
Characterization of LPCVD TEOS Thin Film Characterization of LPCVD TEOS Thin Film 
using Ellipsometerusing Ellipsometer

byby

Sompong CharoenkitSompong Charoenkit
Thongchai ThongvigitmaneeThongchai Thongvigitmanee

Ladthai ThaiyotinLadthai Thaiyotin
Ekalak ChaowicharatEkalak Chaowicharat

Charndet HruanunCharndet Hruanun
Amporn PoyaiAmporn Poyai
Itti RittapornItti Rittaporn

Thai Microelectronics Center Thai Microelectronics Center ((TMECTMEC))
National Electronics and Computer Technology Center National Electronics and Computer Technology Center ((NECTECNECTEC) ) 
National Science and Technology Development Agency National Science and Technology Development Agency ((NSTDANSTDA))



KEY OF THIN FILM GROWTH FOR MICROELECTRONICSKEY OF THIN FILM GROWTH FOR MICROELECTRONICS

Basic Fabrication process  Basic Fabrication process  
consist of three major  consist of three major  
stepssteps::

11. . Deposition of thin  Deposition of thin  
films     films     

22. . PhotolithographyPhotolithography
33. . Selective etching of  Selective etching of  

the filmsthe films..



THIN FILM DEPOSITION FOR BASIC ETCH PROCESSTHIN FILM DEPOSITION FOR BASIC ETCH PROCESS

THIN FILM DEPOSITION FOR FABRICATION PROCESSTHIN FILM DEPOSITION FOR FABRICATION PROCESS
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Thin film technologyThin film technology

Deposition technologies can be divided into Deposition technologies can be divided into 
two groupstwo groups: : 

11. . Physical Vapor Deposition Physical Vapor Deposition ((PVDPVD) ) process process 
22. . Chemical Vapor Deposition Chemical Vapor Deposition ((CVDCVD) ) processprocess



Type of Deposition MethodsType of Deposition Methods

Physical Vapor DepositionPhysical Vapor Deposition: : PVDPVD
-- EvaporationEvaporation
-- E Beam evaporationE Beam evaporation
-- SputteringSputtering

Chemical Vapor DepositionChemical Vapor Deposition: : CVDCVD
-- Plasma Enhanced CVD Plasma Enhanced CVD ((PECVDPECVD))
-- Atmospheric Pressure CVD Atmospheric Pressure CVD ((APCVDAPCVD))
-- Low Pressure CVD Low Pressure CVD ((LPCVDLPCVD))
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Low Pressure CVD Low Pressure CVD ((LPCVDLPCVD))

AdvantageAdvantage
-- Moderate deposition rates
- Very high throughput 
- Minimal contamination

DisadvantageDisadvantage
-- Film contamination Film contamination ((reaction reaction 

products and carrier gases)



LPCVD horizontal hotLPCVD horizontal hot--wall furnacewall furnace systemsystem



SVG LPCVD furnace THERMCO TMXSVG LPCVD furnace THERMCO TMX26032603
at at Thai Microelectronics Center Thai Microelectronics Center ((TMECTMEC))

front                   front                   backback



Structure of LPCVD TEOS furnaceStructure of LPCVD TEOS furnace

Computer Control                      Computer Control                      TEOS liquid source                  TEOS liquid source                  

Quartz Boat                    Gas Quartz Boat                    Gas cabinet & Vacuum System                  cabinet & Vacuum System                  
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- Gases are introduced into a reaction 
chamber

- Gas species move to the substrate
- Reactants are adsorbed on the 
substrate

- Film-forming chemical reactions
- Desorption and removal of gaseous 
by-products

Step in film growthStep in film growth



Oxide Oxide ((SiOSiO22) ) Films DepositionFilms Deposition

SiSi((OCOC22HH55))44 SiOSiO22+ + byby--productsproducts

-- TetraethylorthosilicateTetraethylorthosilicate: : TEOS TEOS ((500500--800 800 CC) ) 
700700 CC

-- Silane & Oxygen Silane & Oxygen ((300300--500 500 CC) ) 

-- Dichlorosilane & Nitrous Dichlorosilane & Nitrous ((~~900 900 CC) ) 

SiSiHH44 + + OO22 SiOSiO22++22HH22
450450 CC

SiSiClCl22HH22 ++ 22NN22OO SiOSiO22++ 22NN22 + + 22HClHCl
900900 CC



TEOS Films by LPCVDTEOS Films by LPCVD

AdvantageAdvantage
-- Isolation layerIsolation layer
-- Step coverageStep coverage
-- Hard mask Hard mask 
-- Moderate deposition rate Moderate deposition rate 

