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SClis a world leader in providing high resolution thin-film metrology systems aiygsena
software products to leading companies in the semiconductor, optoelectronics, dg& stora
display, MEMS, and optical coating industries. SCI offers metrology systerttari-film
material characterization, with models that range from table-top systetable for R&D to fully
automated, standalone production tools, and software products for thin-film analysis gnd desi
SCl is a privately held company headquartered in Carlsbad, California, with a gltbailknef
sales, service, and support offices strategically located in the United Kinggomay, Taiwan,
Singapore, Korea, and Japan.
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Company History(2A & Ji 5)

In 1993 SCI was founded to provide software products for thin-film analysis and design to the
research and development community and the optical coating industry. SCl's FihaiiViz
software was introduced the same year.

In 1996, FilmWizard" was recognized as the leading software package for thin film analysis
and design.

In 1998, SCI expanded into the wafer metrology business and introduced the Fifnfifiek
of thin-film metrology systems based on the reflection of broadband light.

In 1999, SCI developed and patented multi-angle differential power spectral density
technology and introduced the FilmT¥000, a metrology system with a resolution 100 times
better than existing tools. The FilmT&000 quickly became the standard film metrology tool
used in the production of integrated optical components for the optical telecommunications
industry.

In 2000, the first fully automated, robotic FilmTekTM 4000 was installed. The FilniVlekT
4000 quickly became the standard film metrology tool used in the production of integrateld optica
components for the optical telecommunications industry.

In 2002, FilmTekTM instruments were improved with the capability of measuring down to
190 nm with small spot sizes (<50um).

In early 2003, SCI developed multi-angle differential polarimetry technology aoduaed
the FilmTeK™ 4000EM-DUV, a metrology system which is far more sensitive to changes in very
thin films, particularly films within multi-layer stacks, than existingtrology tools that rely on
conventional ellipsometry or reflectometry techniques.

In July 2004, the first FilmTek 4000EM-DUV was shipped for the measurement of the most
advanced 300mm Semiconductor films.

Currently SCI has an installed base of about 550 software packages and over 140 FilmTekTM
instruments.

SCI continues to innovate and develop new technologies to provide the highest-resolution
metrology tools available for our customers in the semiconductor, optoelectronicstpdade,
display, MEMS, and optical coating industries.
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SCI CUSTOMERS(SCI & P 51%):
The semiconductor industry¥54&TJr: R&D for wafers sizes up to 8"
- Intel EEIHF/RAH
- ST Microelectronics &3 S 4k A 7]
- Infineon FEEI CE/RAH

- Samsung semiconductolsE=E¥S&kAH

The University and R&D KZEHBFFBx:

- Integrated Manufacturing Technologies Institute,Canada

- IR AR B i AR 2 B
- Department of Chemistry,University of Oulu, Finland 3§ 2 & K%

- Department of Electrical and Communications Engineering,HelsinklUniversity of
Technology 2% Z#f /R FHEE T K%

- Lucent 30 & A L) EEHBHRIE AT,

- MicroChem Corp., Newton MA

The display industry: for large panels (370mm x 470mm panels)

- ERSO in Taiwan

- Ness Display (Korean).BiE NESS

- Samsung (Korean) & EH

- Symmorphix, Inc(USA) £H

- more than 40 FilmTek systems to a major Japanese display comparfy 4
And so on
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FilmTek™ spectrophotometry-based metrology systems from Scientific Cioigpput
International (SCI) have long set the standards for characterization of then filow — our
FilmTek™ 4000 Series "raises the bar" by delivering 100 times the resolution of the best
non-contact method, and 10 times the resolution of the best prism coupler contact syssetns. |
result of our patented DPSD™ (Differential Power Spectral Density) technigud it's the latest
example of how SCI is leading the thin film metrology field by raising perfoce#o a new
level — while offering systems that are truly affordable for virtually eeglication.

Widest Film Thickness, Layer & Spectral RangedR BHEEEE, L2, BRERIGIETEE)

FilmTek™ metrology systems come in a variety of configurations, and depending on the
model can measure reflection, reflection and transmission, multiple angleicef] spectroscopic
ellipsometry, and polarimetry data. FilmTek™ systems provide peak performancedry-thin
to very-thick films (up to 250 microns). It's achieved by high wavelength resolutiornatstec
combined with low cone angle optical design and apertures to limit measurement spot
size. Depending on the films involved, FilmTek™ systems can characterize updo fift
layers. And they all offer a wavelength measurement range from 190 to 1700 nm using our
proprietary dispersion model.

Easy-to-Use Computer Powerg 1§ FH K ++ B VLT fE)

Our complete, turn-key systems are designed for simple, efficient, troublptfsl-button
operation. The powerful software was designed to put measurements and answefkust a
away. And to help characterize and control deposition processes, it includes sucltieabil
2D and 3D contour and surface graphic plotting, a customizable database interface, hititithe a
to be controlled by a host computer. Versatile, flexible, reliable standard and ¢tilstdrak ™
systems are available in a variety of configurations — from manual table top ntodally
automated systems with robotic cassette transfer and pattern recogniticare ddsigned for
optimum accuracy and repeatability. They're easy to calibrate and operade with features
like our unique optical design with no moving parts, they deliver long-lasting, reliahib|erfree
performance.
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Affordable Systems for Virtually Every Budget (4t ¥ Lbrh B —MER SHNBEE)

A variety of configurations are offered in the standard FilmTek™ family. SGIldevelops
customized models to meet special needs. And they're all priced to fit most budgets

. FilmTek™ 1000is the most affordable system for measuring reflection at normal
incidence in the visible to NIR 5 il 2 ] WG S 23T 21 41)

«  FilmTek™ 1500adds transmission mode measurements to refle¢tiof Il i, [ i
BN T g S I )

- FilmTek™ 2000augments those capabilities to encompass surface roughness and
reflection at normal incidence from deep UV to NIRES I 1 22 [PHTRE B -5 R4 4L 4
BT LA )

«  FilmTek™ 2000M-DUVhas a small measurement spot size (5 pm) and measures
optical properties from 190-1700 nifab )t /i ELAE 5 pm P& AD'E 2= PEREN 7 190-1700
nm)

«  FilmTek™ 3000 / 3000Mneasures transmission and reflection of films deposited on
transparent substrates. It's ideally suited for measuring the thickness aaticgpistants
of very thin absorbing films. The FilmTek™ 3000M has a small spot size (40 um) and
can be equipped with a large custom stage for flat panel display applicagidiss] i<t
A FR) 25 S 0 S A )

. FilmTek™ 2000SEs an affordable spectroscopic ellipsometer that measures from the
deep UV to NIR (PR A1 213 21 AN & 1R G A i £3)

. FilmTek™ 4000s our most advanced model for thick-film applications. It
incorporates multiple detectors positioned at different angles of incidence — plus our
patented multi-angle Differential Power Spectral Density analypehility — to
accurately measure the index of refraction with a resolution of 0.00002. That's 100 times
the performance of the best non-contact method, 10 times that of the best prism coupler
contact systems. The FilmTek™ 4000 can measure birefringence of anisotropic
materials. With its hot plate option, it can characterize the index of iefrastd thermal
expansion of a film as a function of temperature. And its spectroscopic ellipsomete
option allows measurement of very thin films. A prime application for this syistem
measuring the index of refraction and thickness of planar waveguide (filris £ 27> 7
#0.00002, XAJrh 25 ) 2 PR AR &, Hubi)

- FilmTek™ 4000EM-DUVis our most advanced thin-film metrology system. It
leverages the combination of new proprietary Multi-Angle Differential Hokry
technology with SCI's patented Differential Power Spectral Density teahyod provide
an optical thin-film metrology tool with the best resolution, accuracy, and refdagtabi
the industry. The FilmTek™ 4000EM-DUV utilizes spectroscopic reflection
(190nm-1700nm) of polarized light at multiple angles to independently measure film
thickness and index of refraction. By independently measuring index and thickness, the
FilmTek™ 4000EM-DUYV is far more sensitive to changes in films, particuldnhsfi
within multi-layer stacks, than existing metrology tools that rely on conventional
ellipsometry or reflectometry techniques. Additionally, the FilmTek™ 4000EMNDals
a small measurement spot size to allow for measurement directly on produst wafe
(measures within a 50x50 micron featu(ej.); 50x507HCK M &)
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Reflectance and Power Spectral Density Analysis{ 8 2 B Th % 3% 2 B 43 17)
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FilmTek™ 4000 High Precision Measurement of Index& 4§ & #ll & 2 %)

ANy

This unique FilmTek™ 4000 capability employ’s our patented DPSD (Differential Power
Spectral Density) technique. Spectroscopic reflection data are gathamchat incidence and
70 degrees. PSD processing results in two peaks in the Power Spectral Density dbinea
ratio of their positions is a function of the index of refraction of the film, and the angle of
incidence of the obligue measurement. This ratio is used to calculate the indexth€dindex
is known, the thickness can be calculated from the optical thickness of the normal incadtent pe
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Index Map @ 1550nm of a doped oxide
Differential Power Spectral Density

analysis of an oxide film. measured with FilmTek™ 4000.
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SiO, Film Properties vs Temperature (SiQ Y5 B 7 JE i )

With the hot plate option, the FilmTek™ 4000 can characterize the index of refraction anal ther
expansion of a film as a function of temperature.

THSE-06 * T + 1.44549 TEBE-006 * T + 1.44549

Ramping Up = Ramping Down
T T

= P T T T T 1] | Measured by FilmTek™ 4000
= L A with heating chuck during one
s " e

Z < heat-cool cycle.
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Temperature (C)

FilmTek ™ Surface Roughness Measuremeri [ ¥ i B il &)

Fast, dependable, and non-contact, FilmTek™ measures surface roughness and damage with
excellent correlation to other measurement techniques such as atomic fooseopg (AFM).

! | FilmTek™ 2000 vs AFM

g 3

g ; surface roughness measurement
o ) || (FilmTek™ 20008 F H#H{X
;o || R R )

ER ]

ATIITITIITTTIITE T FIYTRITITINTTE FOTY ITETI FITRL INTTL FITTRNTIT
05 10 15 20 25 30 35 40 45 S0 55 60 65
AFM Surface Roughness (A)

SCI Dispersion Mode! @& HEY)

Our dispersion model is derived from quantum mechanical principles and correctlylabeys t
Kramer-Kronig relationship. It is applicable to metallic, semiconductor, @moois, crystalline,
and dielectric materials. A broad array of single layer and multildyes fiave been successfully

analyzed, includingr] 7> BT 1R £ 51/ 2 J2 b

M EMD (¥ 84 & 5B E8) Mik: www.chinaemnet.com 7

BER N Xt % (021)61021225-827f6 H.: (021)52353710 E-mail: liujianbo@ChinaECNet.com
Mk T MR X T E M 201 S BHEI K JE 2185 B C HiZw: 200063




Scientific Computing International(Z BRI ZHEERFAT) Mk www.sci-soft.com
SCIE T =20 HER AR AN BT R A T AT o T2 N 3 A e i 7 B A7 i, (6 s 2%, MEMS 25 Tk 458K

o SINX ZAFEFHEIE * DLC K< NIl i

o SIOXNX R AT o Low K Dielectrics{% /) Hi i i

* PolysiliconZ fif ik i i « High K Dielectricsi /1 Hi i i

o PSG T fE R £k B a7 « Photoresistt: %I Jie i Ji5:

o BPSGHlifilf fif: 1R 5 3% 35 vy Jt o Polyimide 2§ ik V. i i fikt

o ITO B b « SOGHHY I RG I

o a-SidF il ik IR « Porous Films% f7# fik

o a-C:H ARG WA v IR » Films used for manufacturing thin film heads

Substrate examples include: £} J& SE4)

o Silicon ik 4] Ji * GaAsfit b AT K
o SOIHEE o GlassP g #) i

o SOSHTEE o Aluminum &84 JiS
o INP AL HH AT TS o Gelti )i

By employing a dispersion model covering the entire wavelength range of the nresagure
the number of variables or parameters required to model optical response is reduna®at;redi
the potential for multiple solutions.

FilmTek™ Configurations({X 2 Ec &)

We offer a variety of configurations and options to fit every need from R&D to high volume
manufacturing in controlled environments.

They include:

. Standard probe head (<1 mm spot sizggffi R4t 3k O 5 H %<1 mm)
« Microscope based (down to 5 pm spot siz 5 (0% £ H 12 down to 5 um)
. Reflection mode measurememtsH A5 =l

. Transmission mode measuremeig$ 1 =il

. Spectroscopic ellipsometry measuremetttsi A 7 i )t 32 il

. Automated stagéd ik fLi%

. Cassette to cassette robotic trangfet] & 1 2515 1%

«  SMIF box

« Pattern recognitiomi =X 15 51

« Heating chucki#£ 4

« In-situ; for integration with process equipment

- Windows based operating systétivindows” #:4F &%t

« Menu-driven, user friendly softwarg 1] ) -

SCI's products are offered in three categories; stand-alone FilmTek™ fihmlogyg systems,
film design and analysis software, and Integrated Metrology Modules. Theadaitdy offered to
OEM companies on a project by project basis.
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SCI FilmTek™ Systems(X 28 %45 & iR Th 8e ic & % 1)

FilmTek™ systems are offered in a variety of configurations and capabifiteegér to match
every film measurement need and budget. These systems are computer controllfat ard of
automation through simple to use recipe-based control software. The measurements a
non-contact, and most can take place in as little as one second. The following tableizesnma
some of the features of the standard models. The large array of available opkernspussible
to tailor a FilmTek™ system according to the exact customer requirements.

