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ABSTRACT By using pulsed laser deposition (PLD) technology, a series of yttria-stabilized zirconia
films have been deposited on Si (100) substrates, which were heated to the different temperatures between

200–650 �. The orientation growth of YSZ thin films was analyzed by XRD, the microstructure of
YSZ films was observed by SEM or AFM, and the preferred growth of YSZ films for different substrate
temperatures was investigated. The results showed that when the substrate temperature was low ( between

300–500�), YSZ grains had a (111) preferential growth due to its lower surface potential energy compare

to the (100), when the substrate temperature was higher than 550 �, YSZ films formed large grains
with (100) preferential growth. Therefore the quality of (100) oriented YSZ films have been improved by
growing the films at higher substrate temperature.

KEY WORDS inorganic non-metallic materials, YSZ film, PLD, orientation growth, substrate tem-
perature
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A �>(��5B@?76> –?> (sol–gel)

>�A@A�BCB5B@?> [11−13] @,)*2

YSZ ��. 4!, ��5B@?&AB�, 7!C5

C*, DD8D; sol–gel �>!24=ECD���
>; $A@A�>=E� YSZ ��0+EE9FF

B, .FG9, 2G'G [8]. E)H�@? (PLD) I

:+!H�0(&A6F+=EI�G>� �C
��,+@?8J0,;<31 45'G1J45
K,24HI*2 *�; K=,#!L�>D@=�
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I=L*2 45/��&'% �C��� YSZ

8L*�� [14]. 0(&A!MN��=L*2�2
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�J4NJR1&A7 600 ��PCMSN0QD
O 4 h, PEECQ�L. FEIJ4NJR= (R'

7 250 MPa) 1DQ 22 mm �S., I;+&A7
1300 �MSN0DO 6h. IDOE�S.NR, S

2G�L7R.�DO8J, 1ET$1T5!RE
�GT$ YSZ U�.

+E)H�@?UH�FSI0, J$)KU�

+ Si(100) 0()@? YSZ ��. I-. -LV

E, $WM� HF 6XTYU<%�'NLV)VO

;W&� �*, FEI;V�+0($.G). I

U�XH$UG, 9IU&J-.�U*7 5 cm. I

FSI'�N(FSYJ 1 PaKZ.31 /7./
5'JIVÆZ 20 Pa �5R, )[\+]U�@?
$$.8J0,+� 5/W-. I Lambda Physik

KrF LT.H�1�$ YSZ [MU�), =E YSZ

��. H�^27 248 nm, E)X"7 5 Hz, +<Y

A\7 1–2 J/cm2, @?<%7 90 min, 0(&AT

_7 200, 350, 450, 500, 550, 600, 650 �.

$ RigakuD/Max2500 ] XRD ^�_)T`

YSZ ���BOW; $ Kosaka XP� ET350 Q

ZC�Y`R_`<���YA; $S[XP�T

\�.a"] (SEM) Za��W&�"ZOW; $

SOLVER XP� NT-MDT ]H.'a"] (AFM)

Za��W&�G^, S[U;W&bcA.

2 NOPQR
2.1 YSZ STUVWXYZ

V 1 W%, U�[+b[�BOW� YSZ \1,

#!?<+cOW� ZrO2 B. W] Y *.91<
�^\, YSZ ��%"^\. +91< (mol T�) 7

9% <, ;�%"d$1�_; 91<]E^�, Y *

.3+W&�-_F^*``, Æ[�B���/$
`a_X [15]. KK, GT0J$ 9%YSZ �U�@?

��. E)H�8Y�B*.'ÆU�bZ$N)
!`.�, A�I�D. !B��e[\A, JT

@?$$.)��\T*U�$N28. KK, @?

I� YSZ �� !*U�B;�cd\T.

W 1 dI8 9% YSZ -'� Si +-�a4CB
L�. Qian B [9] ]7, +*28J0, YSZ(100) &

eY( Si(100) &, 4 (100) &V[M 45◦, ]bJT

; 〈110〉 -OeY( Si〈100〉 -O, 7e,)cT!

a 1 f�? XRD ^f

Fig.1 XRD pattern of YSZ target under 1300g sin-

tering

b 1 Si hgd 9%YSZ ?g�i_

Table 1 Parameter comparison between Si and 9 mol% YSZ

Crystals Crystal lattice constant/nm Melting point/g Expand cofficient/g Crystal structure

Si 0.543 1410 2.59×10−6 Diamond

9% YSZ 0.515∗ 2700 10.3×10−6 Cubic fluorite

* Crystal lattice constant of 9% YSZ film was calculated from crystal lattice constant of ZrO and according

to Vergard law
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f�j5A, \7 0.2%. KK, 3874-O�54,

YSZ ��* Si 0(,d$!5�*2=5`� (W

1).

