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 Cr,Mg:GSGG ¬N, ¿é)�Ñ�¬N�¬?1
�zí¨Ú�
�í¨ò»?n. ÏLé'©Ûò»?nc��¬áÂ1Ì�Cz, íäÑ¬N¥o¡N�  Cr4+ lf�/¤Å
n�: ¬N)�Úp§�zí¨ò»�L§¥, od Cr4+ lfÄk3l¡N� þ/¤, ,�39-u�^e��
Co¡N� þ� Ga3+ lfu)���A, l/¤�½ßÝ�o¡N�  Cr4+ lf. ¢�(J�L², �X>
ÖÖ�lf Mg2+ lfßÝ�O�, �k|uJpo¡N�  Cr4+ lf�ßÝ.

'�c: Cr,Mg:GSGG ü¬, ò»?n, o¡N� , 1Ì5�

PACS: 81.10.−h, 71.35.Cc, 61.72.Bb
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N Q �N-1ìäkÑÑóÀÄ!¸�õÇ
p�`:, Ï3-1ÿå!-1\ó!��9I
���¡Ñk2��A^cµ. N Q EâÏ~�±
©�ÌÄN Q Ú�ÄN Q üa. �ÌÄN Q Eâ
�', �ÄN Q �ªduäk(�{ü!NÈ�!
¤�$í!½5�p�`:��2��A^.
y8, äk��ÚáÂA5��ÄN Q m'®l�
Ð�kÅ/�!Ú%¬N, uÐ�äk½5!F
^59��5��káÂlf�¬N [1−6] Ú��
N [7,8] �. Cc5<�®²uy± Cr4+:YAG ¬N
��L��X�¹ko¡N�  Cr4+ lf�¬N,
3 0.9—1.2 µm Åãäk�Ð���ÚáÂA5,
���t-1ì��ÄN Q m' [9,10].

,3�
¹kpU��½âf (X	��
+�!�¯é|�) �4à�¸e, ±þ� Cr4+

lf�¬NÒw«Ñ5UØ½�":. ,�
� ¡, Gd3Sc2Ga3O12(GSGG) Ä � ¬ N ® � y ¢

äk�p�|ËìUå [11,12], Ï��� Cr4+

l f � � Ä N Q ¬ N ä k � 2 , � A ^ c
µ. ,c<�ó�Ì�8¥u Cr3+:GSGG ¬
N!Cr3+,Nd3+:GSGG ¬N3��ÅãÚCù	Å
ã1Ì9-15U�ïÄ [13−15], éu Cr4+:GSGG
1Ì5U�ïÄ%mk��.

� © æ ^ J . { ) � 
 Ø Ó � , ' ~
� Cr,Mg:GSGG ¬N, ¿é¬N�¬?1
��
í¨Ú�zí¨ò»?n, uy�zí¨ò»?n
�o¡N�  Cr4+ lf�A�°�áÂ¸rÝw
ÍOr, ��X Mg2+ lfßÝ�O�, Or��
²w. ¢��y¢3l¡N�  Cr3+ lf�o¡
N�  Cr4+ lf=C�, �3��LÞ�ã: Cr4+

Äk3l¡N� þ/¤,��o¡N� =£.

2 ¢ �

¬ N ) � ± p X Gd2O3(>99.999%)!Ga2O3
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(>99.995%), Sc2O3(>99.999%), Cr2O3(© Û X),
MgO(>99.99%) ®"��Ð©��. -¹lfÚ
>ÖÖ�lf©Od Cr2O3 Ú MgO Ú\. �, Cr
lfßÝ� 0.1 at.%, Cr � Mg lf��,��
'©O� 1:1, 1:2, 1:3. òU¤I�,ßÝ¡þÐ
���C\1(ª·�ÅS·Ü 20 h, ,�ò·
Üþ!���3 200 MPa �ØåeØ�¤¬��
\ê6¬S?1p§���(. ���¿©�A
� GSGG õ¬��, é��?1
ügp§�(.
äN�{Xe: Äk3 1200 ◦C ep§�( 20 h,
,�ò¬�ï�!·Üþ!�2gØ�¤¬, ��
3 1500 ◦C ep§�( 20 h. ²Lügp§�(�
���
�A����� GSGG õ¬��. ,�ò
õ¬��C\�7l�S, æ^DÚ�J.{)�
¬N, )�í¨�pX�í, )�§Ý�� 1875 ◦C,
.�� 2—4 mm/h, =�� 15—20 r/min. ·�¤
õ)�Ñ
Ãm�9Ñ�Ø%�ØÓ�,'~
� Cr,Mg:GSGG ¬N, ¬N�N¥ÉÚ��X Mg
lfßÝ�O�ôÚC�, Xã 1 ¤«.