Measurement Features FilmTek™ FilmTek™ FilmTek™ FilmTek™ FilmTek™ FilmTek™
B HF4E 1000 1500 2000 3000 2000SE 4000

Index of Refractiorfr §f 5%t
(at 2pum thickness)

+0.005 +0.005 +0.002 +0.002 +0.0002 +0.00002

Thickness Measurement Ran
JE I s

Maximum Spectral Range

B

Standard Spectral Range

FRAE T

Reflection i Sl v J N/ J J J

10nm-150mm|10nm-150m| 5nm-150nm | 5nm-150mm| 1A-150mm | 3nm-350nm

380-1000nm| 380-1000nn| 190-1700nmr| 190-1700nm| 190-1700nm| 190-1700nr

380-1000nmr| 380-1000nm| 240-860nm| 240-860nm | 240-1000nm| 380-1000nm

Transmission? 4 Il & v J

Optional Spectroscopic
Ellipsometry ] &4 (19 5% 1% J
[ i ' 2 0
Power Spectral Density

Sy i v v v v v
Multi-angle Measurements
(DPSD) % ff1 £ it

Both TE & TM Components ¢
Index

<

Multi-layer thickness J J
% o 5L
Index of Refraction J J
P F A &
Extinction (absorption) J J
CoefficientiH Y6 (W W) & %k
Energy band gap

A AT B

Composition/ 4l &

Crystallinity /IR &

Inhomogeneous Layers
AR oy R

Surface Roughness

2% R U S 00

L RN O U N
A N U O U B S B N
L RN O U N
AN I U S B S R S R S RS

A variety of options can extend these standard ureagent capabilities.
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FilmTek™ 1000 and FilmTek™ 1500

FilmTek™ 1000 is the most affordable system for measuring reflection at normdgnoe in
the visible to NIR. FilmTek™ 1000 combines a fiber-optic spectrophotometer with revalryti
material modeling software to provide an affordable and reliable tool for the aimaits
measurement of film thickness, index of refraction, and extinction coefficient.

FilmTek™ 10002 1] WG KA ST 2L AN S5 I e AU G B A A% . FilmTek™
1000:4f SCI 2 vl Sk A BHEBR A 25 GO0 2F o0 e T, IREEA TR T FERA s T[]
IO TR, ST RE, LR

FilmTek™ 1500 measures both transmission and reflection at normal incid&Ro& A I}
][] PSP 300 3 S R S SR

CIRUb=

(Thickness Measurement Rang@/is J5 & il £\ Reflection/z #1#ll 5\ TransmissionZ &l 5\
Power Spectral Densityj %12 5\ Multi-layer thickness% )24 )5 & Il 1\

Index of Refractiod/t i} Z4Mi+&\  Extinction (absorption) Coefficieniti Jt:(W 1) £ %)

FilmTek™ 1000 FeaturesSkfik
Versatileid F #:

FilmTek™ 1000 incorporates SCI's generalized material model with advanced global
optimization algorithms for simultaneous determination of:

FilmTek™ 100G# 5 SCIA w) ST 1E I AR S AL 5210 T SURP R ASE H - [ I i
- Multiple layer thicknesses % )5 Ji

- Indices of refraction [ () ] #5454k

- Extinction (absorption) coefficients [ k() ] )6 (W) 5 %

Low Costfik 1t %%:

The cost of ownership of FilmTek™ 1000 is a small fraction of comparable instruments.
K FilmTek™ 100G 4£ 2 AH LA H A 28w IR AC s S B/NE — B 47

No Special Knowledge RequiredG45 2k 40 R B K, 55 & 5, 5 #1E:
FilmTek™ 1000 software is designed so that minimal experience in personal compiuters, t
film optical design, or measurement techniques is required.

FilmTek™ 100G F e i H IR0 N THRAL, IG5 BT sl S AR g ) 2R D,

Non-contact and non-destructive. JEZfl A TE A% 35 () i 9 &
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Applications F

Virtually all translucent films ranging in thickness from 100 angstroms to appabeiy 150
microns can be measured with high precision. Typical applications include:

(PR At D00 55 JEE DA 10045 3 150 oK 1) B A7 -3 W] 3¢ )

Typical applications St %I F:

Semiconductor and dielectric materials ~ [Computer disks
AR R R PR DIR RS
Multilayer optical coatings Coated glass
2Ot A AR E BB
Optical antireflection coatings Laser mirrors
JCA PSR R 2 HOG BB
Electro-optical materials Thin Metals

R A AR <5 o T

Example Films 7 & 561

SiOx fA It i a-SiFF i ik i I

SINX Z A AE a-C:H A2 G NI A i

DLC 54 Wil i ik ITO B i A Ak Py

SOG B # I RS i Polysilicore i fi: i i
Photoresist!t: %I i i 15 Polyimide 2 [t I JJ 5t

Thin MetalsiH# 4 J& JH ik Low K Dielectric Films{& /) Hi i i
Example Substratesty a5

Silicon FEf}E GaAsiififb AT i

SOl )% Glasshy 4] i

SOSH i Aluminum 284} i

Technical SpecificationsEi R ##&:

Film Thickness rangej# fix /5 & 75 [ 10nm to 150m

Wide spectral range Jt: i u [H] 380 to 950nm

Beam Spot SizeZE &t JU~f 1-5mm (5mm is standard)

Optical Resolution: )7y # % 0.3-2nm

Data acquisition and analysis Time:

s Hli SR 5B 5] (7] ~5sec
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Hardware 5844

FilmTek™ 1000 includes:

VIS/NIR spectrophotometer] WLt i I & /1T 21 4 i il & 7y Hee 5 vl
VIS/NIR light sourcen] W6/ 21 4 Ha i

Fiber optic cablest: 4] Hi 45
Fixed stage with opticst 2 [fi] & - &
Methodology

FilmTek™ simultaneously solves for refractive index)néxtinction coefficient k), and
thicknesses of multi-layer film structures. A self-consistent solutiobtained by using SCI's
generalized dispersion formula to model fitted values of the dielectric fursdfion The SCI
dispersion formula is quite general and applies to metallic, amorphous, crystaitindielectric
materials (Figures 1-3). This approach allows the user to model complexayeitstructures
with reflection/transmission data. Global optimization methods are used to tistéiest
solution while avoiding local minima and minimizing sensitivity to the user’salrgtiess of fitted
parametersi ., layer thickness). FilmTek™ optimizes both the reflectance and power density
spectrum (FFT) simultaneously. This unique feature allows for accurate $satermination
over a wide range of thickness (10nm to |50

FilmTek™[FE I EFrHHREE n(N ), HICRECK(N ), ZREHEREALH SCIAF X
WA AT U R e (N ) SUEE, 2 B s %, SClLa al it SO A )
X, MmN, ABEE, Sk, BBk X R RV @R RN 2 R 4
RE I SR AR Bt A B A T VR I T IR A B IR R T 5, M B R B AR N AT P 49
SIHEN (2SN RS BB IE RIS FilmTek ™I S 28 20M1 Dl 2 1% 435 [ (FFT PR
A AR ISR RN Fe it R AUy X D0 s SC VR X 98 355 P2 i [ (10nm to 150pmijEA
A B 1) )5 L

M EMD (¥ 84 & 5B E8) Mik: www.chinaemnet.com 12

BER N Xt % (021)61021225-827f6 H.: (021)52353710 E-mail: liujianbo@ChinaECNet.com
Mk T MR X T E M 201 S BHEI K JE 2185 B C HiZw: 200063




Scientific Computing International(Z BRI ZHEERFAT) Mk www.sci-soft.com
SCIE T =20 HER AR AN BT R A T AT o T2 N 3 A e i 7 B A7 i, (6 s 2%, MEMS 25 Tk 458K

FilmTek™ 2000 and FilmTek™ 2000M

FilmTek™ 2000 is a breakthrough in thin film metrology technology. FilmTek™ 2000
combines a fiber-optic spectrophotometer with revolutionary material modelingaseto
provide an affordable and reliable tool for the simultaneous measurement of film sisickuex
of refraction, and extinction coefficient. FilmTek™ 2000 provides unmatched accurseyfea
use, and analytical power in a fully integrated package. Ideally suited fanpdttievice wafers,
the FilmTek™ 2000M allows for measurement spot sizes as smallas5 m

FilmTek™ 2000 S2 5 B B3 R (I 5BE. FilmTek™ 2000 K5 SCT 28w & F) (A4 k) @ a1
SiE LR, SRAEA T AT SRR A T T RN WERR R, A R LR
. FilmTek™ 2000 #ALICLLHIRG 0L, 2 0Tk, 8@ m) e —H#i 70 ree ). FilmTek™
2000 AIIAR/NFIE S EHAR (5 pm), FATMAH TEIZR S F

CIRUE=¢ (Thickness Measurement Rangilii 5 /& | £\ Reflection/s il &\

Power Spectral Densifyj 5 11 2 JE Il #\  Multi-layer thicknessZ J2 J5 8l 55\

Index of Refraction/T5f ZIIH\  Extinction (absorption) Coefficieniti (W i) % %1\ Energy band
gap e A B \Composition /3 Ml £\ Crystallinity R HllE\ Inhomogeneous Layer 44 22 il £\

Surface Roughnes i FH ki /5 0 5)

(T [ B 0 B B BE A R 3, TR E)

A &

FilmTek™ 2000 FilmTek™ 2000M .
FilmTek™ 2000M-DUV

FilmTek™ 2000 Featuresks &
Versatile i F #:

FilmTek™ 2000 incorporates SCI's generalized material model with advanced global
optimization algorithms for simultaneous determination of:

FilmTek™ 200G & SCIA 7] 63 IR e AR AL 52 1R ) SURPRHEASE FH T 7] g i 5
- Multiple layer thicknesses 22 )5 Ji

- Indices of refraction [ () ] #5454k

- Extinction (absorption) coefficients [ k() ] W)t (Wli) 5 %k

- Energy band gap [ F]fig i B

- Constituent and void fractiof 7 F14% [ 2H /)

-Surface roughneg§ i f i /&

Low Costfik1E %%:

The cost of ownership of FilmTek™ 2000 is a small fraction of comparable instruments.
K FilmTek™ 2000 48 2 AH EL A H A 28w IR A S BN — B 4

No Special Knowledge Requiredt 42k &0 R E K, 5 1) 5, 5 #1E:
FilmTek™ 2000 software is designed so that minimal experience in personal compirters, t
film optical design, or measurement techniques is required.

FilmTek™ 200@% 4 v H B2 XN NTHEDL, B 2A v Bl &= 3 R e 2 sk i /b,
FE R EMD (k84 # £ 558 ik www.chinaemnet.com 13
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Complete "turn key" System5g £ K" FFEIRL” R4
A fully integrated spectrophotometer measurement system with calibratepnsidion, and
analysis software.
WRHE, HEk, TR S LA TR BT R G

Non-contact and non-destructive. JEZfl A TE A% 35 (1) i 9 &

FlexibleR ¥:
FilmTek™ 2000 hardware and software can be easily modified to satisfy unique customer
requirements.

FilmTek™ 200G /- F1 #4587 S etk DL 2 By 1) 25 ) 2K
Optional featuresn] P& HI4HF1E :
- Computer controlled automated stagel {145 6 A S L&
- Microscope based system for spot sizes as smalhasi {57 % i H A% 5pm
- Cassette to cassette wafer handlifig!l £ i Fi 5 4F

Applications N H:
Virtually all translucent films ranging in thickness from less than 100 angstimm
approximately 150 microns can be measured with high precision. Typical applicativtei

CRIRG A0 5 J5 B2 100 R 21 150 SOK I BT =35 W i)

Typical applications $L %W F:

Semiconductor and dielectric materials ~ [Computer disks

P AR A BRI TH SN UGS
Multilayer optical coatings Coated glass

Z IR R I AU I B R
Optical antireflection coatings Laser mirrors
SRR OB
Electro-optical materials Thin Metals

LR S AR <5 R VI

Example Films & & 541

SiOx A k5 a-SidE S kIR

SiNx ZALIE R a-C:H IR B WA
DLC K& NIl i ITO B A A I
SOG Jk¥ I R Gk Polysilicong il it i K
Photoresist't: %I i i 15 Polyimide 2 [t I JJ 3 )it
Thin Metalsii# 4 J& i i Low K Dielectric Filmsfi% 4 Hi, 5
Example Substratesty a5

Silicon A4 Ji GaAsHit b B IR

SOl #] ik Glass# i+ K

SOSH i Aluminum £ 4 i
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Technical SpecificationsE R ##:

Film Thickness rangei& i5 5 J& i [ 3nm to 35Qm (5nm to 150m is standard)
Wide spectral range®i it 3 [l 190 to 1700nm (240 to 860nm is standard)
Measurement Spot Size¥: i H 1% 5mm to fum (5mm is standard)

Spectral Resolutiony't il 43 #§ % 0.3-2nm

Data acquisition and analysis Time:

sl SR 23 B 1) (7] ~5secf)

Hardware 5844

FilmTek™ 2000 includes:

VIS/NIR spectrophotometear] UL 1 &/ 2146 it 5 5 6 6 FE vl

VIS/NIR light sourcen] WO/ 21 786G

Fiber optic cablest:£T Hi 4k

Manual sample stage with optics. YXstage for 100mm, 150mm and 200
wafers is standard Tzt ¢ Fr A &, H T 100mm, 150mm and 200mia A
Pentium 4 based PC (512MB of RAM) with Windows™ XP Operating System

Methodology J ¥

FilmTek™ 2000 simultaneously solves for refractive indey réxtinction coefficient k),
and thicknesses of multi-layer film structures. A self-consistent solgiobtained by using
SCI's generalized dispersion formula to model fitted values of the dielamtigtidne (). The
SCl dispersion formula is quite general and applies to metallic, amorphous ioe/staid
dielectric materials (Figures 1-3). This approach allows the user to modalesamulti-layer
structures with reflection/transmission data. Global optimization methedsad to obtain the
best solution while avoiding local minima and minimizing sensitivity to the usetialiguess of
fitted parameterse(g., layer thickness). FilmTek™ 2000 optimizes both the reflectance and
power density spectrum (FFT) simultaneously. This unique feature allows twatecthickness
determination over a wide range of thickness (3nm tqu860

