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1-2 ´́́́µµµµÇÇÇÇÈÈÈÈ����ÉÉÉÉÊÊÊÊ
ËÌ�¯2XgZ�yz�Æ<E]ÆÍ[ÎÏ½l,@A�/ÐS�@A�

XgZB#Ñ!��ÒÓ�/!"©¨:¯2XgZ+ÔÕÖ×Ø�ÙÚÛ¸Ü

�©!;<BÎÏ[ÝÚ]^: !"IJ��TUVW©ÐÞß��à^`ß

¯2;<XgZ�´µáâ[�^: ![[2.3]S|^�Hãä�S����P�

E]åæç(è�é³ +ê°]^!"

|F�S>?@AS�dëìcSíg�NcS�d��dN73g�;<=

BC#±²(îzS012XgZ+ÔÕÖB¿×Ø�ÙÚÛ¸Ü�©¨:;<

B#ÎÏ�Ü!è#ï´µ�ÇÈ+(!"

1-3 ����ððððññññ²²²²
1 ��ï´µ���SÇÈ#òî`"2 ���ï´µ�\ ` SHG ��)ó

�ô�õ :ö]E�³Sï´µ�\ !×Ø�~��^!ë6�g÷#øn

!"_` 3��� SHGù�ú����ûü�`n� LD#ëfN��Ü`ýþ

�õ :òî!"|³:�����@ÎÏ�ýþ#· S5 ��Ñ]^`×�

�ê�©Ð×��ª«������#�î!"

¹ 2 �ðñ²

��� ��

� 5� ×�

� 2� ÔÕÖB¿��(	�) � 3� LDBC

� 4� SHGýþ
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���� ÔÔÔÔÕÕÕÕÖÖÖÖBBBB¿¿¿¿��������

Tef*gú����� 012XgZ�9 :H½¾=#o°!� Te

f*g#çm½l,� @A�XgZB#Ñ!F+���'¿È��G,ÒÓ

#� SI
�� 350nm ©Ð� @A=�BÎÏ�Ç��`¨: , "r 1

�IJ�\�^: !�rÈ012XgZ�@AS��
�Sçm#�("

ï´µ����È�çm[Ñ]^!���@A�/!Î�@A 420nm a��

�;012XgZ#\ S|��ï@�B
�j����(!ÔÕÖB¿��

#�\³:Å;<�ÎÏ#Ç ("ï���ÔÕÖB¿��#ï´µ�@AS

���!\³:"ö(!"

r 1 ?#È,012XgZ$

@A % ��
� Ith çm P

\& [nm] [mA] [mW]

ï´µ 420 45 30 

DVD 655 25 10 

¯2XgZ'�S() 808 350 2*103 

»¼\ VCSELXgZ 850 1 3  

2-1 ÔÔÔÔÕÕÕÕÖÖÖÖBBBB¿¿¿¿��������
ÔÕÖB¿��+�/!�×Ø¢��+�B�
,[-.(!�S��j�

�ÔÕÖj�[Ï/!F+�©Ð0,!1@2�B�
,[ÎÏ(!I3�/

!"ÔÕÖB¿×Ø�XgZB[45(!+S|�B
,6666�©Ð
®j�7777

(electric polarization)[Ï/SB
,6666©¨:Ï/`
®j�7777��G��

Ρ = + + +( )( ) ( ) ( )ε0
1 2 2 3 3x E x E x E .....

�r�^S
®ú8D(electric displacement)�
D E P

x x E x E E

= +

= + + + +( )( ) ( )

ε

ε

0

0
1 2 3 21 ( ) ...
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+,!"ε0�Äh+�9
�(dielectric constant)S x 1( )�ÕÖ
®:;�(linear

electric susceptibility)S x 2( )� 2 <�ÔÕÖ:;�S x 3( )� 3 <�ÔÕÖ:;��

/!" E 2��$(!j���
<��@=>?@Nf��	� 2<�BÔÕÖ

��#Ï/S E 3��$(!j���A<��@=B Kerr ��	���#Ï/

!H��/!"F�©��S45(!B
,�B� 2 C= 3 C��$³:ÎÏ

(!H�#ÔÕÖB¿��+ �"

2-1-1 ××××ØØØØjjjjDDDD

ß:�Eö×Ø#|�B¿F��©¨:jD(!+GH� 3ID�jæ]^!"

�������� 15555ffffggggJJJJ 				KKKK����××××ØØØØ

×ØñLÈ�	M�N �O�(! 3Kû(x,y,z)[ÌJ³Sε ε εx y z= = [²

(!"ß:�P�A�[	³zB¿È�	K

�������� 25555ffffggggJJJJ >>>>PPPP××××ØØØØ(uniaxial crystal)

×ØñLÈ��	M, 2õ_`�|^Gü�	M,Kû[Q?RsS�ÌJ

(!"ε εx y= Tεz�/Ð 2õ�P�A�[	³zB¿È� 1P

�������� 35555ffffggggJJJJ UUUUPPPP××××ØØØØ(biaxial crystal)

×ØñL¿È�	M,Kû[ÌJ³, ×Ø"εxTεyTεz�/Ðß:�P�A

�[0,ÐB¿È� 2P

F^]Aõ�5fgJ�+�S� 1 �5fgJ��45(!B�©¨:�F

!j�²j�ÕÖ�/ÐS|�KûH?V³ÔÕÖB¿���ÎÏ³, "³

E³S� 2, 3�5fgJ��×ØñL�0K��`n�Sj��B
, E� 2

C= 3 C��$³:ÎÏ(!ÔÕÖW[Ï/ÔÕÖB¿��[ÎÏ(!"GH

>P×Ø�õ :"ö(![4]"
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r 2 ×ØjD

çXYB¿�Z	[

2-1-2 \\\\BBBBÕÕÕÕ����0000\\\\BBBBÕÕÕÕ

?#��	K,]?���0,!@A�^³0,!_`�#ab8c�d[

?V(!F+�, "³E³S¹ 2 �©��>P×Ø�BP z +@2eìcf

k#fgRs#ê°!+SRs�^³:
,�B[hO,iB�\BÕ(ordinary

ray)+jk^S_`��-.Kû�lÌ³, "m�SRs�^³:R·,i

B�0\BÕ(extraordinary ray)+jk^S_`��-.Kû�lÌ(!"|�

`n\BÕ+0\BÕ�i��8c�d#?V�Ü!F+[½l+,!"

¹ 3 \BÕ+0\BÕ

o-ray

e-ray

k
 z
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2-1-3 ××××ØØØØ÷÷÷÷PPPPJJJJ

��@ÎÏ�\ !×Ø��
I�÷PJ[/Ð45B+��@�iBno

[ 90p�,!÷PJq×Ø+S45B+��@�iBno[ 45p�,!÷P

Jr×Ø[/!"ï´µ�\ ` BBO ��÷PJq×Ø�÷PJr×Ø��

î:�@A=[ÎÏ½l�/!F+E]S÷PJq×Ø#ª«�´µ�\ !"

