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STRI

SGM GM

GM with reverse scaled
width and thickness

ol repeater

Typical circuits(2ZNAND+Inv.) SGM wires Global metal(GM) wires
connected with block-size length with module-size length || with chip-size length
(=average long)intermediate(IM) divided by divided by

wires having multiple-stages optimized repeaters optimized repeaters
T, (1/f,, )=TT(gate delay with IM)><(Logic depth)+T(SGM, GM) ‘

T (gate delay with IM)=k,;R;C+k,R:C\,l,, KR WCrl oy tk,RC Iavg
T(SGM’ GI\/I):k5-\7_RLW1CLW1R CTIIongl +k -\/RLWZCLWZR CT'IongZ

|

30%
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eff

Assumptions

CuD.B height = 25nm
Hardmask height = NA
Via height = 110nm
Trench height = 125nm
Minimum L/S = 70nm

Assumptions
Kcupp = 39
K(Hardmask) = NA
K(Via) =24
K(trench) =24

eff = 2.4

DCL.: Dielectric Capping Layer
DPL: Dielectric Protection Layer
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Assumptions

CuD.B height = 25nm
Hardmask height = 25nm
Via height = 110nm
Trench height = 125nm
MinimumL/S = 70nm

Assumptions
Kcupp = 39
K(Hardmask) =25
Kia) = 2.2
K(trench) =22
- = 2.40

Assumptions

CuD.B height = 25nm
Hardmask height = 25nm
Via height = 110nm
Trench height = 125nm
Minimum L/S = 70nm

Assumptions
Kcupp =39
K(Hardmask) =25
K(Via) =22
K(trench) =20

eff = 2.31

45nm node / 2010
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| Calculated based on delay time
B using typical critical path
E 4.0 B Estimated by typical low-k
i - keff=3.1-3.6 materials and ILD structures
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STRI

OW)=P [1+HA/W)[3/4(1-p)+3/2(/ 1-1) T] |

/ P, 19Qcm 300K,
A=3.4>=10-"°cm

W= (cm)
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Resistivity(j€2cm)

STRI

, p=0(complete diffuse scattering)

L PW)(Qcm) Measured
5 " / _ o wire width(cm) - [Eo(LQem) | AlM) [s=—T55Tp=03 — P15 data
J P=0.3 O Measured Cu resistivity SO0E-05|  LOOE+O0| 340E-06|  205|  203]  202]  200] 200E+00
. 200E-05|  190E+00| 340E-08|  226|  221]  219]  214] 2108400
\ / without BM 140E-05|  1900Es00| 340E-08]  242|  235|  232]  225| 220E+00
4 U Updated(May2004) 1176-05|  190E+00| 340E-06|  252f  244] 240|231 230E+00
100E-05|  190E+00| 340E-06|  263] 253  248]  238| 2408400
850E-06|  190E+00| 340E-08|  276| 264  258]  247| 2508400
A 750E-08|  190E+00| 340E-08| 287|274  268]  255| 2708400
3 ATV 7 @) 650E-08|  190E+00| 340E-08|  302] 287  279]  265| 280E+00
e dADZ ARAC2CM L 550E-06|  190E+00| 340E-06  322]  305| 296|278 300E+00
B I I B B 500E-08|  190E+00| 340E-08| 335  316]  306]  287] Non
390E-08|  190E+00| 340E-08|  376| 357 339 314 Non
A 360E-08|  190E+00| 340E-08|  392]  365]  352[ 325 Non
2 — > = 280E-06|  190E+00| 340E-06|  450|  415|  398] 363 Non
P 240E-06|  190E+00| 340E-08|  493|  452] 432 392 Non
p=U.0 WG4 200E-08]  190E+00) 340E-08]  553] 505|481  432] Non
1 resistivity versus IinewidthLeti
e | 3,1
29 | O Experimental results
0 £ O shown at [ITC 2003 p. 133
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Scattering

2.24Qcm  RC Delay

Scattering

=)
=)

RC Delay

Scattering

=)

Cu effective resistivity

=)

Scattering
2.21€2cm

=)

Line length
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WAS

Interconnect RC delay (ps) for 1 mm Metal

1line

191 224 284 355 384 ar7

595

Interconnect RC delay (ps) fora 1 mm Cu

Metal 1 line, assumes no scattering and

an effective p of 2.2 pQ-cm

191 224 284 355 384 477

ADD

Interconnect RC delay (ps) for 1 mm

Cu Metal 1 line, assumes

width-dependent scattering and a

conformal barrier of thickness

specified below

[
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©
(98]
o

ADD

Conductor effective resistivity

(uQ-cm) Cu Metal 1 wiring

including effect of width dependent

scattering and a conformal barrier

of thickness specified below
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w
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Barrier/cladding thickness (for Cu