ã 1 Cr,Mg:GSGG ¬Nì¡ (Cr, 0.1 at.%; Cr:Mg=1:3)

éØÓ�,'~��)¬N�¡!�1��
�, ?1��í¨Ú�zí¨ò»?n. ��í¨
�6Ä�í, ò»§Ý� 800 ◦C, ð§ 12 h; �zí
¨��í, ò»§Ý� 600 ◦C—1500 ◦C, ð§�m
þ� 20 h. |^ Lambda 1050 UV/VIS/NIR ©11
ÝO©OÿÁ
ò»c�ØÓ�,'~�¬�¿
§áÂ1Ì.

3 (J�?Ø

GSGG ¬N´�0�X�¬N��«, áá�
¬X, �m+� Ia3d. Ù¥��¡NÚo¡N�

 ©Od Gd3+ Ú Ga3+ lfÓâ, l¡N� 
d Sc3+ Ú�Ü© Ga3+ lfÓâ [11,16]. �\� Cr
lfÌ�´±nd� Cr3+ �/ª?ul¡N� 
þ, ·�¤'%�´o¡N� � Cr4+tetra lf.
�)¬N�¬�áÂ1ÌXã 2 ¤«. lã¥�±
²w/w��X Mg lfßÝO�, 8áuo¡N
�  Cr4+tetra lf� 642 nm ÚCù	 1.06 µm ?�
°�áÂrÝ²wOr, �Ò`o¡N�  Cr4+tetra
lfßÝO�
. Ï���d Mg2+ lf?\
¬��, ¬�)Û�>ÖØ²ï, ù�¬kü«
�ª5÷v>Ö²ï: 1) � �"�, �)��
  VO; 2) �C� þ� Cr3+ lf����>fC
¤ Cr4+ lf. ¤±, �X Mg2+ lfßÝ�O�,
�) Cr4+tetra lf�AÇÒ��, �ª�� Cr4+tetra l
f�A�°�áÂ¸rÝOr. du¬N)��L
§¥¬/¤�� , ¤±·��±ÏL�zí¨ò
»��ª5O\¬N¥od Cr4+ lf�ßÝ, ?
¦Cù	 1.06 µm ?�áÂC��r.

ã 2 �)¬N�¿§áÂ1Ì

3?1�zí¨ò»�L§¥, ·�uy
�
�k��y�: n«¬N�¬3²L 750 ◦C/20 h
ò»��, Ñ¥yÑØÓ§Ý�®ùÚ, ,pò»
§Ý�®ùÚ��, �¬C¤'�)¬N���É
Ú. ·�ÿÁ
®ùÚ�¬�áÂ1Ì, Xã 3 ¤
«. ÏL��)¬N�¬�áÂ1Ì (ã 2) ?1'
�, uy 750 ◦C/20 h ò»���¬37!ÉÚÅ
ã�áÂ²wOr, AO´ 1:1 Ú 1:2 �¬N�¬,
7!ÉÚÅã�áÂrÝ²wruùÚÅã. lá
Â1Ì�±wÑ, 7!ÉÚÅã�áÂÓÌ�`³,
Ï�¬¥yÑ
®ùÚ. ·�@��¬37!
ÉÚÅãÑy��r�°�áÂ´dl¡N� 
� Cr4+cota lf�áÂÚå�. �
üØù�°�á
Â´d F aÚ%Úå��U5, ·�én«¬N�
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¬©O?1
�íí¨ò»?n, ò»���áÂ
1ÌXã 4 ¤«. �íò»�L§¥ O ¬���Ñ
¬N, ¬NSÜ¬�)�õ� O � , Ó� H �f
q´>f�N, ¤±¬N¥� F aÚ%AT¥O\
�ª³. XJ�¬37!ÉÚÅã�áÂ´d F a
Ú%Úå�{, @o�íò»�áÂrÝATwÍ
Or. �´ÏLé'ã 3 Úã 4 uy, ¤k�¬3
7!ÉÚÅã�áÂrÝØ�vkOr, �Cf

, ¤±·��±�½7!ÉÚÅãÑy��r�
°�áÂAT´d¬NSl¡N�  Cr4+cota lf
áÂÚå�. lã 4 ¥�±w�, n«¬N�¬²
�íò»��ÑÑy
ü�²w�áÂ�, �¸.
Ú¸ Ä�þ��. ·���3�íò»�L§¥
pd�� Cr lf¬���¤$d�� Cr lf, 
ùü�áÂ¥%©O u 457 nm Ú 645 nm �á
Â�, AT´dnd� Cr3+ lfáÂÚå�. du
n«¬N�¬¥ Cr lf��,ßÝ�Ó, ¤±�
íò»��ü�áÂ��áÂrÝÄ���.