¹ 4 ÷PJq×Ø

2-2 ����



<<<<��������@@@@(SHGYYYYSecond Harmonic Generation)
ÔÕÖB¿×Ø�0,!1@2ω ω1 2, �B[45(!+

ω ω ω1 2 3+ =

ω ω ω1 2 4− =

+,!s1@ω3(SFGYSum-Frequency Generation )=t1@ω4  (DFGYDifference

Frequency Generation)[ÎÏ(![SF�45(!
õ�@A[Q/Fu,,Û

�

ω ω

ω
3 1

4

2

0

=

=

+,Ð�
<��@[ÎÏ(!"

�
<��@�9 :
®ú8D�
D E P

x x E E

= +

= + +( )( )

ε

ε

0

0
1 21 ( )

+,ÐS2<�ÔÕÖW�
®ú8D2ω� E 2��$(!"

_`S�ï@(v)�^(!Bwd�
,� 2C��$(!���
<��@(2

v)�Bwd��ï@
,( Eω )� 4C��$(!F+[¸E!"

o-ray o-ray

e-ray
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2-2-1 ççççmmmmBBBBwwwwdddd


,+Bwd�i�A� L�×Ø�çmx�9æ!çmBwd�S

P E L E L2
2 2

ω
ω ω= ( ) ( )*( ) ( )

�/ÐSyêðz[5]�� SI>8R�

P
d L P

cn n A

kL

kL
eff

2

2 2 2 2

0
2

2 2
2

2

2

2 2
2ω

ω

ω ω ω

π

ε λ
=

sin ( / )
( / )

∆
∆

+r�^!"

FF�S deffYÔÕÖB¿{2S 0ε YÄh�9
�S nY_`�ScYB�dS

AY45|gô}s�S%Y@ASLY×ØA�/!"

_`S
sin /

/

2

2

2

2

∆

∆

kL

kL

( )
( )

�«�~³zòî![�ï@+��@�8c�d��X�

©!��@çm���#r³

F
kL

kL
=

( )
( )

sin /

/

2

2

2

2

∆

∆

+�æ��(�k=0)� F=1�/!"

F��©Ð
2 2 2 2

0
2

2 2
2

π

ε λω ω ω

d L

cn n
eff �{2+ê°]^!��F^# X+(!+

P XF E2

4

ω
ω= ( )

+,!"

_`S@A λ = × [ ]−420 10 9 m �^(!|^�^���

d m
V

n

n

A s
V m

c m
s

eff = × [ ]
=

=

= × ⋅
⋅[ ]

= ×

−

−

0 6 10

1 688

1 565

8 854 10

3 0 10

12

2

0
12

8

.

.

.

.

. [ ]

ω

ω

ε

+,!��S×ØAL m= × [ ]−7 10 3 �� X = × −6 67 10 13. �/!"

©¨:� 2<��@BwdP W2ω [ ]�ÎÏ~���

P F
P

A
W2

13
2

6 67 10ω
ω= × [ ]−.

�/!"
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2-2-2 úúúú������������

_`�ï@E]��@ù�ú��� SHGη �

η ω

ω

ω
SHG

P

P
XF

P

A
≡ =2

�/!��S

η ω
SHG F

P

A
≡ × −6 67 10 13.

FF�8c�ÛF =1+(!+

η ω
SHG

P

A
∝

+³:ê°]^!��Sú����45Bë�g�d��$³45|gô}s

����$(!F+[¸E!"

2-2-3 8888cccc����ÛÛÛÛ

|^�^�1@2ω1Sω3�/!B�-.{2 k �8c�Û��`�^`Sõ

_Ð�ï@+��@�-.(!8c�dvph[�Û(!

∆k k k≡ − =2 2 0ω ω

k n cω ωω= /

cYB�SY nω�1@2v�^(!_`�

F�
���S|�Bwd�ÔÕÖB¿×Ø�×ØA l�
C��$³:�G

z,!"³E³S�_`#Hõ0K�×Ø�H8c�Û�+^: , ,ÛS

×Ø+#-.(!8c�d�@A�©¨:0,!`nS�ï@+��@�Qc

��,], "|�`n

∆k k k≡ −2 2ω ωT0

+,!SF�©�,
���o2

F
kL

kL
=

( )
( )

sin /

/

2

2

2

2

∆

∆

�}/:��³��gXdNAL0

L
k n n

0 2

2

2
= =

−[ ]
π λ

ω ω∆

©Ð I2 0ω = �,¨:³_�`nS8c�Û#�`((∆k k k≡ − =2 2 0ω ω )[ SHG

#ÎÏ(!��¡,���?õ+,!"
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�

�

k

¹ 5 SHGBwd+×ØA l�no

8c�ÛK���S�dS�dS��	[/![ï´µ���d8c�Û#

\ !"_`�d8c�Û��SN)68c�Û+eìcf8c�Û[/![S

ï���QKûù���@ÎÏ�no(!N)68c�Û�õ :"ö(!"

¹ 6 ����R�9 :S8c�d[Q/�,!@2eìcf k �ûG��

+���°]^B¿P+jk^!"�� z PE]��dS�� xy s�5�³

`+G� xPE]��d�/!"

¹ 6 ���

B¿P�7Xef��ÕK��(Fresnel’s equation of wave normals)[6,7]©ÐS

s s sx y z+ + =1

n s s s
c

v s s s
x y z

ph x y z

, ,
, ,

( ) ≡ ( )
sY-.Kû�>8eìcfSnY-.Kû�_`�

cYB�SvphY8c�dSε x y z, ,( )YKP�9
�

+³:S

x

y

z

I2ω

lL0

∆k = 0

∆kT0
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s

n n

s

n n

s

n n

n n n

x

x

y

y

z

z

x
x

y
y

z
z

2

2 2

2

2 2

2

2 2

0 0 0

1 1 1 1 1 1
0

−
+

−
+

−
=

≡ ≡ ≡
ε
ε

ε

ε
ε
ε

, ,

[Ñ]^!"

>P×Ø��Sε εx y= Tεz �/Ð��lÌ³, ��

ε ε ε ε εx y o z e= = =,

+(!+

1 1 1 02
2 2

2
2

2n
s s

n
s

no
x y

e
z

o
−







 +( ) −







+ −

















=ε
ε

ε
ε

ε
ε

[Ñ]^!"

FF�����9 :H���no+,!��S

s s sx y z
2 2 2+ = =sin , cosθ θ

©¨:

ε
ε

θ
θ θ

θ
o

o
e o e

n n
n n n n

= ( ) = + = =
( )

2 2
2

2

2

2 2 2

1 1
,

sin cos

[øn]^!"F^©Ð

 
n n n n n no o e o e eθ( ) = ( ) = ( ) =, ,0 90o o

+,!��S\BÕ�_`����lÌÜ�0\BÕ�_`����lÌ³:

ú�(!F+[¸E!"

