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Abstract

This project studies the fabrication of Tin Oxide (SnO,) thin films on glass substrates by using
CVD (Chemical Vapor Deposition) technique as a conductive translucency for solar cells. In this project
the CVD system was designed and built which consisted of a heater coil, an atomizer, a quartz tube and a
vacuum cover. Chemical substance used in the preparation are Tin chloride(SnCl,) and Ammonium
Fluoride (NH,F).The effect of fabrication process parameter such as systems,temperature, carrier gas,

position of substrate and chemical substances
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Materials and Process Reference

Ag by chemical-bath deposition Unknow Venetian

SnO,:Sb by spray pyrolysis
Sn0,:Cl by spray pyrolysis
SnO,:F by spray pyrolysis
In,0,:Sn by spray pyrolysis
In,0,:Sn by sputtering
Sn0O,:Sb by CVD

Cd,SnO, by sputtering

Cd,SnO, by spray pyrolysis

SnO,:F by CVD

TiN by CVD

ZnQO:In by spray pyrolysis
Zn0:Al by sputtering
ZnO:In by sputtering
ZnO:B by CVD

Zn0:Ga by sputtering
ZnO:F by CVD
ZnO:Alby CVD

Zn0:Ga by CVD

IM. Mochel (Corning), 1947

H.A. McMaster (Libbey-Owens-Ford), 1947
W.O. Lytle and A.E. Junge (PPG), 1951
J.M. Mochel (Corning), 1951

L. Holland and G. Siddall, 1955

H.F. Dates and J.K. Davis (Corning), 1967
A.J. Nozik (American Cyanamid), 1974

A.J. Nozik and G. Haacke (American
Cyanamid), 1967

R.G. Gordon (Harvard), 1979

S.R. Kurtz and R.G. Gordon (Harvard), 1986
s. Major et al. (Kanazawa), 1984

T. Minami et al. (Kanazawa), 1984

S.N. Qlu et al. (McGill), 1987

P.S. Vijayakumar et al. (Arco Solar), 1988
B.H. Choi et al. (KAIST), 1990

J. Hu and R.G. Gordon (Harvard), 1991

J. Hu and R.G. Gordon (Harvard), 1992

J-Hu and R.G. Gordon (Harvard), 1992
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ZnO:In by CVD J. Hu and R.G. Gordon (Harvard), 1992
Zn,Sn0, by sputtering H. Enoki et al. (Tohoku), 1992

ZnSnO, by sputtering T. Minami et al. (Kanazawa), 1994

Cd,SnO, by pulsed laser deposition T M. McGraw et al. (Colorado School of Mines

and NREL), 1995
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Material Sheet Resistance Visible Absorption Figure of Merit
(Q /0y Coefficient (Q-l)

ZnO:F 5 0.03 7
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ZnO:Al 3.8 0.05 5
In,0,:Sn 6 A\ 0.04 4
SnO,:F 8 0.04 3
Zn0:Ga 3 0.12 3
ZnO:B 8 0.06 2
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ZnO:In 20 0.20 0.2

o mmsiluih
J @ o oA g o 1 1
TusgiasalvesTagiir lihszdeslvmaurawhmndlul1é sndrodraauly
4 ~ = ddyw o {
gUnsalliaAINaNn2LazIBengs (high resolution display)  lunsdifidaulsvesiaqii
E4 v 4
anudrsgaeninisi il Tagarmss ldduinmuduawdSnaanunuiniuves
aa a 1 QQdy o @ ) a 4? 1o b wa @
Sianasoudaszuazm ludaa dmiuTavemuluiuegiuTnssadaazauianie i ag
3 v 9
EAF M SUWINAIT AR UNS 11U (wide band gap semiconductor) WHAININ
' ad a ° YA o g 1 Ay P =
ruinvedianaseudaszazgaih Iviswannalasns ldesodh ldununluuaaiy
é d‘ o - 1 1 = ]
Fennumeeufidossaouinaumnlusaairzdanasemsfanuunnseslulasead
- ° Y v aadyu 0’1} 1 Av ¥ 1 a o
(neutral defect) fivgshldaadrTudian duiuawingan lAvesnnuruiuvedBanATOY
' [ Fd
wazamath dhluSagi W lusalalasia ldnohdinmsBeadidumsmuinvosnins
14
11 1 1adedl ZnO:F < SnO,:F < ZnO:Al <In,0,:Sn < TiN < Ag
® AnMaNAEIN
1 { 1 o v a g o @ o 1
Aranudnaasi dwmdudidnaseulunouih ihvesdagir i ldsdaanse
i wa o = v A 1t a g us;l 1
pdeuautianieuaslasiinnudgauinndinaudnaid sianaseuiiuliaunse
aevdusazszh I SaqildnuusadioTagnuan Wi Tusela (ransparent dielectric) 1897

P 1 A 1w o v =) 9 A oA
anuddinanudwaradiaguir v lusddaszlinsagiounazganauidannizny



13

dmsudagur I Tdseladulugezlisanudnaraiinnedlugiwsnauvesnimen
4 a ' 4 A & o & :
adududIuse ArnuANa @l IR LTUAUAISINNADIUBIAUNUIUUUVD
ad a Voo Ay Y a d a d' [ o °
SidnaToudase wunmwingai ldvesdidnaseudaszuazaudnaraiwesiagiiluih

) 1) ¥ v
TsalaTaenia lumnanluszaudordu aramud i IMfwaas 13 luarsieh 2.3

maaf 2.4 dgavesmanwiuniu i wasanudwaraiwesTagi i Tusela

Material Resistivity ( cm) Plasma Wavelength (pm)
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SnO:F 400 >2.0
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Material Mohs Hardness
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Property

