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(The Growth of IR Nonlinear Optical Crystal of AgGa(SxSe1-x)2 and 

AgGaSe2) 
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Abstract� 

   Recently novel nonlinear optical 

material (NLO) are developed no matter 

it is an organic or inorganic . Among 

those materials many are applied in the 

ultraviolet or visible ranges , but very 

few are suitable in the range of 

far-infrared . We tried to grow crystals 

of AgGa(SxSe1-x)2 , ( x=0 , 0.25 , 0.5 , 

0.75 , 1.0 ) with seed and seedless 

methods this year , and to measure their 

characteristic properties .  
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    AgGaS2 ( Silver thiogallate ) ��

TU
VW�5(�X�����
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�0`Z[�abcdef ( 0.694µm 

20MW/cm
2 ; 10.6µm : 25MW/cm2 )

(0gh�-. (0.5-13µm) /0
1

;i�jH-.)Akl1mno

(phase matched)0p2O\+�j�q

G  (second homonic Generation ,  

SHG) 0rs+�)Ag 0.8-11µm t

kl1mno 
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 AgGaS2 ��  AgGaSe2 ��

����(µm)    0.5~13    0.8~18 

����	
(eV)    2.68     1.77 

��
� 

at 1.064µm 

at 10.6 µm 

 n0=2.4521 

 ne=2.3990 

 n0=2.3472 

 ne=2.2934 

 no=2.7010 

 ne= 2.6792 

 no = 2.5912 

 ne = 2.5579 

�����(pm/V) 

SHG at 1.064µm 

SHG at 10.6µm 

 d36=17.5 

 d36=11.2 

 

 d36=33 

������(λ�

µm) 

type �  

type �  

 

 

 1.8~11.2 

 2.5~7.7 

 

 

 2.1~12.8 

 4.7~8.1 
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(MW/cm
2
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    Q& AgGaSe2�AgGaS2BIg<

���j������]!�1mn
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AgGaSe2�1mno�s+�% YAG

��jH 1.06µm���<D����

�=1mno��jH0
Z��h

�-.RZi�\+|}~,0GH

AgGa(SxSe1-x)2 BI�
r�%�f ;  

"( AgGaS2�AgGaSe2BI��D�

1� (isotropic) jH��g 497nm�

811nm 
[3] 0)%	�����h j

¡ (unique optical band pass filter)
 

[4,5] 0%AqG[¢£�+�¤�p¥

¦Q<�§�� AgGa(SxSe1-x)2 B

I0 j¡jH¨©-.8)AQ

497nm�811nmª«0¬­®¯�g�

°%���j±0p²³´(Ar
+ ion ) 

���He-Ne��F AlGaAsOµI�

��¶(·
¸!�67�¹A<�

�GHDEGHº<� x f�

AgGa(SxSe1-x)2�BI0J»2"¼½

BI�M¾¿Àº	
[6,7,8,9,10]
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��ABÂ�!ø��á�1��
AgGaS

2
BC	�� AgGa(SxSe1-x)2B

C0GHZi�BI�A��AGH
º	BI�0ZiX�{¢£���
�BwA	
��0����ÑGH
AgGa(SxSe1-x)2�BC� 

    gBC
��0Jg·���Ë
�HB��÷_�%&��BCØ�
����0r÷_m
p� 1 ý��
��­HB��ø&��HB�,�
éè�k�0� è!HB"�×Ø
X�"ô­ý°%�òØX#$%&
HB"A 100'/hr ���(Øxý)
�Ø��g"I�*_Ø�lkJ^
_��0­HB�++,�Û°BC
�Ø�mgBI�-./��AgGaSe

2-.g 856'�AgGa(S0.25Se0.75)2-.
g 875'�AgGa(S0.5Se0.5)2-.g 890'�AgGa(S0.75Se0.25)2-.g 930'�
AgGaS

2
-.0�g�99812'��g

m
÷_�­BIg"m
2
 243
ô�ÞlüB4��5-ë�67Q
éè�k���(8¼9°HB�A:_�;+�,�8�gHB�<�=>éè�k?è�@�0JA[Ø"I�Ø�A 20'/hr���8xBØ��ºHB�CADcA:lH��
AgGaS

2�AgGaSe
2 R AgGa(SxSe1-x)2

BI� 

   x&gßà0?@GH AgGaS2B

IôA 15mm/day �,èE0GH
AgGaSe2BIôA 12mm/day�,èEF��Jgßà�GH AgGaSe2BI

ôG�� 28
oC/cm�AgGa(S0.25Se0.75)2

� 30oC/cm � AgGa(S0.25Se0.75)2 �

39
o/cm�AgGaS2� 45oC/cm� 

    GHä��BIgHQHä��I 8 J�äK0"ô�AL��ô���þ
�$;�Ag2SFAg2Se4�
g r � � J ­ H ä � � I �
AgGa(SxSe1-x)2BI	ËMN0H��
ä�0O�M�LK�gá��?@
°%çPQ X-Ray0Ë��R�°%ç�´STU(EPMA)0g���?@°

%�LK
V&|}5(�ÝU
(FTIR)0WX��Ý(PL)FÛÜ�Ý

(Raman spectroscopy)� 
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    M�bc��0A AgGaS2;BC