DisadvantageDisadvantage
-- Bad thickness uniformity Bad thickness uniformity ((~~3%3%))



~0.5cm                    ~1cm

Uniformity (%) = [Standard deviation/ Thickness average] × 100



Normal Normal Wafer spacing Wafer spacing 
2020 minute minute Deposit Time Deposit Time 
150150, , 200200, , 250250, , 300300 mtorr mtorr Operate Pressure Operate Pressure 
8080 SCCM SCCM Gas flow TEOS Gas flow TEOS 

705  705  CCTemperature Temperature 
LPCVDLPCVDTechnique Technique 

Normal Normal Wafer spacing Wafer spacing 
2020 minute minute Deposit Time Deposit Time 
200 200 mtorrmtorrOperate Pressure Operate Pressure 
8080 SCCM SCCM Gas flow TEOS Gas flow TEOS 

680680, , 690690, , 700700, , 705705, , 710  710  CCTemperature Temperature 
LPCVDLPCVDTechnique Technique 

Process AProcess A: : Different Operate PressureDifferent Operate Pressure

Process BProcess B: : Different TemperatureDifferent Temperature





AdjustmentAdjustmentWafer spacing Wafer spacing 
2020 minute minute Deposit Time Deposit Time 
175175, , 200200, , 225225 mtorr mtorr Operate Pressure Operate Pressure 
8080 SCCM SCCM Gas flow TEOS Gas flow TEOS 

705  705  CCTemperature Temperature 
LPCVDLPCVDTechnique Technique 

AdjustmentAdjustmentWafer spacing Wafer spacing 
3030, , 6060, , 9090 minute minute Deposit Time Deposit Time 
200 200 mtorrmtorrOperate Pressure Operate Pressure 
8080 SCCM SCCM Gas flow TEOS Gas flow TEOS 

705  705  CCTemperature Temperature 
LPCVDLPCVDTechnique Technique 

Process CProcess C: : Wafer spacingWafer spacing

Process DProcess D: : Different Deposition TimeDifferent Deposition Time
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ELLIPSOMETERELLIPSOMETER

Thin Film Measurement Thin Film Measurement at at Thai Microelectronics Center Thai Microelectronics Center ((TMECTMEC))

Map TEOS fiMap TEOS filmlm



Properties of Silicon Dioxide FilmsProperties of Silicon Dioxide Films

SiClSiCl22HH2+2+NN22OO
at at 900900 CC

TEOSTEOS
at at 700700 CC

SiHSiH4+4+OO22
at at 450450 CC

ThermallyThermally
at at 10001000 CC

PropertyProperty

conformalconformalconformalconformalnon non 
conformalconformal

--Step coverageStep coverage

454545451201204444Etch rate Etch rate ((nmnm//minmin))
((buffered HFbuffered HF))

33336633Etch rate Etch rate ((nmnm//minmin))
((100100::1 1 HH22OO::HFHF))

1010101088>>1010StrengthStrength((101066VV//cmcm))

1.461.461.461.461.441.441.461.46Refractive indexRefractive index

2.22.22.22.22.12.12.22.2DensityDensity((gg//cmcm33))

SiOSiO22((ClCl))SIOSIO22SiOSiO22((HH))SiOSiO22CompositionComposition

Fundamentals of Semiconductor Fabrication Fundamentals of Semiconductor Fabrication ((page page 158158))



Properties of TEOS Films by LPCVDProperties of TEOS Films by LPCVD

ConformalConformalStep coverageStep coverage

6666Etch rate Etch rate ((nmnm//minmin))
HFHF3%3%

9.29.2Deposition rate Deposition rate ((nmnm//minmin))

~~1.01.0Wafer uniformity Wafer uniformity (%)(%)
66 inch waferinch wafer

0.00000.0000Absorption coefficient Absorption coefficient ((kk))

~~1.451.45Refractive index Refractive index ((nn))

SiOSiO22CompositionComposition

TEOS at TEOS at 705705 CCPropertyProperty



TEOS Thin Film by LPCVD for ApplicationTEOS Thin Film by LPCVD for Application
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The silicon dioxide (TEOS) films have 
wafer uniformity about 1.0 %
refractive index about 1.45
absorption coefficient of 0.0

deposition rate of 9.2 nm/min
Etch rate (HF3%) of 66 nm/min

ConclusionConclusion
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