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>ÿ vÊ*� Nd:YAG .�&öB �z�>Ú Cr4+:YAG~
.V 7�> Î"f ÂK ßW

�'>†
ÁJ"sÁfVs

�O"���²

Ö 305-600 &*7�� FW� ÒB� 35-5

(2002j 3ú 14¢ Ar, 2002j 6ú 13¢ >;� Ar)

.VR"ê 0.48" 0.38� �z�>Ú Cr4+:YAG¢ ÒÏ� >ÿ vÊ*� Nd:YAG �êVöB �z�>Ú~ .V 7�>
Î"� Ôf Q-ç�öB ¾æ¾º �z�>Ú~ R" 7¶
 æzf z®Ú .�& 
î~ ²wB &ê>* ç�¢ ªC~
&
. �z�>Ú~ .V 7�>� >ÿ vÊ*� �âÿ·r ¾æ¾º �z�>Ú~ R"êº '' 0.70Û0.01" 0.62Û0.01
�î
. �º vÊ*� .�& �êV~ .V 7¶
� 6²�j ~��
. vÊ*� �âÿ· �6öB G;B v Cr4+:YAG
~ V&ç� Cr4+ &ê>º £ 1.4Ü1017 cm−3�� V&ç�ö &� �Vç�~ Cr4+ �N&ê>~ jº £ 44%�î
. 6,
vÊ*� ªÊ B�j *� ²wB �² >*&ê>º '' 3.6Ü1017" 3.9Ü1017 cm−3�� ·¶ºÂÎNf v ãÖ Îv
£ 0.32&
. Ôf Q-ç�öB ¾æ¾º �z�>Ú~ 7�> Î"¢ �J� >ÿ vÊ*� .�& ÂKö.æ~ >; ��
8f '' 18" 18.5 mJ� G;B 
þ8 £ 17Û1" 18Û1.5 mJ" ¾ ¢~�j �&
.
"BÚ : saturable absorber, Cr4+:YAG, amplified spontaneous emission, population inversion density, initial absorbing effect.

I. B �

 

ÎN'�� ¸f ÎvÂKj æò ²; ãïzB �Ú.�

& BBj *�, �" î�Ú >ÿ vÊ*� �Ú²¶� Cr4+:

YAG¢ ÒÏ� 1µm 2Ë &�~ Nd:YAG,[1-10] Yb:YAG,[9]

Nd:YVO4,[10,11] �Ò� Nd:Glass[12,13] .�&ö &� ÂKßW

" Cr4+:YAG~ �zßWö &� ��& 
Ö �B~² ��

Úæ� ®
.[14-19] >ÿ vÊ*� .�&~ ÂKßWf �êV

~ ²w��" �z�>Ú~ �zßWö ~��
. V¢B, >

ÿ vÊ*� .�& ÂK~ �'z¢ *� .�& ��
î~

ßW" z®Ú �z�>Ú~ V&ç�f �Vç�~ �>ßW

ö &� ��& 
Ö 7º~
.[20-24] ÎN' >ÿ vÊ*� ÿ

·j *� .�&
î~ Ïª� &ê>*" z®Ú .�& B

ê 2ËöB �z�>Ú~ ¸f �z�>& ¯� ¢Ú¾¢ �


. ��¾, ¸f Q-ç�öB �z�>Ú~ �¢ö ~� 7¶

�>, �Vç� �>, �Ò� V&ç�~ ®�zº >ÿ vÊ

*� ÿ·";öB �êV~ Ú¦ 7¶
� ·Ï~� .�&

ÎNj &~�Î
.

>ÿ vÊ*� .�& �êVöB �z�>Úö ~� �ê

V~ 7�' ¶
f �êV Ú¦öB �W>º .�&7 ;ê

ö ~�~º ßWj æò
. �z�>Úº �êVöB .V Ú

¦ 7¶
� .�& 
î~ �VB >*&êö ~� ���


� rræ .�& Bêj æ��Êº 7�' BöË~ ��j

�
. �êVöB vÊ*� �âÿ·� ¢Ú¾V *, 7²wb

� .�&
î~ &ê>*� ;W>º ©" z®Ú �VB .