Metal 1 wiring) (nm) [3]

1o
1o
1~
[}

WAS

Line length (mm) where T = RC delay

(Metal 1 wire)

28

Line length (um) where T = RC delay

(Metal 1 wire) no scattering

79 65 55 46 41 34

28

STRJ WS: March 3, 2005, WG4

14



keff k

YEAR 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009
TECHNOLOGY NODE
DRAM Y% PITCH (nm) 1001 20 | 80 [ L0 | 65 | 22 | X0
Is |MPU/ASIC ¥ RTCH (nm) 1201107 | 95 | 85 | 76 | 67 | 60
Is  [Number of metal levels 9 10 ( 11 | 11 | 11 | 12 | 12
Is | Metal 1 wiring pitch (nm) 240|214 | 190 | 170 | 152 | 134 | 120
[ Was | Interlevel metal insulator (minimum 3.3-13.1-13.1-| 3.1- \
expected) —effective dielectric constant 361361361 36 0 0 0
) : : : :
Is | Interlevel metal insulator (minimum 33-(131-13.1-131-127-127-|2.7-
expected) —effective dielectric constant 361 361361361301 30! 30
) : : : : : : :
Is | Interlevel metal insulator (minimum <30[<2.71<271<2.71<24|1<2.4|<2.4
\ expected) —bulk dielectric constant ) j
Low-k
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STRI

‘Jmax

Inverter circuit (F.O=3)

vdd -Minimum Tr width (Wmin.):
— Cg*Wg NMOS Gate width= (ASIC Half-pitch)x 4

PMOS Gate width=(NMOS Gate-width) x 2
-Tr-width (WQ):

Wg =Wmin.x 8
-Gate capacitance(Cg): from Tables 35a and b
-Wiring length (Li): IM-Pitch x 200

|'<1|: - Imax
| —

4—

Intermediate

L 4

-Wiring capacitance(Ci): Updated keff

Cg*ng—]”i_Wire i
B Fan oyt - @
N=3 Average current density of IM-
i Interconnect J_ ..

= f (Cg*Wg *N+Ci) *vdd/(Wi*Ti)

ITRS2003
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DRAM

/

Table 82a DRAM Interconnect Technology Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009 <contact and via structure>
Technology Node hp90 hp65
WAS |DRAM % Pitch (nm) 100 90 80 70 65 57 50
IS |Contact size(nm) 140 130 120 110 100 90 80
IS [Via-size(nm) 140 130 120 110 100 90 8 | N+----- W/TiIN/Ti
i ; 2 1.00E-07 | 8.50E-08 | 7.00E-08 | 5.00E-08 | 4.00E-08 | 3.50E-08 | 3.00E-08
WAS |Specific contact resistance (Q-cm®) . .
: p+-----W/TiN/Ti
IS |Specific contact resistance (Q-cm”) for n+-Si 3.80E-08 | 3.20E-08 | 2.50E-08 | 2.30E-08 | 2.00E-08 | 1.70E-08 | 1.40E-08
IS |Specific contact resistance (Q-cmz) for p+-Si 8.20E-08 | 6.10E-08 | 4.50E-08 | 3.80E-08 | 3.20E-08 | 2.70E-08 | 2.20E-08
WAS |Specific via resistance (Q-cm?) 1.10E-09 | 9.00E-10 | 7.50E-10 | 5.80E-10 | 5.00E-10 | 4.00E-10 | 3.50E-10 _2006 W/T| N on W
IS |specific via resistance (Q-cm?) 7.00E-10 | 7.00E-10 | 7.00E-10 | 6.00E-10 | 5.00E-10 | 4.00E-10 | 3.50E-10
2007- Cu/Ta on Cu
Table 82b— DRAM Interconnect Technology Requirements—Long-term
Year of Production 2010 2011 2012 2013 2014 2015 2016 2017 2018
Technology Node hp45 hp32 hp22
WAS |DRAM %2 Pitch (nm) 45 40 35 32 28 25 22 20 18
IS |Contact size(nm) 70 65 57 50 45 40 35 32 28
IS |Via-size(nm) 70 65 57 50 45 40 35 32 28
WAS |Specific contact resistance (Q-cmz) 2.30E-08 1.60E-08 1.20E-08 7.70E-09 5.50E-09 3.90E-09
IS |Specific contact resistance (Q-cmz) for n+-Si 1.20E-09 9.80E-09 8.20E-09 6.90E-09 5.80E-09 4.80E-09 4.00E-09 3.40E-09 2.80E-09
IS [Specific contact resistance (Q—cmz) for p+-Si 1.80E-08 1.50E-08 1.30E-08 1.10E-08 9.20E-09 7.40E-09 6.20E-09 5.10E-09 4.30E-09
WAS |Specific via resistance (Q-cm?) 3.20E-10 _ 2.20E-10 | 1.60E-10 _ 1.00E-10 | 7.60E-11 _ 5.00E-11
IS Specific via resistance (Q-cmz) 2.90E-10 2.50E-10 2.10E-10 1.70E-10 1.40E-10 1.20E-10 1.00E-11 8.40E-11 7.00E-11