2.2 YSZ VWXcdUeNf
YSZ * Si �-0ekaYA+ 1 nm )6, 4

!.gU��Gg,+J-0eka�YA6�$
a/$ba/ nm[8]. Si H.+ YSZ ��0�60
cA\7 120 nm,KK26 200 nmY� YSZ��/
7&)*+f!%lhi Si �60 [9]. NÆh@B

;�@?<% (90 min) �D;�0(&A=E YSZ

��eG, YSZ ���YAd(W 2. ,)hI, 0

(&AD;� YSZ ��YABGD�, R+ 320 nm

KZ, d% PLD @?UH���'!5.

PLD @?!24H.g�ej8J, U�if

H�g�+<E, G1B*.jh, IH.ej$$
..  4H.+0()i,Gi7O-�*2.

b 2 YSZ �		jmjk
Table 2 Measurement of YSZ thin films

Substrate temperature/g 200 350 450 550 600 650

Film thickness/nm 315 321 318 320 324 317

a 2 nh<=;:? YSZ/Si �	? XRD ^f

Fig.2 XRD patterns of YSZ/Si with different sub-

strate temperatures

]V 2 ,k, +$.&AD;�ik6=E�
YSZ/Si��,; XRDV$0 33◦ F!2Bj�0(

Si(200)^�l. $.&A7 200�<,b(&A!H,

H.l!5f�m+G12J!k�-'OW, KK

lkkn YSZ �lll, ��7`-\m; W]$.
&A�^�, H.6%�260\m, f�-i4S

E-�, J 350���n[! (111)ll^�lIm.

$.&Am�$ 500�<, YSZ��om5!%a�

(111) nJ*2, *Æn [16] �-o28. ;<, (111)

llll#!�, 74^�l�Æ#!b(+K$.
&Aa% YSZ -D*2&p, -Dpq!fn%8
�. W]$.&A�]Em�, ] 550 �n[ (200)

ll^�lImSDo^j, oF!rT� (111) ^

�l. + 650 �, (200) @O�-DoqÆJp, ;<

Im!"X� (111) � (311) �lll. (200) ll
l5!pq, W%nL*^��-D1r*2$!�

pq, ^�l#�%#_X. ;<, XRD V$0aA
� (111) � (200) �DÆs^�lG!b(+ YSZ

��0!+]#k, b#kp[+! YSZ * Si +e
Y (100) &V�-0Drs=58Y.

qs XRD V$SJ$ Scherrer XC[UID

;0(&A� YSZ ���-D�f (W 3). Æ(!

j�^�l (111) � (200), r[U_!-D+K-
&)�eRpq, ,)sK�'T`-D��f. b

XRD ^�$t4I^�l�/�#, YSZ -Dpq

D ,WA7 D=kλ(βcosθ), ;0 k=0.89, β 7^�l

/�#, λ= 0.15406 nm7 CuU�ll X�o^2,

θ 7tu0^�v.

W 3 W%, u0(&A!H<, YSZ(111) -D

nJ*2, r-&�pqW]0(&A�m�!n^
�; +0(&Ad$ 550 �)), YSZ -D (100) @

OoJp, (100) �-DpqW]0(&A�m�b
p\^�. 0(&A7 650 ���� (100) -Dpq

50(&A7 550 �<^�tv. 7W%, 0(&A

7 650 �� YSZ ��T$8B5�*2`�, (200)

l^jaq. bK,k, �&!w(���=L*2.

)K XRD OsW%, u0(&Ad$2��_

b 3 nh;:q YSZ gxwx?tuk
Table 3 Calculation of grain sizes based on XRD data

350 g 450 g 550 g 600 g 650 g
Crystal orient

111 100 111 100 111 100 111 100 111 100

β/(◦) 0.708 — 0.446 — 0.458 0.596 0.362 0.240 0.565 0.194

2θ/(◦) 29.863 — 30.084 — 30.129 34.883 30.095 34.876 30.059 34.879

D/nm 20.04 — 31.83 — 31.00 24.11 39.22 59.88 25.13 74.08
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(300 �KZ), H.+0(W&�60+'^j$J
��\mn[-�, SW]0(&A�m�-D�
pqDo^�; 0(&A�\+ 300 �$ 500 �a

%, (111)@O�-D*2oJp;0(&A]Em�,

(111) @O�-D,)cT5f�+<Mm$ (100)

@O, ��aAI (100) @OoJ�BOW. 0(&

Am�$ 600�)), !��0(&AJ� �-D

) (100) nJ*27W&A�)m-DDo4Sb
2�, + Si(100) 0()*2I85!5� YSZ =L

��. KK, 500 �� 650 ��$.&A!T_cT

YSZ(111) @OoJ -�� (200) @OoJ -�
�2u&A.