\BÕ_`� no+0\BÕ_`� ne����×Ø���z fWP¡K��

E]øn!è[�G!��S��^(!_`�[øn]^!"¹ 7 �ï´µ�

^3+(!B¿×Ø�/! BBO � fWP¡K��+¬�×Ø( n no e> )�5

67#¹ 8��("

 fWP¡K��(β − B B Oa 2 4�,Û)

n m T C

n m T C

o

e

2 2 2

2 2 2

2 7359 0 01878 0 01822 0 01354 20

2 3753 0 01224 0 01667 0 01516 20

λ λ λ λ µ

λ λ λ λ µ

( ) = + −( ) − × [ ] =( )
( ) = + −( ) − × [ ] =( )

. . / . . ,

. . / . . ,

o

o
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¹ 7 \BÕS0\BÕ�_`�ú�

_` SHG�� λ λ1 2= �/!��

n n n ne o o oλ

λ

λ

λ

λ

λ

λ

λ
3

3

1

1

2

2

1

1

2
( )

=
( )

+
( )

=
( )

��#�`(�[B¿P�/ÐS|�Kû�B#-.�Ü^k8c�Û[�`

�^!"¹ 8 �ï´µ�¢Ç(!012 LD �Î�@A 420nm �9æ! BBO

�_`�ú�#�("¹+� no+ ne����,!�[ 420nm ��8c�Û�

�/!"

 _`�=90p[�� SHG�/Ð|^Gü��8c�Û��`�^, "

�����

���

��	

��






��


��


�	


�


�


 �� �
 �� 	
 �� �


������

�
�
�
� ��

��

¹ 8 8c�Û

�

x(y)

z

0 ne

no

k
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2-2-3-(1) ££££bbbbggggìììì¤¤¤¤7777����

ÔÕÖB¿×Ø��S|��_`��©¨:\BÕ+0\BÕ[/!�d�

u^!£bgì¤7�[/ÐS4m|gôR[�� +£bgì¤7��¥[

�Gz,Ð��@çm[��(!"

£bgì¤7�¦�

ρ θ θ θ( ) = ± ( ) ⋅[ ]−tan tan1 2
n no e m

�r�^S×ØA LE]çm�^!|gôBδ�

δ ρ= ⋅L tan

�/!"©¨:ï´µ�\ ` BBO �×Ø�d 76pS×ØA 7mm ��¦=§

2.5pS¨=0.3mm�d�/!+©ª�^!"

¹ 9 £bgì¤7�

2-2-3-(2) ÔÔÔÔÕÕÕÕÖÖÖÖBBBB¿¿¿¿{{{{2222

�ï@E]��@ù�ú��n³:«¬wøn`�d�+�[no³Sï´

µ�\ ` BBO�÷PJq���

d d d deff = + −( )31 11 223 3sin cos sin cosθ φ φ θ

�/Ð

d d KDP d d d KDP pm V11 36 31 36 364 1 0 4 0 4= × ( ) = × ( ) =. , . , . /

�/!"×Ø��d�=76p,�=0p��

d d deff = +31 11sin cosθ θ

d pm
Veff ≡







0 6.

�/!"

o-ray

e-ray

o-ray

¦ ¨
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2-3 ­­­­XXXXggggccccRRRR××××ØØØØ
­XgcR×Ø+�®�+¯£��×Û�©!�ïñL�­Xgc3d5¢

+|�+�°f)3±²=°f)3³D±²#f�£���F+�/![2]"r

�;<BÎÏ½l,­XgcR×Ø#�("

_`rE]HjE!©��ï´µ���dëìc,�;012 LD #�ï@

+³:S200nma��Å;<B#ÎÏ(!F+[ÇÈ�/!��S

1´Eµ@A=[½¾º;<B

2´�� SHG@A[¶ 200nm�d

3´�G,ÔÕÖB¿{2#aõ

,w���#�`(×Ø#\ !�¡[/!"

|F�F^]���#�`(×Ø+³: BBOSKBBFSSBBO [ü·]^!

[SKBBFSSBBO �_£×Ø¸²�d[�n:¹zIJ��4º[ÒÓ�/

!"|�`nï´µ�� BBO#\ `"

r 3 ­XgcR×Ø

çXY>×Ø²A-.
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����AAAA���� ����;;;;000011112222XXXXggggZZZZBBBBCCCC

3-1 ýýýýþþþþRRRRññññ²²²²
ï´µ�� SHG #\ :;<=�>ÍB#ÎÏ�Ü!�dëìc,��#

ýI(!`n�S�ï@[� @A���Èçm�� 012XgZ#\ !

�¡[/!"ª»S¼2È, SHG@A+³: 210nm�½{³`"

�ï@�BC+³:\ `�;012XgZ�¾g÷#H��("

λ

η

θ θ

= [ ] = [ ]
= [ ] = [ ]
= [ ]
= =⊥

419 42 9

63 9 4 67

1 54

10 7 25 6

nm I mA

I mA V V

W A

th

op op

.

. .

.

. .//
o o

3-1-1 XXXXdddd����RRRRññññ²²²²

012XgZ�¦�¿=�ÀÖ1@Á�a��^!B1@Á�/ÐS¦�¿

=�xs�Ô\�ÂÃ�[�G "|�`na��

θ
λ

πω
λ
ω

= =
2

0 637
0 0

.

%Ä@ASω0Y��|gôB

E]|gô§[Ð�Å�ÆHÇÛs�hO,Kû+R·,Kû���Gz0,ÐS

üÈ¾g÷�©��iBKû�^³:hO(�É  ≅ 25 6. o )SR·(�//  ≅10 7. o )+,

¨: ![8]"

©¨:Sï´µ��B# 1 Kû�õ :Ê�SË�Ì��Ü!F+��G!

V3dQ3)fXd�#\ :S2Kû��[Q/R·|gô#�!"LD�|

gô§[Ð��SBçm[ 1/2�,!�d(,¸b0�ßB(FWHMYfull with at

half maximum)� 2ÍE]�É��//+{Ê�^!"
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¹ 10 FWHM

§[Ð��Î�|gô#S^ÏÖ�|gô+³:Ñ!`n�� 2 õ�Xd��

Ð�ÑÒ F���S|gô�§[Ð�+¬Ó	³z,Ð

θ
θ

1

2

2

1

=
F

F

F�+GS2 õ�|gô�§[Ð���[Xd��Ð�ÑÒ���,!��R

·|gô�|gôBSOÔ�

W
F

=
⋅ ⋅2

2
TANθ

D F= 2 TANθ

�/!"

_`S� 2 �E]HjE!©��ú���#ü·!��S45Bwd[� 

K[© "|�`n�G!ÕÐ�B#Xd�S�4^!F+[Ö_³ ��S

ïýþ��Xd��45�Ü!B#SM£V°d|gôÔ(ë�gj×�[Øg

ì�� e−2�,!�dθ0)_�#Xd�S�4^!F+#ê°!"©¨:F��

dθ0+|gôB+�i��GH�no�[²ÐÙb

exp −














=
2 1

2

1
2

2

0
2

θ

θ

�É+�//+�

1

1
2

0 �d �

e−2
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θ
θ

0

1
2

2

2 2
=

ln

+,![9]"ý��ª»\ ` LD��É+�//��ë�gj×�[e−2+,!�d

�

θ

θ
0

0

18 2

43 5

(//) .

( ) .

