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Abstract

In this paper, the dependence of interconnect line~induced delay time on the size of CMOSFET
gate width is characterized. In case of capacitance dominant interconnect line, the total delay time
decreases as transistor size increases. However, there exists a transistor size for minimum total
delay time when both of resistance and capacitance of interconnect line become larger than those
of transistor. The optimum transistor size for minimum total delay time is obtained using an analytic

equation and the experimental results showed good agreement with the calculation.
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Table 1. Key interconnect and device para-

meters of 0.18um CMOS technology
used for experiments.

Process Key Parameter
Metal 1 Line width/space 0.23um/0.23um
Thickness of Metal 5250 A
Thickness of IMD
(HSQ+PETEOS) 45004 +3500A
NMOS/pMOS Saturation
Current 600/280u
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Fig. 1. SEM photograph of 6 level metal
interconnect structure.

eI E gllold] vehh= A EA e
a7 28 Ao] & IHE FFZ 5 Utk F Az
gplt QARE 2el ApelellA] Mbshs AEE A
WA Co), Al AHAE 2Rt 7|3 Alelel] &)
st EAYE 2Rle] WA wlHshs AdAG
(Ca) JEANE 2R Fringing HAAE~
(Cr), A3 QAEFHME 2ila) 49| o] Qe E
glelAlolof 4] ubAlsl= Crossover AFAIEA( C,)
ToR A

=1
=



20004 11 EFIREHGE

Metal 2

TG

C;

T Tea

Silicon substrate

a7 2. 5 widells} Al AR
Fig. 2. The schematic diagram of interconnect
{ines.

AEiAYE #lql Aol 2igt RC AjedAzt o
EAHME 2lelat MOSFET AAb AFEzE A3k 9
g AdA7ke A S NMOSS PMOS2
o A% Ouel Hele] @ AaHlEE o
33} zho} PAIslr) SlEAME =helg ke Al
BlEle] NMOS2 PMOSS Alele %o} wl& 1:2
(NMOS : PMOS)Z sl o, 27} &g 1/2,
2/4, 510, 10/20, 30/60ms splitdlsict olefgt
sjele} QIelAVE el g

=
A28

F1ERE 2% 44
vepligicl 2% 404 2RHNMOS, PMOS)2] Al
olE F(Wiiell Tl AE-E Al On A H¥E
(R Alole AA R AR (Cp)oleh o714

224} Ry Weell dlfealt, Cp 2 Woell #
digiet ofefdt B 4] Ry ¥ T,ﬂ lei7

e zlelel #jg) 1) ARAEA A
slo} A3 RC AQARECR vpez] wjel 249
Weell ah} RC AdAjte] #Havge] 2lshe ddl
27 Apgaiel,

hwirter

o zka

I erconnecﬂo\ad

l

I

- 4.]”! ik

0% 3. 3 24l AR
Fig. 3. Multi-stage ring oscillator with identical
interconnect load.

£ 3% SDIR £ UK

[
L

28 4. JeiAYE 2ale iR

Fig. 4. Equivalent circuit of the interconnect line.

T C’(‘r & wG

Aufe} Alolol AR QEAYE B 2= ¥
59} ol ¥ 7k e PSRt 18 Sa)e
Comb¥ Tz olejzpde eiqle] sfufAleds AR
{ Cprdvte] QeiAME 2lgle] oigh A7k} 2}
2 AeErz A=Y 2 combd FaE
nmulti fan-outiAE g Zlow UMe AklE
Adsh= el 2jel(alg a]l) of 7'017} 80um

ol o} 7ol %olsl qlejAdE elilEe WHE )
#&}od, capacitance d¥uo] ABAZ QAE AL
52 AdAslglel Wb ¥ 5(b) Serpentine®

Tz eAUE 218 A (Rup) B AR
BE (Cpp)el RC AQAES] A2 25 Ahgshe
2 A% Feolch % Combd Faold $Ho8
2AR A AE Sels) FdF 1A Y 2ol
2 72 QEAME s dag de dds

Interconnect

Ground line

Interconnect

{a)
Qe e lale] dlaE TR (a) comb¥
T3 (b) serpentine® &
. Schematic diagrams of interconnect load
test structures. {(a} comb test structure (b}
serpentine fest structure



