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Optimization of scanning beam in optical disk storage system

L uo Yong , Wang H ua, Yang Huaj un , Gao Zhengp ing, Cheng Hongyou

( Center of Optoeletronic Recording Technolog y, Universit y of Electronic

Science and Technology of China, Chengdu, 610054)

Abstract: I n order to acquire a high intensity and minimal scanning beam spot, diffract ion analysis

and optimal results have been presented. T he theory can be applied to CD, CD-ROM, WORM, MOD and

ot her optical disk storage systems.
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光盘存储系统中扫描光束的优化设计

罗  勇  王  华  杨华军  高振平  陈宏猷
(电子科技大学光电中心, 成都, 610054)

摘要: 利用衍射分析方法,优化扫描光束参数, 获得高强度、高质量扫描光点。该理论分析及

结论广泛适用于 CD , CD-ROM, WORM, MOD及其光盘存储系统。
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Introduction

T o achieve the highest recording density promised by opt ical disk storage technolog y, specia-l

ly in the magneto-optical disk ( MOD) system, itcs essential to reduce the scanning beam spot size

and increase the central peak intensity. In other w ords, the opt ical system must be opt imized to

produce the smallest spot and use the laser pow er eff icient ly[ 1] . As laser diode is a new type of

laser device w ith many advantages: the smallest size, lowest working voltage and pow er consump-

t ion, and can be directly modulated at high f requency. It has been w idely used in optical disk

   

加强气体对透镜的冷却, 也可明显改善其热效应。
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systems: CD, CD-ROM, w rite once read many ( WORM ) , and erasable opt ical disk systems. But

the laser beam. s radiat ion angles on prependicular to the junction plane is several t imes biger than

that on the parallel to the junct ion plane. In CD, CD-ROM and some WORM , MOD systems, the

scanning beam is an ellipt ical Gaussian beam , the optical system is simple and low cost. In other

systems, the laser beam has been shaped to circular Gaussian beam, the scanning beam is a circular

symmetric Gaussian beam. T hen, itcs important to opt imize the optical systems, and compare them

for high performance opt ical disk systems
[ 2]

.

Ñ . Diffraction analysis of the scanning beam
[ 3, 4]

Fig. 1  Laser beam dif fracted by Obj.

  1. Circular symmetric Gaussian scanning beam

Laser beam from the laser diode has been collimat-

ed and shaped to a circular symmetric Gaussian beam,

then itcs dif fracted by object ive lens, as in Fig. 1.

If the amplitude dist ribution funct ion on the X 0-

Y 0 plane is A ( r 0, H) , then

A ( r 0, H) = A ( r 0) = A 0exp(- Rr
2
0/ 2) ( 1)

Where, A 0- amplitude of the central beam, R- Gaussian parameter, 2r 0- aperture of the Obj. Let r 0= 1

T he intensity discribution on the focal plane is given by

I ( r ) = { A 0
2P
K/ NAQ

1

0
r 0exp(- Rr 20/ 2) J 0[ 2Pr 0r / ( K/ NA) ] dr 0}

2 ( 2)

Where NA- numerical aperture of Obj. , K- w ave length of laser, f - focal length of the Obj. .

A 0 is depended on the laser power, Gaussian parameter R. Since laser beam is limited by aperture

of the Obj. , the laser power on the X 0- Y 0 plane can be writ ten as

Pw = Q
]

0
A

2
0exp(- Rr 20) 2Pr 0dr 0 = A

2
0P/ R (3)

Laser pow er collected by the Obj. , or laser pow er of the scanning beam is

Pc = Q
1

0
A

2
0exp(- Rr

2
0) 2Pr 0dr 0 = A

2
0
P
R[ 1- exp(- R) ] (4)

Central intensity of the beam is in proport ion to laser pow er and Gaussian parameter, w hen Ry0,

A 0 y0, I ( r ) y 0, laser pow er is expended on the full X 0- Y 0 plane.

In order to opt im ized the opt ical system , I w ( r ) , I c( r ) are def ined as

Iw ( r ) = I ( r ) / P w = RP[
2NA
KQ

1

0
r 0exp(-

R
2 r

2
0) J 0( 2Pr 0 r

NA
K ) dr 0]

2
= CI w 0( r ) (5)

Where C = P( 2NA/ K) 2

Iw 0( r ) = R[Q
1

0
r 0exp(-

R
2
r
2
0) J 0( 2Pr 0 r

NA
K

)dr 0]
2 ( 6)

Ic ( r ) =
I ( r )
Pc

=
RP

1 - exp(- R)
[
2NA
KQ

1

0
r 0exp(-

R
2
r
2
0) J 0( 2Pr 0 r

NA
K

)d r 0]
2
= CI c0( r ) (7)

Where   Ic0( r ) =
R

1 - exp(- R)
[Q

1

0
r 0exp(-

R
2
r
2
0) J 0( 2Pr 0 r

NA
K

) dr 0]
2 ( 8)
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2. Elliptical Gaussian scanning beam

Elliptical Gaussian beam from laser diode has been collimated by lens.

