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Äu�þ!§Ý©Ù�Aépëò��K�, JÑ
�«¦)pë�þ!§Ý©Ù�¹e��Àì�`º�
��.. �Ñ
�þ!§Ý©Ù�¹e� RC pëò�)ÛL�ª, ÏLÚ\§Ý�A�ØÏf, �Ñ
�`�\�
Àìº�±¦pëoò��`. �é 90 nm Ú 65 nm ó²!:, é¤J�.?1
�ý�y, (Jw«, ��u± 
Óa�., �©¤J�.du�Ä
pë�þ!§Ý©Ù�A, �\O(k�, �3�ypëò��`��¹ek
�/Jp
�¡¡È�|^.

'�c: �þ!§Ý©Ù, �Àì�\, �`º�,§Ý�A�ØÏf

PACS: 41.20.Jb, 44.05.+e, 44.10.+i, 72.20.Pa

1 Ú ó

�X8¤>´A�º��Øä~�, pëò�
�ì�ò��', ®²¤�>´ò��Ì�Ü©,
î­��X>´5U [1−3]. du>´�SÉpë�
Ý�K��©²w, �X�Ûpë�Ý�O\, Ó
��Ä�pë§Ý�þ!©Ù�A�K�, �Ûp
ëþ��¨&Òò��\Úå'5. �
Uõp
ëò�9�¨ �, Ñy
Nõk�é5�)û�
Y, Xpë°Ý`z!ÜnÙÛÙ�!�?º�`
z!�Àì�\9`z�Àìº���{. ���
«�±k�~�pëò��Eâ, �Àì�\|^
�Àì5©��pë, ~�pë��ÝÚÍÜ>N,
ÏL�Àì¡E> , {�pë>N�\\�A,
±¦pëò��Ù�Ý¤�5'X~� [4−13].

@Ï��Àì�\�ª´3�pëÐ©àÚ
ªà©O�\�Àì, ,
du�pë�>{é�,
ù«�{Ã{-&Òò�����z. Bakoglu[14]

�@JÑ
�«�Àì�\�{^±~� RC p
ë>{é'�´»ò��K�, l
�Ñ
dup

ë�Ý�5O\¤���pëò��²�Oþ. ©
z [15] Ú [16] £ã
pë�©��{, ¦�\�À
ì ���(¹. �Xpë§Ý�A�5�²w,
�5�õ�ïÄm©'5pë§Ý©Ù�Aé�
Àì�\�K�. Ù¥©z [17] 3�Ä�.§ÝF
ÝCzé�Ûpë5UÚ¬N+m'�ÝK��
Ó�, ïÄ
pë©ã�{. ÏL¦^©Ùª RC§
Ý�6ò��., y²��3�.§ÝFÝ�, ©
z [15] Ú [16] ¤J��{®Ø2·^. ©z [18]
JÑ
�«�Ä§Ý��Àì�\�{, ��U?
nþ!§Ý©Ù�A, 
Ã{?n�þ!§Ý©Ù
��¹. �)ûþã¯K, �©JÑ
�«�Ä�
þ!§Ý©Ù�A��Àì�\�`º��., Ú
\§Ý�A�ØÏfé�Àì�º�?1§Ý?
�, l
�y3¢Spë§Ý�þ!©Ù��¹e,
�\�Àì�º��`, l
¦ò��±��.

2 DÚ�`º��Àì�\�.

���Àì�>6°ÄUå���'uÙº
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�, ÏdÏLO\�Àì�º��±?�ÚUõp
ë��DÂò�. �
¦ò���z, �`º��
Àì�\�.I�)û�Ø%¯KÌ�8¥u(
½�\��Àì�`êþ!�`º�±9�Àì
÷pë�Ý��þ©Ù�°( �n��¡. �À
ì�m��`måÚ�`º���½�ó²º�
9pë�üÙk' [16]. (½
�\�Àì��`
må=�(½¤I�\��Àì��`êþ. D
Ú�pë�Àì�\Ï~´3o�Ý(½�pë
þU�må�ª�\�º���Àì, ÏLO��
`pëò��Ñþ���\�Àì� “�`º�”.
ã 1 �Ñ
þ!pëþmå��� n �IO�À
ì�\(��«¿ã9?¿ü����Àì��
�>´ã.

