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nØ©Û
 Cr,Tm,Ho:YAG-1¬N�9ò �A, �[O�
T¬N�à¡ò Ý�©Ù, ¿?1
 1Z

�¢��y. (JL², ê��[Ú¢�ïÄ(J����, 9�ò �A�Ä$UþO�
Or, ò Ý©Ù¥�

i/, ��ò Ýu)3¬N�à¡þ�å ì ���¤ 45◦ � ?. ±dJÑ
pUþ Cr,Tm,Ho:YAG-1ì

�9ò Ö��{, ¼�
-1óÀUþJp 24%±þ�¢��J.

'�c: Cr,Tm,Ho:YAG,9ò �A, ê��[,  1Z�

PACS: 42.81.Gs, 77.22.Ej, 97.82.Cp

1 Ú ó

du 2 µm Åã-1é<úS�, �õ«íN

3TÅãäk²w�A�áÂÌ, 8c, TÅã-

1®�2�^u-1��!�í�¸iÿ9�^

ÿå�+� [1]. Cr,Tm,Ho:YAG ¬N´�«~^

� 2 µm -1ó�Ô�, §�/jM!5U­½!

9�Çp!1Æ��Ó5, �éu YLF, YAP �Ä

�á�� 2 µm Åã-1¬N, Cr,Tm,Ho:YAG¬N

3pUþ$=�¹eäk²w`³ [2]. ,
, d

u Ho3+ 3~§e�OnU?XÚ, -1ÑÑK

�p, �"=��Ç$, �þÄ$Uþ9þ�È¬

NSÜ, ¦¬N�)
9�Vò�. ²L¬Nò

�Çý¥ü�Ì¶�m«�� �-1¬�)�

½�� �, l
��
N Q -1�ò y� [3].

ò �1åÏL �ì�ò�)î­��Ñ, O

�
-1K�, ÑÑUþ²wü$ [4,5]. ïÄ©

Û Cr,Tm,Ho:YAG¬N�9�Vò�Úò A5,

é9ò Ö�EâïÄ!Jp Cr,Tm,Ho:YAG-1

�ÇÚUþÑÑäk­�¿Â.

�©nØ©Û
9ò �A, ÏLê��[

Ãã, �Ñ
 Cr,Tm,Ho:YAG¬Nà¡þ�ò Ý

©Ù, ¿ÏL¢�éO�(J?1
�y, �pU

þ Cr,Tm,Ho:YAG-1ì9ò Ö��{Jø
n

Ø�â, Jp
-1ÑÑUþ.

2 nØ�.

2.1 999���VVVòòò���

3-1ì$1Ïm, Cr,Tm,Ho:YAG-1¬N

áÂ�Ä$UþØ�Ü©�)
-1ÑÑÚ��

L¡6L�e%��r�±	, �Ü©=z�9þ

�È3¬NSÜ. due%�Øþ!5, ¬NSÜ

�3§Ý�Ú9Aå. du�1�A, ¬NSÜ�

§Ý�Ú§Ý©ÙØþ!Úå�9Aå¬Úåò

�Ç�Øþ!, l
¦¬Nl��Ó5C¤��É

5, ��9�Vò�. Úå�ò�ÇCz�±L«

�

∆n = ∆nT + ∆nσ, (1)

ª¥ ∆nT �§Ý�Úå�ò�ÇCz,

∆nT =
∂n

∂T
· ∆T, (2)

∆nσ �9AåÚå�ò�ÇCz,

∆nσ = ∆nr − ∆nϕ, (3)

Ù¥, ∆nr, ∆nϕ ©O�¬N»�Ú���ò�Ç

Cz, d©z [6] �

∆nr = −
1

2
n3

0

αQ

K
Crr

2,
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∆nϕ = −
1

2
n3

0

αQ

K
Cϕr2, (4)

þª¥ n0 ´¬N���Ó5ò�Ç, α ´¬N�

9)äXê, K ´¬N�9�Ç, Q �þ!u9C

qe-1�ü NÈu9�Ñ�õÇ, Cr Ú Cϕ ´

�)¬N1�XêÚÑt'Ïf�O�Xê.

