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Synthesis of YSZ Thin Films by PECVD
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& PECVD(plasma enhanced chemical vapor deposition) & ¢]23}od yttria-stabilized zirconia (YSZ) wu}ehg =)
stodch. WS EAR FE4575HEQ Zr[TMHD] ¢ Y [TMHD], 233 44 % AHEstdom, S32 5= 425°C, 1f power
= 0~100W 742 2-g3tgict. YSZ #hahe (200) =o) 7)ol g A4 F25 7h8od, 143k Wel 1m F78 Y45t
sich. EDX ol o3t 2he] AREA Axp e ik wehye] Y,0,9 #eke 0~ 36%—4 Hagoh BEele 2x 9 ulby|H 9
o] F7hetel vt} wtute] FA QA ul#ste] Frletgew], ol& precursor® flux £7+hE Qg uluhule] Y,0,9) Pkl
A7 Zoigict. Zr 2 Y, O vhgte) SAq) wa} AAY 246 Uetildch. 97145 ArE 819S 9 10004 o)she] =7
€ 2t YSZ 3§75o] column ko 2 7)dd] A8} A AAreldon, $uk7147F Hedl Z$olE column ko @ Aatsbeio
7 =7} 1000~2000A 22 Ar®] A-$ 2o} 2ot XRD #4723 Y,0,9 ko] Frhgte] wa} YSZ9] Axtats ghol
714 F7ksbgict. ol what Aol AH YW Fdo oS AP Qla) PR T PshA) Y] wZolt),
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Abstract Yttria-stabilized zirconia(YSZ) thin films were synthesized by plasma enhanced chemical vapor deposition
process. Zr[ TMHD1,, YETMHDJ; precursors and oxygen were used with the deposition temperature of 425°C and rf
power ranging 0~ 100 watt. Effects of the deposition parameters were studied by X-ray diffraction and thickness anal-
ysis. YSZ thin films have cubic crystal structure with (200) orientation. From the results of EDX analysis, the convert-
ed content of Y.0; was determined to be 0~36%, and the film thickness was increased with bubbling temperature
which is considered to be due to increasing Y.O; flux. The depth profiles of Zr, Y and O appeared relatively constant
through film thickness. Columnar grains of 1000~2000 A grew vertical to the substrate surface for the case of Ar carri-
er gas. In case of He carrier gas, the grain size was observed to be about 1000~2000A . X-ray diffraction data showed
the increase of lattice constant with Y.0O; content. It was that the presence of the cracks formed during film deposition,
partially released the stress generated by the increase of lattice constant.
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Fig. 1. Schematic diagram of a PECVD apparatus

F5 A PECVDel 2% YSZ (Yttria Stabilized Zirconia) =t Az 235

\ N\

CH » Of
CH,-C-CH, CH .+~ C=CH »
C=0 c=0
H—C/\ ZIr | H-Cg 4!
“c-0] C-0
CH - C=CH , CH .- C-CH,
CH

N AN 3

Zr{ TMHDL Y{TMHD]:

Fig. 2. Molecular Structures of Zr[ TMHD], and Y[ TMHD1,
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Table 1. Experimental condition for YSZ thin film deposi-
tion.

deposition parameter condition
depositon temperature 425C
rf power 100W
carrier gas flow rate for ZrflTMHD], | 300sccm
carrier gas flow rate for YETMHD]; | 0~200sccm
oxidant gas flow rate (O,) 30sccm
Zt[ TMHD]. source bubbling 230C
temperature
YL TMHD1; source bubbling 130~160°C
temperature
electrode distance 4.5cm
working pressure 1.0~5.0x10""torr
source loading 0.3~0.5¢g
reaction time 1 hour
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Table 2. Compositional variation of the YSZ thin films with the deposition conditions.

Bubbling temperature Carrier gas flow Composition(atomic percent)
Y[ TMHD]; Y[TMHD]; *Zirconium **7r0, *Yttrium **Y,05
30sccm 14.\(} 100 0 0
140°C 100sccm 27.0 89.0 6.7 11.0
200sccm 25.9 84.2 9.7 15.8
30sccm 4.02 96.40 03 36
150C 100scem 25.7 88.3 6.8 11.7
200sccm 32.6 70.3 276 29.7
30sccm 40.6 79.3 21.17 207
160C 100scem 23.2 63.8 26.3 36.2
200scem 23.6 69.5 20.7 30.5
*EDX results based on Zr+Y + Si=100at%
**Converted content of ZrQO, and Y.Os from EDX results
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Fig. 3. Auger depth profiles of the YSZ thin film deposited at
deposition temperature : 425°C, rf power : 100W reaction time :
lhr, YCTMHD]; bubbler temperature : 160°C
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Fig. 4. X-ray diffraction pattern of the YSZ thin film deposited
at deposition temperature : 425°C, rf power: 100W reaction
time : 1hr, Y[ TMHD]; bubbler temperature : 160°C
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Fig. 5. SEM images of the YSZ thin films carrier gas : Ar depo-
sition temperature : 425°C, rf power : 100W reaction time : lhr,
Y[TMHDI; bubbler temperature : 160C (a) x 15K(surface) (b)
x 40K(surface) (c) x 40K(cross section)
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Fig. 6. Surface morphology of the YSZ thin film for He carrier

gas deposition temperature : 425C, rf power: 100W reaction

time : 1hr, YT TMHDJ; bubbler temperature : 160°C
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Fig. 7. Variations of the film thickness as a function of Y
[ TMHD]; bubbling temperature deposition temperature : carri-
er gas He, 425C, rf power: 100W reaction time: lhr, Zr
[TMHD], bubbler temperature : 230C
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Fig. 8. Comparison of X-ray diffraction peaks of the YSZ thin
films with that of 8% YSZ
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Fig. 9. Variations of the lattice constant as a function of Y.0;
mole percent
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