2002 130nm

180 nm

2005 100nm



1999 2002 2005 2008 2011 2014
180 nm 130 nm 100 nm 70 nm 50 nm 35 nm

(nm, P/T 0.1)
(nm, P/T 0.2)
. . 2.0 . 1.0
| . . 0.8
(nm, 30 ,P/T 0.2 . . 2.6 . 1.1
50 25
(nm, )
9.4x 10° 4.5% 10° 2.0x 10° 1.5x 10°
(at/cm?, ,P/T 0.1)
2.0x 101 1.4x 10" 9.8x 10 6.8x 101 4.8x 101  3.4x 10'°
(at/cm?, ,P/T 0.1)
0.0060 0.021 0.015
(nm, 30 ,P/T 0.1)

0.046 0.049 0.092

(nm, 30 ,P/T 0.1)

0.11
10/- 7/15 a/7 3/5

2-D/3-D (nm)




in-situ



stand alone)

in-situ

in-situ

at-line
( SEMATECH Metrology
The science of measurement to ascertain dimensions, quantity, or capacity: the techniques
and procedures for using sensors and measurement equipment to determine physical and

electrical properties in wafer processing.

ASIC(application specific integrated circuit:



/
/
STI shallow trench isolation: )
CMP chemical mechanical polishing:
Cu
/
2 2-D /3 3-D
/
STI in-situ
CMP in-situ
(void: )
Cu Al

CMP in-situ



throughput: )

situ

in-situ

manufacturing)

in-situ

microscopy:

defects)
parametric defects
RTA

rapid thermal anneal

RTO

in-situ

rapid thermal

oxidation

(cluster tool)

CIM(computer integrated

SEM scanning electron
non-detectable
CVD chemical vapor



deposition:

PVD physical vapor deposition

in-situ

in-situ

in-situ
/
CvD
/
Si /
20nm/30% 2
wafer edge exclusion)

3mm 2002 130 nm

OPC: optical proximity correction)

closed-loop manufacturing

Si
1999

2005

PSM

100 nm/50% —2014

100nm

: phase shifting mask
OPC



traceability

basic and general terms in metrology

nm

closed-loop manufacturing

in-situ

CVvD

in-situ

VIM:international vocabulary of

CMP / /STI
RTP/CVD/PVD
/ /
in-situ
in-situ

in-situ



SPM scanned probe microscopy:

/
/
equipment availability) 90% 2002 130nm 95%
2008  70nm 98%
2002 130 nm /
/



closed-loop manufacturing

in-situ /on-line
/ /STI

SPM

CD

100



P/T 60/ UL LL

30 process

ITRS
+ (UL LL)/2

2002 130 nm

/ 30 30

P/T precision to tolerance

P/T

30 UL upper limit

LL lower limit
UL LL) 0 process

lo UL LL

180nm

2005 100 nm

2008 70nm

P/T 30 /30 ,rocess

process range



1999 2002 2005 2008 2011 2014
180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
DRAM 1/2
nm 140 100 70 50 35 25
nm, P/T 0.1)
2 6.3 7.5 9 10.5 12 13.5
nm) 200 140 110 80 55 45
nm, P/T 0.2)
wafers/h 5 points/w)
wafers/h 5 points/w)
1)
ITRS

2 Dual-Damascene

90 65
nm, )
90 65
nm, )
48 28
nm
3 2
P m
1)
latex
PSL

PSL polystyrene




1999 2002 2005 2008 2011 2014
180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
9.4x 10° 4.5% 10° 3.0x 10° 2.0x 10° 1.5x 10° 1.1x 10°
at/cm?
2 9.4x 108 4.5% 108 3.0x 108 2.0x 108 1.5x 108 1.1x 108
at/cm?, , P/T 0.1)
1.0x 1013 | 7.0x 102 | 4.9x 102 | 3.4x 102 | 2.4x 102 | 1.7x 102
at/cm? C
2,3
(at/cm?, ,P/T 0.1)
1x 10 1x 10 1x 102 1x 102 1x 102 1x 102
at/cm?

at/cm?, P/T 0.1)

1) Na Ca Fe Co Ni Cu
FEP 2
ITRS
2) S/N 3
3
3) 5
9.4x 10° | 4.5x 10° | 3.0x 10° | 2.0x 10° | 1.5x 10° | 1.1x 10°
at/cm?
pmd) 0.18 0.13 0.1 0.07 0.05 0.035