=

⊥ =

o

o

�/!"Gü©Ðï´µ�� F=60mm, F=25mm�Xd�#\ !F+�³`"

_`V3dQ3)fXd�Eµ«�|gôÔ D�

D mm

D mm

// . [ ]

. [ ]

( ) =

⊥( ) =

19 2

19 9

�/!"

3-1-2 ����ïïïïññññ²²²²

¹ 11 �ýþR�Xd�Ú�	#�("LD �çmB�«¬w�¾g÷�/¨

`V3dQ3)fXd� 1,2 #\ :R·|gô�³`"|�«SÐ�ÑÒ�

A RÛXd��ÜÐÝnk×Ø��|gô§[Ð�#��z�G![SSHG

ù�ú����45|gô}s����$(!`nS2 Þ�RÛXd� 1,2 �

ÜÐ45B�s�d#ü·!F+�³`"ßXd�Eµ«�Ð�#×Ø�8�

+ß{³GHýþ#·¨`"

ýþ�� LD #ëfNú��Ü`,Û�ëfNB�){�WfàágQB7

âPã�45�Ü¤VíN�gJ	#\ `"|���Bwd�ä�+7âP

ã�°Ô(50Âm)��E]45|gô}s�#øn`"_`GH�ýþ�9 

:)?J3d5���ú�(!H��Q/ñ²�/!"r 4 �ýþ�\ `X

d�#Sr 5�F�ýþR#�!�³`,Û�Ñ]^`�ä�#�("

r 5 #\ :S7âPã�45³`Bwd��E]45|gô0Ô RS}s

� A�

R m= [ ]44 µ

A m= × [ ]−6 08 10 9 2.

+øn]^!��S� 2��Ñ]^` SHGBwd��E]

P
P

P W

2
13

2

9

4 2

6 67 10
6 08 10

1 1 10

ω
ω

ω

= ×
×

= × [ ]

−
−

−

.
.

.
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Bias

LD

LD

Driver Bias-

tee

+³:SGH�ýþ¾g÷�!\³	��� SHG wd#øn`",9SF�

���8c�Û#åß�+^: !H�+³: !"

r 4 æ\Xd�?ç

Cylindrical1 Cylindrical2 RÛ 1 RÛ 2

Ð�ÑÒ F [mm] 25.0 60.0 150 20

OÔ D [mm] 20.0 20.0 30 7

�q Fused Silica Fused Silica BK7 BK7

r 5 Bwd�ä�

LDY7âPã45è 7âPã45èYçm

�ä� [%] 48 68 

¹ 11 ýþR��ïñ²

Multi Mode

Optical FiberConvex LensCylindrical Lens

25mm 35mm 130mm 15mm
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3-2 ����;;;;XXXXggggZZZZ����ééééFFFF������������FFFF����

3-2-1 ééééFFFF����

FF�ï´µ�\ ` LD �éF�¹ 12(a)#�("F�¾g÷� LD O«�

Bwd�/!"_`SãP°N
� 50º100mA �Ñ]^! CW BwdE]ê

�H¨` SHGBwd#S¹ 12(b)��("F� � SHGBwd�SßXd�E

µ«�×Ø�45�^!+ß{³:){³`Bwd#\ :øn: !"

�����



�
�

��
�

��
�

��
�

��
�



 �
 �
 	
 

 �

 ��


� !!�"#�

$
%
&
'
�"
(
�

 

)($*+,-./012$3�456



�

�

�

�

�

	

�



 � �
 �� �
 ��

*+$3�!�"(�

01
2$
3
�
!��
(
�

(a) éF� (b) SHGBwd

¹ 12 éF�(a)+ SHGBwd(b)

F�¹E]jE!©��SCWB#45³`,Û�ÎÏ(! SHGBwd�2ë

nW�/ÐS|�ú�������H 1%GH�/!+©ª�^!"

3-2-2 ����FFFF����

� 2��òî`©��SSHG ù�ú���#ü·!��45(!�ï@�B

wd#ü·!è[ì��/!"©¨:°eXgí��ë�g�Q/�HîiÈ

,Øgìë�g��z,!©��S012XgZ#ú�³ëfNÎ��Ü!"

ïýþ��SGH� 3»Ð�º��ú��Ü`"

1. Vd �PZg#\ `�Pd@Ö
®ú��©!�ÑNP?àd5�

2. 
® Amp#\ :ïB³`��Bú�¼ð�©!�ÑNP?àd5�
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3. ñÉëfNÎÏÁ(PPG)#\ `�¾òg�8�ú��ÑNP?àd5�

F� 3õ�º��©¨: SHG�ÎÏó[�H�z,!H�#\ !"

3-2-2-(1) ����ÑÑÑÑNNNNPPPP????ààààdddd5555����

ï´µ� LD�ú�º�+³:\ `�ÑNP?àd5�õ :"ö(!"

012XgZ�ú�
�#Eæ!+SLD �Uô3°�d(�Ñ)� i++H

�ï&³: z"|��Sú�¼ð[ LD �Uô3°6P7÷Pô	�^³:

ëj���/^kSUô3°�d[��#o°XgZÎ�³`«HUô3°[

õö�^!F+E] LDçm�@Ö�ú�¼ð+Q/�,!"

?KSú�¼ð[Uô3°6P76P7÷Pô	�^³:���/!,ÛS

Uô3°�d[��#o°XgZÎ�(!+SUô3°�õö[÷ øE, 

`nXgZ�Î��ù_!"|�`n LD ©Ðçm�^!@Ö�ú�¼ð��

î:% �ëfNB[Ñ]^!"F^[�ÑNP?àd5��/![10]"

¹ 13 �ÑNP?àd5�

��

t

U
ô
3
°
�
d

ú
�


�

t

B
ç
m

t
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3-2-2-(2) SHGÎÎÎÎÏÏÏÏ    2222

«¬w�ýþR�9 :Xd�	��XE]7âPã+�)?J3d5��

�ú�³: ![S45|gô�}s� A�?{�/!+ß{(!+

η ωSHG P∝

�/!��S45B�°eXgíë�g+Øgìë�g[�H�z,!ëfN

B[ SHG�ÎÏ�!³: !+ê°]^!"

|F�S3 õ�º��©¨:Ñ]^`¾g÷�+E]SSHG ù�ú���#

ê�Ð�H SHGÎÏ�!³`ëfN#øn!"

_�SSHGÎÏ 2�{Ê#òî!"

� 2��òî`©��S� 2��@�Bwd P2v[W]�

][1067.6
2

13
2 W

A

P
FP ω

ω
−×=

�/!"F�+GSs� A+8c�Û�n(!{2 F [?{�/!+ß{(!

+S6.67*10-13F/A#ú`�{2û+9GS

][2
2 WAPP ωω =

+r(F+[çü!"FF�S
2

2 ][ ωω PWP ∝

[²ÐÙõ"|F�SFF��Pω
2
# SHGÎÏ 2+³:{Ê³`"

HÈ�¹��(©��S@Ö# iP�ý¨:?{�iþ���¨`H�#

ê°!"F�+GS1 1~��9æ!���R]�# k=1 +9GS�]�S|

^�©Ð���³` to, t1, t2, …�+G���# k+9z"F� k#\ :SSHG

ÎÏ 2 Pv

#a�È�øn!"
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¹ 14 SHGÎÏ 2

SHGB�,ÛS�ï@�R]wd# Pav[W]+(!+SR]� SHGwd Pa
v

[W]�

][2
22

2 WAP
T

TPAk
P a

a
a ω

ω
ω ==  )1( =k

+,ÐSPv

�

][22 WPP aωω =

+rÜ!"