1 0.18 gm CMOS Technologyell+] QelAUE ahele)l 23t zjedA|7ke] Ao E Zof chgh 2

aAnje] Aelell Akalsldel =t Serpentined &
= Combd Tz £U% WA g Zo)E zhe ]
AdE 2]l FRO|BE Cpr AES THIAE,

serpentine® 2] AlsEiel Zol: combd -3
oA Aoz waE QEAYE 2iklEe] F §}F
Zol3lu 2 serpentine® TRl RupAdEe] F
7FR2 QP E 2iqle] A|AX7ke] lxlZ ARgsi)
Comb® %  serpentined %2 Zole 7z
0.96, 1.92 2 283 mm= splitdlick

—~

3000

T T 3
—B— VDD=1.4V
2500 | -—-0— VDD=1.6V _
—A—VDD=1.8V § **
_ —y—VDD=2.0V >
@ 2000 H bt
e 20
,g 1500 | o
>
s
]
a 1000 +
LT S N O
0 P 1 ety i T‘
0 10 20 30 40 50 60
Inverter Size {(NMOS + PMOS) {um)
(a)
3000 -
—— VDD=1.4V
2500 —0— VDD=1.6V B
—o—VDD=1.8v § **
2000 | —v—VDD-Z.OV{ 700]
A i
a 000
4 -
E 1500
]
g
F 1000 |
=]
500 e
o}

2 ) s 1
20 30 40 50
inverter Size (NMOS + PMOS) (um)

Q

(b)

T8 6. VDDHs}el| whZ rp-inverter size Z(In-
terconnect length=2.88mm). (a) comb, (b)
serpentine 7-3-

Delay time versus the repeater width from
(a) comb and (b) serpentine interconnects at
the four different supply voltages of 1.4V,
16V, 1.8V, 20V, respectively (Interconnect
length = 2.88mm).

Fig. 6.

3% 60 combd 9 serpentined e ©
3 TFHN V)& W3

A3hA)71HA el FERe
449 F Wl 2 A AQAZ, 1,0 247t

Z =1
E4 +A

2 velligdel 19 6(a)e combd #2329 W

=3 ARZ Wi 7t ZHE = 7taske B4
S veRdth Combd 729 A ol d3ke vl

e AEL AHAYE 219 Cpr Wt 2Hg3RH,
Wa 7b 37185 dWEle] AR FEsdo] 718t
71 Wl Cpr & sl
(discharging)3hs &%7h WepA B2 ol2lgt £l
vepdel 18l 22 combd e o] AHAIRIA
Aol F2 vehls dEAYE ekl g M
Ele] 2717} ARGE AAAzle] ¥t

% 6(b)x= Serpentine® FFolAe] ,-W A
A2 JeAYNE 219 Rpyr®t CnpdE 7
AAZke g AHg3lm, AMEe] AF 5
ollz}l AAke] ONAE & AP|E AL 1,
off g mR7] wiiel AHE =zl WE o, =
comb HAE Fze] Aok o} E4L nalch
Z Transistor® @77} 2718 wel o, 7} 74E
i EdX| 2~ Z27)17F 10/20pm(NMOS+PMOS=30
mTHM  HAghe g o oY =lee
Transistor 2717} Z7BIA% 1 7F ZRsiA] 9o
238 FvPhe 548 Btk webd Chipd) 33
=5 FolHiA JEAYE o] A& AAA7kE F
4331l Chipe] FH&E=E Hulz 3] Haix=
EAR|2Ee] /)5 A} ke 7ol Fesch o
+ 2 Ye= JeAEE 2Zle g AAAZRE 3
MR og AXsta HAe| EfX2E =75 At
sk

dub ez JeAHE 2]le] RC
o} AelE A £33 e
i A (D3 o) Fofaih?,

1.
T

Z=H(charging)

A

BH
R

R ed A2z} Az}
g oAl¥elE] 9]

Tp =04R ), Cprr +0.7(Roy Copr + Ry Cy ) (D

A
Ly

7)1 Ciwr, Rar & 27 JEIAYE. 2)9le] s)s)a)
HAF) 2 ARHQ)IE dehls, Ry Al &
AEHQ), Cr& 221 AlolE AAARAF)E et
Wek A (DM Rwe Weell dblRIske, ¢f 2
Weoll BlEIst] Rurdt Cure Lol 42} Hlejsloz
A (D& QEAYE 2lde] L &rle] Alols =
(W)l 2 A (2)9) o] 389 = 9lon,