�&
î�¦V ;7" Ã� ¶BOÂ(amplified spontaneous

emission)� B��
.[25,26] �
 OÂ7� �z�>Úö �>

>Ú .VR"ê¢ æz�Ê� �êV~ 7¶
" .�&
î

~ �� ç�¢ æz�Î
. vÊ*� �âÿ· �· �6ö

¾æ¾º �z�>Ú~ R"êº .V 7�> Î"� .VR

"ê�
 ¸f �zR"ê¢ ��
. ¯, >ÿ vÊ*� �ê

V~ Ôf Q-ç�öB ;7, Ã� ¶BOÂ7� �z�>Úö

�>>Ú �êV~ .V 7¶
j 6²�Î
. � r, ;WB

&ê>*>º �êV~ 7¶
 6²� ��' .V >*&ê

>�
 Ô² ;W>� ÂKö.æê V� >ÿ vÊ*� ��

8�
 ·² ¾æÂ
.

V� >ÿ vÊ*� .�& ÂKßW ��öBº ¸f Q-ç

�öB ¾æ¾º �z�>Ú~ �Vç� �>f[4,12,20-21] V&

ç� ®�z *ç�[1,2] "� ¢~>î
. 6, v Ê*� *ö

B�~º .�&
î~ ;7;ê¢ G;~� Ëÿ vÊ*�

�â�*j �;~æ� .�&~ ÎvÂK n;z¢ Ëç�Ê

º �ê& ��Úr
.[25] ��¾, .�& 
î~ .V &ê>

*� ;W>º ";öB �z�>Ú~ .V 7�>ö ~� �

êV~ 7¶
" �� &ê& jç �Ú'b� ��B : ì

º ç��
. � ��öBº >ÿ vÊ*� �âÿ· �*~

Ôf Q-ç�öB ¾æ¾º 7�> Î"� �� �z�>Ú~

R"ê æzf �ö V� �êV~ 7¶
" .�& 
î~

.V >*&ê>¢ �~� ÂKö.æ ßW~ ��8" 
þ

8j jv ªC~&
. .VR"ê 0.48" 0.38� �z�>Ú

Cr4+:YAG¢ ÒÏ� 1.06µm >ÿ vÊ*� Nd:YAG �êV

~ vÊ*� �âÿ· �6öB ¾æÂ .�&
î~ >*&

ê>f Cr4+:YAG~ R"ê¢ �~&
. ;çÎ�f >ÿ vÊ†E-mail: youngs26@add.re.kr
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*� Î�º �êV Ú¦öB �z�>Ú¢ B�~� ?f ²

w ��j &ê
. V¢B, ;çç�öB "Úæº ²w ^W

ö.æf ^W >*&ê>~ &ê¢ �Ï~� *V' �& ²

wö.æf .�&
î Nd:YAG~ ²wB >*&ê>¢ �~

&
. 6, >ÿ vÊ*� �êV~ Ôf Q-ç�öB ¾æ¾º

�z�>Ú~ 7�> Î"f z®Ú vÊ*� .�& B�j

*� ;WB &ê>* ç�f ÂKö.æ¢ ��'b� jv

ªC~&
.

II. � �

�z�>Ú~ �zßWj �J� >ÿ vÊ*� �êV~ ï

� 7¶&ê(photon density) φö &� NO;�f � (1)"

?� "Úê
.[4,12,20-22]

(1)

 � r, trf �êVÚ 7¶ {� ê¯�*, σº .�&
î

~ FêOÂ ��', nf B* >*&ê, lf .�&
î~

^�, Rf ÂKã >ÒN, Lf ;çÎ� �êV~ Ú¦ 7¶


, lsº �z�>Ú~ vþ�
. σgsf σesº �z�>Ú~

V&ç� 5 �Vç� �>��'�
. ns1" ns2º �z�>

Ú~ V&ç�f �Vç� �N &ê>�� C&ê> nso= ns1

+ ns2º V&ç�f �Vç� &ê>~ ���, lsº �z�>

Ú~ vþ�
. �z�>Úö «Ò>º ö.æ&ê& 
Ö ·

j r, V&ç� �N &ê>º ns1= nso�æ� �z�>Ú~

.VR"êº To= exp(−σgsnsols)" ?
. 6, Ïª® � «Ò

ö.æ&êöBº �Vç� �N &ê>& ns2= nso�æ� �

z�>Ú~ �& �zR"êº Tmax= exp(−σesnsols)f ?�

"Úê
.

�z�>Ú¢ ÒÏ~æ pf ;çÎ�(free runing) �êVö

B ¾æÂ ÂKã >ÒN" ^Wö.æ~ &êº � (2)f ?