ëfN@�,Û�Sî ����wd ω2P �

][22
2 WPAkP an ωω =

+,ÐSF��G��	���©¨:0,!"R] SHGwd Pa
v[W]�

)1( += mT

+rÜS
¨:SPv

�

∑
=+

⋅=
m

n
na Wk

m
PP

0

222 ][
1

1
ωω

+rÜ!"FF��SF^# SHGÎÏ 2+³:{Ê(!"

P

Ak P

T
AP

m
k Wa

n a

n

m

a n

n

m

2

2 2

0 2 2

0

1
1ω

ω

ω= =
+

=

=

∑
∑ [ ]

k average k=1( )

T

t0 t

k0

IN
T

E
N

SI
T

Y

k1 k2 k3
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LD

Bias(70º100mA)

Signal

MSM optical

Receiver

Trigger

Multi Mode

Optical Fiber

Synthesizer (0.4º3.2GHz)

Sampling oscilloscope

or Optical Spectrum

Analyzer

LD

Driver

Bias

-tee

3-2-3-(1) Synthesizer����©©©©!!!!����ÑÑÑÑNNNNPPPP????ààààdddd5555����

FF����,���ýI[�G!+ �	�E]�ÑNP?àd5�#\

 : LD#ëfNÎ��Ü`"

ýýýýþþþþºººº����

LD��ãP°N+³:O�
C#EæSVd �PZgE] RF #OÇ4m

³`"_`Vd �PZgE]�¤VíN�gJù�c3Mg\� 10MHz �

ìí?ì#4m³`"

){K�� LD�ãP°N# 70mAE] 100mA_� 10mA�õú��Ü: 

GS|^�^�
���^³:ú�¼ð#ú��Ü`"_`SRF �Vd �

PZg�çm�G!��ë�g#\ `"){��¤VíN�gJ�@ÖE]

Øgì

[�z,¨`�+³`"

¹ 15 Vd �PZ�©!OÇ�ÑNP?àd5�ñ²¹

××××����

ãP°N
��� +F����ÑNP?àd5[EEÐ¾òg�8���

 ëfN[Ñ]^`"r 6 +¹ 16 �){¾g÷�+E] SHG ÎÏ 2#\ 

`,Û��H© ¾g÷+@Ö#�("F�¾g÷�� CW ���³: 2 Í¬

w� SHG °eXgíwd[Ñ]^!F+E]S45B�ëfN�[ì��/


®

B

Convex Lens

Cylindrical Lens
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!F+[jE!"_`S70mA E]ãP°N#ü·: z+¾òg�8�[¶

50%+,Ð�ÑNP?àd5[EE],E¨`"Z�+³:� LDù� RF[�

� F+[ê°]^!"

_` LD �°eXgíBwd�éF�+���©ÐSãP°N
��¬Ól

Ì(!F+[jE¨`"F^©ÐãP°N
��� ��¾òg�8��� 

ëfN#ÎÏ�Ü!F+[�HÖ_³ +ê°]^!"

r 6 ëfNçm¾g÷

ãP°N 1@2 °eXgí SHGçm pulse/�� ~��^!


�

[mA] [GHz]

wd

[mW]

�l 2

[W2]

SHGçm

�l 2�

SHGwd

[nW]

70 1.22 11.5 3.E-04 2.028 29.5

¹ 16 çmëfN@Ö

3-2-3-(2) FET Power Amplifier ����úúúú��������BBBB####ïïïïwwww³³³³`̀̀̀����ÑÑÑÑNNNNPPPP????ààààdddd5555����

è��ëfN�Ð�³[�¨zÐ�ëfNB[�zãP°N
�[� F+

[Ö_³ F+#òî`"³E³SVd �PZg��Pd
ú�@Ö#OÇ

\ `�ÑNP?àd5���SãP°N
��� ��� RF [� `nÎ

�[ OFF �,], "|�`nëfN�Ü��ÑNP?àd5�©!�ëfN

B[Ñ]^,E¨`"|F�°eXgíBwd��z,!ãP°N
���H

ëj, RF [Ñ]^^kS�°eXgíBwd��Øgìë�g#Ñ!F+[






5.
0[

m
V

/d
iv

]

 i 200[ps/div]
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Signal
Bias-

tee

MSM optical

Receiver

Bias (55º82mA)

Trigger

Multi Mode

Optical FiberLD

Synthesizer (0.8º1.4GHz) Sampling oscilloscope

or Optical Spectrum

Analyzer

LD

Driver

�G!½l�[/!"|F�
®°dJ#\ : RF #ïB³ëfNÎ��Ü

ýþ³`"

ýýýýþþþþºººº����

ýþR��ïÈ,ñ²�Q/�/![SVd �PZE]� RF �
®°d

J#»³ïB³`« LD �4m³`"ú�1@2�°dJ�ïB½l,�=[

1GHzº26GHz�/!`nS800MHzGü+³`"_`Vd �PZgE]� RF

[�G ,ÛS°dJ�ïB�©¨:�Ú[Ï/!`n LD �ú��ì��¦

E(F+[�G, "|�`n RF �°dJ�©¨:�Ú[Ï/, ©�çm

#-10dBm+³`"

¹ 17 FET Power Amplifier ����úúúú��������BBBB####ïïïïwwww³³³³`̀̀̀����ÑÑÑÑNNNNPPPP????ààààdddd5555����

××××����

ãP°N
��� ���ëfNÎ�³SOÇVd �PZg�ú�³`H

�©ÐØgì�� �ëfNB[Ñ]^`"_`SOÇVd �PZg#æ\

³`H���î:S�ãP°N��_�ú�(!F+[�G`"³E³S�]

�ãP°N#ü·!+ëfNÎ�³,E¨`"Ü¨Ez���B�
®ú�ë

fN[ëj������
m+,¨: , ½l�[� "u� LD �©¨:

Convex Lens

Cylindrical Lens

Amp (30dBm) 
®

B

-10dBm

20dBm
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��1@�H�ÑNP?àd5[EE!H�H/!`nSLD �F�Ë�Od

�øæ,w�ÚÕ��¼Û[�1@
m#��©zõö�G: , F+[K

,Z��/!+ê°]^!"

SHGÎÏ 2#\ :Ñ]^`¾g÷#r 7��("

r 7 çmëfN¾g÷

Bias 1@2 Average SHGçm pulse/�� ~��^!