2003-2006

2007
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110-90nm DRAM
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Low-k CMP
12 MSQ(Spin-on) '. (1.40) \'\(\ ) Hardness(GPa)
" MSQ(Spin-on);improved " 1 ~. 8
10 sioc(PE-cvD) 119 &
g_@ _ PAE Polymer 1|~ S 60}
O < E S
~ 8F o 4 1= = S
3 (1.30) Blanket LLJ S 40
= I cmp A [ 2
38 @® Pass -~ o |
§ o1 10)ntegration | < § o I
o - (0.40) cmP J & >
f=2 (0.60)  Pass !% 0 2 —i
c L i -
5 4 o 1.0 20 30 4.0
>c3 I Blar;l;c_elt ?eMP ] 8 Dielectric Constant : k
1Hu -
2 = .
O Peellng-iff
0
2.0 2.5 3.0

Dielectric Constant : k

K
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CMP ULK STRL

Slurr
Pressure y
= (dP/dt) Preston

. = f(‘ Polishing Pad
Top Ring_ p J dP/dt = K(L/a)(ds/dt)
e | L:
‘g ) _~Turn Table a:

)‘.

: , ds/dt:
e K:Preston

100] Qe OO
I - g ]
r\\\ 80
> |
2 40
” |
' =0 ULK(k1.9) SIOC |
20 =—0— Low-k(k3.0) SiOC
- | | ] _
_ . _ criterion  1E-7[A],@3V,3m{¥ '
ULK 10 0.15 0.20 0.25 0.30 0.35 0.50 CMP Sclatch

Wire Space [um] MetaI/LOW'k
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Inc: 1
Tims: 1.000=+000

M MPa
Ll 0. 070
|| 0. 065
L | 0. 060

= 0.055

0.050
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90nm Node 2004

Homogeneous-type w/o cap

Assumptions

CuD.B height = 50nm
Hardmask height = NA
Via height = 210nm
Trench height = 230nm
Minimum L/S = 140nm

Ef(Cu/Ta)
=150/180

Assumptions

cup) /Ef = 5.0/100

Hardmask) [Ef =NA

JJEf =3.0/3.0-14.0(9.0)

JEF = 3.0/3.0-14.0(9.0)
= 3.24

(
K(
(v

(trench

K
. ( Hav.

Work in Progress - Do not publish

ILD

Homogeneous-type with cap

STRI

Hybrid-type with hard mask

Assumptions Assumptions
CuD.B height = 50nm CuD.B height = 50nm
Hardmask height = 50nm Hardmask height = 50nm
Via height = 210nm Via height = 210nm
Trench height = 230nm Trench height = 230nm
Minimum L/S = 140nm Minimum L/S = 140nm
Assumptions Assumptions
(Cu »5y/Ef =5.0/100 Kcupg/Ef = 5.0/100
(Hardmask /Ef 4.1/70 K Hardmask) /Ef 4.1/70
(V JEf - =2.65/2.0-13.0(8.0) K io/[Ef = 3.7/40
K wencn/EF = 2.65/2.0-13.0(8.0)Krerer EF—= 3
- =3.05 - =354

STRJ WS: March 3, 2005, WG4

27



65nm Node 2007

Assumptions

CuD.B height = 35nm
Hardmask height = NA
Via height = 150nm
Trench height = 170nm
Minimum L/S = 100nm

Assumptions
Ky D.B) [Ef =4.0/80

Ef(Cu/Ta)
=150/180

STRI

Kuig [Ef = 2.8/2.5-13.0(8.5)
Kirenory/EF = 2.8/2.5-13.0(8.5)
Ko = 2.96

(
K(Hardmask [Ef =NA
(

ILD kK Eg

Assumptions Assumptions
CuD.Bheight = 35nm CuD.B height = 35nm
Hardmask height = 35nm Hardmask height = 35nm
Via height = 150nm Via height = 150nm
Trench height = 170nm Trench height = 170nm
Minimum L/S = 100nm Minimum L/S = 100nm