GH AgGa(SxSe1-X)2 BIô0d�
AgGaS2 -.[& AgGa(SxSe1-X)20eIBC�f<gqG-ë0hßà�
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Q4´ËÌZ3�nñÊ��0�ÍBÂ�!�3�?@Î%F3ÏD
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   Q EPMA LK�R AgGaS2�

AgGaSe2 gØÙRÚÙË��Û�Ü0h AgGa(SxSe1-x)2ðñÍÝÞQ&
��y-ë~�0ýAgHBäK�
Ë�gqGß«0ÈÉ x f�vw0

r S/SeBI?�sqÍ��L§�à
«i0Ör AgGa(S0.75Se0.25)2ÉñÊáâã¸0äåp¥­BI
&¯É�æçu���I0BIg§Zø�Í
��L§�º
     Q FTIR ß à ! è ) : é
AgGa(SxSe1-x)2BIh�-.p�N 

 AgGa(SxSe1-x)2'(  h�-.�µm� 

    X=0   0.71~19.46 

    X=0.25   0.65~19.275 

    X=0.5   0.58~14.6 

    X=0.75   0.54~14.435 

    X=1   0.47~14 

    ª« S�Se §�)A��5(�
�ÝÅÆXi30ÈÉ x f�vw0

�ÊË5(��ÝÏÐµêfg,j
HZ3ëD�@ (� 3)� ì´ÅÆ~
�ÅÆ«m
R AgGaS2ÛÜ�Ý A1  

mode 295cm-1
§2á¥)ér� two 

phonon ÅÆ� 

    ?@AjH 325nm�í-î���X�BI�ï��Ý(PL)0	êë

AgGa(SxSe1-x)2BIÙ�á�RBI2
)*��ÅÆÇP�ßàg 10K ×Ø

�LK0r�9� AgGaSe2BIg×

Ø æ � � � « g 698nm _ 

AgGa(S0.25Se0.75)2BIg×Øæ���«g 647nm�5��_AgGa(S0.75Se0.25)2
BIg×Øæ���«g 565nm�Å
��_AgGaS2æ���«g 507nm�ð
��0w�ñ%ò��ó!èô�0
9� AgGa(S0.5Se0.5)2BIg 10K æ�
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��«g 600nm�õö��÷ÝA�
á¥0?@�� AgGa(SxSe1-x)2BIÙ

�tÚgÈÉ x fÂ���«Í0p�øý��?@Î%F3ÏDó��
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�¯��Ô£Ô�¸�¨·¼½�º �ùùùº �Ôº �¾��¼¾�ºù�¨Ñ¼·¸��º¯Ö¦®ÕÕ¯©�¯°Ó×Ôº
�²�¥Ô�Ô�¸ ��ºµÔ»Ô��½�¨·��ÔµÔº»Ñ�¨¨º���º º º º ºº º �Ô¥Ô§¼¸·��º�ùùùº�Ôº�¾��¼¾�ºù�¨Ñ¼·¸�Ôº º ºº º �ù�Ö¦®Õ×¯©�Õ°°Ôº
�±�»Ô§¾½�¹¶�º�Ô ����¸¼¸�ºµÔµ¸·¶��¹��º ºº º�Ô!Ôµ¾��¤º���º Ô"¿¸�º���Ôº�Ôº£���Ôº ºº º #¿ ½Ôº�¸�Ô²²¦®ÕÕ±©�®Óú®Ôº
�Ó�$Ô ����¸¼¸�ºµÔ$�¹¨¿�·��º ºº º µÔ§¸�¸��¾·�º���º$Ô»¶ �¾Ñ¿¶º%º���Ôº�Ôº ºº º £���Ôº#¿ ½Ôº¯Ó¦®ÕÖú©�®²Õ×Ôº
�ú��Ô"Ô»¶¹¹¨�½¨��º�·Ôº���ºµÔ�¶����º�Ôº£���Ôº ºº º #¿ ½Ôº±Õ��¸Ô®¦®Õ×Ö©�±¯úÔº
�×�µÔ»�¼½¾½¿¶¼��º�Ô§¿¶¸�¸�º§Ôù��¸º���º ºº º $Ô�·¶¨�º���Ôº�Ôº£���Ôº#¿ ½Ôº�¸�Ôº º

º º ²±¦®ÕÕÓ©�ÓÓ±úÔº
�Ö��Ô ����¸¼¸�º£Ô»¸¾·¶�º»Ô§¨ ¸ ���º ºº º ���ºµÔµ¸·¶��¹��º���Ôº�Ôº£���Ôº#¿ ½Ôº¯Ö�ºº º �¸Ô®¯¦®ÕÖÕ©�¯Ó®²Ôº
�Õ��Ô����¹·¶½¿����º�Ô�¨�¤�¼¨½���º ºº º #Ô����½�� �º�¸¾·���º¸&º»�¼¨·¶��½º ºº º §Ñ¶¨�Ñ¨º¯Õ¦®ÕÕ±©�®Ö×ÕÔº
�®°�»Ôº�¸��¶�½º���º�Ô¥Ô'���·¨Ñ¿¼�º ºº º »�¼¨·Ôº�¨½Ôº�¾��ÔºÖ¦®Õ×²©�×°²Ôº
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