No 
�

[mA] [GHz]

Bwd

[mW]

�l 2

[W2]

SHGçm

�l 2�

 SHGwd

[nW]

1 55 0.8 5.7 1.67.E-04 5.151 18.4

2 60 1 7.5 2.21.E-04 3.924 24.3

3 61 1.2 7.9 2.23.E-04 3.580 24.6

4 64 1.4 9 2.34.E-04 2.894 25.8

5 70 0.8 11.3 3.10.E-04 2.428 34.1

6 70 1.4 11.3 2.21.E-04 1.733 24.3

7 72 1 12.5 3.65.E-04 2.339 40.2

8 73 1.2 12.7 3.05.E-04 1.890 33.5

9 80 1.2 15.6 3.49.E-04 1.434 38.4

10 80 1.4 15.8 3.32.E-04 1.331 36.6

11 82 0.8 16.2 4.37.E-04 1.665 48.1

¹ 18 �ëfN/CW �[�H¥E¨` No.1 + SHG  2[�H¥E¨` No.11

�çm@Ö#�("
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(a) No.1çm@Ö

(b) No.11çm@Ö

¹ 18 çmëfN@Ö (a) No.1 (b) No.11

SHG ÎÏ 2��SCW B��îëfN��Ü`,Û�(î:ü»¨: !

F+E]S45B#ëfN�(!F+[ì��/!+�°!"

���ë6�g÷�õ :ê°!+Sß:�¾g÷�ëfN/CW ���Së

fN@Ö�©¨: SHG  2�[�Gz0,ÐSCW B+��³`,Û��H

SHG Bwd[ï°!@Ö�S¹ 18(a)+,!"_`SãP°N
�#�z³:

 i 500[ps/div]






5.
0[

m
V

/d
iv

]

 i 500[ps/div]






5.
0[

m
V

/d
iv

]
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 z+SSHG 2�ü[¨: z[ëfN/CW��H[¨: !"F^©ÐS

�ãP°N��ëfN��©! SHG Bwd�ûü��,zS45Bwd�°

eXgí[�z,¨``n SHG ÎÏ 2[ü[¨`+ê°]^!"©¨:S

@Ö[ëfN+³:�^: :HS°eXgíBwd[� K[Ö_³ F+

[jE!"°eXgíBwd[¬ÓQ/�,!ÙÚÛ¸Ü(2&3,5&6,7&8,9&10)

E]S1@2F���1@2�,!¬w SHG  2�[H[¨:9ÐS��Ð

�³�ú�[Ö_³ +�°!"

Gü©ÐSSHGú���[���,!���

 �45B�@Ö�¹ 18(a)�©�,�ëfN�Øgì#aõ

 �45B�°eXgíBwd[�G!£æ� 

 �LD�ú�1@2[¹ 

+,!+G�/!F+[jE¨`"

3-2-3-(3) ññññÉÉÉÉëëëëffffNNNNÎÎÎÎÏÏÏÏÁÁÁÁ(PPG)####\\\\    `̀̀̀

       ����¾¾¾¾òòòògggg����8888����úúúú��������ÑÑÑÑNNNNPPPP????ààààdddd5555����

F^_��ýþ��ú�¼ð��Pd@�/¨``nSLD #ú��Ü!ú

�ëfN�¾òg�8�� 50%¯{�/¨`"ñÉë÷gdÎÏº��©Ð¾

òg�8��� ú�ëfN[ LD �4m�GS�ãP°N
�+� iú�

�ëfNÎ�(^k�Øgìë�g#Ñ!½l�[/!"|F� PPG(Pulse

Pattern Generator)#\ :S¾òg�8�[� RF#XgZ�4m³ýþ³`"

ýýýýþþþþºººº����

PPGE]Ñ]^!çm

���� P-P=2V�d+ LD�ú���� `nS

°dJ�ïB�©¨:�Ú[Ï/, ©�°?�eg÷(-10dBm)#»³ïB³

`"_`°dJ�1@2F�(1º26GHz)E]S�1@©Ð�1@²j[�Gz

ïB�^!`n�1@²j#)?c(!©�ígëN78f÷#\ `"

){��°dJ�)?c¤71@2[¶ 700MHz �/!F+E]ú�ëfN

�1@2# 800MHz+³
�#ú��Ü`"_` PPG�ëfN�°dJ���

(!`n 0111(11~ 3.2GHz)#çm³`"
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Bias (55º100mA)

Signal

MSM optical

Receiver

Trigger

Multi Mode

Optical FiberLD

Sampling oscilloscope

or Optical Spectrum

Analyzer

LD

Driver

Bias-

tee

¹ 19 PPG#\ `�ÑNP?àd5�

××××����

LD E]çm�^`BëfN�¾òg�8�[�H�z,ÐSª»�º�[

LD #ú��Ü!���H!³: !+ ¸^!"³E³Sª»�ýþR�H

ãP°N
�#ü·: z+Î�[ëfN�³,E¨`"

«¬w�Vd �PZ+°dJ#\ `ýþR�×�+Q/©��SãP°

N
��� +G�ëfN/CW  2���H�z,ÐSãP°N
�#ü·:

 z+H[¨: ¨`"

_`SSHG  2�ãP°N
� 100mA �+G����/ÐSF^_��Ñ

]^` 3 õ�ýþ×��+�H�H� �+,¨`"³E³SëfN/CW  2

� 1.2 �d�/Ð CW çm E]�Gzûü³: , F+E]S�!,ëf

N#ç(F+[�G^kS�]�Bwd[ûü(!½l�[/!"

Convex Lens

Cylindrical Lens

Pulse Pattern

Generator

Amp

Attenuator (-10dBm)

Low Pass Filter

0111

0111

0001
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r 8 çmëfN¾g÷

Bias 1@2 Average SHGçm pulse/�� ~��^!

No 
�

[mA] [GHz]

wd

[mW]

�l 2

[W2]

SHGçm

�l 2�

SHGwd

[nW]

1 55 3.2 5.8 1.11.E-04 3.286 12.2

2 65 3.2 9.8 2.40.E-04 2.499 26.4

3 77 3.2 14 3.45.E-04 1.760 37.9

4 100 3.2 23 6.58.E-04 1.243 72.4

ëfN/CW�[�H�z,¨` No.1+ No.4�çm@Ö#¹ 20(a),(b)��("

(a) No.1

 i 200[ps/div]






5.
2[

m
V

/d
iv

]
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(b) No.4

¹ 20 çmëfN@Ö (a) No.1S(b) No.4

êêêê����

F^_� LD#ëfNú��Ü!ÇÈ�

Vd �PZ#\ `�Pd@Ö
®ú��©!�ÑNP?àd5�


® Amp#\ :ïB³`��Bú�¼ð�©!�ÑNP?àd5�

PPG#\ `�ÑNP?àd5�

�ýþ#·¨`[SF^]�ýþE]Ñ]^`F+#�("

� LD�°eXgíBwd�ãP°N
��¬ÓlÌ(!F+[jE¨`"

� SHGÎÏ 2��SCWB��îëfN��Ü`,Û�ü»¨: !F

 +E]S45B#ëfN�(!F+[ì��/!F+#!"³`"

� �H SHG wd[�z,!@Ö[Ñ]^`ýþR�SPPG + FET Power

Amplifier#\ ú�#·,¨`H��/¨`"³E³S�HëfN/CW �[�

z,!¾g÷[Ñ]^`��SVd �PZ+°dJ#ÙÚÛ¸Ü`H��/

¨`"ª»ýþ�\ ` LD ��»ÁÇÛ��ëj�E]Eú�F�[ëj�

, `n�1@��ëfNÎ�[�G: , "�1@²j�¦EÜ!u� LD

#\ :Swb][ì��/!E!"(îG�/!"

 i 200[ps/div]






5.
2[

m
V

/d
iv

]
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 SHGú���[���,!���

                �45B�@Ö�S¹ 21�©�,@Ö

                �°eXgíBwd[� 

                �LD�ú�1@2[¹ 

�/!F+#!"³`"

¹ 21 Øgì[�z¾òg�8�[� ëfN@Ö
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������������ ;;;;<<<<ÕÕÕÕ####çççç����

ïýþ�\ `ÔÕÖB¿×Ø(BBO)�ë6�g÷#GH��("

Type 1×Ø

8c�Û��=76p�=0

ÔÕÖB¿{2 d m
Veff = × [ ]−0 6 10 12.