FilnTek ™l RS (), WOCRB V), 2R R (7 SCT AT X
(AR TR RS e (V) BIAHE, 2 BUOMITR. SCT AT (AR A
IS, RO TRIE (PE) 10, A, SR, SATRERL IH I VI R A
N 2GS B EOR. R LRI T AR R RO, T BR R A
RPN (e 20 B RSB 240 FilmTek™ 200008 5 4§ 3 51 5)
e (FET O TGS HF) I AL, R 10 1 8 A0 VP 5 5852 s
(3nm o 350m) 3 R0 1 SEHE M.
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Index of Refraction (IV)

Fig

Index of Refraction (IV)
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Index of Refraction (IV)
Ja

1 &

[EN]
Extinction Coefficient (K)

0 200 400 600 800 1000 1200 1400 1600 1300 2000 2200
Wavelength (nm)

N (SCI Model)
2 N(Data)
K (SCI Model)
m K (Data)

1 nHrEtHRE and k I Y6(BW) R ¥ spectra of Silicon

— 006
. - I (5 CI Model)
195 G| o NEaw)
: 004 § K (5CIModel)
i T | = K@aw)
e B
=
Jomz 3
] g
lom ¥
] 2
1o &
11 B v
0 000 2000 3000 4000 000 000 7000
Wavelength (nmj)
2 RS and k(R Z# spectra of SiQ
14
_512 . N (SCIModel)
] % o N(Data)
4w E K (SCI Model)
_58 = = K(Daia)
] £
16 3
i+ §
i1 £
42 5
3 iz
qo H
! 1
0 500 1000 1500 2000 2500
Wavelength (nm)
.3 nirsties and kigu(Bik) &% spectra of Tantalurgd
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FilmTek™ 2000SE

FilmTek™ 2000SE is an affordable spectroscopic ellipsometer that measures from
190-1700nm. Based on a rotating compensator design, the FilmTek™ 2000SE is ideally suited
for measuring the thickness and optical constants of very thin films. FilmTek™ 20005%S uti
SCI's material modeling software to provide an affordable and reliable tool feinthéaneous
measurement of film thickness, index of refraction, and extinction coefficientl] i

(Thickness Measurement Rang@/fix 5 &£ il 5\ Reflection/z 4 #ll 5\  Optional Spectroscopic
Ellipsometry il 3£ 1) 6 A 2 i YLl B\ Power Spectral Densifyly il 2 FZ il E\  Multi-layer
thickness )2 )Z LMl &\ Index of Refractiodff #ff Z&lll &\  Extinction (absorption) Coefficienit >t
(W) F#$\  Energy band gap e B\ Compositioni 73l 5\ Crystallinity fe bRl 5\

Inhomogeneous Layer 14)4] J2 1 £\ Surface Roughnesk [ & i &)

(BB 190-1700nmety i fm 4, 7T [ B U B 2 BE, $riit T B e R %)

» | Spectroscopic reflection (190nm-1700nm) of polarized light at multiple angles

P30 22 A1 FEE (1) D' 1% B 5l & (190nm-1700nm)

» | Spectroscopic ellipsometry with rotating compensator design (300nm-1700nm)
[P e £ 2 B ' 3 A i 4 (300nm-1700nm)

» | Measures film thickness and index of refraction independently

TR 5 FE AT 4R R

s | New Multi-Angle Differential Polarimetry (MADP) technology with S€patented
Differential Power Spectral Density (DPSD) technology

Bt SCIE A (7R 22 Dy R 05 3 L BOR (1087 2 40 7R Z2 i el g Bk

= | Ideal for measuring ultra-thin films (0.03 A repeatability on native oxide)
FACLIF) R PN B (8 (R AR A6 ) 0.03 AT 52 1l )

a | ldeal for measuring advanced thin films
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FilmTek™ 2000SE Feature$s{E
Versatileid F #:

FilmTek™ 2000SE incorporates SCI's generalized material model with advancel globa
optimization algorithms for simultaneous determination of:

FilmTek™ 2000SE: & SCIA F) 563 M AR S AL B2 0 T SO R EABE T T[] B 0
- Multiple layer thicknesses = /5 J&
- Indices of refraction [ () ] #5454k
- Extinction (absorption) coefficients [ k() ] W)t (W ) 5 %1
- Energy band gap [ ] f& &5
- Constituent and void fractiol 7 #1175 B 2H 43
- Film gradieng 56 1
Low CosH&k{t3k:

The cost of ownership of FilmTek™ 2000SE is a small fraction of comparable instruments.
e K FilmTek™ 2000SH 1t 2 AH LB HA 2 7] I A 2 B/ 1) — B 4

No Special Knowledge Requiredt 42k &0 R E K, 50 15 5, 5 #1E:
FilmTek™ 2000SE software is designed so that minimal experience in personal cemputer
thin film optical design, or measurement techniques is required.
FilmTek™ 2000SBIAF 3t H 20N ATHHENL, SEIROE 7 BT Bl S BoR B8 ) SR AL
b,

Complete "turn key" System52£&K)” R R4t
A fully integrated spectrophotometer measurement system with calibratgpnsiéion, and
analysis software.
WRHE, 3R, MR e A LR A I ORI R 4

Non-contact and non-destructive. JE8 il A To A IR (1) B3l &

Flexible®R ¥&:
FilmTek™ hardware and software can be easily modified to satisfy unique customer
requirements.

FilmTek ™ {1 5 A fe 75 2yt eadk DL A2 JHURs (1 7 223K
Optional features W] 3% F& FKI4F1E :

- Computer controlled automated stage&-H1¥2=H) Hah b 17 &

- Cassette to cassette wafer handifng)| & i - 1k

Applications N H:
Virtually all translucent films ranging in thickness from 1 angstrom to appeirisn150
microns can be measured with high precision. Typical applications include:

(ARSI J5E 2 N 1 B3] 150 140K 1) B A 23 W T )

Typical applications St %W F:

Semiconductor and dielectric materials ~ [Computer disks

AR TR R PR DIR R

Multilayer optical coatings Coated glass

2ot A AR E B B

Optical antireflection coatings Laser mirrors

TGP R 2 HOG BB

Electro-optical materials Thin Metals

R A AR <5 R VI
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Example Films & 541

SiOx A Aot b a-SilE i f v i

SINX ZEAHE B a-C:H AL 25 4 NI A 5
DLC 2K NIl A1 b ITO & il A A4 T 5
SOG i I R4 i i Polysilicorg i fif: i i
Photoresist't: %I i i 15 Polyimide 2 [t I JJ 5t
Thin Metalsid# 4 J& JH ik Low K Dielectric Films{& /) Hi, i i
Example Substratesty a5

Silicon fif:At i GaAsiiifb AT i

SOl 4} i Glass o] )i

SOSH i Aluminum 284} i

Technical SpecificationsBE R ##:

Film Thickness range# i J5 /& i [l 1A to 15Qum

Wide spectral range®i it 3 [ 190 to 1700nm (240 to 1000nm is standard)
Measurement Spot Sizef: i H 1% 2mm to 5@um (5mm is standard)

Spectral Resolutiony't; i 43 # % 0.3-2nm

Data acquisition and analysis Time:

B 1 AN 53 B I 1] ~5secfh

FilmTek™ 2000SE Performance Specification$: G838 k%

Film(s) Thickness Measured Parameters Precision (Is)
R N 3 SENSH B
0-1000 A t 0.03 A
1000-500,000 A t 0.005%
Oxide / Si
AL 1000 A t, N 0.2 A/0.0001
15,000 A t,n 0.5 A/0.0001
150,000 A t,n 1.5 A /0.00001
Photoresist / Si 1000-5000 A t 0.02%
Al 1000-5000 A t,n 0.05% / 0.0002
Nitride / Si 1000-5000 A t 0.02%
AdeliE 1000-5000 A tn 0.05% / 0.0005
Polysilicon / Oxide /§ ~ 850A/55A t Poly , t Oxide 0.2A/01A
Z kI 850 A /55 A t Poly , t Oxide 0.2 A/0.0005
HE M EMD (3 S4w & 5 8EE) Mik: www.chinaemnet.com 19
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Hardware {4

FilmTek™ 2000SE is a complete system, which includes:

VIS/NIR spectrophotometer] WLt i I & /1T 21 4 i il & 7y Hee 5 vl
VIS/NIR light sourcen] W6/ 21 4 Ha i

Fiber optic cablest £ Hi45

Autofocus H 3l % e

Manual sample stage with optics. X-Y stage for 200mm, 150mm andn2@@afers is standard.
T2 bR AT G 4 T 100mm, 150mm and 200mg

Pentium 4 based PC (512MB of RAM) with Windows™ XP Operating System

Methodology 7

FilmTek™ simultaneously solves for refractive indeX)nextinction coefficient K), and
thicknesses of multi-layer film structures. A self-consistent solutiobteained by using SCI's
generalized dispersion formula to model fitted values of the dielectric furedddn The SCI
dispersion formula is quite general and applies to metallic, amorphous, crystaitindielectric
materials (Figures 1-3). This approach allows the user to model complexayeitstructures
with reflection/transmission or ellipsometric data. Global optimizatiothous are used to obtain
the best solution while avoiding local minima and minimizing sensitivity to thesuséral guess
of fitted parameterse(g., layer thickness). FilmTek™ optimizes both the ellipsometric and power
density spectrum (FFT) simultaneously which allows for accurate thicknesedeition over a
wide range of thickness (1A to [1®).

FilmTek™F I BT n (A, FIERE k(N), ZRAHTE. M SCT 2wl X
A AT DB A ek s e (A) SUEME, 2 BUNRRI7 %, SCT 2wt 2R
=, TR ) B, ARE, SR, A FRORL. IXMOT IR VL AR R O
(K12 R AR S B . R A T TR A T %6, TR SRR ik
A P AIYHED (e J2 580 BN REBUSE RIS E IS FilmTek™E S bt RECR DA 35 4%
J& (FPT PRI AR ) RIS A. S ROy 1o B0 A A0 VP 5 3L I 1 96 H (1A to
10um) FEATRE A ) J5 S0 7
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FilmTek™ 3000 and FilmTek™ 3000M

FilmTek™ 3000MUV measures transmission and reflection of films deposited on tiemtspar
substrates. It is ideally suited for measuring the thickness and optical con$tasrigthin
absorbing films deposited on transparent substrates. FiimTek™ 3000MUV combines fiber-opt
spectrophotometers with SCI's proprietary material modeling software taerawiaffordable
and reliable tool for the simultaneous measurement of film thickness, index ofiogfrand
extinction coefficient. With its patented parabolic mirror design, FilmTek™ 3000Mthieves a
small, achromatic spot size (50 um). FilmTek™ 3000MUV provides unmatched accuracy, eas
of use, and analytical power in a fully integrated package.

FilmTek™ 3000MUNA TR T 32 W] A JEG RIS EA 132 S0 0 S S It PAEUHIOO TAR T3
A A JE P AR Y 114D 38 A 7 J5 RO 22 B0 1. FilmTek ™ 3000MUWEE SCIA &) E ) (K41 k)
BRI B LT eV, PRSI T SR S F T R Il = v R, i R,
HOCHRE. A SCIA W LA PP AT H (SR B ke v, FilmTek™ 3000MUVAT A I/, ¥
8756 R EAR(50 um). FilmTek™ 3000MUNE TG LE IRRE 2, 2 TPk, 5641 s 481 — 88
ToNraeds. wIE:

(Thickness Measurement Rang@/ix /5 Ji il 5\ Reflectior I &\ Transmissioik
S5\ Power Spectral Densiby i 2 F il 72\ Multi-layer thicknes€ JZ 5 E I &\ Index
of Refractiod/T# Z %l &\ Extinction (absorption) Coefficieff Y (W) & %0\Energy band
gapiE =7 BB\ Compositiom$ 43I &\ Crystallinityi Hh 5\ Inhomogeneous
LayersiE$4) 5] )20 2\ Surface Roughneg&|ii ki &l i)

(75 W Ao U T 110038 S AR e e ot 35 P AR A 7 )

&

'-—-____‘I_r

FilmTek™ 3000 FilmTek™ 3000M

FilmTek™ 3000MUV Feature<F4E

Versatilei@ F #:
FilmTek™ 3000MUYV incorporates SCI's generalized material model with advanaledl gl
optimization algorithms for simultaneous determination of:

FilmTek™ 3000MUNA 15 SCIA m) SEBE 3R B LA S 1) SCRP RS T [R] B 5 -
- Multiple layer thicknesses % )5 Ji
- Indices of refraction [ () ] #5454k
- Extinction (absorption) coefficients [ k() ] )G (Wl) 5 %k
- Energy band gap [ ] f& &5
- Constituent and void fractiof 7 F14% [ 2H /)
-Surface roughneg§ i f i /&
Low CosH&k{t3k:

The cost of ownership of FilmTek™ 3000MUYV is a small fraction of comparable instruments
T 2FilmTek™ 3000MUMEIAE 2 AH L A HAth 28 ] (R3S 35 /MK — 345
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No Special Knowledge RequiredG 42k &0 R E K, 5 15 8, 5 ¥4k

FilmTek™ 3000MUV software is designed so that minimal experience in personal canpute

thin film optical design, or measurement techniques is required.
FilmTek™ 3000MUNVZAF ¥t H RS2 A AT, B 27 vt s B 8 ) 225K

b

Complete "turn key" System52£&K)” R R4
A fully integrated spectrophotometer measurement system with calibratgpnsiéion, and

analysis software.

WRHE, HlER, TR SE LA I e T R A
Non-contact and non-destructive. JEZfl A To A% 35 () i 9 &

Flexible R i%:

FilmTek™ 3000MUV hardware and software can be easily modified to satisfy unique

customer requirements.