� "Úê
.[26]

(2)

� r kº �êV~ ²wç>�� Lf ;çÎ� �êV~ Ú

¦ 7¶
�
. ?f ÂKã >ÒNj æò ;çÎ�f >ÿ

; vÊ*� �êVöB �z�>Úö ~� Ú¦ 7¶
 ��

f 
�æò, ?f ²wNj &ææ� ?f ²w �&ö.æ

öB ;W>º .�&
î~ >*&ê>º ÿ¢~
� � >

®
.[27] 6, ²wö.æö jf~� &ê>*� ;WB
. ;

çÎ�öB "Úæº ^W >*&ê nthº � (3)f ?� ;~

B
. V¢B, 4&* Nd:YAG .�&
îöB >ÿ vÊ*�

.�& B�j *� �& ²wö.æ Einö &� .�&
î

~ ²wB >*&ê> npi~ jº ;çÎ�~ ^W ²wö.

æ Ethö &� ^W >*&ê> nth~ jf ?bæ� � (4)

f ?� �* F > ®
.

(3)

(4)

.V>*&êº Q-Ê*� �âÿ· *ö 7²wö ~� .

�&
î~ ��" �êV~ ¶
� ?j r "Úê
. ��

'b� " r, �z�>Ú~ V&ç� �N &ê>& ns1= nso

� .VR"ê� ç�öB � (1)� 0¢ r .V >*&ê>

niº � (5)f ?� "Úê
.

(5)

>ÿ vÊ*� .�& ªÊ~ B�f 7²wb� ;WB .

V >*&ê>ö ~� .�&
î~ ��� >Òã~ >ÒN,

;çÎ� �êV~ ¶Ú Ú¦ 7¶
 �Ò� �z�>Ú~ .

VR"êö ~� 7¶
~ ��
 � r ¢ÚÂ
. >ÿ vÊ

*� .�& �êV~ Ôf Q-ç�öB 7²wb� &ê>*

� ��Úæº ÿnö �z�>Úº .VR"êö ~� ¸f

7¶
� .�& Bêj ÛB�" ÿ�ö .V 7�> Î"&

¢ÚÂ
. �z�>Ú~ .V 7�>º �VB .�&
î~

;7" Ã� ¶BOÂ7ö ~� ¢ÚÂ
. Ôf Q-ç�� �

êVöB �z�>Ú~ V&ç�ö ®º �>�N7 ¢¦&

7�> Î"� �Vç�� �VB
. V¢B, v Ê*� �â

ÿ· �6öBº �z�>Ú~ .VR"ê& Ã&~² B
.

�º >ÿ vÊ*� �êV~ .V 7¶
 6²¢ .¾~�,

>ÿ vÊ*� .�& B�j *� ;WB ²w &ê>*>

ni'º � (6)" ?� �* F > ®
.

(6)

� r Toiº >ÿ vÊ*� �âÿ· �6öB~ �z�>Ú

~ �zR"ê�
. �z�>Úö ~� .V 7�> Î"¢ �

J � r, >ÿ; vÊ*� .�& B�j *� ;WB �

(6)~ ²wB &ê>*> ni'º � (5)ö ~� .V >*&ê>

ni �
 ·² ��Úê
. � (6)~ ²wB &ê>*>º >ÿ

vÊ*� .�& B�j *� ;WB �² >*&ê>�
. �

² ²wö.æö ~� ;WB �² >*&ê> ni' = npi'¢ �

(4)¢ Û� �� ê, � (6)ö &«~æ� >ÿ vÊ*� �â

ÿ· �6öB~ �zR"ê Toi¢ �� > ®
.

�& 7¶&ê& B�>º ¸f Q-ç� �êVöB �z�

>Ú~ �zR"êº V&ç�~ ®�z� �&R"ê�
 Ô

² ¾æÂ
. V¢B >ÿ; vÊ*� �êVöB "Úæº ^

W >*&ê>º � (7)" ?� "Úê
.[1,2]

(7)

� r Tsº �& 7¶ &ê& B�~º >ÿ vÊ*� ªÊ

;ê~ �&~öB ¾æ¾º �z�>Ú~ �zR"ê�
.

dφ
dt
------= φ

tr
--- 2σ n l 2– σgs ns1 ls 2σes ns2 ls–

1
R
--- 

  L–ln–

1
R
--- 

 ln = 2kEin L–

nth= 1
2σ l
-----------

1
R
--- 

 ln +L

Ein

Eth

--------=
npi

nth

-------

ni=
1

2σ l
----------- 2σgs ns0 ls+

1
R
--- 

 ln + L

= 1
2σ l
----------

1

To
2

-----
 
 
 

ln + 1
R
--- 

  L+ln

ni ′=
1

2σ l
---------- 2σgs ns1 l s+ 2σesns2 l s

1
R
--- 

  +ln+ L

nt=
1

2σ l
----------

1

Ts
2

------
 
 
 

ln + 1
R
--- 

 ln +L
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>ÿ vÊ*� ªÊ& «ò>º �6öB~ �« >*&ê