Highest transparency

Highest conductivity

Lowest plasma frequency

Highest plasma frequency

Highest work function, best contact to p-Si

Lowest work function, best contact to n-Si

Best thermal stability

Best mechanical durability

Best chemical durability

Easiest to etch

Lowest deposition temperature

Least toxic

Lowest cost

Material
ZnO'F, Cd,SnO,
In,0,:Sn
SnO,:F, ZnO:F
Ag, TiN, In,0,:Sn
SnO,:F, ZnSnO,
ZnO:F
SnO,:F, TiN, Cd,Sn0O,
TiN, SnO,:F
SnO,:F
ZnO:F, TiN
In,0,:Sn, ZnO:B, Ag
ZnO'F, SnO,:F
SnO,:F
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511 3.1 Tasanfregaouvnsdynoen lua (Sn0,)
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impurity atom Eeyx"
Ey=0.05 eV

= @ 2 o a 4
gﬂ‘n 3.3 UAUNAINIUTITNIATIBUALDU

U = d
3.1.3 audAmanasvesdynesnlue
[ @ o 1 wa 1o o [
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(hole) 13daunvanaud lumsganiunasvesmsnedniveauauasa (direct band gap
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Chemical Vapor Deposition (CVD)

4.1 Chemical Vapor Deposition (CVD)
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® Pyrolysis-Thermal decomposition
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ex: Si deposition from Silane at 650 C
SiH,(g) ---> Si(s) + 2H,(&)

use to deposit: AL, Ti, Pb, Mo, Fe, Ni, B, Zt, C, Si, Ge, S$i0,, ALO;, MnO,, BN, Si;N,, GaN, Si, Ge, ...
® Reduction

Reduction
often using H,
AX(E + Hq(g) <> A(s) - HX(@
offen: lower temperature than pyrolysis
reversible => canvuse for cleaning too
ex: W depcssiﬁop at 300 C

W’Fﬁfg}'+ 3H.(g) s===> Wi{(s) ~ 6HF(g)

use to deposit AL Ti, Sn, Ta, Nb, Cr, Mo, Fe, B, 8i. Ge, TaB, TiB,, 8iO,, BP, Nb;Ge, Siy Ge,, . ..

® Qxidation

often using O,

AR + O4(g) ---> AO(s) + [O]X(®)

ex: Si0, deposition from silane and oxygen at 450 C (lower temp than thermal oxic
SiH, (&) + O5(8) ---> SiO4(s) + 2H, (&)

use to deposit: AL O,, TiO,, Ta,Oy, 580, ZnO, . ..

® Compound formation
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often using amonia or water vapor

AX(g) + NH,(g) ---> AN(s) ~ HX(g)

AN(g) + HO(g) ---> AO(s) + HX(2)

ex: deposit wear resistant film (BIN) at 1100 C

BF 4(g) + NH;(g) ---> BN(s) + 3HF(2)

® Disproportional

compunds nvoling elements with multiple valence states

2AB(g) ====> A(s) + AB,(g)

l Gela)
Gelalo) Gelg(q)
B /.5' Ge fim
P o
L A subsirate (300 C)
i 800 C ' '

use to deposit: Al C, Ge, Si, [lI-V compounds. . ..

® Reversible Transfer

\As4 +Hg HCi+ Asp
AsClg As? + GaCl ' S,
- > 4

A Ga &

ex; N

GaAs fim

use to deposit: GalnAs, AlGaAs, InP, FeSi,. . . .
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4.1.3 i?ﬂﬁ@ﬂiuﬂﬁgﬂﬂuﬂﬁ CVD
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- gasses
- volatile liquids
- sublimable solids
- combination
gmimmmg‘luﬁmw

A ay 9 a a
- %Qﬂl‘lfi{]ﬂﬁmﬂmmﬂﬂmﬁﬂﬂi

H
ad a

- gungiininalnsel Assleend ganasumevUeIgINTes
4 a e
- anudlunym
o w d' VY Y1

- gwnsamiaash lidesnsuu giusesldde

[ a o
4.1.4 fadglumsinaay

- NTUNTVRIM BN 11T O

- MIRAFUVBINIFNITIFIUTO

- sasIMsiAalnse Al uugIUTe

1 9 a @ d”
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o Atmospheric pressure CVD (APCVD) - ATZUITNMSNANUAULTTENA
o Low-pressure CVD (LPCVD) - N52U25MIAAINTIANNAULITOMSA Uag lag

auunaz 1935 LPCVD 50 UHCVD
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o Ultrahigh vacuum CVD (UHVCVD) — ATZUITMINANVAUAINIAN 10° Pa (~
10° torr).

Qs

51/ 4.3 #198191A5949 Thermal CVD

uepyiamunaautiavedlewil

9

A Ao Y I~/
o Aerosol assisted CVD (AACVD) - ﬂizmsmsmmsmummutﬂmﬂuazﬂm
a = dy [ qs: L ~ 1 9 1 I~
1913 TﬂﬂmﬂuﬂummzﬂumsmmuﬂummmszmU"lﬂamqi’mm.
< . o
o Direct liquid injection CVD (DLICVD) — asznsMsNensAduuvounad

= dy o v @ 3 4 d’ﬂ 3 A
MNAUAUHMUIETIHIUNUTITAIAUNU UUDIUUUNHTDUDUNAD

“FUANAITN

o Microwave plasma-assisted CVD (MPCVD)

o Plasma-Enhanced CVD (PECVD) — n5x12smsfi Idwarauududaisadns

v T
msialgAze uazaszarsmsiiannsanangungldld

Q ki

kY o

o Remote plasma-enhanced CVD (RPECVD) -AQ18NUNITUITNIT PECVD
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- Chamber, N9A0NS
- Atomizer
- ‘ﬁqmwgﬁ 300 °C — 450 °C
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- mos lulida
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- Flow meter
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