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EiREYFOREL

Commercial Pitch Trend Update

STR)

Node| Company M1 Min. IM | Semi-global | Min.Global |Global/IM rati]f Reference

130 IBM 320 400 - - - L.K.Han, VLSI2000,p.2

(2001) Toshiba 320 400 800 2000 5 H.Yoshimura, VLSI2000, p.144
Fujitsu 360 400 600 1600 4 Y.Takao, IEDM2000, p.559
TSMC 340 410 - 900 2.2 K.K.Young, IEDM2000, p.563
Intel 320 400 - 800 2 T.Schml, VLSI2001, p.101

90 Toshiba 240 300 600 2000 6.7 K.Miyashita, VLSI2001, p.11

(2003) Motorola 240 360 540 840 2.3 S.Parihar, IEDM2001, p.249
Mitsubishi 240 280 560 1400 5 K.Tomita, VLSI2002, p.14
TSMC 240 - - - - S.M.Jang, VLSI2002, p.18
Inf./IBM/UMC| 240 - - - - T.Scafbauer, VLSI2002, p.62
NEC 240 280 560 - - K. Fukasaku, VLSI12002, p.64
Fujitsu 260 280 560 840 3 S.Nakai, VLSI2002, p.66
Intel 220 320 400-720 1080 3.4 C.-H.Jan, 11ITC2003, p.15

65 Toshiba 180 200 400 2000 10 M. Kanda, VLSI2003, p.13.

(2005) NEC 180 200 400 1600 8 Y.Nakahara, IEDM2003, p.282
Fujitsu 180 200 400 800-1600 4-8 S.Nakai, IEDM2003, p.285
Intel 210 210 330-480 1080 5 P. Bai, IEDM2004, p.657

45 Fujitsu 130 140 280 - - I.Sugiura, I11TC2005, p.15

(2007) Toshiba 130 140 280 2000 15 N.Matsunaga, 1ITC2005, p.6

75%/2years M1x1.1-1.2 IMx2.0 IMX%X2.0-4.0~ 2005.6.5 Interconnect TWG Meeting
70%/2years 70%/2years Max.2um
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AEEKE) DEREREL

Table 8laand b MPU Interconnect Technology Requirements

STR)

Near-term

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM % Pitch (nm) (contacted) 80 70 65 57 50 45 40 35 32
MPU/ASIC Metal 1 (M1) ¥ Pitch 90 28 o7 cg 50 45 40 35 30
(nm)(contacted)
L?:g;:fv‘ée:jlr:fet:t'r:gi‘;'na;t‘;t \Wias| 3126 3.1-3.6 2.7-3.0 2.7-3.0 S 2505

| | 31-34 | 31-34 | 27-30 | 2.7-30 25-2.8
Ilnterlevel metal insulator -

minimum expected) — bulk <2.7 <2.7 <2.4 <2.4

I((jielectric consl,otant (l)() WaS

IS <27 <27 <24 <24

Table 8laand b MPU Interconnect Technology Requirements
Long-term

Year of Production 2014 2015 2016 2018 2019 2020
DRAM % Pitch (nm) (contacted) 28 25 22 20 18 16 14

MPU/ASIC Metal 1 (M1) % Pitch
(nm)(contacted)

Interlevel metal insulator — effective

dielectric constant («J[4]  \\/as
Is 19-22 19-22

Interlevel metal insulator (minimum
expected) — bulk dielectric coWﬁG@

IS

28 25 22 20 18 16 14

<2.0 <2.0

Work in Progress - Do not publish
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keff Calculation Results based on Updated Metal Wire Pitch @.

< 2005 >(keff=3.1-3.4 in ITRS2005) <2007 > (keff=2.7-3.0 in ITRS2005)

Assumptions Assumptions Assumptions Assumptions Assumptions

- - = Assumptions
CuD.Bheight = 50nm CuD.Bheight = 50nm CuD.Bheight = 50nm CuD.B height = 35nm CuD.B height = 35nm CuD.Bheight = 35nm
Hardmask height = NA Hardmask height = 50nm Hardmask height= 50nm  Hardmask height = NA Hardmask height = 40nm Hardmask height = 40nm
Via height = 150nm  Via height = 150nm  Via height = 150nm  Via height = 112nm  Via height = 112nm  via height = 112nm
Trench height = 170nm  Trench height = 170nm  Trenchheight = 170nm  Trench height = 126nm  Trench height = 126nm  Trench height = 126nm
Minimum LIS~ = 100nm Minimum LIS~ = 100nm MinimumL/S = 100nm  Minimum L/S = 70nm Minimum L/S = 70nm  Minimum L/S = 70nm