Q =
Pa

πr2
0L

, (5)

Cr =
(17ν − 7) P11 + (31ν − 17) P12 + 8(ν + 1)P44

48 (ν − 1)
,

Cϕ =
(10ν − 6) P11 + 2 (11ν − 5)P12

32 (ν − 1)
, (6)

Ù¥, Pa ´¬NáÂ�o9þ, r0 ´¬N��», L

´¬N��Ý, ν ´¬N�Ñt', P11, P12, P44 ´

¬N�1�Xê [7].

d (4)—(6) ª��

∆nr − ∆nϕ = n3
0

αQ

K
Cr2, (7)

Ù¥

C =
1 + ν

48 (1 − ν)
(P11 − P12 + 4P44) . (8)

2.2 ���   ������òòò   ÝÝÝ

dò�Ç��1§��'X���9�A�

��� ��

δ =
2π

λ
L (∆nr − ∆nϕ) . (9)

ò Cr,Tm,Ho:YAG¬N�u���å ì�u ì

�m, ^Ñ�� �1rÝ�\�ò Ý� �1

rÝ�'5L«9�ò §Ý

dbiref =
Iout

Iin
. (10)

d©z [8] �

dbiref = sin2 (2θ) sin2

(

δ

2

)

, (11)

Ù¥, θ �¬N�à¡þÀ�:�»��å ì 

����Y�. d (11) ª�±wÑ, ¬Nà¡þ�

:?�ò Uþ�Ñ�Ä$UþÚå�9� �

�k', ��Ù¤3�»9 �k'.

3 ê��[(J�©Û

ÄuþãnØ©Û, ·�/Ï Matlab^�, �

[
 Cr,Tm,Ho:YAG ¬N�9ò ©Ù, é¬N

�à¡�:�ò �¹?1
ê�O�. O�

�À� Cr,Tm,Ho:YAG ¬N�ëê�: �» r0 =

2.5 mm,�Ý L = 125 mm,Ñt' ν = 0.3, 9)ä

Xê α = 78 × 10−7 K−1, 9�Ç K = 14 W/m·K,

��Ó5ò�Ç n0 = 1.8, 1�Xê P11 = −0.029,

P12 = 0.009, P44 = −0.061. ¬NáÂ�o9þ Pa

©O� 10, 30, 50, 70, 90 W. �Z�ãY¢�¥�

ì�1Å� λ = 1064 nm.
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ã 1 9ò Ý3¬Nà¡þ��[©Ù áÂ9þ (a) Pa = 10 W; (b) Pa = 30 W; (c) Pa = 50 W; (d) Pa = 70 W; (e)

Pa = 90 W
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ØÓáÂ9þ Pa e¬N�ò Ý©ÙXã 1

¤«, �Ýrf�Lò §Ý��, çV�«�ò

 Ý�, 0 L«vkò ; ²��«�ò Ý�, 1

L«��ò ,  ���=Ä 90◦. lã¥��,

Cr,Tm,Ho:YAG¬N�ò §Ý�XáÂ9þ�O

\
O\, Ä$õÇ��, �S§�O�, 9Aå�

��, 9�AÚå��é� �Ò��, ÅcÆC

Ò�x³, Úå�9�ò �Ò�î­, 3 1Z

�ãY¥¬Ñyõ�Z��. ¬N�à¡9ò Ý

©Ùþ¥�ié¡/G,  u θ = 0◦ Ú θ = 90◦ ¶

�þ�u)ò �, ¥y�1K�;  u θ = 45◦ �

 ?�ò �î­, �²�«�. ,	, ò §Ý�

�À�:ål�¥%��»��k'.

ò Ý¥�i/©Ù��Ï´ Cr,Tm,Ho:YAG

¬N¥ u θ = 0◦ ¶�þ�� 1,  ���3T

:ò�Çý¥�»�Ì¶þ; θ = 90◦ ¶�þ��

 1 ���3T:ò�Çý¥���Ì¶þ.  

uò�Çý¥Ì¶þ� �1²L¬N���)

� ò´, �u)ò �. 
Ø3ùü^¶�þ�

� 1, \��¬N�, ¬3ò�Çý¥�»�Ú

��Ì¶þ�)� �1, du9�Vò���»

�Ú��Ì¶ò�ÇØÓ, ÏL0��ü �©þ

m¬�)� �
u)ò .

