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&Ö¦ >Òãj �Ï� ç.�& ¶��~ "2> Æf BF

�"�†
Á��"Á²ÏNÁ;�^ÁJ^>

�O"���² VF���¦

Ö 305-600 &*7�� FWÖÚ� ÒB� 35-5̂

�>çÁ�*"Á¶ß*Á^ �Á�ÒÆ

��VF��ö �ÆïÊ 5 Û�VFbV
Ö 449-800 ãVê Ï�ÖÚ� ÒB� 25̂

(2002j 4ú 1¢ Ar, 2002j 6ú 10¢ >;� Ar)

ç.�& ¶��~ "2> Æfj BF~V *~�, ç.�& �êVö &Ö¦ >Òãj 'Ï~º ��& >¯>î
. .
;& �îVFj Û� �� ��V 1 Å rms �~~ >Òã V6j &�~&b�, &�B V6ö �Nz Ê¢Vç z+O�
j �Ï~� Ö¦N 30 ppm �~~ >Òãj B·~&
. B·B &Ö¦ >Òãj ç.�& ¶��ö 'Ï� Ö", ¶��~
Æf "2>¢ £ 0.1 deg/sec �~� BF� > ®î
.
"BÚ : ring laser gyroscope, low scattering mirror, lock-in-frequency

I. B �

ç.�& ¶��~ ²* '³ê 6æ WËf ç.�& �

êVö 'Ï>º >Òã~ Ö¦ WËö ~� ÖF'b� Ö

;B
.[1] ¯, ç.�& ¶��& 6æ� > ®º �²~ ²

* '³êö ��~º Æf "2>(lock-in frequency)º >Ò

ã~ Ö¦ö jf~� Ã&�
. V¢B �ª�Ë~ ç.�&

¶��¢ BB~V *�Bº Ö¦� 'f >Òã~ {�& Z

í�
ê 7º~
. >Òã~ Ö¦N WËf >Òã B·ö

ÒÏF >Òã V6~ �� ��Vf >Òã z+ �;ö �

² ~��
. ç.�& ¶�� BB Fê�öBº �WË ç

.�& ¶��Ï >Òã V6~ �� ��V¢ 0.5 Å rms �

Ú� Ôº� ®b�, V6 *ö F*Ú ;ïj >�'b� Ã

O~� ò� >Òã~ Ö¦Nê £ 10 ppm �Ú� BF�Î

ç��
. 

ç.�& ¶��º .�& �êV nöB �ê OË" >

�ê OËb� ê¯~º v .�& 7F~ "2> N�& �

¦öB �&>º ²* '³êö jf~º öÒ¢ �Ï~�, �

¦«K ²*'j G;~º 7�� ²*bB�
.[1,2] ��� ç

.�&~ �WöB >Òãf j> ¦®��, >Òãö ~� .

�& 7F~ >Ò& ¢ÚÆ r, >Òã ��b�¦V 7F~

Ö¦ �� ¦ª'b� B�~² B
. �ê OËb� ê¯~

º .�& 7F� >Òã ��öB Ö¦j ¢bÊ� ö¾ 7

F" >& OËb� ê¯~º êOÖ¦ 7F� B��
. �

êOÖ¦ 7Ff > �ê OËb� ê¯~º .�& 7F~

"2>¢ ÿ�z �BB · OËb� ê¯~º 7F~ "2>

Ò�~ N�¢ ì� ªÒº "2> Æf(frequency lock-in)j

FB�Î
.[1,3,4] ¯, "2> Æf *çf 'f ·~ ²* «K

&Gj ®&Ë~² ~º ¶�� WË~ �ê ç��
. ��

� ç.�& ¶��~ ²*' 6æ ËKf ÞÚ êÿVf ?

f Ë~¢ 'Ï~� BF� >ê ®b¾, "�'� ¶�� W

Ë BFOnf >æ á�
. Ö�, ç.�& ¶��ö ÒÏ>

º >Òã~ Ö¦WËj Ëç�Úb��ò�, ¶��~ ²*

' 6æËKj �
 �²� ²*' '�öræ {Ë� > ®

º ©�
.