20004

T) =0.4R; Cpy L’ +0.7R Crpy LW +0.TR,, Cr LW,
(2)
Al (2% A ) Fo] oS idsbA ZAE 5 3

1, =CL +C,LW; +C,LW, (3)
714 Ry &b Cur v QEIAYE 2l]le] ohg] 2

olet A&z} SAAARAAE e, Roy & Cpn'
ZA) Dol A MAAEAE vehiin, C
& 0.4Rnr'Cwr’, Coe 0.7TRoy' Car’ 1BAL Cai
0.7Rwr Cive’ 3 el

Al (3)9) AL QEAYE =lkle] e AHAE
22 A &R o Az deAYE
2hale] AAAZRE Al el = lvhs Ao,
C, Co G 3R AQANE o83l =28 +
olon] & whle FHolld AHAE] A=siach
AAANE 2ale] A A¥ute] T2 283}
= Combd FZME Rpur€ Ry, Car> Cr 012
2 A E the A (@)e} 3ol zheds] el 5

AUk
T, =C,LW,' 4)
= QEAYE 2]le) AAARs o] FE et

s FEolAE 4] ()3 o] HA| A|dAzte] Aol
E Zof bR o F leH ol 13 6t
7o) AgAetT YAt

JeIAE zRle] At ARARLTL B AL
she Tl AL AolE ol tidt &L
BAsl7] A A (3)F Wedl IR viEshkd A
(5)eF 2,

dt, Gl

aw W

W +C,L

)]

rp7h Havt e Woons Al (6)2F 3Fo] 73 Aok

W, - & — RVONC}NT
“rNC N RmCh

(6)

Al (6)= dEjAYE =hald] 3 x|dAzke] FHAv)
H EdAge] =712 oulsty, A C),

117 BFLBEHLH

(889)

$37% SDE % 11 %

Ca, C; B 731 serpentine® 7FEN] 7} #HA: o
7b == WGE AR # ek A @6 A 6%
dfolsbd A Al & A (D3 el Falich

TD.min = 04R}NTC;NTL2 +1.4 ) R’ONR;NTC}rC}W L

Al 8 a8 1@l L 2 EE o]8sled
A4 78 4 3k & Comb 3 QIEAYE 3}
739 AAA7RE A (4)9} o] FHFHERE - L

e

17504

vDD =12V, 1419L
VDD =14V, 1123 L
vDD =16V, 97.2L

¢ed4dpeon

n 1250 VDD =18V, 854 L
k3 VDD =2.0V, 774 L
[

£ 1000;

=

g 750

[

o

" n

4 6

A

10

Interconnect Length (mm)

(a)

T

VDD = 1.2V, 35.8°+183.5L
VDD = 1.4V, 36.10+134.7L
VDD = 1.6V, 36.20+111.1L

o4 b 0w

w4000 VDD = 1.8V, 36.3C+96.7L

2 VDD = 2.0V, 36.15+91.8L

(3

£ 3000 :
Fo)

L]

8 2000

A 1 ' .

3 4 5 6 7 8
Interconnection Length (mm)

(b)
J8 7. VDD i3l m&
1% (a) comb¥3 (b) serpentine 75
Delay time versus length of interconnect
(L) with (a) comb and (b) serpentine inter-
connect at the five different supply
voltage.

2 s 10

rp-interconnect length

Fig. 7.

aRze] AE€Ae G/WeE oviFlEg Wed 94
3 G5 A T8 5 dow, vpEsiel &
G#E E 2¢ deplisich Asd o3 e
Serpentined 7% rp-L ZAZE 0|83l Al
T8 4 stk & 2% 7(h)9) serpentined® FE2



6

oL 2 EZE 2% @52 2AKfitting)3F oL’
+ AL} 7o) @I 4 glow o]F A (3)¢] wigl
slo] A 3 B AL 5 ok & LU Ee AR
e= A= AEl co|al LEe] A e G+ G
o]r& Combd FEE |83l ¥’ C, gk W 3k

Cyabo] "Hel TG vy, skl wE Ard
Cy, Cy, C3oF Wo 3H& E 20 viehliglelh

ol

IT
ar

olgste) 23 A

2. FAAR wHEE
= repeater size®] Look

A QA 2k
-up table
Table 2. Look-up table for extracted optimum

repeater size by analytic method.