4 ¢�ïÄ

4.1 ¢¢¢���������

�
�yê��[(J, ·�?1
 �1

Z�ã¢�ïÄ [9], é Cr,Tm,Ho:YAG¬N3ØÓ

Ä$^�e�ò ��¹mÐ
ïÄ. ¢���

Xã 2 ¤«. 3 Nd:YAG  1Z�¢�¥, Ï~æ

^ 632.8 nm� He–Ne-1½ 532 nm�É-1�

�ì�1, �´ùüÅ��?u Cr,Tm,Ho:YAGá

Â«, P~é�, Ã{¦^ùü«-1��ì�1

Bß Cr,Tm,Ho:YAG ¬N. du Cr,Tm,Ho:YAG é

Cù	 1064 nmÅ��ßLÇ�u 80%, ¤±·

�À^ÑÑ¥%Å� 1064 nm� SP-20P1n-

1ì��ì�1
. 1n-1ìÑÑ1å�»L

�, ØU¿÷ Cr,Tm,Ho:YAG¬N��à¡. �


*�ÙÑÑ1å�», ·�¦^�å f1 = 20 mm

Ú f2 = 100 mm ü�àßº|¤�*åº, é

1n-11å?1*å. *å���«1åÏ

L�� (φ8 × 100 mm3) Ä$� Cr,Tm,Ho:YAG¬

N (φ5 × 125 mm3), d XENICS XEVA-973 CCD�

Â¿w«ÙÑÑ1�.Cr,Tm,Ho:YAG ¬N���

Ñ���u>bû��;�nS, d�lfYe%,

Y§ 295 ± 3 K. Cr,Tm,Ho:YAG¬Nüà©O��

��å ìÚ��u ì, å ì� ����

Y²��, u ì� ����ç���. M1, M2,

M4 þ���º, M3 � 1064 nm¥%Å�Ä�È1

¡.

CCD

M4
M3

M2

Cr,Tm,Ho:YAG

f f
M1

ã 2  1Z�¢�C�ã

d¢��n��, � Cr,Tm,Ho:YAG ¬N�

u)ò ��, duå ì�u ì� ��

��pR�, 1n-1ìÑÑ-11åÒÃ{

ßLu ì, Ïd CCD &ÿì¥vk1�w«.

� Cr,Tm,Ho:YAG¬Nu)9�Vò��, ²Lå

 ì�-13BLVò�-1¬N�Ñyò �,

ò -1ßLu ì/¤1�, �ò �-11å

�u ì{	
Ã{/¤1�, l
/¤
�1K

�. ò �§Ý�î­, KZ�ã¥�«º���,

�Ý�p.

4.2 ¢¢¢���(((JJJ���©©©ÛÛÛ

¢�ÿ�ØÓÄ$Uþ EP e-1XÚÑÑ

� 1Z�1�ãYXã 3 ¤«. lã¥��, Ñ

Ñ�9ò Z�1��ê��[¤�ã/ÎÜ, ¥

�i/. ¬N¥ u θ = 0◦ Ú θ = 90◦ ¶�þ�

� �1�u)ò �, Ïd�/¤1�; 3$Ä

$Uþ9ÆC�u λ �,  u θ = 45◦ ¶�þ��

 �1ò �î­, 1���. �XÄ$Uþ�O

\, Cr,Tm,Ho:YAG¬N¥�È�9þ�ØäO\,

9�AÚå��é� �Ò��, 9ÆCÒ�x³,

Úå�9�ò �Ò�î­. ¢�¥uy, 3Ä$

Uþ� 141.75 J� 1Z���²w, U���"

-1XÚ¥ 10%'~�õÇ=z�¬N��9þ,

�±��d�¬NáÂ9õÇ� 42 W,��[O�

ã 1(c)�¹Ä���. �Ä$Uþ�L 141.75 J�,

du¬N�9ßº�AØäO\, Cr,Tm,Ho:YAG

¬N��u���åØä á��ßº, l
¦-
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(a) (b) (c)