ã 3 750 ◦C/20 h �íí¨ò»��¬�áÂ1Ì

ã 4 �íí¨ò»��¬�áÂ1Ì

(½
�¬37!ÉÚÅã�r�°�áÂ
´dl¡N�  Cr4+cota lfáÂÚå���, ·�

é�¬?1
�õ��zí¨ò»¢�, ±B©Û
o¡N�  Cr4+tetra lf�/¤L§. lã 3 Úã 4
¥�±w�l¡N�  Cr4+cota � Cr3+ �áÂ�´
Ü©U�, ùé©Û Cr4+cota lfáÂrÝ�Cz
�5
Ø|�K�. Ïd3�¡?n�zí¨ò»
��¬�áÂ1Ì�, ·�æ^~{?n, =òÿ
��áÂXê~��A�¬�íò»��áÂX
ê, ù�?n��áÂ1Ì��¹od Cr4+ lf
�áÂ�z, Bu©Û. ÏLþã�{, ·�é'©
Û
ØÓ�zí¨ò»§Ýe�¬áÂ1Ì�C
z. ã 5 ´ 1:3 �¬�íí¨ò»���Ü©áÂ
1Ì, ã¥J�µSI«��l¡N�  Cr4+cota l
f�áÂ�. lã¥�±w� Cr4+cota lf�áÂr
Ý, �Xò»§Ý�,pk´O�, ��qm©ü
$; o¡N�  Cr4+tetra lf�áÂk´�úO
r, ��â,O�. 1:1 � 1:2 �¬N�¬3ò»L
§¥�Ñy
aq�1ÌCz. ùü«ØÓ� 
þ Cr4+ lfáÂrÝ�Cz�±kå/`²3ò
»L§¥, �3 Cr4+cota lf� Cr4+tetra lf�=C.
ã 6 �Ñ
n«ØÓ¬N�¬3�zí¨¥ØÓ
ò»§Ýe (ò»�mþ� 20 h), 1.06 µm Åã?
áÂXê�Cz.

ã 5 �íò»�od Cr4+ lfáÂrÝ�Cz

ã 6 �±���*/�NÑo¡N�  Cr4+tetra
lfßÝ�Cz. lã¥�±w��ò»§ÝØp
u 750 ◦C �, n«ØÓ�,'~��¬3 1.06 µm
?�áÂXêCzÑØ´é²w, (Üã 5 ·�@
�3ù�§ÝãéA��l¡N�  Cr4+cota lf
/¤¿\È�L§. Ù¢, Ù¦� Cr4+ ��ÄN Q

¬N3�zí¨ò»�L§¥��3aq�L§,
X Cr:YAG ¬N [17,18]. 3ùp·�uy�ò»§Ý
pu 750 ◦C �, 1.06 µm ?�áÂXêâ,O�, A
O´ 1:2 Ú 1:3 ��¬Ly���wÍ. ·�@�
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ù�y�´du3ò»�L§¥l¡N�  Cr4+cota
lf��
v
�9-¹U, �L³^¯���C
o¡N� =£, E¤o¡N� þ� Cr4+tetra lf
ßÝâ,O�Úå�. �Xò»§Ý�UY,p,
n«�¬3 1.06 µm ?�áÂXê¿vk±YO
�, ´ªu½. ·�@�kü��ÏÚå
ù
�y�: 1) �Xò»§Ý�,p, ¬NS O � �
Ý~�, l¡N� þ� Cr3+ lfØ¬±Y�o
d� Cr4+ =C, E¤¬NSod� Cr4+ lfßÝ
k�; 2) l¡N� þ� Cr4+cot a lf�Ø¬±Y�
o¡N� =£, ´ü«ØÓ� þ�lfßÝ
��
Ä�9²ï. lã 6 ¥��±²ww�, �
X Mg lf�,ßÝ�O�, �¬3 1.06 µm ?�
áÂXêwÍOr, ù`²�X Mg lfßÝ�O
\, ¬N)�Úò»L§¥¬�)�õ�o¡N�
  Cr4+tetra lf.