> nfº ²wB �² .V >*&ê>f ^W >*&ê>ö

~� .ú�> &ê� � (8)" ?� "Úê
.[14] 

(8)

vÊ*� ªÊ B�b� ²wB >*&ê>& ^W >*&

ê> �~� 6²~� �C >*&ê>& B
. �z�>Ú~

�>�Nf �Vç�öB V&ç�� jz(relaxation)>Ú R

"ê ¶
� Ã&~æ� �êV~ ¶
f �&& B
. � r,

7¶&êº 0� B
. 7¶&ê Ã&ö V� �z�>Ú~ R

"ê æzº �êV 7¶
~ �*' æz¢ ~��
. >ÿ

vÊ*� �âÿ· �*ö ¾æ¾º .V 7�> Î"ö ~�

�êV ¶
" &ê>* ç�¢ �J� >ÿ vÊ*� .�&

ÂKö.æº � (9)f ?� ¾æÂ
.[14]

(9)

�r hνº .�& 2Ë~ 7¶ö.æ, Aº .�& 
î~ �

�', γº &ê>* 6²ê>� 1.06µm Nd:YAG .�&~

ãÖ 0.6�
.

 

III.  
þ 5 Ö"ªC

�z�>Ú Cr4+:YAG¢ �Ï� >ÿ; vÊ*� Nd:YAG

�êV¢ �â 1" ?� �W~� *V' �&ö.æ Ã&ö

V� .�& ÂKö.æ¢ pyroelectric ö.æ�V(Molectron,

J50, JD-2000)� G;~&
. 6 vÊ*� ÂKªÊ~ B>¢

Si 7¦ÂV(Newport, 818-BB-20, çß�* 200 ps �~)f

J
�Êz*(Tektronix, TDS 744A, 500 MHz)� G;~&
.

ÒÏB ï� ÂKã~ >ÒNf 20%, *>Òã~ ��>ãf

10 m, Nd:YAG .�&/f çã 4 mm, ̂ � 58 mm, �êV

^�º 22 cm �Ò� �& *V' �&ö.æº 10.5 J �~

� B�~� ÒÏ~&
. Nd:YAG .�&
î~ FêOÂ �

�'f 6.5Ü10−19 cm2�
. �â 2º ²w7 B�j *� PFN

(pulse forming network)b�¦V Xe R7&ö &�æº O*

*~~ ªÊÎ·" � r BêB ;çÎ� Nd:YAG .�&~

ªÊÎ·�
. 

ÒÏB �z�>Ú Cr4+:YAG(Union Carbide)~ .VR"ê

0.48" 0.38� Cr:YAG~ ^�º '' 3.96 mmf 5.21 mm

�� �Ö;~ ·�f 2Ë 1.06µmö &~� Z>Ò z+>

î
. 2Ë 1.06 möB ÒÏB �z�>Ú Cr:YAG~ V&ç

� �>��'f £ 5.7Ü10−18 cm2�æ�,[9] �>ê>º £

1.85 cm−1��, Cr4+ �N~ êw �N &ê>º £ 3.2Ü1017

cm−3�
. 6, �Vç� �>��'f 0.8Ü10−18cm2�
.

Tmax= exp(−σesnsols)�¦V �� .VR"ê 0.48� Cr4+:

YAG~ �& �zR"êº £ 0.91��, .VR"ê 0.38~ ã

Ö �& �zR"ê& £ 0.88�
. Cr4+:YAG~ �zö.æ&

êº £ 27 mJ/cm2�
.

�â 3f *V' �& ²wö.æö V� Nd:YAG .�&

~ ;çÎ� ÂKö.æf ²wB >*&ê>¢ ¾æÞ ©�


. ÂKã >ÒN æzö &� ;çÎ�~ ÂK ^Wö.æ

¢ G;� Ö"� �� � (2)º −ln R= 0.5Eth − 0.4� "Ú

r
. V¢B, �z�>Ú& ìº ;çÎ� �êV~ ¶
f

0.4�� ²wç>º 0.25 J−1�
. ÂKã~ >ÒN 20%� ;

çÎ� Nd:YAG �êVöB ¾æÂ ^W ²wö.æº £ 4

nf=ni ′ nt–  
ni ′
nf
------ 

 ln

E= hνA
2σ γ
------------  

1
R
--- 

 ln  
ni ′
nf
------ 

 ln

�â 1. 
þË~ê.