(e)(d)

ã 3 CCD&ÿ¬N 1Z�1�ã, -1ó�ªÇ 3 Hz,óÀÄ$Uþ (a)EP = 43.75 J; (b)EP = 85.75 J; (c)EP = 141.75 J;

(d) EP = 175 J; (e)EP = 211.75 J

11åu)à�, ÑÑ1�Øä~�. �Ä��¢

�XÚ�S�5Ú�� Cr,Tm,Ho:YAG-1¬N9

Aå�ú, ¢�¥vkUYJpÄ$õÇ, ¤±�

vkÑy�õÇe�r9�ò ��� 1Z�

ãY¥Z��y�.
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ã 4 9ò Ö�c� Cr,Tm,Ho:YAG-1ìÑÑóÀUþã

5 λ/4 Å¡Ö�{

� â ê � � [ �   1 Z � ¢ � ( J,

3 Cr,Tm,Ho:YAG ¬ N ¥ 45◦ ¶ � þ � 9 ò  

� � î ­. Ï d 3 > 1 N Q Cr,Tm,Ho:YAG -

1ì¥, ò�� λ/4 Å¡��3��ncnº

� Cr,Tm,Ho:YAG ¬N�m, ¿¦Ù1¶�å 

�ì ���²1, =�¢yé 45◦ ¶�þ9ò 

���Ö�ÚéÙ¦��9ò �Ü©Ö� [10].

9ò Ö�ü$
-1���Ñ, UþÑÑ²wJ

p, Ö�c�¢�(JXã 4 ¤«. 3 200 JÄ$

Uþ�¹e, �?19ò Ö��-1ÑÑóÀU

þ� 387 mJ;9ò Ö��-1ÑÑóÀUþ�

� 480 mJ,Jp
 24%.3�$Ä$Uþ�¹e, Ö

���-1UþO\'~�u 24%.

6 ( Ø

�©l-1¬NSÜ§Ý©ÙÚ9AåÑu,

(ÜAå1�nØ, ïá
¬N9�Vò��.,

|^ Matlab ^��[O�
 Cr,Tm,Ho:YAG¬N

�à¡�:�9ò ©Ù, )º
9� 1Z�

ãY(�. æ^ 1064 nm-1��ì�1
, ;�


 Cr,Tm,Ho:YAG¬Né��1�r�áÂ«, ¢

y¿|^ù	 CCD &ÿ�
¬N9� 1¢�

Z�ãY, ¼�
�ê��[�����¢�(

J, �y
�[��(5. ±d, ÏL3pUþ�"

N Q Cr,Tm,Ho:YAG-1ì��nS\\ λ/4 Å¡,

�Ð/Ö�
-1¬N�9ò �A, ü$
XÚ

�Ñ, ¼�
-1UþJp 24%±þ�¢��J.
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Numerical simulation and experimental study of
thermal-induced-depolarization in 2 µm

Cr,Tm,Ho:YAG laser∗

Li Zhe Jiang Hai-He† Wang Li Yang Jing-Wei Wu Xian-You

( Anhui institute of optics and fine mechanics, Chinese Academy of Sciences, Hefei230031, China)

( Received 20 April 2011; revised manuscript received 3 May 2011 )

Abstract

The theory of thermal-induced-depolarization is analyzed, the distribution of depolarization is numerically simulated, and the

result is verified by the polarized light interferometry. The experimental result is coincident with the numerical simulation, which

shows that the distribution of depolarization in the cross section of Cr,Tm,Ho:YAG is crisscross, and increases with the pump energy

increasing. The direction of the worst depolarization is 45◦ with respect to the polarization direction of the polarizer. According to

the numerical simulation, we employ aλ/4-plate to compensate the depolarization of a high-energy Cr,Tm,Ho:YAG laser. The pulse

energy increases by 24% after compensation.

Keywords: Cr,Tm,Ho:YAG, thermal-induced-depolarization, numerical simulation, interference of polarized light
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