×ØA W H L× ×( ) × ×4 4 7

4-1 $$$$BBBBVVVVggggcccc####\\\\    `̀̀̀ SHGBBBB����%%%%))))
Vd �PZgE]OÇ�ÑNP?àd5�©¨:Î�³`ëfNB#45

³$BVgc#\ : SHG#!"³`"

ýþR�� 3 ��\ `Xd�Ú�+Q/�/![S7âPã¯{
�×Ø

�d�$���`n�»�N�gí	#\ :×Ø#¯{³`"

LD �ãP°N
� 100mASú�1@2 1.32GHz �Î��ÜS×Ø#�³�õ

»��Ü: G SHG #%)³`"FF� SHG %)\+³:\ `Vgc�²

j� Zn2SiO4YMn2+�/ÐS|�:dF�#¹ 22��("

¹ 22 UV¯N7â:dF�

200 300 400 500

WAVELENGTH [nm]

IN
T

E
N

SI
T

Y
 [

%
]
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Bias

Signal

LD

Synthesizer

LD

Driver

Bias-

tee

ýýýýþþþþRRRRññññ²²²²

¹ 23 $BVgc#\ ` SHGB%)ýþ

××××����

×Øù�|gô45�SiBKû#ú��Ü:H$BVgc�ÎB�ú�[

ê]^�SSHG #%)(!F+��G,E¨`"F�K,Z�+³:��ï@

+$�,��@[jÒ�^: ,E¨``nS�ï@�w �ÍÎB�&'+

;<B���(!($B+#)u³:!"�G,E¨`F+�/!+ê°]^

: !"©¨:J3�ôS@A*+,6g	#\ !,w³:��@�Ú#*

+³%)(!F+[�¡�/!"

4-2 UV    dddd����####\\\\    `̀̀̀ SHGBBBB����%%%%))))SSSS
   9999©©©©----44445555BBBB����SHGBBBBwwwwddddnnnnoooo����)))){{{{
ýþ 1���ï@+��@�jÒ[�G: , `nSSHG #%)(!F+

[�G,E¨`"|F�;<=(180º260nm)�Ú�:d#Hõ�:d UV  d

�(F�rü���;B:d>1pW)#\ : SHG!"ýþ#·¨`"

ïýþ� UV  d���./¯cóìN0� UV cídS(¹ 24)#\ `"

F� UV  d��ñL�B
�ïÍ1+¬ÓQ/�/![SM6N1S�Äh

��,zF2MN��`�^: !";<B�[1S��

�EE¨`B


s()4gQ)�3õE!+SB
�4ç���©¨:4ç�^`
�[°5g

Convex Lens

Cylindrical Lens

BBO

Rotation Stage Phosphor
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QùûE�i�MNj�+67³
Ò�Ü
��8P¤d#ÎÏ�Ü!"F�

67�
Ò#�Ð�³°5gQ�±(!F+�°5gQS)4gQi�
�[

�^S4
�^!F+E]
®ëfN�çm[Ñ]^!ñL�,¨: !"

_`Sïýþ�� UV  d�\����<
çm\#E9:Q0���»Á

C3704-03 #\ `"F�»Á�<
çm�SUV cídE]çm�^`ëfN

[ 2 :GS�iþ� 3 ëfNGü;<³:4¨`,Û��Úçm�^![12]"¹

25 �»Á��àôgc#�("FF�=gc÷PWS)£d÷���»ÁS�

���/ÐS¼ðçm Q[¤VíN�gJùçm�^!¼ð�/!"

F�`niDÈ>?#@��(!F+�, "³E³S>8 iA`Ð�ÎB

(!;<ó[Ô\�y(B`ÐS$�£¨`,Û)£dc2�çm;<ë�g

�ÕÖ+�,], "@t[�Gz SHG Bwd�ú���#8!�øn!F

+��G, [S¸�E,;<B#��©z#C(!��ì��/!"

  
çXY./¯cóìN-.D�

¹ 24 UVcíd<%+Z	¹
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çXY./¯cóìN-.D�

¹ 25 UVcídëfN
m+<
¼ðçm

F� UV  d�#\ :S45Bwd+ iEÐ�
®ëfNÎÏ2(SHG

Bwd)�no#){(!`n�SLD# DC��(CWB)���E]ú��ÜS

|� �»ÁE]�<
çmëfN2#¤VíN�gJ�áó÷E])£dc

³`"
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LD
LD

Driver

Bias

-tee

¹ 26 CWB�©! SHGBwdú��){ýþR

××××����




�


�


	






�
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 �� �


*+$3�!�"(�

7
8
!9
:
;
<
=
!�
>?
@�

AB?�CD"��E

A@ED"FED��

¹ 27 45Bwd+ UV d�<
çmëfN»2

Convex Lens

BBO

Rotation Stage
UV Sensor

Cylindrical Lens

;<B#C
m

ëfN�»Á

Oscilloscope
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F��:d UV  d��©¨: LD + BBO #\ `Å;< SHG B�ÎÏ#

Fn:!"(!F+[�G`"³E³SF� UV  d�#\ : SHG Bwd

�$G,ú�#){(!��;B:dSçm�ÕÖ�[/ _ �/!F+E

]ÒÓ�/¨``nS×ØYXd�(�)iÑÒ=8c�Û�	��!���G

,E¨`"©¨:ª« SHG wd#8!,Bwd�2�+³:){�G!#C

Á»Á#Hñ² PDSAPD	#\ :�!�(!F+[�¡�/!"

45Bwd+)£dc2�no�S45Bwd�� ��¹� a¢��S4

5Bwdú��^³:ê�H¨`)£dc2+¬ÓQ/�/!F+E] SHG

� 2 CF�[Ñ]^: !+�°!"_` UV  d�E]ê�H¨` 5mW ø

a�� SHG Bwd�9©| 10pW �d�/!+ê°]^!F+E]SýþR

��!��©¨: SHGBwd�ûü(!+ê°]^!"