2.3 YSZ VWXrNfUstuv
]V 3 ,k, 44���W&@5!8Y�e

I. $.&A7 500 �� YSZ(111) @O��, -D

DQ7 10–40 nm(V 3a), -D!fuK(BÆ!H

�$.&A; $.&A7 650 �� YSZ(100) @O�

�, -D%a�(+w, + 50–100 nm, -_r!%a

(V 3b). SEM VvI�-D�f*qs XRD V$

[UI�-DpqBs4.

V 4 W%, $.&A7 650 �� YSZ ��W&

aA72//xG�fy, ��W&�R�qbcA

7 3 nm KZ. *��y�YA 320 nm B5!, 7
/bcAW%+ Si $.W&G185!eI� YSZ

��.

Æ(0(&AD;� YSZ ��, $d Si 0(�

1�D.+<!B;�. 0(&AH, 1�D.+$
.)�H.vt"H, 5/W&260+'H, Kb

O-'+G, -D*2&p. !��0(&A!w(

ziw�H.+0(W&vt�2y, ��>D!k

O-��-D@O28�, -Dpq^�, ���-

__?, -_wuYA7H.

+ YSZ ���*2ez, A�I�D.@?$
$.), S^*2�JA�60, WED.G1{_
i, {_i]E2�G1���fy. fy+$.)
�*2!a/L�x�O, n)fy*$.�@OS

Dv028, ! (111)7(100) B@O*2�-D.

(111) &�W&+5 (100) &�W&+fB

 [17],KK+ 300�$ 500�7/&aV, -Dyw

) (111)&nJ*2{4!0(&A!H,H.DD+
W&vt60, %8-DDD2�. 0(&A�m�

z�8-D�x�+, u0(&A'8 550 �<, *

/L�x6%I|BG!fJ (111) @O�fy+
*28J0^*Mm, -DO-@O�0( Si(100)

{O28, ]bGm8 YSZ � (100) nJ*2; ;<,

W]&A�m�, -D*-D7>D^*4S]bG

17�pq�-D, O-'+�7z�, nJ*2r
7\%a, ]bGm+ (100) +-y0() YSZ �

��=L*2.

!( YSZ ���=E, *.gA��1z0(
&A7 700–800 � [18]; `zA@A��1z$.&
A7 730 � [8], S7+KHI*28J0cT�!
(111) &oJ� -OW, #0�&}9EFBcT

(200) @O�=L�. NÆ�0(&A7 650 �, |

J7H� 600 �, R++ Si W&HI=L*2I!

�><� (200) @O� YSZ ��. uF, 7cT+

a 3 {~;:nh? YSZ �	? SEM ^

Fig.3 SEM pictures of YSZ thin films with different

substrate temperatures (a) 500 g, (b) 650 g

a 4 {~;:x 650 g? YSZ �	?}y AFM ^

Fig.4 Three dimension AFM picture of YSZ thin

film with substrate temperature 650 g
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Si(100) 0()=L*2� YSZ, 0(&ArD9~

H, 650 �!5!2u�&A. *;�=E YSZ ��

>5!, 7!5!H�0(&A, z{],)!%7
H Si 5/�60cA, bT!w(+ Si 0()*2

'%��<|= Si 5/Æ'%*�60.

3 N R
0(&A�z�!w(1��U�H.+ Si W

&vt+'�^j, ,)\})H.2y7ll�O
-8J�\A; +O-8J0W]0(&A�z�,

-D,)cT5f�+<bHW&+� (111) &M
$�W&+� (100) -&, ]bGm=L��*2.

500 �� 650 ��$.&A!T_cT YSZ(111) @

O -�� (200) @O -��2u&A. YSZ ��

!|]�y{t}*22C, 0(&A,�, YSZ -

D,�, nJ*2r,aq. ;;�@?I:B5,

PLD �>,)+BÆH�0(&A6+ Si(100) $

.HI=L*2I!�><� YSZ ��.
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