ã 1 þ!pëþmå���IO�Àì�\(��«¿ã
9��>´ã

ã 1 ¤«���>´ã, �Àì°Ä��Ý
� l �pë Elmore ò� τ �

τ = Rd(Cp + CL + c0l) + r0
l

n

×nc0
l

n
+ r0

l

n
× (n − 1)c0

l

n

+ · · · +r0
l

n
× c0

l

n
+ r0l × CL, (1)

ª¥, Rd �ÑÑ>{, CL ��ÀìÑ\>N, Cp

��ÀìÑÑ>N, r0 Ú c0 ©O�ü �Ýpë
>{Ú>N. � n → ∞ �, (1) ªC�

τ = Rd(Cp + CL + c0l)

+
1
2
r0c0l

2 + r0l × CL. (2)

�pëþ#N�\���º��Àì�Ñ\
>N� cin, ÑÑ>N� cout, ÑÑ>{� rs, Kéu
º�� S ��Àì, Ùo�ÑÑ>{ Rd = rs/S,
oÑÑ>N Cp = cout · S, oÑ\>N CL = cin · S.

�\ (2) ª, K (2) ª�C�

τ = rs(cout + cin) +
rs

S
c0l

+
1
2
r0c0l

2 + r0lScin, (3)

Ïd, ü �Ý�pëò��
τ

l
=

1
l
rs(cout + cin) +

rs

S
c0

+
1
2
r0c0l + r0cinS. (4)

dª (4) ��, �

l = lopt =

√
2rs(cout + cin)

r0c0
, (5)

¿�

S = Sopt =
√

rsc0

r0cin
, (6)

ü �Ýpëò��`��(τ

l

)
opt

= 2
√

rscinr0c0

×
(

1 +
√

1
2

(
1 +

cout

cin

))
, (7)

Ù¥, lopt, Sopt ©O�DÚ�pë�Àì�\��
`må9�`º�.

ã 2 90 nm ó²�Ûpë8�zü �Ýò���Àìº
�Úpë�Ý�'Xã

ã 2 �Ñ
8�z�ü �Ýò�Ú�Àì
º�9pë�Ý�'X. Xã¤«, 3�Cpëò
�4��NC� τ/l Ñ�±Cq@��u4��.
Ïd�±3�yò��`��¹eÀJ��Ü·
��Àìº�9��ü�Àì�må, Ø=�±k
�/~�õÑ, 
���N´÷vÙÛÙ���¦.

ã 3 �Ñ
� τ/l = 1.02(τ/l)opt �, ÷vù�
^���|�Àìº�Ú��må��. ¢SþÏ
~ÀJ�\�Àì�º���u�`º� Sopt, Ï
LO����Àì�m�må, �±�yò��`,
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Ó��y$õÑ��¦.
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ã 3 � τ/l = 1.02(τ/l)opt �, S/Sopt � l/lopt �'Xã

3 �Ä�þ!§Ý©Ù�A��Àì
�\�.

©z [15,16] y²
3þ!pëþU���À
ìmå�����`må��¹e�\M�ì�

¦&Òò���, ,
�XA�º��?�Ú~�,
�.9©Ù�5�E,, pëC�Ø2 “þ!”, Ï
dDÚ��Àì�\�{®²Ø2·A. ��±p
ëò���z, éu�Àì�\� �Ú�Àì�
º�Ñk
#�IO, ù
IO3é�§Ýþ�6
u�.�þ!9©Ùépë§Ý©Ù�K�.

ã 4 �Ñ
�ã©� n �°�©Ùª RC pë
���., d Elmore ò��.��, éuü�pë,
Ùò��uz�ã>{¦±Ùei´»þ�¤k
>N�Ú. Ï�pë§Ý©Ù�Øþ!5, z�ã
�pë>{�Ø��, Ù�þ�d r = r0(1+β∆T )
¦�, Ù¥ r0 �ë�§Ý Tref e�ü �Ýpë
>{, β �pë>{�§ÝXê. K�Ä§Ý©Ù
�A� Elmore ò�L�ª�L«� [19]

τ =
∫ l

0

r0

[
1 + β(T (x) − Tref)

]
×c0(l − x)dx

+
∫ l

0

r0

[
1 + β(T (x) − Tref)

]
dx · CL. (8)



n



n


C0l C0l C0l



n
C0l CLn

+

-

Rd
r1l r2l r3l rnl

ã 4 ©Ùª RC pë���.