ã 6 ò»§Ýé 1.06 µm ?áÂXê�K�

ÏLc¡�©Û, �±(½¬N)�Ú�Ï�
zí¨ò»�L§¥o¡N�  Cr4+tetra lf�/
¤L§.

¬N)��L§¥:

2Mg2+ → (2Mg′Sc + VO), (1)

Mg2+ + Cr3+octa → (Mg′Sc + Cr4+octa),

Cr4+octa + Ga3+
tetra → Cr4+tetra + Ga3+

octa, (2)

¬N)��L§¥�X�d Mg2+ lf?\¬�,
Óând Sc3+ lf� , �)Û�>ÖØ²ï, ù
�¬kü«�ª5÷v>Ö²ï: 1) l¡N� 

�"�, �)�� , Ù±EÜN (2Mg′Sc + VO) �
/ª�3, Xúª (1) ¤«; 2) �Cl¡N� þ
� Cr3+octa lf���>fC� Cr4+cot a lf, du¬
N)��p§�¸, Cr4+cot a lf39-u�/ªe
��Co¡N� =£, Xúª (2) ¤«.

�Ï�zò»�L§¥:

2Cr3+octa + (2Mg′Sc + VO)

+
1
2
O2 → 2(Mg′Sc + Cr4+octa), (3)

Cr4+octa + Ga3+
tetra → Cr4+tetra + Ga3+

octa, (4)

3p§�zí¨eò»�, �í¥���f¬�¬
NSÜ*Ñ, �ª�SÜ�� EÜ, �dÓ�l
¡N� þ� Cr3+octa lf¬=C� Cr4+cot a lf, ±
d5÷v>¥5, Xúª (3) ¤«; ,��¡, lf
3ØÓ� þ�=�I�Uþ, Ïd3�zí¨ò
»�l¡N� � Cr4+cot a lf�k3¼�v
�
9-¹U�, âUm©¯��o¡N� =£, �
o¡N� þ� Ga3+ u)���A, Xúª (4) ¤
«. ã 6 ¥¤«�¬áÂXê�k3ò»§Ýp
u 750 ◦C �â¬wÍO�, ��±y¢ù�*:.

4 ( Ø

æ ^ J . { ¤ õ ) � Ñ 
 p 1 Æ � þ
� Cr,Mg:GSGG ¬N, ¬N�N¥ÉÚ, ��X Mg
lfßÝ�O�ôÚC�. éØÓ�,'~�¬N
�¬?1
��í¨Ú�zí¨ò»?n, ¿'�
©Û
ò»��¬áÂ1Ì�Cz. uyp§�z
ò»�±k�/Jp¬NSÜo¡N�  Cr4+tetra
lf�ßÝ, ��X Mg2+ lfßÝ�O�, ù«O
��ª³��wÍ. ù`² Mg lfßÝ�O\, k
Ïul¡N�  Cr3+octa lf�o¡N�  Cr4+tetra
lf�=C. ·��©Û
¬N)�Ú�Ï�zò
»L§¥, o¡N�  Cr4+tetra lf�/¤L§, u
yl¡N�  Cr3+octa lf�o¡N�  Cr4+tetra l
f=C�, �3��LÞ�ã: Cr4+ Äk3l¡N
� þ/¤,�39-u�^e�o¡N� þ
� Ga3+ lfu)���A, �ª3o¡N� þ
/¤�½ßÝ� Cr4+tetra lf.
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Study of growth, spectra properties and Cr4+

formation mechanism of Cr,Mg:GSGG
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Abstract

Cr,Mg:GSGG crystals are successfully grown by the Czochralski method. The influences of reducing- and oxidizing- annealing

treatments on the absorption spectra of Cr,Mg:GSGG crystals are investigated. From the changes of their absorption spectra, it can be

inferred that the Cr4+ ions are initially generated at octahedrally coordinated sites, and then exchange positions with tetrahedral Ga3+

ions in neighboring sites under heat exciting. Differences between absorption spectra also suggest that Mg2+ ions can improve the

concentration of tetrahedral Cr4+ ions.

Keywords: Cr,Mg:GSGG crystal, annealing treatment, tetrahedral sites, spectroscopic characteristics
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