Assumptions

Assumptions Assumptions Assumptions Assumptions Assumptions
Keupgy =50 Kcupg = 90 Kcupp =950 Kcupg = 4.0 Kcupg = 4.0 Keupgy =40
K(Hardmask) = NA K(Hardmask) 4.1 K(Hardmask) =41 K (Hardmask) — = NA K(Hardmalsk) =30 K(Hardmask) =30
Kvia) = 3.0 Kyia =28 Kyia =27 Kvia) =27 Kia =25 Kia =24
K(trench) =30 Ktrench) =28 K(trench =28 K(trench =21 K(trench =25 Ktrench =25
Keft =3.33 Ko =3.35 K =3.32 Kest =2.96 Kest =2.87 Keft =2.83

< 2009 >(keff=2.5-2.8 in ITRS2005) o

Assumptions Assumptions Assumptions Realistic case |

CuD.B height =30nm CuD.B height = 30nm CuD.B height = 30nm

Hardmask height = NA Hardmask height = 35nm Hardmask height = 35nm

Via height = 80nm Via height = 80nm Via height = 80nm

Trench height = 90nm Trench height = 90nm Trench height = 90nm

MinimumL/S = 50nm  MinimumL/S ~ =50nm  MinimumL/S = 50nm &i E’]&3*§’§EO) gﬁ*ﬁ [‘j L\"C

Aggressive. RealisticZi 1A T
A -
Low-kTEEDBEAEHEZERDT-,
Assumptions Assumptions Assumptions 2005.6.5 Interconnect TWG Meeting
K =35 K =35 K =35 .
cups cups cupe) TOSHIBA Shibata
K(Hardmask) = NA K(Hardmask =27 K(Hardmask =27
Kvia =24 Kvia =23 Kia =22
K(trench) =24 K(trench) =23 K(trench =23
Ket 204 85 - Ruses” 35 Ket =2.62 STRJ WS: March 10, 2006, WG4 17
eff -



Example of effective k calculation SThI
for Realistic and Aggressive Structures

Structure Homogeneous Homo w/HM Hybrid

Cu D.B height[nm] 35 35 35

Hardmask height [nm] ,‘:" NA ".::1 .‘,'_'_‘_-4_-0- T ":15.)_.:_'.‘ K:<2.4

Via height [ /-...1.1.2...- /115\1\&2 Keff:2,7—3,0
Trench height [nm] 126 126 126

Minimum L/S [n 70 70 70

Realistic case m;@(l

Structure Homogeneous | Homo V\)(HM Hybrid Structure Homogeneous Horl\w/HM Hybrig
Kicu b 4.0 40\ |lkeiom 4.0 4.0 4.0
K (Hardmask) NA AU \ K (Hardmask) NA . ?’--Q\ . A
K (via) 2.7 | 27 24 "". K (via) 2.5 S 23V s 231
Ktrench) 27 ) ‘~..2..5.."’: -“0.-_2_-_5__.“: Ktrench) 2.5 —"~._.§;§‘ If :”:.. 2.3

L . 296 " 2.87 2.83 2.78 VL2.72 2720
Same thickness at same generation !ut !luerent materials with various structures

Work in Progress - Do not publish STRJ WS: March 10, 2006, WG4 18



REERTEQ.  )ORMEL STRI

dh ¢

Imax

—
4—

Cg*Wg ‘ :

Inverter circuit (F.O=3)

-Minimum Tr width (Wmin.):
NMOS Gate width= (ASIC Half-pitch)x 4
PMOS Gate width=(NMOS Gate-width) x 2
-Tr-width (WQg):
Wg =Wmin.x 8
-Gate capacitance(Cg): from Tables 35a and b

Cg*Wg Ii_wire

ITRS2004¢&

Intermediate

Fan 0U1t

N=3

-Wiring length (Li): IM-Pitch x 200
-Wiring capacitance(Ci): Updated keff

!

Average current density of IM-

interconnect(J,,.,)
= f (Cg*Wg *N+Ci) *Vdd/(Wi*Ti)

a!

— =
H Ly gy Ty

ALETILZRAN EEShE=N\SA—STHHE
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