FilmTek™ 3000MUMF {F: 2544 BE 25 )

Optional featuresn] & FI4F1E:

b A LA AL AR 1 %5 ) 2K,

- Computer controlled automated stalg& 14z 1 1 sh ik (17 &
- Large custom stages for flat panel display applicatiofis /- {71~ 4 W 1 1 g 1 &

Applications .

Virtually all translucent films ranging in thickness from less than 100 angstimm
approximately 150 microns can be measured with high precision. Typical applicatiodginc

PR A 5 S 1008 21| L5 ORICK I TG 1325 Bl s e

Typical applications #L % F:

Flat panel displayl* i 7. 7~ %% v Ik

OLED fiHLAOE — 4 i

Semiconductor and dielectric materials

Computer disks

AR LA TR R TH SN UGS
Multilayer optical coatings Coated glass
el a L AR B
Optical antireflection coatings Laser mirrors

G PURISTR 2 OB R
Electro-optical materials Thin Metals
HLPEOE AR it <5 g VI

Example Films & Ja 41

SiOx AL HEH I a-Sil S Algs J\-F2 IR

SiNX FALRE a-C:HEA KNI R HIL #¥70A: N JZ Hole injection layer
DLC 2K & WilA 1 i ITO By IR BEML

SOG 3 b R4 i Polysilicon £\ fif: i 5 GEML

Photoresist!: %I i v i Polyimide Z& B TV iz i i GETL

Thin Metalsyii 4 J& i fis Color Dye ¥ i Je k)i REML

Example Substratesty a5

Silicon FE4 JEE GaAshf L s

SOl )i GlassB Iz 1 ik

SOSH Aluminum 434} i
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Technical SpecificationsEi R ##&:

Film Thickness rangej# fix /5 & 75 [

3nm to 35@m (5nm to 150m is standard)

Wide spectral range®i it 3 [

240 to 1700nm (240 to 860nm is standard)

Measurement Spot Size¥; 5 H 1% 50um
Spectral Resolution:t; i) % 0.3-2nm
Data acquisition and analysis Time:

s Hli SR 53 H7 5] (7] ~5secfh
Thickness Precision + 2A
Index Precision + 0.005

Hardware B4

FilmTek™ 3000MUV is a complete system, which includes:
FilmTek™ 3000MUVE — N 5e#EIK R4, BF:

UV/VIS/NIR spectrophotomete 71/ m] W' i il &/3 20 48615 I & 53 o6 T

UV/VIS/NIR light sourceZ 41 n] W6/ 41 /MG

Fiber optic cablest: 4] Hi 45

Autofocus H 3 %] 635

Manual sample stage with optics.

X-Y stage for 100mm, 150mm andn2@@xfers is standa
T3 A& HF 100mm, 150mm and 200m# H

Pentium 4 based PC (512MB of RAM) with Windows™ XP Operating System

MethodologyJ5 ¥ it

FilmTek™ simultaneously solves for refractive indexX n( extinction coefficient ki ), and
thicknesses of multi-layer film structures. A self-consistent solution &radat by using SCI's
generalized dispersion formula to model fitted values of the dielectric functiph ). The SCI
dispersion formula is quite general and applies to metallic, amorphous, crystaitingielectric

materials. This approach allows the user to model complex multi-layer sésigtiih
reflection/transmission data. Global optimization methods are used to obtain thelbish
while avoiding local minima and minimizing sensitivity to the user’s initiabgud fitted

parameters (e.g., layer thickness). FilmTek™ optimizes both the reflectahpewer density
spectrum (FFT) simultaneously. This unique feature allows for accurate tracketesmination

over a wide range of thickness (3nm to 350um).

FilmTek™[a] U E 3 F4in() ), WOEREK(N ), ZIREMTEALHISCIA R Xt
WA AT AR A Rk e (M) SUAE, 2 B r %, SCA Fl (A e M )
SR, AT E DR, ARSIE, SR, Y O X Rk SR VR R R IR (N 2 R 4
AF IR TT S, B R AR NMEATH] 4]
WA (e J2 5RO R G IE 250 FilmTek ™ s S 28 BOM Dl 4305 3 2 (FF TR
A AR HSATR) RN Ee it R ARy X D0 s JC VX 98 355 B Vi [ (3nm to 350pumiEA T

Fe) ) BRSS9 Bl . AR e AT VE I T

A A 1) )5 L

RN =l=]

IRATH
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2 -6

S E ] N (SCI Model)
] 1° o N(Data)

6 F i, K (SCI Model)

s E 3 m K (Data)

Index of Refraction (IV)
=
Extinction Coefficient (K)

0 200 400 600 800 1000 1200 1400 1600 1300 2000 2200
Wavelength (nm)

Fig. 1 nFT8t#a % and k ¥ (B R EX spectra of Silicon

N I (SCI Model)
g % o N(Data)
Z § K (5CI Model)
£ 7| m K@Daw)
2 p
& =
z £
z 0
5 g
1 =
= M
11 '....|....|....|....l....l....l...u:_ﬂ_m
a 1000 2000 3000 4000 5000 éoon 000
Wavelength (nmj)

Fig. 2 n¥rht#e# and kige(Bb) &% spectra of SiQ

33 14
1~ N (SCI Model)
g 3 %) o N(Data)
g 23 E K (SCTModel)
= ] is! m K(Data)
< 1% £
& 2 ] T
T 15 &
MoLs 1 =
5 14 =
] ] k=
g EEN-
=
g 1 F
= oos Jo W
] NPT BT TP B AR P ]
0 500 1000 1500 2000 2500

Wavelength (1)

Fig. 3 n#rhtdesk and kisa(Bik) &% spectra of Tantalurgd
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SCI’s FilmTek 3000M for Large Panels¥i 8.7~ 2%
Equipment & Metrology Performance Specifications

=< Y | T

Measurement Featurejll &%F ik

* The equipment provides for non-contact measurement

o SRRl

Spot Size 5 HE

* The equipment is microscope type capable of measuring down to 40microns in diameter
o BIE R EDL R E AR 40 K.

Measured ParameterssEfl| 21

* Measurement of transmission spectrum

o IESDGIEI A

* Measurement of reflective spectrum

oSG

* Measurement of CIE color coordinates of one color filter pixel; e.g. x-y, L-a-b

o CIE(HPr M Z A )R IR R B ARNR, W x-y, L-a-b

* Film characterization for single and multi-layer films including thickrees$index values
o FRYZ RN R RO R B R

StageE §

* Mountable substrate size is 470mm x 370mm.

o AT RS 470mm x 370mm

e The stage is horizontal type

o KPFEH

* The substrate should be placed on the stage manually

.« WIRTHBEETA L

* The method for holding of the substrate on the stage to be agreed by customer and SCI
o WIERAENG L E ik g ) E L

* The stage movement allows for full scan of the substrate

o CFEBIAT VISR AT R

* The measured points can be set in the program by the user

o SR AT G AR
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» The equipment provides the control of the stage movement both automatically and in manual
mode, in the X-Y directions

o AZNETBIADAT X-Y T a sl
« In the manual control mode of the stage, the stage can be moved by either a joystick or by the
use of a button in the program

FIW AT S8 8), AT H B SR P 424 3 .
Auto-Focus B #hi8 £

* The equipment provides for auto-focus capability
A CCD camera system shows the image for focus-adjustment and the seledi®n of t
measurement area

Computer Systemit EHLE S

e Pentium IV based computer, 2.8 GHz, 512M DRAM, CD-Write, 17" flat panel display, (or
better)

* Windows XP operating system

Facilities Requirementsiz £ 25K
« Afloor space of 2 meters x 2 meterstJE & 2 K X 2 2k

« Temperature range of 23 £ XC WHIEVEE 23+ 2 C
« Humidity range of 43 + 5% MSEVE 43 £ 5%

+ Cleanliness of class 100 or better 545 4% 100 2% 5 4T
e Electrical power of 110VAC, 50-60 Hz, 20A
* House vacuum for holding the substrate in place on the stage.

 Note: A small vacuum pump can be supplied by SCI at no charge if so requested by the
customer

Performance Specificationsh: &K%

Item 35 H SpecHi#g
Range of wavelength iz [#] 400nm - 1000nm
Accuracy of color filter CIE coordinate X,y =+ 0.02
KA UEt CIE JRbR 2R 1S
Repeatability of color filter CIE coordinate X,y =+0.01
KO8 CIE PEbR & ] R VERG S
Accuracy of film thickness measurement larger of £1% or 1 nm
I 5 N K S
Repeatability of film thickness measurement larger of £1% or 1 nm

A5 N ] A PR

Accuracy of transmissive spectrum measurement +3%

I S B R S

Repeatability of transmissive spectrum measurem£8%o

AR I n] A YRR

Accuracy of reflective spectrum measurement +3%

S W A

Repeatability of reflective spectrum measurement £3%

SR A I 6 n] A PR R
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FilmTek™ 4000 (SCI& 5 JE R 3%)

FilmTek™ 4000 is our most advanced model for thick-film applications. It incorporates
multiple detectors positioned at different angles of incidence — plus our patentedmglégti
Differential Power Spectral Density analysis capability — to acdyrateasure the index of
refraction with a resolution of 0.00002. That's 100 times the performance of the best non-contac
method, 10 times that of the best prism coupler contact systems. The FilmTek™ 4000 can
measure birefringence of anisotropic materials. With its hot plate option, ¢heaacterize the
index of refraction and thermal expansion of a film as a function of temperature. sAnd it
spectroscopic ellipsometer option allows measurement of very thin films. & ppplication for
this system is measuring the index of refraction and thickness of planar wavédgsded i & :

(Thickness Measurement Rand@/i | £ [\ Reflection/s 41l 5\ TransmissionZ 4] 2\

Optional Spectroscopic EllipsometryiZt £ 11t i 6% 3\ Power Spectral Density) %
W Multi-angle Measurements (DPSD¥ ) )%l & \Both TE & TM Components of Index \

Multi-layer thickness® 22 ll#\  Index of Refractiod/T 4 &2 %ill &\  Extinction (absorption)
Coefficientyi Y (W) A& £\ Energy band gafi 7 Bl £\ Composition, 73l 1\

Crystallinity f#R 5\ Inhomogeneous Layers )] J2 il &\ Surface Roughness [ ki i 2 il 5+)

(AR E o HE% 0.00002, A5 1 S ST SRR, N & H T AL N R L
TR E-PII IR IE, St (0 N 0 1 T 5 VB (R T R oA 5

———— *‘\.—. i
FilmTek™ 4000

FilmTek™ 4000-A

FilmTek ™ 4000 High Precision Measurement of Index& ¥ B Jl & 15 45)

This unique FilmTek™ 4000 capability employ’s our patented DPSD (Differential Power
Spectral Density) technique. Spectroscopic reflection data are gathamchat incidence and
70 degrees. PSD processing results in two peaks in the Power Spectral Density dbinea
ratio of their positions is a function of the index of refraction of the film, and the angle of
incidence of the obligue measurement. This ratio is used to calculate the indexth€dindex
is known, the thickness can be calculated from the optical thickness of the normal incadtent pe
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Simulated @ 0." = Measured @ 0. -
Simulated @ 70.04"  =———— Measured @ 79.04° Index of Refradion & 1550 nan
180 prrrrr T TV T T T Ty T A A Ay T T Vv T T oo T L

1560

140

120

g

% h : : ..... .- fET

&0

Power Spectral Density

40

n - {4 5004 5al. Iy amim = | Ad4967  Mboamums | 4468
‘ﬂ ! 145994 0L Rimue = 5T 1 145510 , HeMT

I SRR L n pad o sl ae

[ 5 (0] 15 0 25 0 35 40

Optical Thickness, N T (um)

. . . Index Map @ 1550nm of a doped oxide
Differential Power Spectral Density

analysis of an oxide film. measured with FilmTek™ 4000.

AN (R 78 22 D) A8 0 8 T 20 M 5 RS T

FilmTek™ 4000 Featureskr{iE

Versatile: FilmTek™ 4000 incorporates SCI's generalized material model with
advanced global optimization algorithms for simultaneous determination of:

- Multiple layer thicknesses from 1A to 350802 J5 /& 1 &

- Optical properties from 190nm-1700nfk 45

- TE K517 and TMESHLY indices of refraction [ ) ] #1555k
- Extinction (absorption) coefficients k) ] 86 (W W) &%k

- Energy band gap [ AE m B

- Constituent and void fraction, 7 F11 %5 B 41 53

- Surface roughnes: [k ik &

No Special Knowledge RequiredFilmTek™ 4000 software is designed so that
minimal experience in personal computers, thin film optical design, or measureme
techniques is required{2a, 7} #5:4F)

Complete "turn key" System: A fully integrated spectrophotometer measurement
system with calibration, acquisition, and analysis software.

Non-contact and non-destructive (JF iR TG Al R (1) i) )

Flexible: FilmTek™ 4000 hardware and software can be easily modified to satisfy
unique customer requirements.

Optional features:

- Spectroscopic ellipsometry option for thin fil W i A {3 3% 14

- Cassette to cassette wafer handifhgll & i - #5:4E

- Heating/cooling chuclkin#yv4 A1 4%

- 300mm, FOURE [ 4T i 4 — A A, and SMIFFRENLIREE 1 compatible
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SCIJe FE I i /3 FF A 2 GRS A BT A I A & T T 121 9 el 7 B A7 Ak, W s, MEMS S5 Tl 45,

SiO, Film Properties vs Temperature — 4 4.7 # I iE B o

TREE-06 * T + 1.44549 T.88E-006 * T + 1.44549
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T T
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QL4460 /’
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padss bl b bia s s tisaadeaiiaaia o
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Temperature (C)

Applications N H:

Virtually all translucent films ranging in thickness from 1 angstrom to appairign250

Measured by FilmTek™ 4000
with heating chuck during cne
heat-cool cycle.

