010
o e = .
o [ oo o
01001
00010 || g1010 10010
00100 10100
00101 10101

—> zjakel vl=ol "0 7}
————»> =yl ul=ol 1" £t

QIS A Mol Fo|7t
HE dd oH

Codeword generation

pattern preventing

transitions on adjacent interconnects.

(627)

& AAsHE o] E =] Hxoly] wito|r)

flob 22 Vo 20ES] IESES FEY
“00”, “01”, “1070] % T A olH7 WA ew Thed
MES IEJEE FFEY ‘0077 0179 HAFS) W

Eo] 0" “1"& 17}&04 “000”, “001”, “100”, “101"&,
‘1079 g9l HEC ‘0" Friste] ‘01079 FE$
2 AAst

A TS AR NHE 3=9=9 Hiak9 H
EZF Y079 ASE 0 17 HAS HER F71E
T aen, 1y —Or% RS ko) MEZ Z=7}a)
o (N+)HE Z==2 A5 P

a9 2% A=Y= *M THe agoes yehd A
oJt}.

o 5= QILHEB) = 13, F6) = 21).

9 WEE 7uto® nuES] 9
AMA o7} WA A e IR 9
o, @ HES FrYw 93y HEAES F£2

UERE 4 (2)9F 2

E(n)

NHIE HOJE & <= ZEFIE HolE &

M=1;
while(M<=32) {

if( 2 <= FM)){
out = M;
break;}
else
M++;

FEERE
NH|E

}

% 3 = oole NHIE2t ZHE ZESE MHIE
ZHA

Fig. 3. Relation between N-bit input data and M-bit
encoded codeword.



12 UZE BEH HOIM B HZE A% BEQC MY Iy R
] 1. 71F A7 7|Ho| olsi MEE ZEQES W
B =+ | 5| (1<n<11) "X ge m=gs
Tn—1 Table 1. Mapped and unmapped codewords in the
nt| ] (11 <n<20) ©) previous technique
n+ % - (20 <n < 29) W e I=9T
n+ "_1]71 (29 < n < 32) HE a9 dole |ue W 5] %]
: - ~ |Hgde 2=g=|  gv
o A=Y=
2 (D A )9 #AE 19 322 FdsA
1bit {0, 1} 2bit {00, 01} {10}
3. HZAMO| MMz Ag 4l X0y ®MQt 2hit 0o, oL, 3bit {000, oo, {101}
CEEeT T = = 10, 11} 010, 100}
AAdNA Y A Y ARFS dolry] s {000, 001, 010, {0000, 0001, 0010,
W2 25 RAgsta 7 o] sl diste] d¥ 3bit | 011, 100, 101, | 4bit | 0100, 0101, 1000, -
ARFS S 110, 111} 1001, 1010}
0.13um A4 22W AAAL oz shie 0000, 0001, 1000000, 000001,
A2 YHZE 06um, #ol7F 045um, 2°]7F Imm¢$! 8(1)(1)8 8(1)(1)1 gg(l)(l)(l) %?(1)88 (100100,
AAM 57 %— mysletgon, d44d 1 7&2% | 0110: ol | oor001. o001, 100101,
0.6umz %3313}l FastCap¥} FastHenryE o] -3} 4bit 1000, 1001 6hit 010000, O1000L 101000,
] RLC #& F%3al, HSPICES o] &3t ofefe] 3 1010, 1011, 010010, oto100, | 0L
7 A5 Ads Botn 1100, 1101, oto101, 100000, | OO
1110, 1111} 100001, 100010}
» 3k AAMRE Holat= A5-(4001007): sl 3t :
= 45001007t stdHlel st A Nbit Mbit
(“004 00Mell wiel] A8 ARF 4
» S AZAAY Hdold g 100007, “010007, FEAEE R ¥ 18 AHEd ds A4
“0010”7, “00010”, “00001”¢] A AXHFF =A A AolofAe] Hol= s A ASAA T Holsh=
» oy AN Fol7b BT Ag, FHolgh= gl glojAs HA oA Kt AMES IR
2hele] el mE HE AR 54 ATt
g o 24, 4 E Q] 9 H|o|HE GHIER Q1A
9] 7MY AFE T e 2 #EE A T FIAS we] ZEYrg Auny Pgd IZ=H=
ATt oA “0101017& g1e = Qi WREHA ¥ =
A= FolA “1010007¢] F=Y== Fole 4= gl
» SAT AAMo] e Hold A0~k ‘01010179 ZE=LI=E 101000°9] === HHE
doleh A5 Ay AR A Fdsirt, H AA-ANA LA o] SlgE FoA A AR
» SF AAHT ol T A, b Al o] E HAstE 4 A "o
7h A S wEn vpgE Aol A Aoz T3k Y E = volHe HHS FEHSE & 5 3l
At wo] Ag Anvt 9 A v Azl RIS Eoloe E dHoHE A
» Molste AAAS] 77 BETE HAY ARE ¢ o] WhAo] A& FErE WPAA FriAH 4 A9
s ARE Y =Y F S Aotk
4. 7|1& Aol ZMH . ZEQE Yds /st 3 =
% 12 712 A7 Agker 7we sutoz 2
Al QlE dlolelet WHEEE et WHHA] L= 1. Hotsle ZEQE MM T