�â 2.R7& O**~ ªÊf ;çÎ� Nd:YAG .�&~ ªÊ
2;.

�â 3.ÂKã >ÒN 20%� ;çÎ�öB *V' ²wö.æ Ã
&ö V� Nd:YAG .�&~ ÂKö.æ(ù)f >*&ê
>(6F).
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Û0.1 J�
. � r, � (3)ö ~� ^W >*&ê>º £ 2.7

Ü1017 cm−3�
. ;çÎ�f >ÿ vÊ*� Î�º �êV Ú

¦öB �z�>Ú¢ B�~� ?f ²w ��j &ææ� ?

f ²wNj &ê
. V¢B �â 3~ 6Ff ;çÎ�öB ¾

æÂ *V' �& ²wö.æ Ã&ö V� Nd:YAG .�&


î~ >*&ê>�
. �º ?f ²wö.æöB "Úæº >

ÿ vÊ*� Î�öB~ ²wB >*&ê>f ?
. .�&


î~ >*&ê>º �& ²wö.æö jf~� ;WB
.

�â 4º .VR"ê 0.38� �z�>Ú Cr4+:YAG¢ �Ï�

Nd:YAG .�& �êVöB BêB �¢ 5 �7 Q-Ê*�

.�& ªÊ~ �*' ßWj G;� ©�
. ²w7 ªÊ Î

·ê �þ G;B ©b� �² ²wö.æöB ¾æ¾º �¢

Q-Ê*� ªÊº ²w7 ªÊ~ �¦ªöB B��
. Q-Ê*

� .�& ªÊB�f 7²w 7ö ��Úê
. �º ²w7

ö ~� &ê>*� j*® ��Úææ pf ç�öB �êV

¶
" ����� ?j r Bê�j ~��
. �¢ªÊ~ ª

Ê�f 17Û3 ns�
. �â 5º .VR"ê 0.48" 0.38�

Cr4+:YAG¢ ÒÏ~� 
7 vÊ*�B ªÊ .�&~ ÂKö

.æ ßWj ¾æÞ ©�
. 
F" Z ï&Ff .VR"ê

0.48" 0.38� Cr4+:YAG¢ ÒÏ� vÊ*� ÂKö.æf ª

ÊB� º*¢ �� ��' Ö"�� 6Ff G; Ö"�
.

*V' �& ²wö.æ 5.4~7.3 J" 5.9~8.3 J º*öB �¢

>ÿ vÊ*� .�&& B��j �&
. .VR"ê 0.48"

0.38� Cr4+:YAG¢ ÒÏ� >ÿ vÊ*� �êVöB �¢

vÊ*� .�& ªÊ B�j *� �² ²wö.æº ''

