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Design, analysis and implementation of server Control for 

miniaturized optical pickup 
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Abstract 

 

    This project is one of the sub-project of 

“Design and Implementation of a 

Mini-aturized Pickup Head for High-Density 

Optical Disk Drivers”.  The purpose of this 

project is to study and to implement focus 

servo and tracking servo techniques for 

miniaturized optical pickup.  Preliminarily, 

we create and analyze the physical model of 

the dual-stage focus servo controller design 

which is necessary to this project.  

According to the native restriction of the 

focus mechanism, there is nonlinear effect in 

the system.  We analyze the system with 

linear assumption.  Based on the stability 

criterion, we have specifications for steady 

state error, and focusing requirements 

designed to the compensators.  Testing the 

compensators we have examined by step 

responses and signals of mixed frequency as 

the bending and the axial vibration states of 

the compact disk.  Finally, we implement 

the servo controller with the DSP 

micro-process TMS320C5x of the Texas 

Instrument (TI).  

 

Keywords: focus servo, miniaturized optical 

pickup 




���
���





��D���yNO���U���

��CD-ROM���� ¡��yY¢£

�¤¥¦§��)p¨/©*ª�¤¥£

«¬­7®��)CD-ROM ��¯¥°±

g��²³´�Y­7®��NO�µ¶

·¸*CD-ROMNO�
¹
��rº�


¹»[�¼�½¾/©*­7®���

®��D¿À*ÁÂ)�Ã*DKL¤¥

BCrÄVÅÆI�ÇgÈÉÄ�©w�

Êi±	Ë���Ì�V� CD-ROM�¯

¥°±	YÍÎbÏ��	��¯ÐÑÒ

¾)$*����%&ÓÔÕ�Ö
¹


°�)���×'(Ø�Y
¹
°�Ù

ÚÛÜÝ/Þß�àá)�K"<���

âHãD��<�ä°ÖåO
¹
��

�æ=»[�ÎÄÆçV�
¹
���

Êi±	)m¨V� CD-ROMNO��¯

¥°±	�¸µ�è�
¹
°�éÆÏ

��+,-.fê)ÓÔéÆ����+

,-.�ä�Õ<
¹
°�)R!"ë

ì-.MJo���)�µ��� ¡í



 2

î [1]� 

����ï�âð�ñs���NO

�%&q1¹
°��æ=+,�òó-

.�ä���)�è���	
��
°

�����âH� 

D�v6�Õ<
¹
°�ÓÔG)

$*+,-.�äqôõ°567��)

ãq���%&rö��+,�÷�äø

"åO�ùúûè)è���wfê�5

67+,89�ä�¨µÆü*åO�5

67�+,-.MJ  (2 stage focus 

servo)�Dýþ0*�
¹
��+,-.

MJ�'(¢���*D567+,-.

�ä�è��±�ó��� [6][7])0*

µ34567�+,-.�'(���*

ýþ�)�D	��
NO��'(àá

Y­7®���-.'(��Æ0*56

7a�NO��
)� M. TomizukaD5

67a�NO��MJ�'( [8][9]� 

 ����� ã�!"#����

Õ<���
¹
°�%&�ÓÔ)'(

D���+,-.�äÓÔGr�¶��

�¢67-.%& (multi-stage servo))�

Õ<567+,-.%&)�Y2$µÕ

<
¹
°��+,-.%&�ëm)$


¹
°���h-.PQUÄ�¸��

'(�ëm)���ë�+,-.PQ�

�����¨�Õ<���
¹
°��

p�567�+,-.893U)ÓÔW

��¶n�89BC��µ��ï��æ

=� �� 

_* CD-ROMNO�
¹
°�Yb

���BC��/��Y��%&) �

����âð�a�!�*�ÆÜ��%

&�jkG)D×��"	#$uÓÔW

�fêY%s*567�+,-.�34

89BCY-.&'X)���Õ<�<


¹
°�'ÙÀ(�)*�)�s�D

+�"	��,n�-Î�µ89BC�

Ü��� CD-ROM�}.K")/0��

ïrÓÔ�Õ<
¹
°�Äm�u/Ò

*�ÌÜ��� CD-ROMNO� 

���ï���1�1nÓÔ���

�yz�Fo (DSP) ����-.89

»[°Öb���yz�F���-.�

}��-.ÇÄ)Rq�K"*NO�)

�ö�¶ÅÕ<
¹
�ÇÄ�))*Y

567+,�òó-.MJ�'(��]

R�ÓÔWK"*Õ<
¹
��567

+,�òó-.MJ�23)/µÕ<


¹
�¶/Ò*Ü���}.�  (RF 

amplifier�Digital signal processing/Digital 

servo�Decoder /IDE interface))¨V�b�

sU� 

�����ÆÜ���
¹
�Y

CD-ROM �}.���)���yz�F

o (DSP) !"-.MJ4�ÓÔW�)

s89�QNO�56)ö�7u DSP 

Base �-.�QMJ8­�'Ù�567

+,-.MJF9'(� 

 




�������









:��:;=ü�567
¹
��

BC|<:YNO;<:)=>
?@A

BCGÊ>)DD_EE+,D�}G)