�Ä�pë§Ý��þ!©Ù, �©JÑ
�
«#�ï��{, 3�±�.måØC�cJe,
Ú\§Ý�A�ØÏf, ?��Àìº�, �Øp
ë§Ý©Ù�Aé¤�\�Àì�K�, ¦�3p
ë§Ý©ÙØþ!��¹e�\�ÀìEU�y
¤��ò�(J�`.

Xã 1 ¤«, ?Àü���Àì (X1 k Ú
1 k+1 ��Àì) ��ë�é�, Koò��©�
üÜ©: pëò�Ú�ò�. Ù¥d Elmore ò��
±éN´/�Ñpëò��

tint =
∫ (k+1)l

kl

r0

[
1 + β(T (x) − T0)

]

×c0

[
(k + 1)l − x

]
dx

+
∫ (k+1)l

kl

r0

[
1 + β(T (x) − T0)

]
dx

×CL, (9)

�ò��

tgate = Rd(Cp + c0l + CL)

=
rs

S · sk
(cout · S · sk

+c0l + cin · S · sk+1)

= rscout +
rs

S · sk
c0l +

rscin

sk
sk+1, (10)

ª¥ sk Ú sk+1 ©O�1 k �Ú1 k + 1 ��Àì
�§Ý�A�ØÏf. Kd1 k ��Àì�1 k+1
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��Àì�oò��

t = tint + tgate. (11)

éá�§ (3) Ú (11), )�1 k + 1 ��Àì�§Ý
�A�ØÏf sk+1�

sk+1 =

rscin +
(rs

S
− rs

S · sk

)
c0l + r0lScin +

1
2
r0c0βTref l

2 − (k + 1)r0c0βl
∫ (k+1)l

kl
T (x)dx + r0c0β

∫ (k+1)l

kl
xT (x)dx

rscin

sk
+ r0lcinS + r0βcinS

∫ (k+1)l

kl
T (x)dx − r0βTref lcinS

.

(12)

±1���\��Àì�å©ë�é�, �Ù§Ý�A�ØÏf� 1, = s1 = 1, K�±ÏLþã4í
L�ª (12), í�Ñ?Û��§Ý�A�ØÏf. ÏL§Ý�A�ØÏf, �±?�pë�Ý��þ?¿�
��Àì��`º�, = Sopt k+1 = S × sk+1, Ù¥ k = 1, 2, 3, · · · , n − 1, l
¦z��\��Àì��ý
�¿Âþ��`º�.

Ó�, e±�����Àì�å©ë�é�, � sn = 1, K1 sk ��Àì�§Ý�ØÏf�

sk =
[
rsSc0l + rscinsk+1

]
×

{
rscin +

rs

S
c0l + r0lScin − r0β

[
(k + 1)c0l − cinSsk+1

] ∫ (k+1)l

kl

T (x)dx

+
1
2
r0c0βTref l

2 − r0l(1 − βTref)cinSsk+1 + r0c0β

∫ (k+1)l

kl

xT (x)dx
}−1

. (13)

�â (13) ªÓ��¦�pëþ?¿ ���Àì
�`º�. dupë§Ý©ÙG�Úò����',
å©ë��Àì�ÀJØÓ, ����`º���
Àì�\�J�ØÓ, ÏdI��âäN�pë§
Ý©Ùª³, ÀJÜ·��Àì��ë�é�, |
^L�ª (12) Ú (13) �±íÑ?¿�Àì��`
º�.

4 �ý�y

b�pë§Ý©Ùþ!, � T (x) = Tref , KL
�ª (12) �z{�

sk+1 =
rscin +

(rs

S
− rs

S · sk

)
c0l + r0lScin

rscin

sk
+ r0lcinS

. (14)

dupë§Ý©Ù??��, � s1 = 1, K�í�
Ñ s2, s3, · · · , sk �� 1. ò sk = 1 �\ (14) ª�
� sk+1 = 1, Ón, éuL�ª (13), 3 T (x) = Tref

�, �z{�

sk =
rs
S c0l + rscinsk+1

rscin + rs
S c0l

. (15)

Ó � � ± í � sn, sn−1, · · · , sk+1 Ñ � u 1, Ï
d sk = 1.

dþãí���, 3pë§Ýþ!©Ù��¹
e, �\�Àì�§Ý�A�ØÏf�� 1, ù�D

Ú�Ø�Ä§Ý©Ù�A��Àì�\�{�(
J��.