5.4Û0.1" 5.9Û0.1 J�î
. � (4)¢ �Ï~� �� �² >

*&ê>º '' 3.6Ü1017" 3.9Ü1017 cm−3�
. 6, ²w ^

Wö.æº '' 4.5Û0.1" 4.9Û0.1 J�î
. �² >*&ê

>¢ � (6)ö &«~� áf vÊ*� �âÿ· �6öB ¾

æ¾º Cr4+:YAG~ R"êº '' 0.70Û0.02" 0.62Û0.02�


. �º ;7 �Ò� Ã� ¶BOÂ� �z�>Úö �>>

Ú .VR"ê 0.48" 0.38� Cr4+:YAG~ R"ê¢ Ã&�Î

Ö"�
. vÊ*� �âÿ· �* 7²w ÿnö .V 7�

> Î"� v Cr4+:YAG �Ú²¶~ V&ç� �>�N

Cr4+~ &ê>º £ 1.4Ü1017 cm−3�� V&ç�ö &� �

Vç�~ Cr4+ �N&ê>~ jº £ 44%�
. �z�>Ú~

.V 7�> Î"& ìj ãÖ .VR"êö ~� �êV~

7¶
" �� &ê¢ ¾æÞ � (5)öB vÊ*� .�& B

�j *� .V >*&ê>º '' 4.6Ü1017f 5.2Ü1017

cm−3�
. Ôf Q-ç�öB 7�> Î"¢ �J� � (4)~

�² >*&ê>º � (5)ö ~� ��' .V >*&ê>�


 ·² ¾æÒ
. �¢ >ÿ vÊ*� ªÊ B�j *� �

& ²wö.æº '' 7.3Û0.1" 8.3Û0.1 J��, � r ²w

B >*&ê>º '' 4.9Ü1017f 5.5Ü1017 cm−3�
. *V

' �& ²wö.æ& Ã&~�ê vÊ*�B .�&~ ÂK

ö.æº ¢;� ²wö.æ º*öB ÿ¢� ÂKßWj æ

î�, vÊ*�B ªÊ
~ �â�*� �¢r
. �â�*~

æzº ²w� Ã&� &ê>* ;W �*� �¢æV r^�


. �â 5öB �¢ >ÿ vÊ*� ªÊ B�j *� *V'

�â 4.�z�>Ú Cr:YAG(To= 0.48)¢ �Ï� Nd:YAG .�&
~ �¢ 5 �7 Q-Ê*� .�& ªÊ Î·.

�â 5.�z�>Ú Cr4+:YAG� vÊ*�B Nd:YAG .�&~ Â
KßWö &� ��" G; Ö" jv(ù: 0.48, ý: 0.38
.VR"ê).
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� 1. Nd:YAG .�&~ vÊ*� ÿ·";öB ¾æ¾º .�& 
î~ >*&ê ç�f ÂKö.æ ßW

.V

R"ê

�² .V
>*&ê>

(Ü1017, cm−3)

^W>*

&ê>

(Ü1017, cm−3)

�«>*

&ê>

(Ü1017, cm−3)

>;��

ÂKö.æ

(mJ)

G;B

ÂKö.æ

(mJ)

�¢ªÊ

B� º*
(J)

0.48
0.38

3.6
3.9

3.0
3.3

2.5
2.7

18.0
18.5

17Û1.0
18Û1.5

5.4~7.3
5.9~8.3

�& ²wö.æ~ º*º '' 1.9" 2.4 J�î
. �º >ÿ

vÊ*� .�& B�� ²wB >*&ê>ö jf~æ pº

ßWj �� ©�
.[28] �7 ªÊ¢ B�~V *�Bº Ñ ª

Ê~ B�b� �« >*&ê>� 6²� ê 
� &ê>*>

ni'& ;W>Ú¢ ~æ� &ê>*>& 2ni' −nf �
 � r �

7 ªÊ& B��
. V¢B, ²wö.æ¢ ê³ Ã&�Ò ã

Ö, ¢; ö.æ º*öB ?f ªÊ >f ÂKö.æ¢ æò

vÊ*� .�& ªÊ& B��
. ªÊ >~ Ã&f �þ ê

� ;�~ ÂKö.æ Ã&¢ ��
. �& ²wö.æ

7.4~8.9f 8.4~9.8 J º*öB �7 >ÿ vÊ*� .�& ª

Ê& B�~&
. � r, v ®� ªÊ B�j *� &ê>*

>º ni' + nf� �â 5öB ¾æÂ Ö"f ?� Ñ ªÊ�


� ÂKö.æ¢ <º
. ê³ Ã&B �& ²wö.æöBº

â7 ªÊ& B�~&
. �f ?f 
7 vÊ*� ªÊ~ B

�f Ïª� ²w ��~öB &ê>*" �z�>Ú~ R"

ê ¶
~ æz& >�'b� ¾æ¾V r^�
.

*V' �& ²wö.æ Ã&ö V� ê� ;�~ ÂKö.

æ æzöB vÊ*� ªÊ >& Ã&~º .V ²wö.æf

� r B�� .�& ÂKö.æf~ &ê¢ �Ï~� ��

²w ^Wö.æº '' 4.5Û0.1f 4.9Û0.1 J�� ^W >*

&ê>º £ 3.0Ü1017" 3.3Ü1017 cm−3�
.[1,2] � (7)öB

�& 7¶&ê& B�~º ¸f Q-ç�öB ¾æÂ �zR"

ê Tsº '' 0.88Û0.02" 0.80Û0.02� �&R"ê Tmax �


 Ô² ¾æÒ
.[14]

�â 6f Frantz-Nodvik O;�j �Ï~� 2Ë 1.06µm

�& ö.æ&ê æzö V� .VR"ê 0.48" 0.38� �z

�>Ú Cr4+:YAG~ jF;' R"ê æz¢ ¾æÞ ©�
.

