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Abstract: The twin defects in Ce:YAP were investigated by using synchrotron radiation topography

and etch figures. The results show that the twins are {101} and {121} types, and the exchange of

neighboring lattice parameters is considered to be the intrinsic factor for twining. Based on such

analysis, the twin structure model was established. Otherwise, the growth experiment results show that

the abrupt change of growth rate during shoulder formation tends to cause twining.

Key words Ce:YAP crystal; twin defect; white-beam synchrotron radiation topography; crystal growth

1 G?y~w*Æ YAlO3(YAP) < w"w4xN�F (a=5.236, b=7.369, c=5.177)[1],%L�7+ Pnma.D Ce w YAP d'��Hw�ek��/w^b61Ev*Æ�%k��}+�QF�6�s	U�	�k�Q(&Q��;M�h�(O���9jk��by	5�SZ	q� γ Ov� SEM Æ{ X KL�=ys' nR�w��)/ [2−5]. �n>s'�*Æ^g�/w-

6�RKTk��/�$Ik6w Ce:YAP *ÆdÆ)u6w;}O�	 YAP *Æ��FR�*d*ÆRK℄e�AYQa.HTHw4��<��℄�s [6−8]. lÆ)w�s�+Z|HVw�kmn�5�PAw'G℄'<	

�At8��1*K�Qe� (WBSRT) �0fXKe��T��Oy!��
P� Ce:YAP *Æaw�*5K$hi'G�+'<i�*eNw)��+RK6^gw YAP *Æ
B;E	
2 *A
2.1 C%���!0p
P�RKw 1at%D2w Ce:YAP*Æ�RK!U+ [101]. �!.Y+7�_��A�℄t��QyAn	0fXKe�Z|���!d�+ 1.2mm, E��!5 350◦C wKo~ajq0X
30∼40min,0T5 15%w=o~a�;~>53	�1-K�Qe�Z|���!d+ 0.12∼0.20mm,�!5 400◦C Ko~ajq�Q 45min, 1U'�.
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2.2 +B�-�!a�*wQq{0Xe�wLBd5
Letiz jgG�QG'1C$hw���!!Uw=�8� laue �O℄ X-ray�U�O�^w!�	�1*K�Qe�Z|d5�,�1*KZ|f (BSRF)e�Z|? (4W1AoL)H$hw	Z|UQo�g.+ 2.1998GeV, ox+ 59.7∼98.2mA,Q-Q�jX+ 6mm×5mm; �!rC���=X+ 80∼110mm; C��+1a���%'#|+
1∼ 2µm.

3 �
�/!5x [101]!URKw Ce:YAP *Æa�LBreeWbw�*��ed* YQ$RK!Uw�B� 1(a)(1# *Æ); v�ed* #h$RK!Uw�B� 1(b)(2# *Æ). .'<�6�=+ 1# aw�*m$ {101} �*�� 2# aw9m$ {121} �*	J$ {101} �*weNvZ� Geller y [5] =+d a, c h*:;rhnw�V��� {121} weNvZ8O��s	6�=+DeeWb�*weN�HÆ����F�bS�e�B� 2, �HÆ=

� 1 J��PB Ce:YAP )
`ddVav~)
Fig. 1 Two types of twin defects in Ce:YAP crystal

under orthogonal polarized light

(a) Boundary perpendicular to growth direction [101]

(Crystal 1#); (b) Boundary parallel to [101] (Crystal 2#)

+dOq*:;rhnw�V	O�ÆeNB��_w�F�d�$ YAP *Æ�lw*:;r�'w	�$ {101} �*�v�
[001] & [100] !Uw*:;rO' (d[001]=5.307Å,

d[100]=5.176Å);�$ {121} �*�v� [101̄] & [010]!Uw*:;rO' (d[101̄]=7.413Å, d[010]=7.355Å),B\�U�5 [1̄01] q [1̄21] !UT��<`Xw�a�8HÆpZe<!U*:;rhn�FR {101}q {121} �*	+i�BH�e$h�L�6���!$hi�1-Ke�'<	� 3 + 1# �!we��S	Z|a>\gO�wJ�B� 4 �_	%a Ho—*Æ�!'� (hokolo) w�L!U��dDKQLw!U�H— �RzK*� (hkl) w�U� P— ��a_WzK�}w\g	M*Æqu$�ws\+ a, b, c, %��wm:s\+ a∗, b∗, c∗, 9�a>\gH�BC>℄'_�

� 2 YAP )
` {101}/{121} ~)�E
a
Fig. 2 Structure model of {101}/{121} twins in YAP

crsytal

� 3 Ce:YAP 1# ~ v�0)J�Pd��!G�?�* (013̄) �Jv#i�R
Fig. 3 White-beam synchrotron radiation topogra-

phy (WBSRT) of Ce:YAP 1#, the inset is the en-

larged image of (013̄) reflection
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Fig. 4 Relationship among the vectors in WBSRT

experiment

Ho = hoa
∗ + kob

∗ + loc
∗, H = ha∗ + kb∗ + lc∗, sinθ =

ho · H

| Ho | · | H |
(1)

R =
D

cos2θ

(

2 | Ho | sinθ
H

| H |
− Ho

)

, P = R − O =

R + D ·
Ho

| Ho |
(2)�^ X KLwzK*�C℄ [9], ��1*K�Qe�w�}$hiS$j�%�V_$� 3 a	%a (013̄) �Kw$j�V_$"H������aHÆDT��$�*&
*w.Q:zK�-���UTHi
*℄�*we�S	?;� 2 Æ_w�*�F�b�HÆ��T�*SO�$
*Sw0�R	���<K�u$�

(X, Y, Z), %a)}5�** H� X, Y, Z ')#h$ a, b, c h�9
*Æs\+�
a = ai, b = bj, c = ck (3)%a� i, j, k ')+x X, Y, Z !Uwk0\g�

a, b, c +*�;r	�+ {101} �*&
*O�d
a, c h*:;rhn��Æ�*Æs\ a′, b′, c′ HÆ'_+�

a′ = ci, b′ = bj, c′ = ak (4)�\�HÆFRe�m�L�u$��s\')+
a∗, b∗, c∗ ℄ a′∗, b′∗, c′∗, MxDK!Uw\g+ H0,� (hkl) �K�%.Q:� θ H'_+ [10]:

sinθ =
H0 · (ha∗ + kb∗ + lc∗)

| H0 | · | ha∗ + kb∗ + lc∗ |
(5)Ww{��$�*Æw (h′k′l′) �K�%.Q:� θH'_+�

sinθ =
H0 · (h

′a′∗ + k′b′∗ + l′c′∗)

| H0 | · | h′a′∗ + k′b′∗ + l′c′∗ |
(6)

sb�?;
*℄�* (hkl) �zK5z�Hw����*SO�$
*Sw0�C ∆XX, ∆Y Y . �$ 1# �!� ∆XX, ∆Y Y ')+z�H#h℄YQ$�! [121̄] !Uw0�C	Z|a�z�W�!w=X+ 96mm. ' 1 lTi~<�bwzK\gC0�C=gR℄��R�H
eBs�2^�:Ck�S-$�!$[U&$m�w�X	| 1 2 3 ME<�=�)y�M���;9�H#0�;3F��OL�~�L
Table 1 Calculated and measured values of the

twin images’ shift related to the domains in some

typical topographs of fig.3

∆XX/nm ∆Y Y /nm
Reflection

Calculated Measured Calculated Measured

33-3 0.08 0 –1.64 –1.6

01-3 –0.80 –0.8 –1.19 –1.1

0-32 0.93 1.1 2.18 2.0

-1-20 –0.86 –0.7 2.71 2.6� Ce:YAP *Æ 2# �!�$hi�1*Ke�'<�� 5 +e�Sa�r�bzK�}�.S$j%+
* (231) �K℄�*w (311) �K	�$m$-�*�w�K�̂ �akHÆDTzK*�wC)	�� 2 �*�F�ba>*UO�wJ�HM��$b5 {121} �*w (101̄) *��v�%�*3'w'��+ (010). �2*�$hjq0X�%0fXKe���UTH
* (101̄) ℄�* (010) �wXKe�	Z|a�6�6Z5�** e<�ULBri
* (101̄) �wreXK℄�* (010) �w�+eXK�B� 6.�ÆH'<HÆDT� YAP a {101} � {121}�*�HÆ=+d�Oq-O'*:;rhn�'w�Dd�*eNw�5�z	�*weNUi&*ÆwrN℄F6�G J"�k&RKYQa" ��w�Q J	RK�*�d�$5*ÆwKHRKYQa��9THw5��eNw	G9�1�:��r'�X�2^x9{>�'�Vw}j9.=?�;��*THw~|	�Y��?*ÆwLB�6��H
P�*Æ$�YQa�$�}|w�"��*weN�Q�j	�� 6 HÆDT�5$�[|�93"w{!���FR�*�DZ$�G}d�a�xaw{!	rgU���RCn	
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Fig. 5 A typical reflection image of WBSRT (a) and etch figure (b) of Ce:YAP 2#
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Fig. 6 Observation of Ce:YAP shoulder region under orthogonal polarized light
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