Ao

Ci(s/M?) Gl Clsim?) | VC,IG
V=14V | 361%10° 5615107} 448%10"* | 11.24m
Vor=l6V | 362%10° [486.0>10 | 27810 | 1324m
V=18V | 363x10™ |427.0x10 | 2.26x10° | 137um
Vop=2.0V | 361%10° [3870x10°"°| 2.88%107 | 116¢m

Al (2)~6)F o837t #4142 M Ztet comb
2 serpentine® TZellA] g, ZARE HE
3le] 2% 8ol vehliglcl F 7E|9) QlejAYE =)
ol FFol el AAQ A upHI A A A
o AxFe & 4 gtk Wk EAHYE F]ld|
el o=z 1 E HAIE 5 olve HAEE EA
AxEe] == Al @) & 4E e 4]
(BG)e AT ol83hd XAAZRE  FHAs|elA
Chip density® ¥ 4 o= WS & 4 9ok 4
£ Bol, A ®)A deANE A3 xe AR
27} 20 9% ARAgebd A 2GRz @R o]
o EfR|2Ele] Eg AR Aol o 2R #E
viepdch webd dAgE 2|QAAZRE §A1sPEA Chip
ol AAEE Fol7] Yalde AEAYE =gl
Agrch= A A ARl Aol AR
Hrhe Mg Eole o] niREE & 4 9tk
gl A28 CMOS 71&g /e o ol

g 3%
=

BAE
=,

= 7lEA ARAE Z+ IMDUnter-metal
dielectric)& 2= Zo] Hashy, 4z Afole

TEAFE FAEhAM RS e o] F8

sk,

0.182zm CMOS Technologyoli4] QIE|AYE zjglell 2]&h 2jdA1zke] Aol Fof g} o&A

(890)

4 ik S
2000 T T T T T T T T T
Line : Analytic results
1500} Scatter : Experimental results
e — & Length=1mm
a — @ Length=2mm
[} === &  Length = 3mm
E 1000}
>
5
[]
=]
5001
0 NN T ri 1
1] 2 4 6 8 10 12 14 16 18 20 22
Repeater Size(NMOS)(4#n )
(a)
200011 Y T T T T T T T
Line : Anaiytic resuits
1500f Scatter : Experimental resuits B
E O Length = 1mm
o —= O Length =2mm
E w5 Length = 3mm
s 1000 1
P
&
[
o
5001 .
L P W,
—
o - I 1 L L ' J. 1 L L
1] 2 4 6 8 10 12 14 16 18 20 22
Repeater Size(NMOS)(/m )
(b)

%! 8. -repeater size 23 (a) comb (b) serpentine
TE, A i A w vla

Fig. 8. Delay time versus the repeater width
from (a)comb and (b) serpentine inter-
connects at supply voltage of 18V.;
Comparison of optimum repeater size as a
method of analytic and experimental.

V.2 E

AHAYE 2hls FEsH= CMOSAAY] AlolE
Zo] wisle) ule} JEJAHYNE 2jlel| 2J3F RC =|odA
Zbo] o BAE HolAld] sl EAsgir) <
HAYE 2lale] AAA ARule] FE vehl=
FxoME MOSFETS =717} AASE x| 3=
o 7t Fhashe B4 vyt 9 QEAYE )
Qo] A 4 Al Aie] 2xke] A 2 s
Aiuc g4 Zrlshs AAYE #lal 32
olde AA 329 7} Hi)b == MOSFET =
717} ENFE FAA SR Ajbsta AgA e} vlma}
of a2 wrg-o ZHalelrl. wehd Chipd AAzE

Al




20004 11A EFILBeH

ol AEAUE ool gt A HAis
3l Chip®] SH4ES Hz a7 gale =4
AzEle] @7l HA% s Aol FashH o ol

b dgeiddde 538 2= IMDnter-
metal dielectric)E 2+ Zlo| Ho3, Azl 79

o FEARE FASEA Sadske dEE Sol
Faskeh

ild]

b

rak

Mo

[1]S. Y. Oh and K. J. Chang, “2001 Needs
for Multi-Level Interconnect Technology,”
IEEE Circuit & Devices, pp. 16-21, Jan.
1995.

M. Miyamoto, and

[2] T. Takeda, T.

Furusawa, “High-Speed and Low-Power
Interconnect Technology for Sub-Quarter-
micron ASIC’s,” IEEE Trans.
Devices, vol.44, no. 2, pp. 250-256, 1997.

