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�
k,Gkbmjw�|ts{z�
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+^bU

• \k.!jopmgxv��k��Ok��3�k�S
<�Gj�[b=@rCdfWpU

• w�|ts{z�
�3�glT	
h	
���x��{
y�(PBS)r9WfT`qaqk�#�kJK
r�}
y�gZpoXj_pF;gVpU

• bc^T3�j Di~��r�pbmjT
%�Y9000 
ppm��gVp\hYD0]qfWpU

• PBSr"e
�#�k%�rT�Pj�#�r.B^f
H�^bUPBSk��
%�l160 +/- 90 ppmh5�]qT
D0�r6b_\hr>I^bU
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• �HXF�3
WmghetqW�:4U8
VJK^@���W&;[F>�*&	VJ
K^@�CD�, )W�;WOZW�E
_9PQI^G

• 0V�HXFfsmb`kj���+�V\P
Q��A_��N^LSR�%8.CD_�
�_�=N^UTW��V\]
�CDW�
,N^LSRF'-@�B3YW�<_5�
MQI^G

aslridgps
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[gbXV`_
��&�

• �*U�JI��< (~1 mg) 
U@8�N��
=U�JI
��
L�REML@��<
D3./O��GI)�L&
�HSA

• $';�>-O�7	2A
• +6/OQ�5FTKCS [1] 
D@�?/OQ �5A

-> �?/O�5HS�4DBSA

Wgaf^Z\eg

[gbXV`_

��&�P#��A

[1] Y. Michimura et al., Opt. Express, 2017.

��<
= &�<
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• -94*(21��
��� &�


)9380,.79

-94*(21��
��� %#$'�
��&�"
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�
�
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	�/��Xa;>J7
• Phase-1 (4�): 	�/�a�5(L ( �aH-
_Z)
– kwqigon�	�/�a���a(L

• 5N:JA
• `[d"c�e�]\,�#����a(L

– /�
D_�Xmopfosa)B
• ��RaG�^3�M�
• 	�KJ
• T"FCaKJ
• fvhwtwp!Ea<?

• Phase-2: *1Q�U8ba
O
• Phase-3: �I:Q���a(L^Q�VW�0.
aS9

;>J7
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	�2��]j>BO:
• Phase-1 (7�): 	�2�j�8+Q (#�jM0
hc)
– t�zrpxw�	�2�j��"j+Q

• 8S=OE` (Y. Michimura et. al., Opt. Express, 2017)
• idm%l�n�fe/�&� ��j+Q

– 2�
Hh�]vxyox|j,F
• !�WjL�g6"R�a
• 	�PO←@j<J
• Y%KGjPOa?
• o�q�}�y$Ij?C_

• Phase-2: -4V�Z;kj
T
• Phase-3: �N=V���j+QgV�[\�31
jX<

>BO:

←�9���^�
j<J

[25pK308-7, 25pK308-8]
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,/4)

4 6 8 10 12 2 4 6 8 10 12 2 4 8 12 3

Phase-1

2017�� 2018�� 2019��

'8*41

A=G�E�@DF
!���
��B-7

�;3BPLJW?
���;

IVJWTWQ�"B
�5

NOQIOS�2
��:B#�H
+�>

��:B
%�6�

: desk work
: lab work
: exciting but
uncertain work

&	

Phase-2C
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,/4)
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���;
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��:B#�H
+�>

��:B
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• ��!�5�$�*5365�0<=>8=B

��!��*%5�0<=>8=B

- /: 1064 nm
-��
A9?;: 700 (��47)
-��@DF: 8.5 W (��)

2.6 W (��)

-��.+-: 1.6 mg
-'� 3 mm, �2 0.1 mm
-�#
� 30 mm (�	.)

!�%��.
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• ��!�5�$�*5365�0<=>8=B

��!��*%5�0<=>8=B

- /: 1064 nm
-��
A9?;: 700 (��47)
-��@DF: 8.5 W (��)

2.6 W (��)

-��.+-: 1.6 mg
-'� 3 mm, �2 0.1 mm
-�#
� 30 mm (�	.)

!�%��.
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• ��"�9�%�-97:9�4@AB<AF

��"��-&9�4@AB<AF

-!3: 1064 nm
-��
E=C?: 700 (��8;)
-��DHJ: 8.5 W (��)

2.6 W (��)

-��2/1: 1.6 mg
-)� 3 mm, �6 0.1 mm
-�$
� 30 mm (�	2)

"�&��2

�(,9�.
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• ��<>4;�
:�
IQLDKNFEQ(PBS)
@�78��<���@
06?3
→���<-#=+*@CPKO;95?3

• JAGD<+*�: 700
→����<��
��<( �: 9000 ppm��

���.
<,'

�)�3
���.
<�1�:	1�3
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���1
D/*

PBSD
��H
#�=@9<�+:7G6

• ��DF8C�
B�
QYTLSVNMY(PBS)
H�?@��D���H
3>G6
→���D0&E.-HKXSWCA;G6

• RIOLD.-�: 700
→����D��
��D+"�: 9000 ppm��

�,�6
���1
D!4�B	4�6
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2. .@7+)54���������# !'
��156(5:

3. ��9A;0:>52A$��
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• PBS8�'1������	1"4$9.)
PBS2���8��+,*

• 3,)����/+-PBS0+2��	2�
��5��+,*

�(=>?:>A

����2=>?:>A* PBS2�����=>?:>A*

��� = &*2 + ��167�#! ��� = PBS*2 + &*2 + ��167�#!
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• ��
/ 19.7 cm
(PBS��� 19.8 cm)

• 1	�%.: 
– ��	�%>99.995%

(��
<50 ppm)
– �%�� 50 cm

• PBS: PBSW-1064 (Thorlabs) 
– 9?;8�:

• P��+,%: 0.993
• S��+,%: 5.5x10-5

→����
110 ppm4(�3

�0:;<6;>

PBS5��
#�:;<6;>3
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	�&)+�)0

���
2-'8�
����

 7,�

/67+�

PBS

λ/2�

$*�47"�
28,1)(�
57%

58#8
��

2.5 cm
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• 
"�L]S[XDNA
"�L� �#�
Q+MPB

• ]S[X=               =

�#�L.�%,

�
"�L� �4��K�HP:;���L��B


"�9L
!��

FSR
��	� � �#�

]S[X: 
"�L
"L>FQ8
H/*�=B
FSR(]cgX^VYbdefW):

"�L?O
C
"�-$L�B

FSR

@*`gZL
"B


"�LRbTf_fY
7E��	IJ2GPB

(�(`gZL)
"

��	�



��"#��&73
���� (��#%��*$?GIDA,2018�3�25�) 23

• F>CA:?GEB>A?GI8;56!�-
• ?GEB>A?GI: ����8��3<HJ@J�
 �(.</:���+1)=)�23<07-

• �
:�( =�/HJ@J� �='�8)�2
4-

���9!���

Time [s]

Vo
lt.

 [V
]


	

HJ@J
� �
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• .),+: (3.6 +/- 0.4)x104

• �����: 170 +/- 20 ppm

����$�

FSR

���

	��%(
�
�
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• <3:7:  (1.9 +/- 0.5)x104

• �����
: 330 +/- 90 ppm
→��PBS��
: 160 +/- 90 ppm

< 9000 ppm ('��)
– 7=856@92�(110 ppm)0#
"/1-,

���&�

FSR

	���

���(2
���

.2)�2��

= 170 +/- 20 ppm
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1. *@6?3-/=@
2. .@7+)54���������# !'
��156(5:

3. ��9A;0:>52A$��
��
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• &-?�@2
=X4�JC]gc[Za`
���*�R�B3�;XKKUNEVD

• ]gc[Za`���*�O0EVCPBSX�
M�	�
R���X+�JLD

• :)� 9000 ppm��Q�JNC160 +/- 90 
ppmP+�IWC:)�X,LKHPX5<
JLD

• ��SC(� �R���G�;IW'7C
�AR*��B0_abYaeX%8JC]
gc[Za`���*�R�/�;X9FD

TPU
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Yg`VT^]�
�*�K=AQ)������

Ug_e\XZdg

bUg_

1. *�LFOK��L�
��
afhL�>
�?<:

2. *�6K",>;Q:
3. ��L���L",
��7L18S��K
(NH3GAQ:

→DQI9*�6>)�K
ERF!K9�����
L���2L�>�?@�
?9��ICHM�	�>
MFP@BIKJQ:

Yg`VT^]�
�*�L)������L&��:

4�
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• Design of blade spring with COMSOL
– ��: -00).�
– �#: 2.5 mm,  #: 17.5 cm, 	: 5 cm (��), 3.5 mm 

(��)
– ��"$'&��: 5 kg (4�%20 kg(��)

Blade spring design

17.5 cm5 cm

3.5 mm
�#: 2.5 mm
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• 5 kg#��� !�"����!���
–����: 166 MPa, ���: 1.4 cm
(CuBe"'&���>500 MPa)

Blade spring design

166 MPa

1.4 cm

50 N

50 N
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• 5 kg$�� !"�#��),'�����
–����: 95 Hz → 5 kg���: 4 Hz

Blade spring design



�"'*��/73��&�� (#�*.��7+TZ[YW;2018�3!25�) 36

• ��9K32	
– 58: 1.6 mg (,�: 3 

mm;�D: 0.1 mm)
–  )
�: 30 mm (��)
– ����): 0.9995

• ��9L�J0�DR
H=Q@;CKP>I�
D=9L(�4�@:
E=<
– 1�O:E?GFFN;
%BIA0�DRFKL
]$KM<

��9K(�4�

V\XS[U�K��9K
-<7$�
1$KM%B@I=<
7$�4$L�6@;7$�2$L
��
�%BH=Q<
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Experimental configuration in Phase-2
- wave length: 1064 nm
- finesse: 100 (lower, upper)
- input power: 10 W (lower)

2.1 W (upper)
- lev. mirror mass: 0.2 mg
- int. reflectivity: 0.975 (lev.)

0.962 (l, u)
- freq. ref. : asymmetric FMI 

- Passive stabilizing cavity (double pass)
-- length: 3 m (FSR: 100 MHz)
-- finesse: 3 x 104

-- cavity pole: 1.6 kHz
-- Intracavity power: ~ 300 kW!!