FER ANPER b F i # R AL
THE

microns can be measured with high precision. Typical applications include:

(PR A0 0 JE P58 N 1 12 3] 250 ORI BT A 2102 W i)

Typical applications #L %I F:

Semiconductor and dielectric materials

Computer disks

SRR A O R PR DIR R
Multilayer optical coatings Coated glass
2Ot A AR E BB
Optical antireflection coatings Laser mirrors
TGP R 2 HOG BB
Electro-optical materials Thin Metals
R A AR i <5 o T
Example Films 7 & Ja 61

SiOx Ak T I a-SidF di ik I
SINX ZAAEE T a-C:HEULZE SN R
DLC < WA ITO NS AL W T

SOG JiJ | AR G

Polysilicong i fit: i Jli

Photoresist't; %! [l 7 Jik

Polyimide 2 [t I JJ )5t

Thin Metalsi# 4> J& 7 i

Low K Dielectric Films{i& /- Hi, i ikt

Example Substratesty a5

Silicon T4} GaAsTHL B 4] i
SOl S Glasss 4 i
SOSHIE Aluminum £ 4} i
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Technical SpecificationsEi R ##&:

Film Thickness rangej# i J5 & 75 1A to 35Qum (3nm to 250m is standard)
Index resolution 2x10

Wide spectral range i u [H] 190 to 1700nm (240 to 1000nm is standard
Spectral Resolutiont: %4> # % 0.3-2nm

Methodology 7

FilmTek™ simultaneously solves for refractive index)nextinction coefficient k), and
thicknesses of multi-layer film structures. A self-consistent solutiobt&ined by using SCI's
generalized dispersion formula to model fitted values of the dielectric furedign The SCI
dispersion formula is quite general and applies to metallic, amorphous, crystaitingielectric
materials (Figures 1-3). This approach allows the user to model complexayeitstructures
with reflection/transmission data. Global optimization methods are used to tietdiest
solution while avoiding local minima and minimizing sensitivity to the user'salrgtiess of fitted
parametersg(g., layer thickness). FilmTek™ optimizes both the reflectance and power density
spectrum (FFT) simultaneously. This unique feature allows for accurate tsatteermination
over a wide range of thickness (1A to R&f).

FilmTek™F I P =TI n (M), FEREk(N), SR A SCT A X
A AT OB A ek e (A) SUEME, & S r %, SCT 2w i a XS
2SN, M E () B, ARSI, EIR, A FORORL. XM i SRV T R R O
(K122 2 S5 RIS /3 S . AR S A T ) TS e IR O T 58, TR R B ik M
A IR (e J2 580 /N RBUE RIS G IS FilmTek™f St RECRIR 35 3
JS£ (FFT PRIEAE [CAR S SVE) [ me . IRy A DA 0 Fe Vg i v 5 Y (1A to
350Hm) FEA TG B 1) )5 L
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Fig. 1 nFT8t#a % and k ¥ (B R EX spectra of Silicon
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Fig. 2 n¥rht#e# and kige(Bb) &% spectra of SiQ
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Fig. 3 n#rhtdesk and kisa(Bik) &% spectra of Tantalurgd
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FilmTek™ 4000EM-DUV

FilmTek™ 4000 EM-DUV  FilmTek™ 4000 EM-DUV Optical Head
FilmTek™ 4000 EM-DUV FeaturesiF1iE:

a | Spectroscopic reflection (190nm-1700nm) of polarized light at multiple angles

EZILRIE TS win YT |

» | Spectroscopic ellipsometry with rotating compensator design

[ e e (1 T 6] i S v

= | Small spot (measures within a 50x50 pm featuteji

» | Measures film thickness and index of refraction independently

Joh 70 S RN S AR K

= | New Multi-Angle Differential Polarimetry (MADP) technology with S€patented
Differential Power Spectral Density (DPSD) technology

St SCIE A (1715 22 Ty 238 085 3 L BOR 10387 2 A R 22 il e B

a | ldeal for measuring advanced thin films

= | Optional features:
- Cassette to cassette wafer handifng| & i - 1k

- 300mm, FOURE [ 4T i 4 — A A, and SMIFFRENLIREE 1 compatible

300mm Optical Thin-Film Metrology System for Advaned Thin Films
S B R 300mm Yt EEENE RS

Setting a new standard for thin-film metrology capability and performance,lth€ek ™
4000EM-DUV leverages the combination of new proprietary Multi-Angle DiffeaéRlarimetry
(MADP) technology with SCI's patented Differential Power Spectral De(BPSD) technology
to provide an optical thin-film metrology tool with the best resolution, accuracy, aratabpiey
in the industry. By providing superior precision and accuracy, FilliféRO0EM-DUV enables
tighter thin-film process control during production of the latest-generationd@&tease overall
device yield and performance. In addition to providing tighter thin-film process control,
FilmTek™ 4000EM-DUV enables chip manufacturers to accelerate their transition to future
technology nodes through characterization and accurate measurement of advancetbsthin fil

( FilmTek™ 4000EM-DUV 7t 5 8 1 i 4 2 77 p B 5 s thl A5 b ok R LB T S 11 )
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Manufacturing advanced IC devices at sub-130nm design rules requires the use of complex
films that must be highly uniform. To maintain tight control over the processes usettito bui
these films requires metrology systems that can monitor extremelylthgthat are often within
a multi-layer film stacké.g., high-k and oxide-nitride-oxide films). Additionally, some processes
result in gradients through the thickness of the film that must be monitored for optimw& devi
performancedg., implant damage and lowfitms). Existing metrology tools that rely on
conventional ellipsometry or reflectometry techniques are limited in thdityabidetect film
changes for these applications.

1520 [ T A 8 (v KRR A IR AL PINSE A A0 7 ) v 5 o e R e on 15 e

The FilmTeRM 4000EM-DUV enables high-precision thickness and material characterization
measurements for accurately monitoring advanced thin films such as high-kaftks,st
oxide-nitride-oxide (ONO), low-k films, 193nm photoresist, 193nm anti-reflectivengsafARC
and BARC), thick and thin silicon-on-insulator (SOI), silicon germanium (SiGe), anctbaous
carbon films. In addition to measuring film thickness and index of refractian][ritbe
FilmTek™ 4000EM-DUV can simultaneously determine extinction coefficients)Jksurface
roughness and damage, porosity, crystallinity, birefringence and stress, andoanerggap [

(1 K EHES A ACNEALYNVEALY) ONO I, % K K, 193nm't %k, 193nmit Jx it
®)Z(ARC and BARC), 4524 (SOI), FEH: (SiGe), Jo i R 5L m ks 5 J5 5 b Rl Ry
PED

FilmTek™ 4000EM-DUV 1 [ il i WP 132, nQu TS FER, KOU)TEOE R B, FTIRLRS &%
Wili, FLB, SR, XTSI ), [Egl. AEREHFFR

Combining proprietary Multi-Angle Differential Polarimetry (MADPxteology with SCI's
patented Differential Power Spectral Density (DPSD) technology, tha &kitf 4000EM-DUV
utilizes spectroscopic reflection (190nm-1700nm) of polarized light at multiplesatw!
independently measure film thickness and index of refraction. By independently ingpasilex
and thickness, the FilmTE8k 4000EM-DUV is far more sensitive to changes in films, particularly
films within multi-layer stacks, than existing metrology tools that relyanventional
ellipsometry or reflectometry techniques. Additionally, the FilnT¥ek000EM-DUV has a small
measurement spot size to allow for measurement directly on product wafessir@seaaithin a
50x50 micron feature).
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FilmTek™ 4000EM-DUV Performance Specificationsit: RE#1#&

Film(s) Thickness Measured Parameters Precision (Io)
R B LS K
0-1000 A t 0.03 A
1000-500,000 A t 0.005%
Oxide / Si
AL 1000 A t,n 0.2 A/0.0001
15,000 A t,n 0.5 A/0.0001
150,000 A t,n 1.5 A /0.00001
Photoresist / Si 1000-5000 A t 0.02%
AR 1000-5000 A t,n 0.05% / 0.0002
Nitride / Si 1000-5000 A t 0.02%
AdeliE 1000-5000 A tn 0.05% / 0.0005
Polysilicon / Oxide /§ 850 A/55 A t Poly , t Oxide 0.2A/01A
ZAERIRE | go0 R /55 A t Poly , t Oxide 0.2 A/0.0005

FilmTek™ 4000 EM-DUV Module Integrated Metrology Modulei i il 5 #5 H
) o Fa™

SCI provides customized versions of FilmTek™ products that can be integrated into other
metrology tools and process equipment. These modules are offered to equipment marsifactur
in order to enhance the performance of their products and to provide total solutions to the end
users. Please contact SCI for further information regarding FilmTek™ atgelgvietrology
Modules.
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Software Products® {47 5

Film Wizard™ FilmMonitor™ FilmEllipse™ Software Demos™

SCI offers diverse tools for optical thin film design, material analysipselinetry, and
spectrophotometry. SCI’s current optical thin film software includes:

Film Wizard™ is the most powerful, versatile, and user friendly thin film software on the
market. Film Wizar" combines optimization and synthesis design capabilities with powerful

tools for analyzing spectroscopic and ellipsometric data, modeling thin films)aed performing
regressions to determine actual thicknesses and indices of multi-layerabirtistndfctures.

O 7 BT A R R 0 A, RSS2 e, S 5 AN 22 J2 A 45 R 415 K ] T i £6)

Film Wizard™

Film Wizard™ supports direct importing of target data from several commercial

spectrophotometers and ellipsometers. If your particular spectrophotometgrsomediter is not
currently supported by Film Wizald, SCI will customize Film Wizard' to import your ASCI
data files at no additional cost. If you have other special requirements that caneaatilye r
implemented with the macro language embedded in Film Wi2a&CI would be happy to
provide a quote for the necessary customization.

(Film Wizard™ S 4% JURl i 4356 6 B v R i e b [0 250 230 1 I i s B i )

FilmMonitor™

FilmMonitor™ is an optical deposition monitor software tool used to translate multi-layered
thin film designs into optical monitor run sheets. FilmMorifosupports multiple wavelengths,
multiple chips, as well as thickness and index tooling factors.

ORI BT TR 2 R B s v et ot 8 BER)

FilmEllipse™

FilmEllipse™ is an easy to use production oriented software package for the analysis and
acquisition of ellipsometric data. FilmEllipSkallows the user to find solutions to a wide range
of applications not typically covered by the software bundled with commerciallgalaieai
ellipsometers.

(20 A RSN 152 i 6 ictis (1) L 28 5 1) R4 )

Servicesik %
Custom Software Development

SCI will completely customize its products for a customers specific needsteare
available upon request.
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Film Wizard™ (Optical Thin Film Software Yt R 4)

Design ;11| Materials#1 ¥}| Analysis 4 #7| Optimizationfi:ft| Synthesig: ;| Resultsit$ 4% R [Macro %

Film Wizard™ Professional is the most powerful, versatile, and user friendly software
package ever to be offered to the thin film engineer/scientist. It combineszaiimiand
synthesis design capabilities with powerful analytical tools for intengepectroscopic and
ellipsometric data, modeling of film layers, and performing regressions tonileéeactual
thicknesses and indices of deposited layers. In particular, Film W\zard

OEIE AT ARG 5 DET oo A, RS, S B S5 BN 22 S s 4 M Fa 5 T U1 i k)

m |/Incorporates five new optical thin film synthesis methods including Needle Symthesi
B IFTHO GRS A Tk, BRRE 4R

m |Provides seven optimization algorithms, three of which are global.

fe it MR A S, =Rt 4 Rk

= |Provides a constrained optimization option where the user may input maximum and mjjnimum
bounds for any variable that is optimized.

Y P R AR AT — AT B A 1) 28 5 A A\ s R R e /NS BB, B A i o e I A aE
a |[Computes and optimizes transmittance, reflectance, absorbtance, transmgtedqftected

phase, ellipsometric parameters ({8ncos(a), v, &), optical density, user defined targetsy(,
TJRy - R/Tp), electric field, and color coordinate targets.

AR AR IURE, SUT A, OB SBUTAIOL, SHAT L, M ok 2.

m |Incorporates several unique material/layer models (Rugate, EMA, Graded&fsed
Index, and Super Lattices) which give the thin film designer more power and flgxiili
determine solutions of complex design and material characterization problems.

G T RS (R A L A LG5 T i I B v TR AT ) 100 R 35 TR A 8 ARHRF .
m |Provides excellent 2D, contour, and 3D graphics.
2D, %)%, 3D KB

m |Incorporates a VB style Macro Language.Jf Visual Basic it .

m |Includes on-line help.

Designi# it

Film Wizard ™ allows the user to construct designs with up to 1000 discrete layers (infinitely
many layers if Super Lattices are employed). As many as 26 differentatsateay be
specified. The thicknesses may be physical, optical, massive or mixed.

PR g 1000 SR (97 J2 B ). TG 26 BRI APEL

dT M

Layers may be input either individually {1L 2H 1L 2H}, as stacks of repeated layersedcl
in parenthesis { (1L 2H)2 }, or as stacks of repeated groups within groups { ((1H 1L)5 2L)3
4H}. Layers may also be specified as quarter waves at different design ngalisl€LLg450
1Hg650}. A spreadsheet style layer list allows editing of thickness, referavetength,
material, and thickness typeg(, massive, optical, or physical).

ERAHI{IL 2H 1L 2H N, B EHER{ (1L 2H)2 YA, sRE R 41{ (1H 1L)5 2L)3
AHYiN. AT AN R K {1Lg450 1HQ650% .  HL 10 6l i R, 20k
K, MEl, JEEEZET(i.e., massive, optical, or physical).
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Film Wizard™ allows the user to specify several important design options. In particular, the
angle of incidence may be defined in vacuum or the actual incident medium, the substsatie bac
may or may not be included, and angle matching may be used in specifying optical
thickness. Designs can be reversed or converted from physical to optical and backigktbfa c
a button. When saving a project, Film Wizatdaves the design, the optimization settings, the
design parameter options, and the material list along with all materialccz@f and index.