�pë§Ý��þ!©Ù�, Ï~÷v�ê©
Ù½�5©Ù [19−21]. b��U�o«pë§Ý©
ÙXã 5 ¤«, Ù¥§Ý©Ù 1 Ú 2��ê©Ù, 

§Ý©Ù 3 Ú 4 K��5©Ù. Ó�b�pë��
p§Ý TH � 130 ◦C, �$§Ý TL � 110 ◦C. |^
L 1 �Ñ� 90 nm Ú 65 nm ó²e�'ëê [22] 5
�y¤J�.�k�5.

L 1 90 nm 9 65 nm ó²�'ëê

ó²!: 90 nm 65 nm

ü �Ýpë>{ r0(Tref ) 36.7 kΩ/m 40.7 kΩ/m

ü �Ýpë>N c0 260 pF/m 228 pF/m

�ÀìÑÑ>{ rs(Tref ) 12.4 kΩ/m 10.0 kΩ/m

�ÀìÑ\>N cin 1.14 fF 1.01 fF

�ÀìÑÑ>N cout 1.62 fF 1.39 fF

�.må lopt 2.3 mm 1.9 mm

�Àì��`º� Sopt 238 202

3 90 nm ó²e, �pë�Ý� L = 13.8 mm,
±1���Àì�å©ë�é�, = s1 = 1, K�
\�Àì� ��§Ý�A�ØÏf©ÙXã 6
¤«.

Xã 6 ¤«, 3pë§Ý©Ù�ã 5 ¤«�§
Ý©Ù 1 Ú 4 �,§Ý�A�ØÏf�é~���
²�. 
�pë�§Ý©Ù�§Ý©Ù 2 ½ 3 �,
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§Ý�A�ØÏf±Cqu�5ª³4~, Ù4~
ª³�é�¯. =3pë§Ý©Ù 2 Ú 3 ��¹e,
¤I�\��Àì�o¡È'pë§Ý©Ù 1 Ú 4
¤I��Àìo¡È�. ±§Ý�pà��Àì�
ë��ÀìO�§Ý�A�ØÏf, �±k�/!
��O¡È.

ã 5 pë§Ý��þ!©Ù

ã 6 90 nm ó²e�\�pë§Ý��þ!©ÙÀì� 
��§Ý�A�ØÏf©Ù'Xã (s1 = 1)

�±�����Àì�å©ë�é�, = sn =
1 �, �âã 5 �Ñ� 4 «§Ý©Ù�¹, � L =
11.7 mm, ã 7 �Ñ
 65 nm ó²e�\�Àì�
 ��§Ý�A�ØÏf©Ù'X.

�Xó²Y²�ØäJp, pë§Ý©Ù�5
��Cu�5©Ù. Xã 7 ¤«,§Ý©Ù 2 Ú 3 �
~�C, 
§Ý©Ù 1 Ú 4 �AC­Ü, Ïd�±
d�5©Ù5Cq�Opë§Ý�ê©Ù, ±ü$
¦)§Ý�A�ØÏf�O�JÝ. dã 6 Úã 7
��, �pë�§Ý©Ù÷&ÒDÑ��O\�,
A^ (13) ª¼��(J��n�, 3�yò���
��¹e�±k�/!��\�Àì�o¡È; 

3pë§Ý©Ù�O\ª³ÚDÑ&Ò����
��, KAæ^ (12) ªO�§Ý�A�ØÏf, ±

�y�¡¡È��k��|^.

ã 7 65 nm ó²e�\�Àì� ��§Ý�A�ØÏf
©Ù'Xã (sn = 1)

�c��Àì�\Eâ�U�Äpë§Ý�
�þ!©Ù�A, Ïd�Ñ��Àì� “�`º
�” ¿��`, dd���ò��Ø´��, ¢S
(JÚO���3�½�Ø�. L 2 �Ñ
 90 nm
Ú 65 nm ó²e, �pë§Ý©Ù�ã 5 ¤«�o
«ØÓ�§Ý©Ù�, ¦^DÚ��Àì�\�{
�Ñ�pëoò�Ú�©¤J��Àì�\�{
�Ñ�pëoò��é'.