�ëFBC�gG)+,H�CHI��

J��KLa�jk)MN
¹��
N

OHO"UPQ�mnTU��])0A

:R�567
¹
��NO:S:�

1
α �

2
α �¶�÷F�TUVW)NO�]

qDXG�/�Y]Z[2\]o)µ\]

o�-.MJo��� ����DÀ^

_ `�'���])�]0AH\]o

abc����

�

s

s
G

rcompensato
00004954.01

0006899.01

+
+= �

P�

3400
1

=α ���� 5
2

=α �

�

:d�\]o�fghi:��

������-.MJo:e)��wfx"

fßyzg:hi;��}~�Y{ej

9Hkl�:m�bfWøn):o�p

|�+,fWßdeq��

����_Gr�fßfW�0s)¶0tu



 3

v+,-.MJo�jk¶èAfê�

2635Hz)+,deD� mµ01.0± ��È�ª

wDuvhi��:e)[xy=z�G

{G|=ü��1.17% ��0.00005sec ��

    � � � � � � � � 	 
 TI �

TMS320C50 DSP �}g:}il��u

vHMJo)^_b�ÂH~'ÇÄlè

A-.MJHãGU�:�� ����������


¹
�+,M��

�

��������	

	

				DÀ¢_ `����')�pb�

Æ�¢.�JH��)�]#'0A�.

����\]MJo)bjkH����

<����2�§��� DSP��MJo

HD))r�D�����æ�AH��

�Â�î��"G��¯)����
�

�
���5v6-.'(������

)*�¶n��

�


���
�	
�

�����T. Semba, A.K. Bates, A.A. Fennema, 

"Interaction between Servo Loop of an 

Optical Disk Driver," Jpn. J. Appl. Phys. 

Part I, No. 1B, Vol. 36, 1997, 

pp.557-561.�
�����Specifications, Model: KSM-213CCM, 

Sony Corporation, electric devices 

division, optical device department, 

1997.�
�����Revision of Specification: SPU3101, 

Sankyo Seiki Mfg. Co. Ltd, 1996.�
�����Specifications, Model: EXL-S7104A/B, 

Optical Component Division, 

Components & Device Sector, Victor 

Company of Japan, Limited.�
�����DVD Specifications for Read-Only Disk, 

Part 1, Physical Specifications, Version 

1.0, Hitachi, Ltd. (Tokyo, Japan), etc., 

August 1996.�
�	���J. Yang, L. Pan, X. Pei, C. Xie, X. Cao, 

D. Xu, "Time Optimal Seek Control for 

a Coupled Dual Stage Disk Drive 

Actuator," IEEE Transaction on 

Magnetics, Vol. 33, No. 5, September 

1997, pp 2629-2631.�
�
���M. Akiyama, J, IshiKawa, "Repetive 

Track Seeking Algorithm for Optical 

Drives," Jpn. J. Appl. Phys. Part I, No. 

11B, Vol. 32, 1993, pp. 539-5396.�
�����Wei H. Yao, M. Tomizuka, "Robust 

Controller Design for a Dual Stage 

positioning System," Plenary Session, 

Emerging Technologies, and Factory 

Automation. IECON. Proceedings, Vol. 

L, 1993, pp.62-66.�
�����K. Mori, T. Munemoto, H. Otsuki, Y. 

Yamaguchi, K. Akagi," A dual-stage 

magnetic disk drive actuator using a 

piezoelectric device for a high track 

density IEEE Transaction o n Magnetics, 

Vol. 27, N0. 6, Nov, 1991, 

pp.5298-5300.�
 

���� 

�

�

�

�

�

�

�

�

�

�

�

�

:��
¹
��BC|<:�

�

�

�

�

�

�

�

�

�

�

�

�

:;�NO;<:�

Coarse stage 

fine stage 

2
m

1
m

2
k

2
c

1
k

1
c

1
F

2
F

2
x

1
x

x



 4

�

�

�

�

�

�

�

�

�������� two-stage	
����

�

�

�

�

�

�

�

�

�

�

�

�
��������������

�

�

�

�

�

�

�

�

�

�

���������� !�

�

�

�

�

�

�

�

�

�

�

�

�"� #$%�

������� mµ1.0× �

��������

��������

�

�

�

�

�

�

�

�&��� #!'()�

�

�

�

�*�TMS320C50�	
����

�

�

�

�+�,-./� DSP�based�0123�

��45�

1
G

2
G

LP
G

1
α

+
1
x

2
x

x

+

+

+

− 2
α

+

ref
x

+ -

Frequency (rad/sec)

P
h
a
s
e
 (
d
e
g
);
 M
a
g
n
it
u
d
e

Bode Diagrams

-400

-300

-200

-100

0

Gm=23.484 dB (at 72869 rad/sec), Pm=41.318 deg. (at 16670 rad/sec)

10
5

10
10

-300

-200

-100

0

 

0 1 2 3 4 5
x 10

-3

-1.5

-1

-0.5

0

0.5

1

1.5
mm

d
is
p
la
c
e
m
e
n
t

time(sec)

0 1 2 3 4 5
x 10

-3

-1.5

-1

-0.5

0

0.5

1

1.5
mm

time(sec)

d
is
p
la
c
e
m
e
n
t

TMS320C50

RS232 Interface

Signal Register

128KW SRAM

40MHz Clock

32KB EPROM

12-bit ADC (*2)

12-bit DAC (*2)

24-bit D I/O

0 1 2 3 4 5

x 10
-3

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5
x 10

-7

time(sec)