[ Design [AR.FRJ] HEE
Fle Edt Opfiors Optimizaion Synthesis View Window Help

EeEtEe] [Ee) T PR o= [

Design/Model : Default Thickness Type=Physical. Physical Units=nm

(1Hq450 1La450 )3 (1Ha600 1La600 12 ) ) =]

]
AMWB % Switch to Material List 1
_ Layer List —_— _ —
Layer | Material | Thickness | Units | Relerence Wave | Goup | Paos

1_|AMB AMB N/ N/A N/ N/A N/A

2 |10 1 2

ENE] 1 1

4 |8 L 1.0 qw £00.0 NM 1 2

5 |7 H 1.0 aw £00.0 NM 1 1

6 |6 2 2

7|5 2 1

8 |4 7 2 2

9 |3 p ] 2 1

10 |2 L 10 qe [T |450.0 NM 2 2

11 [1 H 1.0 qe | T |450.0 NM 2 1 |
12 |suB SUB Infinite mm N/A (Massive) N/A N/A -
= : ; ; [

Main Design Menu with Layer List Option Displayed: ¥ i1 #.
Materials #4 %}

Film Wizard™ offers the user unparalleled choices in defining up to 14 different material
types to use in a design. Film Wiz8fdncorporates a large library of NK files for the more
widely used materials which the user can edit and expand. Material typesoche défined by
equation, either user-defined or one of the following:

Film Wizard™ $2HLF P 4B e P, 26— Nl se X3 14 FOR [l e,
Film Wizard™ £ I K ) NK SCOEZEF T 5032 o Fl Pl g ol 7 e A L. BRI A v
JiREAGE X, BUH T B X, BB

Sellmeierg& K /R T2 Drude+Lorentz Oscillatoi 16 25 9<% #s
Cauchyf 7 EMA A 35 ol A i

Cauchy Exponentiaf] /5 %1 Graded ¥ /&

Temperature Dependent Caudiiybifg4-iH % X R |[Rugatefi HTIE (1)

Drude i i 15 #5171 Super-Latticet i %

Lorentz Oscillatof# {6 249 ¥ 7% User Definedd & X

The user simply specifies the appropriate coefficients and the progranatesdchk correct
indices. In addition to the above mentioned material types, Film Wizpmbvides an EMA
material model which is defined as a homogeneous mixture of up to 5 different reatdried
EMA material model is very useful in modeling alloys, surface roughness, seandt
polycrystalline materials such as polysilicon.

Film Wizard™ $241 EMA 45 20/ B AR AR, m] iz SO B2 5 BRI kL35 2]
AW, IMA RN FUL DM B, fEdbea <, RIS, SmPEE, 28k
an 2 kAR AT .
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The Graded Material (Layer ) model is similar to the EMA model in that imscaure of two
materials; however, in the graded material the mixture ratio may be sgetifilifferent depths
within the layer. The mixture ratio throughout the Graded Layer is assumed tméara li
interpolation of the mixture ratios at the user specified "nodes"”. Up to 100 nodesaeslall

Bl FERP BB ZRALL T EMA A5 24/ O B Ve AR, 2 YRR R TR 4. Bh REAP RN &
e e e SRR 9 .
The Rugate model allows the user to specify a layer with a sinusoidal indexaofiosfr

profile. Film Wizard" also supports temperature dependent materials. Both the temperature
dependence of the index of refraction and the thermal expansion may be specified.

PrIRBLRL SR VE L AT e B R MR e )=

£ material [_[=]x]
Flz Edt Typs Yindaw Hsip
Material | FE  Switch To NK Tahle
400 WMEEE G E N
Coefficient Table
Minimum Wavelength 400.00
Mazimum Wavelength 700.00
Number Of \Wavas 3
Number OF Dscillators 1
HF Diel_ Congst 200000
Plasma Freq. [e¥] 3.00000
Collision Freg. [e¥] 0.20000
Center Energy [1] [eV] 3.00000
Amplitude [1] [eV] 3.00000
Wibrational Freq. [1] [eV¥] 020000 -
] o]
i - 2 -
Material Type: . Aj m]z) __]
Drude + Lorentz Oscillators. == | L+ E = = - -
(Ecerter) 2~ B2 41Ev;  E(E+1) =

Material Input Form#4 £ A\ k&
Analysis 43 ¥t

Twelve different performance parameters can be evaluated during the analysrsqidhe
program, namely:

\)

T ERANFEI PR RES B REAE R o TR DA, At

TransmissionZ 5} 2% Ellipsometric Parameteman(y), Cos(a) [ ki 't 2%
Reflection s 5 244 Ellipsometric Parameteqs o #ilER IS
Absorbtancdl i 2 % Optical Density)t; %% /i

Transmitted PhaseéZ i #fi. ~ Electric Fieldd1

Reflected Phasi S A 47 User Defined Functiof] )" 52 X D fig
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S, P, and Random Polarizations may be simultaneously evaluated and displayed. The
analysis may be performed with one or two independent variables.

S, P, FUEZ il [ DAL 2 7= X0 23 A F — B AN J 7 AR 5 56 A

Independent variables includé 7 4% & {5

Wavelengthjk K

Angle of Incidence\ 4 ff Ji

Thickness of any Layef-{i] 52 J5 /&

Thickness of the thin film stack/JiHi & J5

Index of Refraction ( n or k) of any materidlE{a] #4 k17 5 F5 41

E Evaluate: M= E

Fil= Table Graph Optors Window Help

FEEET @ E=RE EIE R

| Transmittance
Reflectance
| Optical Dengity

| |Ang. OF Incidence

| |Time
{|Ophcal Thickness
| Thickness

| CosiDelta)
|[Psi

X Axis : YA o Ehwe
EWaveIength Ang. Of Incidence Transmittance

[ Axes Hange
| 400

_ Start | End [ #Steps
_____ % Axis__|400.000 |700.000 20
¥ axis |0 B0.000 20

R Rty ———————————————————
| @ Random Polarization
| P Polarization
| ' 5 Polarization

Evaluation Input Fornv i A2 4%.
Optimization/Modeling {t4k/E2
Film Wizard™ provides a great deal of flexibility in specifying targets. An unlimited nurober
optimization targets is possibleTargets may include any individual or multiple combination of:

TransmissionZ 5 2% Ellipsometric Parameteman(y), Cos() ¥ [ i 't 2 %1
Reflection % 41 2% Ellipsometric Parametets A [ (Wt S5 |
Absorbtancel? It 2 %1 Optical Density)t: % J&

Transmitted Phasés 5 #1147 Electric Fieldr 17

Reflected Phasg S A1 User Defined Functioff] )" 52 X I

For each target the user may specify polarization, angle of incidence, weiglat;gatd t
value. In addition the user may specify up to three user defined target equations sy ¢he
mentioned parameters as termg.( T/R, - RS/Ty).

e, NS$A1, 1, HESMERTEE.
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Each target may be specified as equality or inequalgy £, >, or <). Targets may be
imported from spectrophotometer and ellipsometer data files. Targets caorataslly
generated if desired. Color coordinate targets are also fully supported.

AN 73 66 BE VI (i 4 D' AR 52 3 0 A s SO

Another unique feature of Film Wizdffiis the choice of seven different optimization
methods:

Film Wizard™ 55— R (4 (6 2 - B AN A B I e Ak ik -

Modified Levenberg-Marquardt (a nonlinear gradient methdiel {445 /& 75 vk
Modified Simplex (a non-gradient method) 4 15 5 12

Pattern search (Hooke-Jeeva&):{ 4 &

(Golden Section |
Global Modified Levenberg-Marquardt =115 I Levenberg-Marquardi.ik:
IGlobal Simplex |
Statistical Monte CarloZ45 K & vE4 1T (FEAUIFESE 1)

Global optimization allows the user to avoid local minima and obtain the best design
(solution). Additionally, a constrained optimization option is provided so the user may input
maximum and minimum bounds for any variable that is optimized. Consequently, the thin film
engineer/scientist can restrict the optimization to produce solutions thataetiegdrand
reasonable. Also unique are the choices of coupled thickness (pick-@blesrbounded indices,
symmetric design, and worst case scenario. Optimization variables ingladéiakness,
indices, angle of incidence, index equation coefficients, Rugate parameterd,lgyade
parameters, EMA coefficients, user defined coefficients, and super lattice
thickness’. Optimization variables may all be varied simultaneously. Up torapigmay be
displayed during optimization, and other applications can be run while optimization ugiegeéc
the background. The code implements double precision calculations for greateryaaodrac
control of round off errors in large designs.

B RWARR T, NI, FREBUTREARE, RS,

[ Optimization Targets

File Edt Chiomaticty Egquations Uty Help

i
‘ v Ok | | X Cancel ‘ |<g< Limit Targets | (BA218) [ [EJEJEJE] [Fafae(s[ )
150
v IS EAEE] o /
.
Use |wavelengthinm)|___Angle___ | Op Target e - Fd 1%
o
1 | v |a00.000 [ - on R | = FHE . E N
2 | v |400.000 45.000 - 100000 1.000 ZR R[] AR . R
3 |~ |400.000 65.000 - 1.000 1.000 Use: w o[~ kN K
4 + |403.529 1] = o 1.000 zT 10} =] 23 0 +
5 |~ 403.529 45.000 - 100.000 1.000 % Reflection A |~
g : :g;?gg 35-'3"" = :]-WU :-ggg :‘:'De“f"‘_’mHL o w0 40 lssggth Esso) 750 8% Beo 3 s 1SSUgm Essoj 750 850
. = | ransmission el avelety ] awelen; Tt
8 ¥ 407122 45.000 = 100.000 1.000 % ReflectionR |~ | 43 a7
9|« 407122 65.000 - 1000 1.000 User Defined 11|~ | o ot
10 | « 410778 0 = o 1.000 % Transmission R | ¥ | 39 37
1| v |a0778 45 000 = 100.000 1.000 ~ s o
12 | « (410,778 65.000 = 1.000 1.000 L= & g oy 27
13 | |a14.502 0 - o 1.000 - T ) ’ =
14 [ 7 414502 45.000 - 10000 1.000 = o B 22y
15 |« |414.502 65.000 - 1.000 1.000 B2 18 s 12
16 | |m18.293 0 = 0 1.000 B2 ;; ;: il
:; : ::g-igg ;:—ggg = 1“&’53"“ :-ggg 2 Refloct dFI‘H = s w4 155;11 Easu) 750 esl w5 ?50) 750 650
. 5 = .| . ser Lefined h aveleny tuthy) kY 11 )
19 |+ |422.154 0 - o 1.000 % Transmission A |~ _
“l“ | i DR S o SR 5 r Iteration: [14 RMSE: | pga851 | Optimization is complete
Sample of Spectroscopic Targets. Sample of Ellipsometry Optinaition Results.
i Ladll] W R vk B AR AL v 5 4 R A
J1
F, > ; 3 Pk hi t 4l
EMD ( 5 ) - Www.cnhninaemnet.com
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SynthesisZ&E &

Film Wizard™ incorporates five optical thin film synthesis methods: MultiBranch, Stochastic,
Pattern Search, Flip-Flop and Needle Synthesis. These synthesis algouithmate the design
of optical coatings. No initial design is required. Apart from the specditati the desired
optical performance of the coating, the only input data necessary are the subdteatédeent
materials and a list of thin film materials (up to 26 different materilaég)rhay be employed in the
design. The Needles Synthesis algorithm is particularly useful in findingndsslutions for
unusual and difficult optical coating problems.

Film Wizard™ & 3 ToRO G4 M 255 7577 MultiBranchZ 43 52, Stochasti@ti#LI1], Pattern
Search#zU# %, Flip-Flop XU&& 2 1<% and Needle Synthesi$2:4.

E Jueebie Oiboed Gugws Mow

Metho [Heme =l | ErNICE T
AR E P —
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Theration [7 Cument FiMSE; [ Best AMSE: 02775

Needle Synthesis Examplebt4£& %I+

These designs were generated automatically using Film Wizareedle synthesis, starting
from a single layer.

Immersed polarized beamsplitter 490-700&5 fi < 7> Y45

Boudot filter €t

Hot mirror #v4x

Two channel wavelength division multiplexer

MultiBranch Synthesis Example4 layer wide angle antireflection coating

Results 45 8

All results can be displayed graphically or in tabular form. Line, xy scatéar cantour, line
contour, patch, and surface plots are all available. Results may be printed or saved as
files. Many user options to label and edit graphs are available. A few of the optiodgsnc
overlay plots, linear/log scale, merging plots from saved graphs, and attachnadei®tihd
arrows. Also, the use of subscripts and superscripts is available in legends,tigspdntl
labels. The graph data can be easily imported or exported to other software proggrams
addition, the user may manually edit the graph data or apply user defined equations.

IR LN ATNL &2 -3 5
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[l B Defior Fledik windew Help
R ER1516] eal TPV 1] o] 22 [0l R I ] Tow | iGepnOpes | v
E 50 T T T T T Ty 9% | Graph Dptions | ;I B
= e a0 : ‘; Z Height: ] LI
= 40 F B M
= < IFp -] an En Z Rotation:
i % b = é‘ |225
: % s T X Rotation:
2E o . o
£
% bl - B¥ Hide Front Sides
“—\9 Ll 5 3 [ Right Angle Axes
fat ghoasileaslinialonaitocnaloncalinsibisaslossiigy X ¥ & Y Axes Numbeis In Perspective
_Fa_ mO MM 450 SD0 S50 6D BM TR ¥R BN [X Z Axis Numhers In Perspective
,E.‘-g_ Wavelengih (num)
Sample XY Plot with Two Y Axes. The User Can Dynaryi€itange the

Perspective of a 3d Plot.
Macro Language Ei&E S

A macro language is provided which allows the user to extend the capabilities of Film
Wizard™ by providing a VB style basic language which a) offers full support for modern BASIC;
b) supports in-code creation of custom dialog boxes using standard Windows controls such as:
buttons, checkboxes, groupboxes, listboxes, option buttons, and text-edit controls; c) supports OLE
Automation, which allows the macro language to programmatically accesasotimmponents
from other applications; d) offers the ability to declare and call any Windows ARtemal DLL
function from within the macro language.