dL 2 �êâ¤«, du�©¤J��.\\

§Ý�A�ØÏf, pë§Ý©Ù�Aéò��
K�� “£�” ��\�Àì�º�þ, ÏL§Ý
�A�ØÏf, �Àìº���
ý�¿Âþ��
`, Ïd3�\²L?�º����Àì, pëo
ò�����. 
DÚ��Àì�\�., duv
k�Äpë§Ý�þ!©Ù�Aé�Àì�K�,
�?1§Ý?�, ¦�¢Spëoò��pu�`
ò�, ���O�Ø�. lL 2 �êâ¥�±wÑ,
�©�.du�Ä
§Ý�A, ¦��Àì��`
º��u��Ä§Ý�A���Àì�`º�, !
�
�¡¡È, �ü �Ýþ�pë§ÝFÝ��,
�\�Àì��`º���, �Àì�\o¡È�
��, �±pëp§à��Àì�ë��Àì�,
¡È��k��~�, 
ò�~�þ%�u±$§
à�Àì�ë��Àì��pëò�~�þ. �X
A�º��~�, ë��Àì�ÀJ3¡È!�Ç
þ�`³úú��, 
ò�`³ØC. Ïd3A�
º����, Ï~ÀJ$§à�Àì�ë��Àì,
±¼��Ð�ò�A5.
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L 2 90 nm Ú 65 nm ó²e�©¤J�.�DÚ�Àì�\�.�é'

90 nm ó² (s1 = 1) 65 nm ó² (sn = 1)

DÚ�` DÚ�`
§Ý©Ù �©¤J

º��À
�éò� ¡È!� �©¤J

º��À
�éò� ¡È!�

�./ps Ø�/% Ç/% �./ps Ø�/% Ç/%
ì�./ps ì�./ps

§Ý©Ù 1 522.64 533.15 2.01 9.35 368.15 375.55 2.01 36.70

§Ý©Ù 2 522.64 533.80 2.14 15.17 368.15 376.01 2.13 36.51

§Ý©Ù 3 522.64 534.20 2.21 15.64 368.15 376.29 2.21 36.50

§Ý©Ù 4 522.64 533.55 2.09 9.78 368.15 375.83 2.09 36.69

5 ( Ø

DÚ��Àì�\�{vk�Äpë§Ý©
Ù�Aépëò��K�, {ü/@�pë>{?
?��, Ïd�Ñ�¤k�\�Àì��`º��
�, ¦�¢Spëò�¿��`. �©3©Û RC
pë Elmore ò��.�Ä:þ, \\pë§Ý�
þ!©Ù�A, (ÜDÚ�`º��Àì�\��
{, ïá
�Äpë§Ý©Ù�A��`º��À
ì�\�.. ÏLÚ\§Ý�A�ØÏf, �Ø

pë§Ý©Ù�Aé�Àì�\�{�K�, ¦�
\�Àì��pëoò��±�`. d�{�± 
��Àì�\�{�', òpë§Ý©Ù�AÏL
§Ý�A�ØÏf=£��Àì�º�þ, 3�y

ò����Ó�, (�
�¡¡È�k�|^. �
ý(JL², ù«�{´O(k��, ����«
¦)�Àì�`º��k�Ãã(Ü�p5U8
¤>´�O�¥. 3¢S�O>´ÐÏ, ÏL¦)
pë§Ýé�\�Àì��`º��K�, À�?
upëp§à��Àì�ë�é�, O��Ñ��
pëþ�\�¤k�Àì�`º�, ¿?1�[�
ý±��¢S)�. ÏL�©�.�A^�±�\
k�/`zpëò�, ¿~��\�Àì�o¡È,
l
Jp>´�O�þ. �Xó²º��?�Ú~
�, pë§ÝCzª³FªE,, \��\�Àì
�êþ�5��, ¦�O��Çk¤eü. �Oö
Ï~�3�y°(�pë§Ý©Ù�cJe, æ^
{ü�§Ý�.©ã[Üpë§Ý©Ù­�5)
ûþãØv, ü$O�JÝ, Jpó��Ç.
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Abstract

Based on the influence of nonuniform temperature distribution on interconnect delay, an analytical model to estimate the optimal

size of repeaters inserting RC interconnect is presented in this paper. In the proposed analytical model the temperature distribution is

taken into account and a temperature correction factor is introduced to modify the repeater size and obtain the optimal interconnect de-

lay. Adopting parameters of 90 nm and 65 nm process technology, the proposed model is compared with the model without considering

the temperature distribution. Results show that the new model is more accurate and saves the repeater insertion area with maximum

values of 15.6% and 36.7% in 90 nm and 65 nm technology, respectively.
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