130 nm



1999 2002 2005 2008 2011 2014
180 nm 130 nm 100 nm 70 nm 50 nm 35 nm

ppma, 30 , P/T 1/3)

at/cm?, ,P/T 0.1)
1) ITRS Fe
ITRS 2008
1.9 0.91 0.59 0.4 0.29 0.22
ppt, P/T
0.1)
1 0.1 0.1 0.1 0.1 0.1
ppt, P/T 0.1)




1999 2002 2005 2008 2011 2014
180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
234 114 74 50 37 28
ppt, )
23 11 7.4 5.0 3.7 2.8
ppt, P/T
0.1)
TOC < 60 < 30 <20 <15 <10 <10
ppb)
TOC <6 <3 <2 <1.5 <1 <1
ppb, P/T 0.1)
<1 <1 <1 <1 <1 <1
CFU/L)
<0.1 <0.1 <0.1 <0.1 <0.1 <0.1
ppt, P/T 0.1)
9.4 4.5 3.0 2.0 1.5 1.1
ppb, )
0.94 0.45 0.30 0.20 0.15 0.11
ppb, ,P/T 0.1
1)
) ppt) ‘
)
ppt, P/T 1/3)
) ppt)
) ppt, P/T 0.3)
1) batch)




1999 2002 2005 2008 2011 2014
180 nm 130 nm 100 nm 70 nm 50 nm 35 nm

ppt  ng/m* , P/T 0.1) 77 62 56 51 47 45

1)

0.94 0.45 0.30 0.20 0.15 0.11
ppb, P/T 0.1)

1) STI Si CMP

TOC/

nm, 30 , P/T 0.2)




1999 2002 2005 2008 2011 2014
180 nm 130 nm 100 nm 70 nm 50 nm 35 nm

/ /
nm, 30 )

/ /
nm, 30 ,P/T 0.2

30

nm, 30 ,P/T 0.1 )

o2
2
nm/
um?/SN um?)
1)
2)
ITRS
3) CD
ITRS MPU micro-processor unit) 2005
2.3 nm DRAM  dynamic random access
memory) 2.6 nm
4)
ITRS Maximum CD
measurement bias
5)
P/T=0.1 1/3

1/3



/ DRAM 2.5
7 2
2
1999 2002 2005 2008 2011 2014
180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
nm, o) 70 50 35 | 30 20 15
7.0 5.0 3.5
nm, 30 ,P/T 0.1
OPC 180 160 130 90 60 42
1/4 1/5 / 1 nm) - 90 65 45 30 20
150/ - 100/26 80/20 60/14 40/10 30/8
/ nm)
150/ - 100/26
/ nm)




1999 2002 2005 2008 2011 2014
180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
560 360 260 180 120 85
1/4 1/5) / nm) - 90 65 45 30 20
OPC 180 160 130 90 60 42
/ nm) - 90 65 45 30 20
23/- 16/10 12/7 8/5 6/4 4/3
/ / 18/- 12/ 8 8/6 6/4 4/3 3/2
/ nm, o) 26/- 17/10 13/9 10/6 8/5 6/4
4.6/- 3.2/2.0 2.4/1.4 1.6/1.0 1.2/0.8
/ / 3.6/- 2.4/1.6
/ nm<3c ,P/T
0.2
6.0/- 4.0/2.7 2.7/2.0 2.0/1.3 1.3/71.0 1.0/0.7
/ nm, 30 )
/ nm,30 ,P/T 0.2)
1)
2008 1.6 nm PSM
36/- 28/14 20/10 16/8 12/6 8.5/5
1/4 1/5) / nm,30 )
3.6/- 2.8/1.4 2.0/1.0
/ nm,30 ,P/T 0.1)




1999 2002 2005 2008 2011 2014
180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
NA NA
NA NA
NA NA

30 ,P/T 0.2)
NA NA
0.8% 0.8% 0.8% 0.8% NA NA

30 ,P/T 0.2)

1) PSM

nm, 30 , P/T 0.1)
s/point)
60x 60 60x 60 60x 60 60x 60 60x 60 60x 60
M XU
1) ITRS
2) ITRS

3)




1999 2002 2005 2008 2011 2014
180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
/

Cyl. Pedestal Pedestal Pedestal Pedestal | Pedestal

/ MIS MIM MIM MIM MIM MIM
nm) Ta,05/22 | Ta,05/50 | BST /250 |epiBST/700 /1500 /1500