Visual Basic i 5, OLE X[ G 8 AR A H h#4E, Windows) HF2 782 1, ZMT DLL
BB FE D RE.

System Requirements& 4 & 3K

Microsoft Windows 98, Me, 2000, NT, or XP. Minimum hardware needed: 486-based PC, 16
MB RAM, Math coprocessor, VGA card, mouse, and 20 MB of hard disk space. Faster Pentium
systems are, however, recommended.
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FilmMonitor ™ (Monitor Deposition Softwarels PLITE % 44:)

FilmMonitor™is a thin film software tool used to translate multi-layered thin film desigos
optical monitor run sheets. FilmMonil8fcombines the ease of use with powerful and versatile
features. In particular, FilmMonitBY:

FilmMonitor™ J& 22 2 IR B -8 A8 o e 2 I AL B AR 1 S A 1 T AL

FilmMonitor™ quickly creates easy to understand optical monitor run sheets for the
optical coating technician/operator.
FilmMonitor™ Sl 24 4 2 B G144 AR PG 775 5 BRAR 1K) 2 i A0 B3

Designs may be imported from Film Wizard™ or input directly into FilmMonitor™.
M Film Wizard™ % 45 A B 224 A FilmMonitor ™.

Up to 100 monitor chips may be employed in a design. Chip material and angle of
incidence may be separately specified for each individual chip.
—ANEE AT AL B3] 100 AN SR ERRISE  RTASRE .

FilmMonitor™ supports monitoring of transmittance, reflectance, and ellipsometric
parameters (tan(y), cos(d), g, A) at multiple wavelengths.
FilmMonitor™ SZ#F A3 SB5, AT REL, ML, Z%(tan(y), cosd), v, )

FilmMonitor™ supports output in absolute or relative units. In relative mode, gain and
offset may be adjusted at the start of each layer.

FilmMonitor ™ SZH5 4 SN AT Fr . MG, AEJZ A8 25 A0 W S nl i 4.

Optical Monitor Worksheet ¢l ¥ TYEFE

FilmMonitor™ allows the user to import Film Wizdfd projects or input designs directly into
FilmMonitor™. Once the design is loaded, FilmMonltbmautomatically displays the index
profile, the expected monitor chart, and fills the optical monitor worksheet. Eagh desy
employ up to 100 optical monitor chips. Chips may be of different materials and have varying
angles of incidence. One of the most attractive FiimMoRftéeatures is the flexibility it gives
the user interactively adding chips, changing film thicknesses, materials, gfisets, tooling
factors, and wavelengths. FilmMonitrallows the user to monitor transmittance (%, and
Tp,), reflectance (RRs, and R), and ellipsometric parametetar(y), cos(d), P, A, at multiple
wavelengths. The user can also select the output to be in absolute or relative uratativén r
mode, gain and offset may be adjusted at the start of each layer. The user carciysaspes
tooling factors to account for unequal deposition rates and indices of refraction béteveptidal
monitor chip and the work.

FilmMonitor™ W 51 A (R A ) A8 3@ MR w3 Bt/ ARAb e i, #k,
WazE, Wk, LA, K. FilmMonitor™ fe i S B (T, Ts, and ), AR, Ry,
and R), #ifiZ % (tan(y), cos(d), , A.
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|Indcx Profile Monitor Trace

T2 G

12713 71708 BABTE 500

!
1itor Worksheet |

2 13 0

2 1.3 0

\'.' : B
| W |(.)ptica] Mor

FilmMonitor ™ Worksheet Window T4ER & O
Design Optionsi +13% i

FilmMonitor™ allows the user to construct designs with up to 500 discrete layers. The
thicknesses may be physical, optical or mixed. Designs are automaticallytedrivem optical
to physical. Layers may be input either individually {1L 2H 1L 2H}, as stacks of repegtd |
enclosed in parenthesis { (1L 2H)2 }, or as stacks of repeated groups within groups { ((1H 1L)5
2L)3 4H}. Layers may also be specified as quarter waves at different desigengike
{1Lg450 1Hg650}. As many as 26 different materials may be specified per design. A
spreadsheet style material list allows loading and editing the matenedrpes.

FilmMonitor™ foFH] /7 Al K3t 500 B HLR). JE 2% (i.e., massive, optical, or physical).
JERANBNAL 2H 1L 2HY SN, R EHERR] (1L 2H)2 M\, BRE R 41{ ((1H 1L)5 2L)3 4H}
N R AT A B K {1Lg450 1HQE50% A, Rl 5E 26 RN KL T HE & ]
i JESE, ZHUK, MK

Ebe

[ o |[¥ e | [Blae] DlEle] (@8 ok

Dimiggn /sl

|0 DAH B2 00 P2 0H 1206 GA.B2H 10700 705GH 121,000 20 16H P01 4L S7.36H 96,010 BG1EH 42040 S4.74H 161621 j

H[CAULHY]
LICALICHY)

FilmMonitor ™ Design Window # 2 O
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Materials #4 %}

FilmMonitor™ incorporates a large library of NK files for the more widely used materials
which the user can edit and expand. Material types can also be defined by one of the
equation/models:

Film Wizard™ $& 4L 7 2 B (e £e, 78— AN BEvh bl g SC B2 14 B [ (b4 R AL
Film Wizard™ & JF E K NK SO -F 55732 HhH ol g ol 3 J (o d Rk, ARl m] A
JiREaGE X, B A E

Optical Monitor Run Sheet 6 M ¥iZ1TH&

FilmMonitor™ gives the user a great deal of flexibility in generating optical monitor run
sheets. User may customize a run sheet by inserting text and picturesjrigrfoats, and
selecting the fields that will appear in the run sheet. Also, run sheets may thassemplates
for subsequent run sheets. The user has the option to quickly generate graphs of expected output
versus deposition time or thickness of the stack/chip. FilmMdHitpraphs are fully
customizable. A few of the options include line style and color, font size and color/ldigear
scale, and subscripts and superscripts in legends and graph titles. The grapke beagapied
as metafiles or bitmaps to the clipboard.

& Graph [ [ol=]
File Edit Dptions Tablel o B Dyiod Gach Fonr fnown
EE-- IIIEIEIEE = E
I | 0 F[!‘-I"llilllﬂl‘
1 |SCi ENTIFI IOHPUTiN lr-ITERHATIOI-IL FILKMEINIT (IR i
0 3 |LUATINGE FART B
4 |MACHINL UN =
n § |oPsRATOR DANE
COMMMETS
= T
& o
< i
= [l Chiph: 1
o a
Lc; Lases Thick. Malniial Chaolt Sl End Ul Wy, G Conr
8 1 e H 1 56732 W Alsshls a2 28 1.000
§ 2 12579 L 1 o 128 Alaebals Ga229 1.000
IE E T E ra H 1 RS BMSIE  Abashals CERE] 1.000
o L Tame: L 1 BN SAEM Abeolute e 1,000
Chpl: 7
Lagsef  Thich  Malwisl  Chiol  Sisl  Esd  Uels W e Con
) L L 1 L 1 1 1 1 B4 E? H F 5514 a3 Alrvshsl e 5461 1,008
-1m o an a0 L) o o8 100 123 1400 F4 mys L 2 4123 13877 Abwshule S46 0 1,000
el H 2 REL A F2mE Alvshile SIET 10080
Thicknsss(zm) X 121 98 L 2 D GAETE  Absute  SIET 1000
0
Customizable Monitor Chart Customizable Run Sheet

Minimum System Requirementsi{k R S E K

Microsoft Windows 98, Me, 2000, NT, or XP. Minimum hardware needed: 486-based PC, 16
MB RAM, Math coprocessor, VGA card, mouse, and 10 MB of hard disk space. Faster Pentium
systems are, however, recommended.
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FilmEllipse ™

FilmEllipse™ is an easy to use production oriented software tool for the analysis and
acquisition of ellipsometric data. FilmEllipskallows the user to find solutions to a wide range
of applications not typically covered by the software bundled with commerciallglaieai

ellipsometers. In particular, FIlmENipS& (43 B A3 A 15 f D S0 16 1 278 m] 5 i) B4

a | Simultaneously solves for complex indices (n+ik) and thicknesses of multi-layestriuctures.

a | Allows the user to enter ellipsometric and spectrophotometric data collectedtipte wavelengths and
angles of incidence.

= | May be operated in either an engineering or manufacturing mode. The manufacturing mocdelitigquire
or no experience in personal computers or thin film optics.

a | Gives unique self-consistent layer thickness solutions. Most commereiailigde three wavelength
ellipsometers treat each wavelength independently, which results in threerdifféeckness solutions (one
for each wavelength). FilmEllipse uses the fact there can physically only be one thickness value and
calculates a thickness which consistently fits all three wavelengths.

a | Global Solution/Optimization methods are used to obtain the best solutions, thereby avcalingriima
and minimizing sensitivity to measurements errors.

a | Maximum and minimum bounds may be placed on any unknown thickness or index of refraction.

a | Gives the user flexibility in customizing FilmEllipS&for entry and storage of user defined fields.

a | Automatically saves and groups experimental data, instrument parametgssédier structures, and
comments in a user defined database for later analysis. This feature isurhpoperforming statistical
process control and instrument calibration.

Ease of Usez H

FilmEllipse™ is designed to be operated in either an engineering or manufacturing mode.
The manufacturing mode is specifically designed such that little or no exgeiepersonal
computers, thin film optics, or ellipsometric techniques is required. | n this mode thetesscts
with a single window (shown below) to open pre-defined recipes which automaticallylload a
instrument parameters and layer settings. The user need only enter theenga¢édata and fill
in the user defined fieldFilmEllipse™ Main Window

FilmE llipse [Demo]
ellingsD.

—_——

[ Owewnaa | [ 3 soivo | [ sovenans | s 2 ,ﬁﬁr—f—];
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In the engineering mode, the engineer specifies the recipe settings. Epeltoatains the
layer and material settings, instrument/ellipsometer parametegsetnd the required user
defined fields such as lot number, wafer number, etc. These recipes may be prateaad w
optional password and saved for later use.

Instrument Parameter Settings X3S ¥ & B

FilmEllipse™ allows the user to enter ellipsometric datan(y), cos(A), ¢, A) by itself or
in conjunction with spectrophotometric daita.( transmittance and/or reflectance). This is
particularly valuable to users who also employ spectrophotometgrdNanospecs) for film
thickness measurements. Measured data may be collected at multiple waged@ngncident
angles. Instrument Parameter Setting Dialog Box

Instrument Parameter 5 ettings
" Instrument Parametar Sattings
Angle Weight Type

Use®| |70 [1 [Psi =l % Cancel I
Use[® |70 1 [Detta =]
Use[~ [6D [1 [Psi =]
Use [ [60 1 [Demta =]
Usel [0 [ [zn =
use[" [0 [1 [T =]

@® Pei. Delta

O Tan[Psi). Cos[Delta]

Layer Settings B &

As many as three layers may can be specified in the film stack. Films rdastdwtric,
semiconductors, or metallic (absorbing). The optical properties of the varioasfiinsubstrates
are stored as tables of complex refractive index (n+ik) versus wavelengtillipige ¥ comes
with a large database of optical constants (nk) which may be edited. Up to thremdiffe
wavelengths can be used in a single recipe with multiple angles of incidencemutaand
minimum bounds may be placed on any unknown thickness or index of refrBegdpn Window

[wesotns |

# of Layers: |1 ~| HofWares: ;3 =
| Sattings
X1 N %3 |2 [Material File
Wavelengthinm] |405 546.1 §32.8
Substiate N |5.424738  |4.097514  |3.881105 Sub S| &
Substiale K__|0.330372 |0.043743 |0.013383
M N_|15 15 15 Layer1[sinz |~
Minimum N [1.4 1.4 1.4
M K_ |01 01 01 Layer 2[USER |+
Minimum K 1] 0 0
N OfLaper 1 [1.469582 |1.46008  |1.457053 LayerﬂlL'SEH -
KOflaper1 [0.0 0.0 0.0 -
FIndex Settings " [ Thickness Seltings
X Solve For N
~ Golve FarK Thick.(nm | Max.(nm) | Min.(nm) | Solve|
e for Layer #1 |20.0 2000 |00 o
Solve For Index OF: Loper 02 |
© Substrate () L ayer 7 Layor 3 |
® Lager1 O Layer 3
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DatabaseZ( & FE

One of the most attractive features of FilmElliPses the flexibility it gives the user in
customizing FilmEllips&” for entry and storage of user defined fields. The engineer can specify
up to 100 fields. The allowed field types include ComboBoxes, Yes/No, Text, Integer, Long,
Single, Double, and Dates. In this way, process dependent data can be stored along with the
solutions in tab delimited files. The data files FilmElliP5generates can be readily imported
into Microsoft Excel or Microsoft AccesBilmEllipse" Custom Database Window

Edit Fields
.
Field Descriptor Tvpe :I 1| Tunnel Dxide
1 |Lot Text 2 |Gate Dxide
2| water Teut 3_|Field Duide ¥ Cancel
3 |Comment Text 4 | Other
4 |Fummace ComboBox
]
5
i
8
9
10
11 =
Number Items 4
Default ltem 1
Heset On Mew Entr YES

Minimum System Requirements & R A E K

Microsoft Windows 98, Me, 2000, NT, or XP. Minimum hardware needed: 486-based PC, 16
MB RAM, Math coprocessor, VGA card, mouse, and 20 MB of hard disk space. Faster Pentium
systems are, however, recommended.
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Applications N H