Assumptions Assumptions

Kicup.s)/Ef =4.0/80 Kicuns/Ef  =4.0/80

K Haramasky/Ef = 3.0/3.0-14.0(9.0) K Haramasky/Ef = 3.0/3.0-14(9.0)

Kuia/Ef = 2.65/2.0-13.0(8.0) Kuig/Ef  =2.5/1.7-13(7.5)

Kitrencny/Ef = 2.65/2.0-13.0(8.0)

Kest =2.83

( )av.

Work in Progress - Do not publish
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45nm Node 2010

Assumptions

CuD.B height = 25nm
Hardmask height = NA
Via height = 110nm
Trench height = 125nm
Minimum L/S = 70nm

e
e )

R
S
et SR
TR
s

e
b3 Py ot
e e

e

e L B e
P

Assumptions
Kicupg) /Ef =3.5/70
K(Hardmask) [Ef =NA
(
(

K.via) [Ef
K trench)/ Ef
Keﬁ

2.54

2.4/1.5-12.5(7.
2.4/1.5-12.5(7.

Assumptions

CuD.B height = 25nm

Hardmask height = 25nm

Via height = 110nm
Trench height = 125nm
Minimum L/S = 70nm

f(CulTa)
150/180

Assumptions

Kicup/Ef =3.5/70

K Haramasky/Ef = 2.5/1.7-13.0(7.5
(
(

0 Kuia/Ef = 22/1.2-12.0(6.5
0 Kiencry/EF = 2.2/1.2-12.0(6.5
Ko = 2.40

av.

Work in Progress - Do not publish

Assumptions
CuD.Bheight = 25nm
Hardmask height = 25nm
Via height = 110nm
Trench height = 125nm
Minimum L/S = 70nm

Assumptions
K(Cu D.B)/Ef = 3.5/70

K(Hardmask)/ Ef
F((Via)/EEf

2.2/11.2-12(6.5

STRJ WS: March 3, 2005, WG4

2.5/1.7-13(7.5
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32nm Node 2013

Assumptions

Assumptions
CuD.B height = 20nm Cu D.B height
Hardmask height = NA Hardmask height
Via height = 80nm Via height
Trench height = 90nm Trench height
Minimum L/S = 50nm Minimum L/S

Ef(Cu/Ta)
=150/180

Assumptions

Assumptions
K(Cu D.B) /Ef = 3.0/60

K(cupg) Ef = 3.0/60
K(Hardmask [Ef =NA

Kuig /Ef  =2.2/1.2-12.0(6.5)
tmmMEf:ZZLZJZO®5)

- = 2.31

KiyiayEF

- =2.09

( )av.
Work in Progress - Do not publish

20nm
25nm
80nm
90nm
50nm

K tarcmasio/Ef = 2.2/1.2-12.0(6.5)
= 1.9/0.8-11.0(6.0)
Kroncry/EF = 1.9/0.8-11.0(6.0)

STRI

ILD k E.
Assumptions
CuD.B height = 20nm
Hardmask height = 25nm
Via height = 80nm
Trench height = 90nm
Minimum L/S = 50nm

Assumptions

K(Cu D_B)/Ef =3.0/60
K(Hardmask JEf =2.2/1.2-12(6.5)
/Ef =1.9/0.8-11(6.0)

rench) =

- =2.02

Vla
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Node Cu @

casel case? case3
Low-k
32 nm
5.0
40 * 2 PS|
o
S 3.0 /
o) / / —— Homogeneous w/o HM
B 20 = /| —®—Homogeneous with H
: % Hybrid with HM |
1.0 —=+ 0.5 PSI
0.0 |
40 60 80 100 120 140

M1 (nm)
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Node Low-k casel case? case3
Low-k

32 nm 90 nm
5.0
4.0 4 F2 PS'
o / Homogeneous w/o HM
S 3.0 ~ —#— Homogeneous with HM
0 / / Hybrid with HM
B - Wk
1.0 0.5 PSI
0.0
40 60 80 100 120 140
M1 (nm)
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Low-k @

32 nm 45nm 65nm 90nm
5.0 2.02-2.31 2.31-2.54 2.71-2.96 3.05-3.54

4.0

Keff

keff 2'25 2'3
- CMP,
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Fracture Toughness)
PAR
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