D. H Cho, Y. S. Eo, M. H. Seung, N. H.
Kim, J. K. Wee, O. K. Kwon, and H. S.

Park, “Interconnect Capacitance, Crosstalk,

Electron

and Signal Delay for 0.35m CMOS
Technology,” in IEDM Tech. Dig., pp.
619-622, 1996.

[4] H. D. Lee, M. J. Jang, D. G. Kang, J. M.
Hwang, Y. J. Kim, O. K. Kwon, and D. M.
Kim, “Characterization of Crosstalk-Induced
Noise for 0.18 mm CMOS Technology with
6-Level Metallization Using Time Domain
Reflectometry and S—Parameters,” in IEDM
Tech. Dig., pp. 905-908, 1999.

[5] AEF, elald, 7, “RC  Time
Delay of the Sub-
Quarter-Micron VLSI Circuit,” Al 53] 3=
QlE 4 S5ti3(The 5th Korean Conference
on Semiconductors), pp. 265-266, 1993

H. D. Lee, M. J. Jang, D. G. Kang, Y. ].
Lee, J. M. Hwang, and D. M. Kim, “Real
Time On-Chip Characterization of Time
Delay Arising from Multi-Level-Metalli-
: Decoupling of Pure Charging and

°]198%,

in

Interconnection

[6]

zation

=+
s

(83D

#37% SDIR % 11 %K

[7]

[8]

[9]

[10]

{11]

[12]

Drift-and-Charging,” in IEDM Tech. Dig.,
pp. 287-290, 1998.

S. Takahashi, M. Edahiro, and Y. Hayashi,
“Interconnect Design Strategy : Structures,
Repeaters and Materials toward 0.1
ULSIs with a Giga-hertz Clock Operation,”
in IEDM Tech. Dig., pp. 833-836, 1998.

T. Sakurai, “Closed-Form Expressions for
Interconnection Delay, Coupling, and Cross—
talk in VLSI's,” IEEE Trans.
Devices, vol.40, no. 1, pp. 118-124, 1993.

H. D. Lee, and Y. J. Lee, “Arsenic and
Phosphorus Double Ion Implanted Source/
Drain Junction for 0.25- and Sub-0.25-im
MOSFET Technology,” IEEE Electron
Device Lett., vol. 20, no. 1, pp. 42-44, Jan.
1999,

D. K. Sohn, J. S. Park, B. H. Lee, J. U.
Bae, K. S. Oh, S. K. Lee, J. S. Byun, and
J. J. Kim, “High Thermal Stability and
Low Junction Leakage Current of Ti
Capped Co Salicide and its Feasibility for
High Thermal Budget CMOS Devices,” in
IEDM Tech. Dig., pp. 1005-1008, 1998.

M. K. Park, H D Lee, and M. J Jang,
“Characterization of Channel Width Depen-—
dence of Gate Delay in 0.18 ym CMOSFET
Technology,” IEEE Electron Device Lett,
vol. 20, no. 10, pp. 498-500, Oct. 1999.

H. B. Bakoglu, Circuits,
and Packaginh for VLSI, Addison-Wesley
Publishing Co., 1990.

Electron

Interconnection,



3 0.18 zm CMOS Technologyellxl QlEAE afeloll ot xdA7ke] Alo|E Zof gl 924 B4 e S

X X2 7 S—

ZF BE ROE®RA)

19674 49 1594 d5asbiedd
A7) o Axbgets $aK1990), 4
2H1992), BHrAH1996). 1993+ 94 ~
24 A, FHAAHE LGakEA) #2
shafal 19979 19 ~3A), @) Bl A Agldrd. 199661~
AAHE LGRK=A) wlwe] oA 19999 0.35, 0.25, 0.18um CMOS
2 Fdeded 19974 ~1999% 0.25, 0.18um CMOS 7k 1999\ ~&=, 0.15um CMOS technology 7Y
it 1999 ~&A A, 0.15um CMOS technology 7H "l Aelxl FHAlBok: Ak CMOS 4R}, Inter-
ul ZAlEok: Interconnect lineol] 2J3F x| X7k connect lineel 213 #|<dA|ZF L Crosstalk

A CMOS 42F, CMOS o271 3] 2 A

3R & #HOEER)

1970 24 644 1998 3¥~
199540 29 Awddiste Az
&t kAl 1995 39 ~19974
24 Addsta Axlgst 3

(892)