FilmTek™ metrology systems can measure a broad array of single and nerlfillag
including metallic, semiconductor, amorphous, crystalline, and dielectric alateni virtually any
substrate. FilmTek™ can simultaneously determine:

FilmTek ™Il & 2 28 Al ve Vo [ 1) 52 2 J2 3 I, Tl iR B m (M) 1, 348,
ARE e, Gilh, WA BAEL FilmTek ™ge A i il 5

« Multiple layer thicknesses (from <1A to 250 microhd) 1| 25014k 2 )2 5 5 1 &

+ Indices of refraction [ () ] (both TE and TM components of index)

o PrFRECn( ) W

. Extinction (absorption) coefficients [X{§ ] 6 (W i) £ Kol &

« Birefringence ( Y475

- Energy band gap [# fit & i BRIl &

. Surface roughness and damaggef ki & F145 47 I &

- Porosity, composition, and crystallinity (EMA mod@I¥L 1, iy, it A (U RE in A /1Y)
- Film properties versus temperatuféiE i 5245 11

. Wafer curvature and film stres&}: i it Z& fIi I

Optoelectronics Application Reports)t T2 5 F it &5

« Characterizing Oxide Films for Waveguide Applicatio#sll i 5 W H 4846 4 v F 4 4
- FilmTek™ 4000 Repeatability] &

« Characterizing Film Properties versus Temperaf@ i# 55 5L r

.« Measuring Color Coordinates: Colored Resiiide % 1 i b 7 :

. Characterizing OLED Display Material§ ¥{. OLED A WL &t 2 Bontt ks

« Characterizing Birefringent Materials: PEZ I 5 44 Rk

Semiconductor Application Reports3 5S4k H# 15

« Measuring Surface Roughne#¥ & 3 [ #H ks &

« Characterizing Very Thin ONO Film& IR 7 i R4

« Characterizing Advanced Low-k Materiad&iil /¢t 3HE K #4 kR

« Characterizing High-k Material§< ¥ = K #4 RHEF

. Characterizing SiG& I a4k ik 1

« Measuring Silicon on Insulator (SOI) Filril# 5 £ 2% {4 ek i g

« Characterizing Amorphous Silicon and Polysilicgdl JF i A1 2 ks
« Characterizing Silicon on Sapphire (SO& =5 A1 fk IR

« Characterizing Photomasks Il 't i s
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Characterizing Oxide Films for Waveguide Applicatiors

(RILB T N H AR

FilmTek™ Advantages{i#:

+ FilmTek™ 4000 measures thickness and index of refraction independently with SCI's
patented Differential Power Spectral Density (DPSD) technology.

« LT SCIERIMRZ Dh A% 2 FEHR FilmTek™ 400000 5 )5 5 R4 4 Fr 4L

« Accurate and simultaneous determination of film thickness and index of refracaon as
function of wavelength [ n() ] (both TE and TM components of index).

+ Measure optical properties from 190nm-1700nm.

+ FilmTek™ 4000 has the highest resolution and repeatability in the industry, with a
thickness resolution of 2A and index resolution of 210

o JEREGTHER 2R, PUHIREUIPER 2x10°,

6.9um Ge-SiO/15um SiO,/Silicon Substrate
(6.5um - —F AL RE/15um —EALREREFE)

Cre5102 o HIP O
Thickness Layer #2 (nm) 01-19-0100:55
1o
| B B | T | T T T T
- M 6o67 50 - 7057 403
- M sr56 - 5067 20
W 67E04z - BETE 5
E:l
G700.19 - BTES.42
£}
510,95 - 570019
_é_ ° 652172- 651095
Ll e 543248652172
= 534325543248
= B25401-534325
a G547 -B254 01
0 BOTS54- 515477
o | P P I P T | Lonlinnl 05530 - 0TS 5 L | | il |
-0 S0 0 S0 3 -10 10 XM S0 70 %0 1D o H B 5 E I
X {mm) o of Qs ()

Arerage= 6547 57 3td. Deer = 244666 Mindmom = 5928630 Medmm = 7057 13
Iedian =054172 Q. .Range=353.04 10%=01l0650 o0 ¥= 680201

(5-5102 oz HIP 0K
Index Layer #2 i@ 1550 nm 01-19-01 00:55

| B B | T T T T T
| Eiasa- 1ams
WiasT1E- 14540
[ = R ]

145576 - 1455587

145555 - 145676

145534 - 145635

¥ imm

TAS512 - 14353
145391 - 145512
145570 - L4391
143542 - 143570

143525 - 143542

145505 - 145528 1 L | | | |
1] = {[x] is 0 25 0 3=

Ho of s (4]

Areraze = 145648 Std Dew = 00035 Mindmom = 145506 Mwedmom = 145761
Mediaon = 145645 0. Range= 00041 10 3= 1434610 0 Fe= 1 45604
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FilmTek™ 4000 Repeatability(] & & 1)
FilmTek™ Advantages{i#

+ FilmTek™ 4000 measures thickness and index of refraction independently with SClI's
patented Differential Power Spectral Density (DPSD) technology.

o JET SCIEL IR Z I3 AR FilmTek™ 400000 i )5 & F1 4T 5 R4k

« Accurate and simultaneous determination of film thickness and index of refraction as
function of wavelength [ A} ] (both TE and TM components of index).

« Best index and thickness repeatability in the industry.

o kARG TR BN ] R AL

FilmTek™ 4000A Index and Thickness Repeatability: 160 Wafer Load/Unload Cycte
P FEEOR AT E I 1160 & in 2/ E A EA

FilmTek™ 40004 Index and Thickness Repeatability
Thermal Oxide on Silicon

: - 12035
_________ :_________JI_________]I._________:-_________:_________]I.__ * |nde}{ .____:. 12924
¢ | = Thickness 17
--------- e S S S e e P
P . e e R
L% R e *— 12.021 :‘:j.
E '."Ff. 4-"—"-{?"" ""'F'm"ﬂm\" "'ihﬂf-pd'-'_ﬂ L 12020 E
2 D 2o 2
E ! ! ! ! ! ! ! : =
---------
---------
---------
. . . . . . 12018
a0 &0 80 100 120 140 18D
Wafer Cycle
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Characterizing Film Properties versus Temperature
(RUL R B )

FilmTek™ Advantages{i#:

The high index and thickness resolution of the FilmTek™ 4000 allows film properties to be
accurately characterized as a function of temperature.

Measure dn/dT and thermal expansion coefficients for new materials.

Thermal characterization of films provides a quick measure of environmentétystabi
process research and development.

Measured Index of Refraction versus Temperature 0%iO, on Silicon

i E R AR RN R R E SN E

T.B8I0E-006 * T + 1.445485

TETE2E006 * T+ L445491

o Exp. Ramp ing Up u Fxp. Ramping Down
1.4475 LI B S S D U U B B B S B N R B A B S RN R A A
=
g
7
'_11.44'."'0' -
&=
-
jL1]
= L
=
_51.4465' -
F L
T
=
Elﬁ"ﬁﬂ' -
= L
=
=
L4455 PR TR N R I N TR TR TN NN T TR SN T NN T TR TN WO N N T T
A0 100 150 200 250

Temperature {C)

Characterization of a Tunable Polymer Waveguide Material versus Temperate

AR AR A EHR R T &

15130 prrr
E. 3 7775 B 3

1.5125

1al00

1.5075

1.5025

1.5000

14975

1.4050

14925

Index Of Refraction i@ 1550 nm

1.4900

14875

14850

14825

Exp.

-2.4555E-004 + T + L.516T05 o Exp. 3.E2TTE+000 + T + 7313.26

= = 7700 F

13050 F

T
1
Thickness (nm})

3 3 na B

L L B o B e n e m e e I o o o o o L B e e

a0 B 4
125 B 3

6T F
650 F
7615 B
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7575 F
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7500 B
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7450

400

E 7375 F
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7350
20 40 60 &0 00 120 40 160 i 20 40 60 & 100 120 140 160
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Measuring Color Coordinates: Colored Resists

(NERBREIRR)

FilmTek™ Advantages{i#:

FilmTek™ simultaneously measures thickness, optical constants, and CIE color

coordinates. [ il & JEJE, Hassw g, AH-T20ah

AR (R b 2R

Superior film characterization enables accurate and repeatable processingpnit

Measuring Colored Resists on Silicon > Blue Resist

Thickness L1 Blue Resist (nin)

20

B0

0

20

-60

-80

W1616.26 -
W1E10.27 -
W1604.28 -
159028 -
1602.20 -
1626.30 -
1680.31 -
1674.32 -
1668 33 -
1562 34 -
1556.35 -
155035 -

1622 26
1616 26
1610.27
1604.28
1608.20
159230
1586.30
15801
167432
1568.33
1562 34
155635

-0 B0 40 20 0
X

20 40 80 80

Ehe Resist
07-29-03 17:27

o

5 10 15 0
Ho of Obs (%)

25

Arerage = 1578 25
Medin = 157689

Std. Dew = 12,93

Q.Range= 1620 10 % = 156261
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Measuring Colored Resists on Silicon > Red Resist
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Characterizing OLED Display Materials
(I OLED AHLRN—LE ErttrHistt)

FilmTek™ Advantages{i#:

FilmTek™ 3000 measures spectroscopic reflection and transmission.

FilmTek™ 30001 5 5 137 5l =

Accurate and simultaneous determination of film thickness and index of refracion as
function of wavelength [ nj ].

Simultaneous measurement of multiple OLED layer thicknesses.

Advanced process control achieved with FilmTek's™ high resolution measurement of
optical constants and thickness.
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Characterizing Birefringent Materials: PET

(RIS # R )

FilmTek™ Advantages{i#

. FilmTek™ 3000P combines spectroscopic reflection, transmission, and polarimetry
measurements for the accurate and simultaneous determination of optical camstants
birefringence (gno). JEHE S, Z 8, el e il 5

« Simultaneous measurement of multi-layer films on birefringent substrates.

« Advanced process control achieved with FilmTek's™ high resolution measurement of
optical constants, birefringence, and thickness.
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Measuring Surface Roughnesgill & 7 i {H ks BF)
FilmTek™ Advantages{i#

. Fast, non-contact surface roughness measurerhent /1], 3112 il 4 1 i 5 0 &

« FilmTek™ simultaneously measures surface roughness, thickness, and optical gonstant
(nk spectra).
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FilmTek™ Surface Roughness Correlation with Atomic Force Microscopy (AM)
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Characterizing Very Thin ONO Films(ZRILIR#E ONO & 1)

« Simultaneous measurement of all three oxide/nitride/oxide (ONO) layers.

o AN = R R AL AL R A )

+ FilmTek 4000EM-DUV combines spectroscopic ellipsometry with deep UV reflettgm
using SCI's patented Multi-Angle Differential Polarimetry (MADR)eology to
discriminate between the top and buried oxide layers.
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Characterizing Advanced Low-k Materials

(RILSEHEK K AR E)

« Advanced process control achieved with FilmTek's™ high resolution measurement of
optical constants and thickness using SCI's patented Differential PowerSpectsity
(DPSD) technology.

+ Measure graded low-k film®.g., after plasma damage) with SCI's advanced modeling
algorithms.

« Superior film characterization enables accurate and repeatable CMP ahdieptic
process monitoring of multi-layer low-k film stacks on copper.
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Low-k (Plasma Damaged)
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Measure multi-layer advanced high-k film stacks with SCI's unique Multi-Angle

Characterizing High-k Materials(ZI & K #4845 4)
FilmTek™ Advantages{i#:

Differential Polarimetry (MADP) technology.

Simultaneous determination of the interfacial layer thickness.
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Characterizing SiGe @44 1L 145 M)

FilmTek™ Advantages{i#:

« Simultaneous determination of SiGe thickness and germanium concentration.
o [RINy R B A A R R RN AR T

« Fast, accurate, and repeatable measurement of thin and thick SiGe films.

SiGe Thickness = 4425 &
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Measuring Silicon-on-Insulator (SOI) Films

(B %k EREHR)

FilmTek™ Advantages{i#

+ Simultaneous determination of silicon and buried oxide thickness.
« Fast, accurate, and repeatable measurement of thin and thick SOI films.

Thick SOI (100 microns)
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Characterizing Amorphous Silicon and Polysilicon

(BRI FEEN L RERHT)

FilmTek™ Advantages{i#:

« Simultaneous measurement of a-Si thickness, oxide thickness, and a-Si witystalli
+ Advanced process control achieved with FilmTek's™ high resolution measurement of

optical constants and thickness.

Amorphous Silicon/Oxide/Silicon
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Study of Amorphous Silicon Crystallization Due to Heat Treatment
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2 G 4004 g2.67 a1
3 7 4003 61.33 37
4 g 40649 26.70 23
a3 10 4102 10.66 14
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Characterizing Silicon on Sapphire&@M 2 €4 _ErEfstE)

FilmTek™ Advantages

« Simultaneous measurement of silicon thickness and surface roughness.

o [ A R R A TR A S

« Measure the profile of silicon implant damage using FilmTek's™ advanced modeling
algorithms. £ FilmTek's ™/ 1 st A5 vl - pek AEL N 35340 8 56

« Superior film characterization enables accurate and repeatable processingnit

o D0 TRERRARE PR I AR A A R R AT AR [ L) AR A RSO T R

Heteroepitaxial Silicon on Sapphire2: €A 7 FkE
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250 num Silicon Epd on Sapphire
Post Bilmplant
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Characterizing Photomasks& I L B4 1)

FilmTek™ Advantages{i#

FilmTek™ 3000 measures reflection and transmissiarii 137 5 ] &
« Simultaneously characterize the photoresist, chrome oxide, and chrome layersghickne

o RINRIDCZIR, S48, 82T

Photoresist/Cr,Os/Cr/Quartz Substrate YeZI B/ T84k — 4% /4816 Tt &g

Resist Thickness=3921.0 A
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