_`S45Bwd[ 5mW ¬wE]�¹� b¢�)£dc2�ï&�/_Ð

Ú]^, "F�	�+³:S¤VíN�gJ�4m(!
®ëfN�S;<

Bwd[wz,!+�� 0.15s _�ëfNÎÏiþ[ú�(!"F�©�,i

þ��Ç¾�©!8!,)£dc�ÒÓ�/ÐSëfN2[ï°! SHG Bw

d��)£dcH^[IÎ³S8!,ëfN2[)£dc�G: , "_`S

UV  d��Js�[az,¨: !`n SHG �Bwd#8!�){(!F+

[�G: , "+ � 2 õ[Z��/!+ê°]^!"©¨:8!� SHG

Bwdú�#){(!��SUV  d��){KLS�ëfN)£d÷#\ 

!©�,ýþR�(!	[�¡+,!"

4-3 UV    dddd����####\\\\    `̀̀̀ CW����ëëëëffffNNNNBBBB��������
�A���ú����ûü#ê°S45B�Øgìë�g[�z,!©��

ëfN��Ü!��#M(ýþ#·¨`"FF��S45B[ CW +ëfN�

,Û�ÎÏ(!)£dc2��#ønSSHG ÎÏ 2�©!ê�HÐ[ì��

/!E!"(!"

ýþº�� PPG+°dJ#\ : LD#ú��ÜS� 3��øn` 4õ�


� �9æ!ëfN/CW � SHG ÎÏ 2�#ý��øn!"|��S45B

wd[w ,Û�� UV  d�[Js³:){�½l+,!F+[©ª�^!

`nS×Øºè�°eXgíBwd# 1mW �,!©�45B�B°?�eg

÷#\ `"
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Bias

Signal

LD
LD

Driver

Bias-

tee

¹ 28 UV d�#\ ` CW�ëfNB��ýþ

××××����

r 9 SHG�l 2�+ýþ����

Bias
� N)� ýþ�

[mA] SHG�l 2� Pulse/CW Count�

55 3.29 3.93 

65 2.50 2.93 

77 1.76 2.20 

100 1.24 1.37 

ýþ×��)£dc��ß:OPN)�#ü»¨: ![S¬ÓN)�+³

:øn`�[Ñ]^: !"F^©ÐSëfN@ÖE]a�È� SHG Bwd

#ê�H!º��ì��/!+�°!"_`Sýþ�[N)�#ü»¨: !

	��SëfN@Ö#��!iþ�©!@t+SëfNB�³` �°eXg

íBwd[�³ú�(!F+[K,Z��/!+ê°]^!"


� 55mA ��ØgìS�ëfN�ëfN@Ö[�H��©z SHG #ç(

Convex Lens

BBO

Rotation Stage
UV Sensor

Cylindrical Lens

Pulse Pattern

Generator

Amp

AttenuatoLow Pass Filter

ëfN�»Á

Oscilloscope
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��!³: !F+[!"�G`F+©ÐS� 3 ��øn` SHG ÎÏ��!

,ëfN��[8³ +ê°]^!"©¨:Sª«�45Bwd�wz,!�

ãP°N��ØgìS�ëfN[Ñ]^!©��ú�(!F+[�¡�/!"

4-4 êêêê����
ª»S�;012XgZ#\ : SHG #ÎÏ�Ü!F+#ÇÈ�SLD @A

419nmSÔÕÖB¿×Ø BBO#\ :·¨`ýþ×�#GH��("

� �ï@+��@�QÛ
���$BVgc#\ :;<B#)u³:%)

(!è�ÒÓ£¨`[S½¾B (�ï@A) �ßz:d�, UV  d�#

\ !F+� CWB�Ú�H SHGB�ÎÏ#!"(!F+[�G`"

� 45B#ëfN�³`,Û�<
çmëfN2�ëfN/CW ��SSHG Î

Ï 2�+¬ÓQ/��/!F+E]Sa�È� SHG ú���#øn!º

�[ì��/!F+#!"³`"

� UV d�<
çm�ëfN2[45Bwd�}/:ú�(!F+[!"

   �G`"³E³SUV d�çm)£d÷[(RJs��±³:³_�`nS

   45Bwd� 2C��$(!F+�#çÁ�F�E]!"�G,E¨`"

� SHGBwd�S^�Sçmú�#�Td�){�G, `nSýþR#�

   !�(!º��_£!Ù�G: , "
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����UUUU���� ____++++nnnn

5-1 ____++++nnnn
ï´µ�9 :Ñ]^`×�#GH��("

� ï´µ�ÇÈ�/¨` LD #­XgcR×Ø�ÙÚÛ¸Ü�©Ð 210nm Ä

h;<B�ÎÏ#Fn:!"³`"

� �ï@+��@�QÛ
���$B2#\ :;<B#%)(!è��½

l£¨`[SUV  d��½¾B��¥#¤V(!F+� LD � CW B�Ú

�Å;<@A SHGÎÏ#!"(!F+[�G`"

� LD �°eXgíBwd�ãP°N
��¬ÓlÌ³SPPG +
më�g

°dJ#\ `�¾òg�8���Bú��K�[¾òg�8��� �ë

fN�ÎÏ��H!³: !F+[jE¨`"

 45B�ëfN��©!Øgìë�gûü� SHG °eXgíçmï��ì�

�/!F+[!"�G`"ãP°N
� 55mA ��ëfNS�Øgì�ýþ�

©¨: CWB��î¶ 4Í¬w SHGB[�Gz,!F+[!"�G`"

� ª»){³`R]45Bwd�KL��Sú����	��� 1%GH+

    $��/¨`"
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5-2 ªªªª««««������������������������
ª»S�; LD + BBO �ÙÚÛ¸Ü�©¨: SHG [ÎÏ(!F+#!"�

G`"){K�++H�kW(îGª«���#GH��("

� SHG Bwd#ü·!`n�SLD �ãP°N
��� ��¾òg�8�

�� �ëfNB#ÎÏ�ÜS�!,Xd�R+³×Ø_���ä#�,z

(!

� ª«SUV  d��){½l,KLS�ëfN)£d÷	#\ :8!,

ëfN2#)£dc³SSHG Bwd[45Bwd� 2 C��$(!F+#!

"(!"

��}XEõ�Td, SHG \�Bwd�){Á#\ :SýþR#�!�³

ú���#øn!"

üÈ×�#H+�Sý\È,;<Bë�g[Ñ]^!ñ²��´µ#�n!"
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YYYYZZZZ

ï´µ#�n!�/`ÐS[ 1 `£G_³`{+\]^_`�:Y `

³_("_`Sï´µ#·,��/`Ð´µ�,#[aõ `£G_³`bc

d_`SZ¿eA�:Y `³_("´µ�EB+,!�;012XgZ#[

aõ `£ `Sfg�¿'hi�j0�Hkz:Y `³_("|³:Sï

´µ#·��/`Ðyê+,!D�	#lê�Ü: `£G_³`+{m�nS

ÔÕÖB¿×Ø=@Aú��õ :yz�^�#oG_³`�p�¿�¿qr

s���t{run�:Y `³_("

�«�ï´µ#�n!�/`ÐS[vm `£G_³`wxy@�nS+z

{nS/|}½n#�/nS
��BVN�ô'¿e_~S�´��Q��:

Y `³_("
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