Nd:YAG .�&~ >ÿ vÊ*� �âÿ· �6öB

Cr4+:YAG~ R"êº '' 0.70Û0.02" 0.62Û0.02�� .V

7�> ö.æ &êº v ãÖ Îv £ 0.85 J/cm2�
. �º

&ê>*j *� 7²w� ��Úæº Ôf Q-ç�öB �z

�>Ú Cr4+:YAG& .V 7�> Î"¢ <º
º ~�� &

ê>* ;Wö 'Ëj ��
. �& 7¶&ê& B�~º ¸

f Q-ç�öB ¾æÂ Cr4+:YAG~ �zR"êº '' 0.88Û

0.02" 0.80Û0.02�� 7ö.æ &êº '' £ 0.7" 0.3 J/

cm2�
. �º �êVÚöB B�� .�&~ ï�;ê& �

z�>Ú¢ j*® �z�Ò > ®º ¸f ;ê�æò ��*

' ï� .�& ;ê~ æz ßWb� Cr4+ �>�N� j*

~² �V>æ á~� V&ç�ö Îj ®V r^�
.

� (4)f (7)öB �� �² >*&ê>f ^W >*&ê>

¢ � (8)ö &«~� áf �« >*&ê>º '' 2.5Ü1017

f 2.7Ü1017 cm−3�
. G;B �¢ >ÿ vÊ*� ÂKö.

æº 17Û1" 18Û1.5 mJ�
. .V 7�> Î"& �JB Â

Kö.æ~ >; ��8f '' 18" 18.5 mJ� G;B 
þ

8" ¾ ¢~�j �&
. � r, ·¶ ºÂÎN(Quantum

extraction efficiency)f v ãÖ £ 32%�
. �7 ªÊöB

v ®� ªÊö ~� ÂKö.æ~ ��' êÖ8f £ 36.5

f 36.8 mJ� Ñ ªÊ�
 � ÂKö.æ¢ ��
. �º Ñ

®� ªÊ& B�� ê .�& 
îö Îj ®º �« >*&

ê>ö ~� ©b� v ®� ªÊ B�öB >*&ê>& ni'

&�ö ni' + nf& >V r^�
.

�z�>Ú Cr4+:YAG¢ ÒÏ� vÊ*� Nd:YAG .�&

�êVöB ¾æÂ .�& 
î~ &ê>*" �z�>Ú~

R"ê ßWf � 1 �Ò� � 2f ?
. � 1f Nd:YAG .

�&~ vÊ*� ÿ·";öB ¾æ¾º .�& 
î~ >*

&ê ç�f ÂKö.æ ßW�
. .V 7�> Î"& �J

>æ pf >ÿ vÊ*� V���öB "Úæº � (5)~ .

V >*&ê> niº '' 4.6Ü1017" 5.2Ü1017 cm−3� � 1

~ G; Ö"�
 ¸f 8j ��
. 6 � (10)öB .V >

*&ê>~ ��8j �Ï~� �� �¢ >ÿ vÊ*� ÂK

ö.æº '' 47.8" 59.2 mJ� 
B G;8�
 £ 3V ;

ê ¸² ¾æÂ
. � 2º Nd:YAG .�&~ vÊ*� ÿ·

";öB ¾æ¾º Cr4+:YAG~ R"êf V&ç� �>�N

&êç� ßW�
. Ö�'b�, ¸f Q-ç�öB ¾æ¾º �

Vç� �>(excited state absorption),[4,13,15] V&ç�~ ®�

z[1,2]f z®Ú V� ��öB �J>æ pf Ôf Q-ç�ö

�â 6.�z�>Ú Cr4+:YAG~ jF;' R" ßW" Nd:YAG
.�&~ vÊ*� ÿ·öB ¾æÂ Cr4+:YAG~ R"ê.
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B ¾æ¾º �z�>Ú~ .V 7�> Î"& >ÿ vÊ*�

.�& ÂKßWö � 'Ëj ��
. Ôf Q-ç�öB B�

~º .�&
î~ ;7" ¶B Ã�OÂ7� �z�>Úö

�>>æ� �z�>Úö ~� R"ê 7¶
� 6²~� .

V �êV ¶
� Ôjê ç�öB Q-Ê*� .�& B�j

*� &ê>* ��� "ÚæV r^�
. �º .V 7�>

Î"� ��
î~ Ôf &ê>* ç�öB Q-Ê*� .�&

& B��j ~��
. 