30) 3.0 0.95 0.45 0.15 0.060 0.043

4% 4% 4% 4% 4% 4%

nm) 11.5 12.2 28.7 27.2 23.0 16.4

nm, 30 , P/T 0.1)

5 5 5 5 5 5
s/point)
60x% 60 60x 60 60x 60 60x 60 60x% 60 60x% 60
M XU
1) MIS Metal Insulator Silicon
nm tdiel = 1:eq.ox_]- X € diel /3.9
MIM Metal Insulator Metal tiel = tog. oxX

2)
3)



1999 2002 2005 2008 2011 2014
180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
nm) 23 13 3 1 1 1
30) 10% 10% 10%
0. 23 0.13 0.03
nm, 30 , P/T 0.1)
5 5 5 5 5 5
s/point)
1% 1% 1% 1% 1% 1%
1)
2)
in-situ
Cu/ Cu/ Cu/ Cu Cu Cu
nm) 350 274 225 176 137 109
30 10% 10% 10% 10% 10% 10%
3.5 2.7 2.3 1.8 1.4 1.1
nm 3c P/T=0.1)
D 0.035 0.027 0.023 0.018 0.014 0.011
S)
nm)
1) Cu CMP 10nm/s 1710
2) Cu CMP
in-situ in-situ




1999 2002 2005 2008 2011 2014
180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
3.5-4.0 2.7-3.0 1.6-2.2 <1.5 <1.5 <1.5
GHz) 1.25 2.1 3.5 6 10 17
30 20% 20% 20% 20% 20% 20%
2% 2% 2% 2% 2% 2%
30 P/T=0.1
5 5 5 5 5 5
sec/point)
1)
atoms/cm®) 2% 10'8 3x 10'8 4x 108 8x 1018 | 1.4x 10'° | 2.0x 10%
P, As, B P, As, B P,As,B | P,As,B | P, As, B P, As, B
nm) 36-72 26-52 20-40 15-30 10-20 7-15
nm) 72-144 52-104 40-80 28-56 20-40 14-28
2-D/3-D nm)
5% 4%
30
1) 1x 1020
2) Extension In Sh
3) Extension
4) ITRS
ITRS 2-D/3-D 1999  3nm...2014  0.8-0.6nm



atoms/cm?)

1999 2002 2005 2008 2011 2014
180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
)
1 1012_1016 1012_1016 1012_1016 1012_1016 1012_1016 1012_1016

30) !

Well/Vt/Extension/S D

Vt



1999 2002 2005 2008 2011 2014
180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
in-situ
RTP
600-1100 | 600-1000 | 600-1000 | 600-900 | 600-900 600-900
1 1 1 1 1 1
/s 20-50 20-50 >200 >350 >350 >500
RTP 0.3 0.3 0.3 0.3 0.3 0.3
RTP
mm)
RTP
ms)
30-500 30-500
5
mm)
ms)
1)RTP rapid thermal process
2) 200 /s RTP 5ms/
1710
3) 20 /s

50ms/



CD-SEM ritical-dimension measurement scanning electron

microscope: SEM
CD-SEM CD-SPM critical-dimension
measurement scanned probe microscope:
CD-SEM CD-SEM
CD-SPM
SEM
SPM SEM SPM COO cost of ownership
100 nm
SEM

COP crystal originated particles or crystal originated pits

SEM

SEM

SEM SPM
SEM / SPM

ICP-MS inductively-coupled plasma mass spectrometry:

TXRF total x-ray fluorescence:

X 35nm



TXRF  TOF-SIMS time of flight-secondary ion mass spectroscopy:

1
TOF MS
FTIR
fourier transform infrared spectroscopy:
SPV surface photo voltage: Fe
Fe / +
SOl silicon on insulator SIMS secondary ion mass spectroscopy:

AMC: airborne molecular contamination
critical process steps
TD-GC/MS thermal desorption-gas
chromatography-mass spectroscopy: - / ) TOF-SIMS
TD-GC/MS

TOF-SIMS

TD-APIMS thermal desorption-atmospheric pressure ionization mass

spectroscopy: -

TOF MS

TOF-SIMS

XPS X-ray photoelectron spectroscopy

in-situ XPS

MS IC ion chromatography:
100nm 35 nm

AAS atomic absorption spectroscopy: IC



100 nm

AAS ICP-MS

MIP-MS microwave induced
plasma-mass spectrometry: 2

35nm

70 nm

XPS X-ray photoelectron spectroscopy:X

) AES auger electron spectroscopy: )
VUV vacuum ultra-violet: C-V 1-V)
AMC
XPS FIB focused
ion beam: STEM scanning
transmission electron microscope/microscopy: /
TEM transmission electron microscope/microscopy: /
TOF-SIMS
SEM SPM