If amplitude distribut ion function of Gaussian beam on the X 0- Y 0 plane is A ( x 0, y 0) .

A ( x 0, y 0) = A 0exp(- Rxx
2
0/ 2- Ryy

2
0/ 2)

  T he intensity dist ribut ion on the focal plane is g iven by

I ( x , y ) = [ A 0
NA
KQ

1

- 1
dy 0exp(-

Ry
2
y
2
0) exp(- j

2P
K/ NA

yy 0) #

Q
1- y

2

0

- 1- y
2

0

dx 0exp(-
Rx
2
x

2
0) exp(- j

2P
K/ NA

xx 0) ]
2 ( 9)

Where, Rx , Ry are Gaussian parameters on the X 0 ax is and Y 0 ax is.

T he pow er on the X 0- Y 0 plane can be w rit ten as

Pcw = A
2
0Q

]

- ]
dy 0exp(- Ryy

2
0)Q

]

- ]
dx 0exp(- Rxx

2
0) = A

2
0

P

Rx Ry
(10)

T he laser pow er collected by the object ive lens, or laser pow er of the scanning beam spot is

Pcc = A
2
0Q

1

- 1
dy 0exp(- Ryy

2
0)Q

1- y
2

0

- 1- y
2

0

exp(- Rxx
2
0) dx 0 ( 11)

T hen I w ( x , y ) = I ( x , y ) / pcw ,  I c( x , y ) = I ( x , y ) / pcc

Ò . Peak intensity of scanning beam and its dimension

Let r = 0, or x = 0, y = 0, central intensity I w ( 0) , I c ( 0) , I w ( 0, 0) , I c ( 0, 0) are obtained

from I w ( r ) , I c( r ) , I w ( x , y ) , I c ( x , y ) . In erasable optical disk systems, the laser pow er for eras-

ing or w riting is high. M ore accurately, the central intensity must be high enough to ensure the in-

format ion bit correct and reliable, the dimension of the information bit depends upon the scanning

beam spot , when informat ion bits are smaller, discrim inablity and signa-l to-noise rate ( SNR) in-

crease. Therefore, I w ( 0) , Ic ( 0) , Iw ( 0, 0) , Ic ( 0, 0) are key parameters of the scanning beam.

I w 0( 0) = R[Q
1

0
r 0exp(-

R
2
r
2
0) dr 0]

2 = [ 1 - exp(-
R
2
) ] 2/ R (12)

I c0( 0) =
R

1- exp(- R)
[Q

1

0
r 0exp(-

R
2
r
2
0) dr 0]

2 = [ 1 - exp(- R/ 2) ]
2

[ R(1- exp(- R) ]
(13)

I w (0, 0) =
P
RxRy

[
NA
KQ

1

- 1
dy 0exp(-

Ry
2
y
2
0)Q

1- y
2

0

- 1- y
2

0

dx 0exp(-
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2
x
2
0) ]

2 ( 14)

I c (0, 0) =

[
NA
KQ

1

- 1
dy 0exp(-

Ry
2
y
2
0)Q

1- y
2

0

- 1- y
2

0

dx 0exp(-
Rx
2
x

2
0) ]

2

Q
1

- 1
dy 0exp(- Ryy

2
0)Q

1- y
2

0

- 1- y
2

0

dx 0exp(- Rxx
2
0)

( 15)

T he central peak intensity I w0 ( 0) , I c0 ( 0) vs. Gaussian parameter R are show n in Fig . 2a,

I w 0( 0, 0) , I c0( 0, 0) vs. Gaussian parameter Rx , are show n in Fig. 2b( Ry= 9Rx ) .

When R= 0, or Rx = 0, I w ( 0) = 0, Iw ( 0, 0) = 0, lit tle energy is collected by Obj. , but Ic ( 0) ,
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I c ( 0, 0) are max imum, therefore, if the beam onto the X 0- Y 0 plane is a plane wave, the energy of

scanning beam is concentrated. R= 2. 5, I w ( 0) is maximum , Rx = 0. 7, Iw ( 0, 0) is maximum, Ic

( 0) , I c( 0, 0) decrease as R, Rx increase, the w idth of the beam spot increases some.

Fig. 2 Cent ral peak intensity vs. Gaussian parameter

Increasing the pow er of the scanning beam

and decreasing the w idth of beam spot can. t be
sat isf ied simultaneously . Diffract ion- limited beam

spot requires that central peak intensity I c( 0) , I c

( 0, 0) decrease less than 20%. When R= 1. 5~

2, or Rx = 0. 6~ 0. 7( Ry = 9Rx ) , I w ( 0) , I w ( 0, 0)

are almost max imum, and I c ( 0) , Ic ( 0, 0) de-

crease less than 20% .