IV.  Ö �

 

¢>'b� >ÿ vÊ*� .�& ÂKßWf �z�>Ú~

�zR" ßW" �êV~ ²w��ö ~��
. ¯, >ÿ v

Ê*� .�& �êVöB 7¶
" ��f vÊ*� ÿ·�

¾æ¾º �z�>Ú~ R"ßW" .�&
î~ &ê>* ç

�ö ~� "� Ö;B
. 7²w ÿnö ²w7" .�&


î~ ;7" Ã� ¶BOÂ7� �z�>Úö �>>Ú vÊ

*� �âÿ· �*ö �z�>Ú~ R"ê¢ Ã&�Î
. �

� �~� �êV~ .V 7¶
� 6²� ö jî¢ ²wB

>*&ê>ê .V >*&ê>�
 Ô² ¾æÂ
. V¢B, 


î' �¢ >ÿ vÊ*� .�& ÂKö.æº V� >ÿ v

Ê*� ��8�
 
Ö ·² B��
. � ��öBº �z

�>Ú Cr4+:YAG �Ú²¶� >ÿ vÊ*�B Nd:YAG .�

&~ ÂKßWj ªC~V *~� Ôf Q-ç�öB 7�> Î

"� ¾æ¾º vÊ*� �âÿ· �6öB~ Cr4+:YAG~ R

"ê, ²wB Nd:YAG~ .V, ^W" �« >*&ê> �Ò

� ÂKö.æ¢ ªC~&
. .VR"ê 0.48" 0.38� Cr4+:

YAG¢ ÒÏ� vÊ*� .�& �êVöB �² ²wö.æ

º '' 5.4f 5.9 J��, ²wB �² >*&ê>º '' 3.6

Ü1017" 3.9Ü1017 cm−3�î
. &ê>*j *� 7²w ÿn

B�� ;7, Ã� ¶BOÂ �Ò� ¢¦ ²w7ö ~� .V

7�> Î"� v Ê*� �âÿ· �6öB~ v Cr4+:YAG

~ R"êº '' 0.70Û0.01" 0.62Û0.01� Ã&~&
. �

r, v Cr4+:YAG �Ú²¶~ V&ç� �>�N Cr4+~ &ê

>º £ 1.4Ü1017 cm−3�� V&ç�ö &� �Vç�~

Cr4+ �N&ê>~ jº £ 0.44�
. 6, G;B �¢ >ÿ

vÊ*� .�& ÂKö.æº 17Û1" 18Û1.5 mJ� .V

7�> Î"& �JB �² >*&ê>¢ �Ï~� êÖ� �

¢ >ÿ vÊ*� .�& ÂKö.æf ¾ ¢~�j �&
. Ö

�'b�, Ôf Q-ç�öB ¾æ¾º �z�>Ú~ .V 7�

> Î"º �êV~ 7�' ¶
 6²f z®Ú ²wB >*

&ê>~ ;Wj ·² ~� >ÿ vÊ*� .�&~ ÂKö.

æf ÎNj 6²�Î
.
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The characteristics of the passively Q-switched Nd:YAG laser output energy
with the initial absorbing effect of Cr+4:YAG absorber
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To understand the characteristics of the passively Q-switched Nd:YAG laser output energy with Cr4+:YAG saturable absorbers,
the transmissions of Cr4+:YAG and the inversion population densities of Nd:YAG at the onset of Q-switch were experimentally
analysed. The measured transmissions at the onset of Q-switch were 0.70Û0.02 and 0.62Û0.02 for the 0.48 and 0.38 of initial
transmission, respectively. It means that the initial transmission loss of Cr4+:YAG absorber is reduced in a low Q-state due to the
initial absorbing effect of Cr4+:YAG. In pumping stage, Cr4+:YAG has absorbing processes due to the fluorescence and amplified
spontaneous emissions of the Nd:YAG even if there is no laser oscillation. The minimum population inversion densities for Q-
switch were approximately 3.7Ü1017 and 4.0Ü1017 cm−3, respectively. At the beginning of Q-switch, the number density of Cr4+

ions in the ground state of Cr4+:YAG was approximately 1.4Ü1017 cm−3 and the ratio of the ground to the excited state of
absorbing Cr4+ ions was 0.44 both. The modified theoretical output energies with the initial absorbing effect were 18 and 18.5 mJ.
The measured output energies were 17Û1 and 18Û1.5 mJ, respectively. The quantum extraction efficiencies of Q-switch were
0.32 both. The theoretical Q-switched output results with the initial absorbing effect of the saturable absorber are a good
agreement with the experimental results.
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