� ¢^öBº, &Ö¦ >Òã B·j *� >Òã V6~

.;& &�" >Òã z+ö &� VF~�, B·B &Ö¦

>Òãj 'Ï� ç.�& ¶��~ "2> Æf BF Ö"¢

²B�
. 

II.  ç.�& ¶�� Bº

ç.�& ¶��~ ÿ·öÒº Sagnac Î"ö ®
.[2] ÿ¢

� ö ã�¢ �ê OË" > �ê OË~ �� ê¯� r,

�¦öB �&>º ²*'³ê~ 'Ëö ~� · OËb� ê

¯~º v 7F~ �êV ;W�Ò(L)º «K ²*'³êö j

f~� '' ^Úæ�¾ 
jê
. �(1)f ²* '³ê(Ω)ö

~� FêB v 7F Ò�~ �êV ^� N�(∆L)j �*�

©�
.

(1)

�VB, Aº ö ã�~ �', cº 7³�
.

�-² B�� v 7F*~ �êV ^� N�(∆L)º � (2)

öBf ?� .�& Bê "2>~ N�(∆ν)� �*B
. �

∆L
4AΩ

c
------------=    A area=,
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r, v 7F Ò�~ *Sö ~� ò
Úê *SZÒ B>(N)

¢ ¢; �* *Ï ÿn ^² >�, &ê�(3)b�¦V �¦

�&B ²*'(Θ)j áÚâ > ®
.[2]

(2)

�VB, νf λº '' .�& 7F~ "2>f 2Ë�
.

(3)

� ��öB �Ï� ç.�& ¶��º Ò'; ;�~ ¶�

��B, 7 ã� � æ~ ^�& 7 cm, *Ú 7ã�& 28 cm

�
. Ò'; ÎBÒö '' J B~ >Òã� ¦O>îb�,

.�& 
î�º He-Ne &Ê& ÒÏ>î
. .�& Bê2Ë

f 633 nm�
. .�& �êV ÞÚ~ Òîf �cc ê>&

Ö>� Zerodur& ÒÏ>î
. �â 1f � ��ö ÒÏB ç

.�& ¶�� ��¢ ��&
. 

III.  
þ 5 ªC

3.1. &Ö¦ >Òã B·

>Òã V6~ Òîf Ï[ 
Ò�(fused silica)¢ ÒÏ~&


. >Òã V6~ çãf 22 mm, vþº 4 mm�î
. >Ò

ã V6 �î~ Ñ �êº Fresh-Feed �îV»b� ®Òº

*Û'� V6 �îVF�B, b" �îB¢ Df �îÏ�

(slurry)j �î>(lap)ö �.O Î&~�B V6 ��j �î

~º &�O»�
. Fresh-Feed &�V»f "�'� öÒç

1 Å rms �~~ �� ��V¢ áº �º �ê¢ &æº >

�, >Òã V6~ ï�ê(flatness)¢ λ/10 �~� BF�Ò >

®
. Fresh-Feed �î�;j jò� >Òã V6f 1Å rms

�~~ �� ��V¢ áV *� 
r �ê� Bowl-Feed�

.;& �î�;ö R«>î
.[5]