SPM



STM scanning tunneling microscope: )

dC/dv
SPM
in-situ
2
in-situ GI-XRR grazing incidence
X-ray reflectivity: X ) MEMS micro-electro-mechanical systems
GI-XRR X
X X
X MEMS
GI-XRR
VUV C-V, |-V

SPM MEMS



50/35/25 nm

oJIf:] scale

1999 2002 2005 2008 2011 2014
CD-SEM
130 nm CD-SPM
SCATTEROM]ETRY
. H
100 nm D-SP
bea 0 u: Ry
- ;
D-SP
70 nm 0
l. 0100 -:.
D-SP
50/35/25 nm 0 50 nm
0] 0a
130 nm Optical |
Advanced optic
100 nm = ]
70 nm : PM :|
50/35/25 nm ETEE o |
130 nm Optical, SPM, SEM
100 nm SPM, SEM
70 nm ova ‘: ethod P
50/35/25 nm ovative method P
130 nm Interferonfetry/IP |
100 nm Interferometry/ moiré scaje
70 nm erome ovative method

I



1999 2002 2005

2008

2011

2014

100 nm
70 nm
50 nm
35nm

100 nm
70 nm
50 nm
35 nm

130 nm
100 nm
70 nm
50 nm
35 nm

100 nm
70 nm
50 nm

35 nm

Light scattering

Optical imaging
SEM

Novel innovations

Light scattering

Optical imaging

Novel innovations

SEM

SPM
Light scattering

Novel

CNC Light scattering
Novel innovations




1999 2002 2005

2008

2014

130 nm
100 nm
70 nm

50 nm

100 nm
70/50

130 nm
100 nm
70 nm

50 nm

130 nm
100 nm
70 nm
50 nm

ICP-MS/MIP-MS/ -TXRF

TOF-MS/SR-TXRF

TD-GC-MS/TD-APIMS

2011

SR-TXRF Synchrotron Radiation-Total X-ray Fluorescence

TOF-SNMS Time of Flight-Sputtered Neutral Mass Spectroscopy



1999

2014

130 nm
100 nm
70 nm

50 nm

100 nm
70/50

2002

2005

2008

Innovative solutions

2011




2014

130 nm
SiON

100 nm
Si;N,/SiO,

70/50 nm
High k

1999

Ellipsometer to VUV/X{PS/AES

Advanced C-V and I-V

2002

2005

2008

psometer to PSIAES
Adva ea and

ovative so 0

psometer to 2 /AES

anced and

ovative so 0

/

180/130 nm)

Ellipsometer to VUV/YPS/AES

Ta,05

100-35 nm
BST etc

Advanced C-V and I-V|

psometer to PS/AES
Advanced and
ovative so 0

130 nm

TOF-SIMS/SEM/SPM]

4 pt probe to nano-metgr

TOF-SIMS/SEM/SPM

100 nm

4 pt probe to nano-meter

TOF-SIMS/SEM/SPM

70-35 nm

100 nm
RTP

100 nm

4 pt probe to nano-meter
Innovative solutions

Laser interferometry/ Pyromdi:lg
Infrared microscopy
Innovative solutions

Laser interferometry/ Pyrom
Infrared microscopy

Innovative solutions

2011




2005

2014

2008

2011

1999 2002
Acoustic wave method/{GH-<Rf
130 nm 4pt probe
Innovative sol_utions
Acoustic wave method/ GI-XRR
100 nm 4pt probe
Innovative solutions
in-gi
Acoustic wave method GI-XRR
100/70 nm 4pt probe
Cu/ Innovative solutions
50/35 nm Acoustic wave method €] B4R
4pt probe
Cu . .
Innovative solutions
Ellipsometer td VUV/§PM
130 nm Advanced C-V and I-
Ellipsometer to VUV/ SPM
100 nm

Advanced C-V abd |-V

Ellipsometer to VUV/ SPM
70-35 nm

CMP in-situ

100 nm Optical _ _
Innovative solu g

Optical
70-35 nm Innovative solutions

Advanced C-V and I-V




CD

/PID/FEP/



SOC / / /
SOC {e]e:

SOC

99’ ITRS