2011 11g MASsts ==X ® 48 @ SD # A 11 =

7t ZERE MY

HAol7} B = 345 V|FoR FEYEE IF
o2 WrH E 29 2 7 HEW AE9EE 107
TR RS epAE dAl A 2z vEE 270¢R ¥

a7 =2 gt

Hol7} N dojups ZEYE IFS Class No2
delgth, Hol7b A= 3FE ClassEE 7o
AAHE AL 7hsd Zedes AgEd A (4)9)
2 g E S g Aok

Class 02 Zo|7} TASHA] 2+ 4-F=, Class 00
X3y ZEYEE 103152 WEstd {"07)o] Hrt
Class 1< #ol7} 1 &Ask= 4=, Class 1] 239

e #Zeds S 1070542 BAISHE 23] 1o

ot

o

A, FH7E 291 SHeE e Hte] Hoh
Class 03} Class 12 A% ¢ AWoz 3hds] A9
e 4 AL Class 20179 4% 1% 19 38 %

£ AT gk, NolE m=g =] 49 v

Eoﬂ “0”34_ “177% 7_' 7} ?_ 5}

Heol7h BAHA e (N+DHIE FEQE

S 9tk of ARAS AR Holrk My HAEE

(N+DHIEe] mEefes AAE7] A o7t M

E 2. Mo| 9@ o w2 275 2 103 ZE
s A

Table 2. Binary and decimal codeword depending on
transition numbers

=

]
HE

g WS¢ A=Y= 1034 Z=H=
HE

1bit {0}, {1} {0}, {1}
2bit {00}, {01, 10} {0}, {1, 2
3bit || {000}, {001, 010, 100}, {101} | {0}, {1, 2, 4}, {5}
{0000}, {0001, 0010, 0100, {0}, {1, 2, 4, 8},
1000}, {0101, 1001, 1010} {5, 9, 10}
{000000}, {000001, 000010,
000100, 001000, 010000,
{03, {1, 2, 4, 8 16,
i 100000}, 000101, 001001,
6hit 32}, {5, 9, 10, 17,
001010, 010001, 010010,
18, 20, 33, 34, 36}

010100, 100001, 100010,

4hit

100100}
n-bit -

A, <+ CD(n,z)E nER
2 Class x| d|3sl= Jgoz Aosi)

HelA At 572
2 (3)7 o] e

Class0: CD(n,0) ={0},(n > 1)

3l ClassE &

Hol7h M

aEaoF & Apake 91HE AAM A}
Joll Hol7b whAdslA] efofoF stz (M-1W HAyst
B NHES] mEE T A4 HET 1 A

54 vE Class N9 H§e A4 o=z xds}7)
olFdy Fro

-y te
2
o

Qassl: CD(n, 1) =1{zl2" 'ex, 1 <k<n k=A5)}
Class2: CD(n,2) =

{ale=k+2" "L ke CD(n—z,l)})., (n > 3)}
UCD(n—1,2)

Class3: CD(n,3) =

{J,LL =k+on ke CD(TL*2,2)})., (n > 5)}
UcD(n—1,3)

Class4: CD(n,4) =

{:r|:r =k+2" L ke CD(H*Q,?))})., (n> 7)}
UcCD(n—1,4)

Classm : CD(n,m) =

{xlx =k+on 1 kECD(n—Q,m—l)}>,(n > 2m— 1)}
UcCD(n—1,m)

AR flEiE mEg =g 7 mEd

e = Slofof gt gk gelel A

=
e ASASE YY) GE, A

FERE HEY LEMH £ = 21 Class
The highest class available for codeword bit
number.

kI
[

o
[

Class

101

1010 or 0101

10101

101010 or 010101

1010101

IS oo Do [ D || =

10101010 or 01010101

Z | oo || |0 |w o=




14 UZE HEN YoM HY

E 4. 4H|EZ Q3HE FELREC| ClassE &gt
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Table 8. Power consumption comparison of previous
technique and proposed technique for number
of input bits (500 input data)
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Fig. 4. Comparison of average power consumption for
number of bit lines (number of input data : 500).
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