Bowl-Feed� �î V»öBº, �îÏ�~ ³ê¢ �ç ¢

;~² Fæ�Êº >�b�, bowl ;�~ ÏV¢ ò
Ú �

îÏ�j jÖ� �îÏ� Ú¦~ �îB «¶& ÏV~ :�

b� �*>æ pê� DÚ"º stirrer¢ ËO~&
. Bowl n

öB �îÏ�~ >*º �î>� Ïª® Ï�ö Æ^ > ®

ê� �î> *� £ 10 mm ;ê ¸² ~&
. �îÏ�f

b 1 literö �îB 20 gj b�~� &j~&
. Bowln~

�îÏ�f �î>" �þ ²*~�B �î>" þ2~ ��

Ò�ö �îB¢ �/�
. Bowl" �î>~ ²*³êº 40

rpm�î
. V6~ 
î'� .�î �;f stirrer~ ÒÏ �

6b�¦V �·B
. Stirrerº bowln~ &Ë¶Ò "¾ö Ë

O>îb�, ²*~º bowlö &� ;æç�~ Ë�bj ;W

�b�B, �îÏ�~ �*j ;B'b� ÛB~� bowln~

�îÏ� ³ê¢ �¢~² Fæ�Êº ��j �
. Stirrer¢

ËO� ç�öB >Òã V6~ .�î �;� £ 30ª* >

¯>îb�, stirrer¢ B�~� £ 15ª êö >Òã V6~

�î¢ jò~&
. >Òã V6~ �� ��V ï&öº *

çG; *Sê~ ¢«� Î�« Maxim GP Surface Profiler

(�� ZygoÒ)& ÒÏ>î
.[6] �â 2º Fresh-Feed V»"

Bowl-Feed V»j 'Ï� V6~ �� ��V BF Ö"¢

¾ ��&
. � 1f .;& �î& jòB >Òã V6~ �

� ��V p-v(peak-to-valley)f rms(root-mean-square)8j

;Ò� ©�
.

>Òã z+f �Nz Ê¢Vç O�~ >Òã B·Ëj('

� Oxford Instrument Plasma TechnologyÒ~ Î�« Ionfab

500+)j �Ï~&
. z+ö ÒÏB F*Ú ;ï Òîf ��

. bî� Ta2O5(n=2.05)f &�. bî� SiO2(n=1.48)� F

�>î
. �Nz Ê¢Vçö ~� >Òã z+f *Û'� *

¶z &�ö ~� >Òã z+ö j� ;ï[~ V���&

�
 &÷B ª�¢ &æ� ®ÚB >Òã~ Ö¦Nj BF~

º � FÒ� ~ãj B�� &
. >Òã~ Ö¦N ï&öº

45ê Ö¦G;� &Ë� C'ª Ö¦G;(TIS; Total Integrated

Scattering) Ëj& �Ï>î
. � 2º �Nz Ê¢Vç O�

ö ~� B·B >Òã~ Ö¦N WËj ��&
. �Nz Ê

∆ν νcw νccw–=( ) ∆L
L

-------ν 4A
Lλ
-------Ω= =

N
4A
Lλ
-------Θ=

�â 1. ç.�& ¶��~ ��.

�â 2. Fresh-Feed� �î(1N)f Bowl-Feed� �î(2N)ö ~
� V6~ �� ��V BF.

� 1. �Ú B·B .;& >Òã V6~ �� ��V

þ2®^ RMS(Å) P-V(Å)

1
2
3
4
5

0.54
0.46
0.58
0.54
0.50

4.74
6.80
8.14
5.56

10.44
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¢Vç O�ö ~� z+B >Òã B®f &Ú� Ö¦N�

10 ppm "æ~ 8j &æ� ®b�, � �ç~ Ö¦N Ëçê

V&� > ®î
. �º V�~ *¶z &�O�ö ~� >Ò

ã z+�;öB áÚê Ö¦N £ 60 ppm �ç~ 8ö jv

� r ç�® Ö>� >~�
.

3.2. &Ö¦ >Òãj �Ï� ç.�& ¶��~ Æf "2

> BF 
þ

ç.�& ¶�� �F~ Æf "2>(lock-in frequency)º

¶��ö 'Ï>º >Òã~ Ö¦Nö ~� Ö;>º WËæ

>�B, j¾f ?� �*B
.[1]

(4)

�VB, cº 7³ê, λº .�& 2Ë, rsº >Òã~ Ö¦ê

>, Aº ç.�& ¶��~ 7ã� �', dº .�& z~ �

V¢ ¾æÞ
. V¢B, ç.�& ¶��~ ��& Ö;B ç

�j �J� r, >Òã~ Ö¦Nj B�� ¾^æ æ>
f

�;B 8�V r^ö, Æf "2>~ BFf >Òã~ Ö¦

Nj 6²�BB 7"� > ®
. 

