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Abstract: Base on the crystallization behavior of the ZnO-PbF2 system, a flux Bridgman growth tech-

nique with a gas cooling system was developed for the growth of ZnO crystal. By optimizing the growth

parameters, transparent ZnO crystal with the size of φ25mm×5mm was obtained from the high temperature

solutions. As-grown crystal has wurtzite structure with lattice parameters a=0.3252nm and b=0.5209nm,

respectively. The preferred growth direction of the ZnO crystals is [0001] determined by X-ray orientation.

The growth results show that the flux Bridgman method is a potential approach to grow large size ZnO

crystals at low cost.
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22 [ J + & � � 22 �Æz>��-n�(bIL� dvU - wyee��;|}B6Aks>bU��Z1;F% ZnOs>dvU - wyee��;S"�Æ�TC4.�℄1u^W�>�e b ZnO s>�;S" [6].� PbF2 SdvU�D.g*DX0\>3��;F ZnO >Ws��V�^% ZnO s>dvU - wyee��;br|i+�
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)_F��FQ�tbs��Mvs3C9Qbs>�;Z�T℄ksbu(�$^D.wN�63a(;>S�>Ws�

J 1 f)CWah��!J
Fig. 1 Schematic diagram of the gas cooling system
:{�S 22%ZnO(4N)+78%PbF2(3N) b9'B6Æ9�A9�ez Pt wy��3��l9W3TnkEb7J&Z�
7J&�zwyee+��lOSC+5Zb�t��9'H3�Ud�+U�rC 1100◦C, �;), <0.5mm/h, "�k4HbU:�VS 40◦C/cm,DX#S 2.0∼3.0L/min. �|F'a��V*Fs>b�;_Q�V�;i$9BRee�� 50◦C/h b),?.�hU�U�fFsp�.(Kw��b���E`H3dvU�,Zb ZnO Ws�w/`bs>n� X �mrr�jrS�;�r�f�#�J�Æ9>
<�D. X �m
<��jrSi 4s�9&�
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60 CUT{�(�(3 ZnO Wsb�;�MDdvU�t.Q
Cb�K��[0-f`IL�bnK�/`s>�QH302#P [7∼9]. pC��Z1C|}B6Aks>�;ÆzZ�K%dvU -wyee�|�;���-Q(3 ZnO s>�;b4.�dvU - wyee��; ZnO s>��f�j�dvU�FY<�VklÆ"6�f9(3
ZnO s>�;bdvU'e 20 ℄��� KOH �
PbF2 �B2O3 �V2O5 d�9#�94"℄dvU�rp�s���Z(3 TSSG� ZnOs>�;�f`%�rbnK [10]. $K�Z1�f7�M"℄dvU�X+3ItS�o$b�B�yLÆ�"6M"℄dvU'�6 ZnO s>bdvU - wyee��;�D.n6�f�r[�F% PbF2 uS
ZnO s>�;bdvU�

J 2 ZnO-PbF2 |7J
Fig. 2 Phase diagram of ZnO-PbF2 systemK 2 � ZnO-PbF2 }8bEoK [7]. PbF2 ~-vje (= 855◦C) �xjtSd*j��s>�;r9(bdvUP��X���Ue PbF2 dvU~-7�b=�C��t9Aw Pt wy5���u(��^��UAD>wy*'�r[\V�;Æ�	���;Ut>�� PbF2 wwyb_�u(�>�^�)��4�oK"6�,hUtb��� ZnO C�Ux�Zbxjt�{>���{>�AE`SDQWs��Æ~�G[ ZnO C�Ux�Zbxjt4_�wy��� ZnO �;��j�b�w/x�+37?E`rX���b�M�/xC�;EQH;Q�mhZ1��y�Z��;bUt
XC 1150◦C, wy*'js
��^�X��ee�;Ut1\�E`S�s>�D9s>��sS-02P�yK 3 /��D.S#
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1 P �z:�
� ZnO r=�:z���x 23bÆ�Æz�Z1I�8` ZnO s>�;brXG'5�;Ut�D9Ut
XC 1100◦C s.�K 2 Z%'d5{� ZnO s>ee��;b*=G'd�

