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Potential SolutionlZ DWW TEMFRKIYET) S ME (=)
-CDEt;A|I (SEM. Scatterometry, AFM) 2[R (NEC)
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20025 Update N B D FEER K% (BHEX)
il (EEX)
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Cu/Low-kEE# - 5T R D RIS D E 5 FR_RAAEE)
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Lithography Metrology
@ Printed Gate CD Control ) 3k % E /I
@ Interim solution(A L > B REB)EHT=IZEKRTE
(GHAIZBMOT YT Y EAERNENSERALERTRTHY, ChEFLY B TRR)

Technology Node 130 nm [ 90nm (65 nm (45 nm (32 nm (22 nm
MPU / ASIC %2 Pitch (nm) 150 90 65 45 32 22
MPU Printed Gate Length (nm) 90 53 35 25 18 13
MPU Physical Gate Length (nm) 65 37 25 18 13 9
Lithography Metrology

Printed Gate CD Control (nm)
Allowed Litho Variance = 2/3 Total : : : 0.7
Variance of physical gate length

Wafer CD Tool 30 Precision P/T=0.2 for

Printed and Physical Isolated Lines 0.6 0.4 0:3 0.2 0.1

Line Edge Roughness (nm) . 2.7 1.8 1.3 0.9 0.65

Precision for LER / . 054  0.36 026 018  0.13
/7

Orange = production done w/out meeting ITRS precision specification
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CDETEIHfiT D R 18 L(Potential Solution)

Leading Production

Technology Node
= DRAM ¥ Pitch

2004

2007

2010

2013

2016

130 nm 115nm 90nm 65nm 45nmnm 32nm 22nm

MPU / ASIC % Pitch (nm) 150 130 90 65 45 32 22
MPU Printed Gate Length (nm) 90 73 53 35 25 18 13
MPU Physical Gate Length (nm) 65 53 37 25 18 13 9

R&D Required

CD-SEM

High Voltage CD-SEM

Scatterometry

CD-AFM

Point Projection Microscope
e - holography

FHAIEERTOEXR, FAALR
FYETLI-AELSLE

"TDEBICE YT IVEEE
A= NI HENDE

Early R&D
45 nm Node
R&D
65 nm Node

STRIWS March 4, 2003, WG11 Metrology 3

Beta Site
90 nm Node

@ |1|||-1'||.|H||1m| ||-| |'||||||uf:||| ”rrmlrn.ql |1a1"":-| |r|1'|'nmlr|.r'|-r|~.




§'|' Al D ﬁ’zﬂ (SEM, Scatterometry, CD-AFM, FIB)

Commercially available R&D
Software comparison of top _E_E F s
down line scan of edge to iiﬁ_ff
golden image
Software to convert
Tilt Beam SEM top down image to
3D image
Scatterometry
CD-AFM
Dual Beam FIB

(destructive)
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BCER D &Rl flT R &R
Technology Node |130 nm | 90nm |65 nm |45 nm |32 nm |22 nm

Interconnect Metrology

Barrier layer thick (nm) process range (30 )
Precision 10 (nm)

Void Size for 1% Voiding in Cu Lines /7%_

Detection of Killer Pores at (nm) size N{_ 65

* VOID Detection in Copper lines
now based on Y2 via diameter

(130nm & 90nm: 7f — #H)

» Killer Pore Detection in Low K

 Barrier / Seed Cu on sidewalls PARIBLE L RO cTAT: 1o Sl L0 P

A0T0- 1 20K 2 S w1 00k SELR 122300

e Control of each new Low K
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High Frequency Measurement of K

* NIST’s characterization of k for low Kk have shown that K is stable
* Industry sees less need for high frequency measurement of kK for low K

Interconnect Clarification for Void Detection in Copper Lines

» Detection of post deposition and anneal process voids at or
exceeding listed size (nm) when these voids constitute 1 % or more of
total metal level conductor volume of copper line and 5% of vias.

o Detection of killer porein ILD at (nm) size

Barrier —Seed Cu Process Tolerance
 Flat — horizontal film measurement used to control sidewall thickness
* Lower limit is thinnest film that acts as barrier
e Upper limit is thickest film allowed for resistivity concerns
* Very thin barriers may be digital (i.e. there or not)

@R 1otcontionl Techuology Rosdmap [or Scomiconductors— STRIWS: March 4, 2003, WG11 Metrology 6




Metrology @ k55 3£ 28

* Breakthrough microscopy for CD measurement

 Measurement capability for control of interface between high k and
substrate & gate electrode

« Low Kk killer pore detection and copper void control ‘

« Atom by Atom microscopy for materials characterization

Low Kk pore | Copper void

024 FEWGA (BR#R) IWGLL (3HI) 70 R A NEB DT — |
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