ç.�& ¶��~ Æf "2> G;j *~� ¶��¢

Rate Table*ö ËO� ê, 5 deg/sec �ç~ .V ²*öB

ÂB~� BB® ²*j 6²�Ê�B ¶��~ ÂK æz¢

�Ò~&
. ç.�& ¶��~ .�&& Bêj æ³~� ®

º ÿn, ¶��ö «K>º ²* '³ê& ìj ãÖöº ¶

�� Ú¦ö *~� >Òã ��� >Òã Ï¶(mirror grating)

*çö ~� ¶çF > ®bæ� "~�¢ �
. 
þö ÒÏ

B Rate Tablef CARCO ElectronicÒ(��)~ Direct Drive

Rate Table �Ò®~ Î� 811�
. 811 Î�f �& '³ê

(maximum speed) 1000 deg/sec, '³ê ª�Ë(rate resolution

range) 0.00001 deg/sec, *~ ª�Ë(position resolution) 0.0001

deg~ WËj &æº .;& Rate Table�B, ¶��~ Æf

"2> G;ö *& ¶ï� ìº Ëj�
. �â 3f ²* '

³ê «Kö V� ç.�& ¶�� ÂKßWj ��"� ®


. «K ²* '³ê& 6N'b� 6²�ö V¢ ç.�&

¶��~ ÂK ªÊ B>& BB® 6²~
&, ß; '³ê

(Æf "2>) �~öBº ¶��& ÂKj Ú�Úæ pº Z

6æ '�(dead zone)� &G>� ®rj r > ®
. � (1)

öBê Þ/~&��, ¶��ö 'Ï>º >Òã~ WË� B

FF>� Æf "2>~ �V& 6²~� �
 §f Z6æ

'�j �*� > ®
.

>Òã~ Ö¦N æzö V� ç.�& ¶��~ Æf "2

> G;
þ� ��Úr
. �â 4ö ¾æÂ A ��f ç.

�& ¶��ö �Nz Ê¢Vç O�b� B·B &Ö¦ >Ò

ãj 'Ï� ãÖ��, B ��f V�~ *¶z &�O�b�

B·� >Òãj 'Ï� ãÖ�
. 30 ppm �~~ &Ö¦ >

Òãj 'Ï~&j r, ç.�& ¶��~ Æf "2> 8�

£ 0.1 deg/sec "æb� *&® BF>îrj {�� > ®
.

*¶z &�O�b� B·B �Ö¦N >Òã~ ãÖº �F

� �þ þ2� 'ÚB ��V B>º ôæ pb¾, ç.�&

¶�� Æf "2>ö &� >Òã Ö¦N~ 'Ëj �º �

º ZÒ& ìj ©b� 6�B
. 

IV.  Ö �

ç.�& ¶��~ "2> Æfj BF�Êº Onb�, &

Ö¦N~ >Òãj .�& �êVö 'Ï~º ��& >¯>

î
. .;& �îV»j ê«~� �� ��V 1Å rms �~

~ >Òã V6j B·~&b�, B·B >Òã V6j �N

z Ê¢Vç O� >Òã z+Ëjö R«~� 30 ppm �~

~ &Ö¦ >Òãj {�~&
. &Ö¦ >Òãj ç.�& �

êVö 'Ï� Ö", ç.�& ¶��~ Æf "2>¢ £ 0.1

deg/secræ BF�Ò > ®î
.

ΩL

cλ2
rs

32πAd
----------------- rad sec⁄( )=

� 2. �Nz Ê¢Vç O�ö ~� B·B &Ö¦ >Òã~ Ö¦N

þ2®^  Ö¦N(ppm)  j �

1
2
3
4
5

11.7
12.5
17.9
15.3
10.9

ï�ã

ï�ã

��ã

��ã

ï�ã

�â 3. ç.�& ¶��~ ÂK ßW.

�â 4. >Òã Ö¦ BFö V� Æf "2> æz. A: &Ö¦
>Òã, B: �Ö¦ >Òã.
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Lock-in frequency improvement of ring laser gyro using a low-scattering mirror
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For the improvement of the lock-in frequency of a ring laser gyro, a low-scattering mirror was employed in the laser resonator.
A super-polishing technique produced fine mirror substrates of less than 1-Å-rms-roughness. The mirror coating using an ion-
beam sputtering technique reduced the scattering loss to less than 30 ppm. As a result of the mirror scattering enhancement of the
ring laser, the lock-in frequency of the gyro was improved up to about 0.1 deg/sec.
   Classification Codes : LO.060, SM.020, SM030. 