J 3 rom)a ZnO r�
Fig. 3 ZnO grains obtained from the top of the

ingot

J 4 roam) (a) 4f) (b)

Fig. 4 Top and bottom parts of as-grown bouleCdvU -wyee��; ZnOs>ÆzZ�>

�jxY4x�b�2js�+3 PbF2(8.24g/cm3)b3tf ZnO(5.60g/cm3) �Sby�$KC�;.�Z�ZnOA
r3IÆCv>b~*�Nz\Vv>�2�K 4 �F%9�2spLH�spg*+3DX0\>3~> ZnO s>�SZ℄*�yS"=b PbF2 dvU�zCn*��j'� ZnO�H�Mvs>IÆC�Ux�n*�$,heU5 PbF2 dvUbD"?jCspr~u�yK 4aG/��KO�+3 ZnO C�Ue~-7\b����N�Ux�Z��F�b ZnO -�ADiCwy�~�~>7y02PDQbH6 ZnO ts��$?jF�9``by�~�;t4 [11].DXeWb�V5DX0&b
X� ZnO s>�;b$`�DX	�q#bt�M�-AR℄
)�>W�s3b=b�DX),��Z�DX),1S�AD>g*v>bO>�h�DX),1t�R'℄O�>3bu+�D.S#bÆ�oi�Z1qS�I3Æ�eW�DX),�AC
2.0∼3.0L/min � ZnO s>�;fS�pb�b�D.*=�;����;F%fSDQb ZnO >�s>�9�2spbg*-DQS φ25mm×(5 ∼7)mmb ZnOs>�yK 4(b)/��Ng*%4�ZnO s>H6^?Y3{�"4-�#(W�40-DXbdvU - ee��;i+o� [11], g*DX�"jF!1b_su+�Kw��Fspg*b ZnOs>��`℄�fPObS� ZnO s>�+lOC

J 5 Mrof)D_a ZnO r=
Fig. 5 Polished ZnO crystals6i�(�rlA!E`DQS�2Pb ZnO s>�wMvs>n�rr�℄��F'd[�9�`℄%�vH6b ZnO Ws�SK�DQ��S
7mm×7mm×3mm. K 5 �/E`bMvs>bLH����℄�s>?[3{�~-f1bH6��Xs>b�;*��/-�r#bdvUBY�K
6 �/`s>b X �m
<��KO�4 g ZnO
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24 [ J + & � � 22 �s> XRD KO (No.79-0206) ~-71b�V��(6/`s>Shy�i �D.V*�`�Ss�9& a=0.3252nm, b=0.5209nm.4IEbdvU�o��dvU - wyee�~-ye*j
 (1) wyH33�f2��-uh X PbF2 dvUN ZnO q�b��� (2) wyg*DzX>��-u
X>3&=��;�%s>b�;),�(3) ���>�e ���^W���+y5�-�35�=N(�owS0�;���
ZnO s>dvU - wyee�Æz>'!�z�-S#b��5S"Y<��j���y�/`s>OC&��(Y<�s>DQ�Y#�-V3n�(;��MvY<�e�(�u^j�D.*=�;���-Q`℄j��oP�{j-i+������uS�; ZnO Wsb��|Mv��i�F�rbZ��

J 6 ZnO r=a X �l	;��JN
Fig. 6 XRD patterns of the ZnO samples
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�D.S#bVklÆ5Æ��_�E`%�6
ZnO s>�;bdvU PbF2 NSrXG��CKIG~��K%�℄DX0\>3bdvU - wyee��;S"�D.wÆ�0&b*=����;Ut
XC 1100◦C�e�ee), <0.5mm/h,DX#S 2.0∼3.0 L/min,E`%DQ=S φ 25mm×5mmb ZnO s>�Æ�i+"6�dvU - wyee�-Q>S ZnO Ws�;S"b��IL��|�%(
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