T he w idth of scanning spot ( hal-f maximum intensity point ) D r ( on the radial) , D x ( on X ax-

is) , D y ( on Y axis) canbe obtained by let :

I c( D r / 2) = 1/ 2Ic (0) , I c ( Dx / 2. 0) = 1/ 2I c (0, 0) ,  I c( D y / 2) = 1/ 2I c(0)

D r , D x , D y have been given by sof tw ares as follow ing table 1, table 2.

T able 1  Relationship betw een diameters of the spot D x , D y and Gaussian parameters Rx ( Ry= 9²x )

Rx 0. 0 0. 1 0. 2 0. 3 0. 4 0. 5 0. 6 0. 7 0. 8 0. 9 1. 0 1. 1 1. 2

D x (K/ NA) 0. 58 0. 58 0. 58 0. 58 0. 59 0. 59 0. 59 0. 60 0. 60 0. 60 0. 61 0. 61 0. 62

Dy (K/ NA) 0. 58 0. 60 0. 63 0. 66 0. 69 0. 73 0. 77 0. 81 0. 85 0. 89 0. 93 0. 97 1. 01

Table 2  Relart ionship betw een diameters of th e spot D r an d Gaussian parameters R

R 0 0. 5 1 1. 5 2 2. 5 3

D r( K/ NA) 0. 58 0. 60 0. 60 0. 62 0. 64 0. 66 0. 68

Ó 1Tridimensional ( 3D) intensity distribution

Softw ares for optical system designing and analyzing have been developed. If required param-

eters are given, optimized results are got ten immediately, 3D intensity dist ribution of beam

    

Fig. 3  Th e intensity dist ribution on

the X 0- Y0 plane( Ry= 9Rx )

through each opt ical device can be shown on screen. Itcs easy

to check the quality of every device and opt imize opt ical

parametres. The softwares are applicable for other opt ical

systems.

Fig. 3, Fig. 4 show the intensity dist ribut ion on the X 0-

Y 0 plane( Ry = 9Rx ) and focal plane ( X- Y plane) . When the

beam on the X 0- Y 0 plane is a plane w ave, Ry 0, or Rx y 0,

the intensity dist ribut ion of scanning beam spot is circular

symmetric, its diameter is minimum. A diff ract ion ring can be seen clearly . When R= 2, the inten-

sity distribut ion of scanning beam spot is circular symmetric, the dif fraction ring can. t be seen

clearly.
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Fig. 4  Unit ized intensity dist ribut ion on the focal plane

  When Rx

= 0. 7 ( Ry =

9Rx ) , an ellip-

t ical scanning

beam is on the

focal plan, the

? 1 order dif fraction beam spots on the X ax is can be seen clearly, beam expended a lit t le on the

Y ax is, no ? 1 order dif fraction spot can be seen on the Y ax is, D x / D y is about 1B1. 35, since e-l

lipt ical long ax is is prependicular to track, it has litt le influnce on the performance of the opt ical

disk system.

Ô . Experment and conclusions

While Gaussian parameters R, Rx changed, a frequency analyzer ( Tek Tronix 2717) and a

50MHz pluse/ funct ion generator ( Wave Tek Model 51) are used to test the SNR of MO disk

storage system, and approise the quality of the scanning beam spot.

Fundamental parameters of the recording system as follow ing: MO disk 5. 25d 650MB, disk

rotat ional f requency 40Hz, laser w ave length 0. 78Lm, NA( Obj) 0. 55, NA( collimation lens) 0. 1

~ 0. 35, laser output ( w rit ing) 20mW, laser output ( erasing) 25mW, laser output ( reading) 3mW,

signal f requency 2. 5MHz.

When R= 2, transmissivity of the opt ical system is about 40%. Rx = 0. 7, t ransmissivity of the

optical system is about 35%. SNR is over 50dB. 1. 5< R< 2. 5, or 0. 5< Rx < 0. 9, SNR is over

45dB. R> 3, or Rx > 1, the scanning beam spot expands, crosstalk increases, and SNR decreases

deeply. R< 1, or Rx < 0. 4, the central peak intensity decreases rapidly, the recording marks can. t

be stable and reliable.

In circular symmetric scanning opt ical system, the scanning beam spot is in g eneral more per-

fect , and the laser power can be used more ef ficiently, but the opt ical head is complex. In ellipt ical

scanning optical system, the opt ical head is simple and m inim ized. R= 1. 5~ 2, or Rx = 0. 6~ 0. 7

( Ry= 9Rx ) , high central peak intensity and small diameter scanning beam spot that is suff icient for

MOD storag e are acquired, the SNR is over 50dB.

So, a MO disk system for color video recording and a MO disk driver have been developed

successfully in which circular scanning beam spot and ellipt ical scanning beam spot are used[ 5] .
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