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An Advanced Active Optical Pickup with 
Crossed-Stripe Liquid Crystal Device for 
Compensation of Spherical Aberration 

HIROYASU YOSHIKAWAax, SHIN-YA HASEGAWAb and 
TATSUO UCHIDA” 

“Department of Electronics, Graduate school qf Engineering, Tohoku UniversiQ 
05, Aoha, Ammaki, Sendai, 980-8579, Japan and bFujitsu Laboratories LTD. 

10-1 Morinosato- Wukamiya, Atsugi 243-0197, Japan 

To increaae recording density in an optical disk system, increasing the numerical aperture 
(NA)  is one effective method. But when NA becomes larger, the spherical aberration due to 
disk thickness error increases. We propose an optical pickup with a spherical aberration com- 
pensator using nematic liquid crystal (LC). Our LC device ia composed of two LC cells each 
of which has X and Y stripe electrodes, respectively. We have actually fabricated the device 
and have confirmed that the desired propcny was achieved. We have also confinned that the 
lascr beam was modulated by the LC and was successfully focused. 

Keywords: optical disk, numerical aperture: compensation; aherration 

1. INTRODUCTION 

The spot size of alaserkam is approximateiy proportional to WNA bemuse of 
the difhctive effect, where hand NA m wvelength and numerid aperhne, 
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respectively. Therefore, increasing the NA is one effective method to 

increase the mmdmg density of an optical disk[ 1 -41. 
A latge NA opt~cal pickup, however, has an important problems, that is  

sphencal abenatlon due to a disk thicknes error. Figure1 shows the mve- 
front aberrahon as a fimdon of the disk ttuckness error. Thls error in the 
present fabrication system is -50 to +50 tun, and the tolerance of the wave- 
fiont abenation is 0.07 rms h as shown in Fig. 1. It is Seen fiom this figure 
that the aberrauon is just 
wthm the tolerance 
when NA=O 6, but u1 the 
case of NA=085, the 
tolerance of atmation IS 

not sat~sfied For a 
large NA system rt IS 

necessary to d u c e  this 
abenat~on by m v e  
devlces 

For such a devlce, 
we propose XI ophcal 
pickup using I crossed- 
rtnpe hqwd crystal (TC) 
dewce 
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Fig. 1 Wave-hnt aberration as a -on of the dsk 
thickness error (Standardthckness is 0.6mm) 

2. REQUIREMENT FOR LC DEVICE 

Our goals for the 1x3 dmce we as follows 
(1) Alignment five in assembly 
(2) No-use of TFT-matnx bemuse its fabncaton process IS very complex 
(3) Compthbty of the sphacal  compensation and the mfom d e f o m o n  

of I,C ahgnment. 
Then, we have considered a novel croswd stnpe LC device as menboned 

in the next Secnon The sphencal abenatton IS rotahonally symmetnc and 
therefore the most sutable ahgnment of LC to compensate iAe abemon must 
be also ~~t i ih~nal ly symmetnc, whle such LC cell &stork the laser 
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AN ADVANCHI ACTIVE O R I C A L  PICKUP [4009]/21 I 

polatizi&on 
The Qsk tluckness can be compensated by phase dstnbution of two 1.C 

cells, whose phase transfer funchons are 4 ( ’, 2 €or X d i m o n  and +C ;J 
for Y chectton, respxhvely In the case of the I s k  thckness error of rS0 
pm and NA-number of 0 85, far example, ( ‘, and C2 must be changed in the 
range of -2 O X  w3 to 2 0 x 10” 

3. CONSTRUCTION OF THE CROSSED-STRIPE u7 DEVlCE 

The cross-stnpe Lc devlce 
consists of two LC cells and 1/2 
wave plate as shown in Fig2 
Each Lc cell is composed of 

stnpe electrode and a planer 
el&, respec~vely The 
algnment of LC IS homogemus 
and is perpendicular to the stnpe 
electrode A ptch of the 
stnpe electrode IS 10 pm 1k 
device is placed m front of an 
obje&ve lens to modulate laser 

glass sub- wth x and Y 

Llquld crystal Call 

F1g2 Structure of cross-stnpe LC dewce 

beam The U: alignments apphcable to this LC cell are verhcai alignment 
or bend alignment besides rhe homogenous alignment as not to change 
planzabon state of the laser beam A c c o r h  to the elashc continuum 
theov, the thickness of the LC cell IS estmakd more than 12 pm for bend 
alignment and more than 5 I.L~ for homogemus alignment for LC matenal 
wth birefnngem C n of 0 15 

4. EXPERIMENT AND D1SCt;SSION 

Modulahon of the \nave-front of laser beam IS performed by the IC device 
wth phase W e r  h m o n s  of 4 ( ’$ x2 and # c ’2.v-?, resjxiavely These 
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properties are obtained by applying swtable voltages to 640 eltx?i&s 
indivrdually We t&d  the modula@on by obsenmg the miiges of 
interference ofthe ordmq and the extra-ord~nary lights Figure3 shows an 
e m p l e  of the fnng"s 
C'onsidenng the disk tluckness 
error. , and must be changed in 
the mnge of-? 0 x 10" to 2 0 X 10 ' 
a inentwned previously Then, 
n c  tmh the following four 
wndttions a ,  typical examples 

67 "1' i ( ' ' ) { I  - L ] ( i t )  

f-------------+ 
4 ( I  ! x i  I ' ) i t  + i ) ( h )  Effective Area 
d ( 2 0 .  / { I  }(: 1 ( L )  = 4 m m  itt 
rl ( ? I )  i I f )(r + ,-) ( d )  I 18 3 Fnnge obtained by the [ c' dewx 

r iyurc 4 i how results of calculatton and experiment c t f  the phasc dismbuttoni 
h r  thew3 evampies It is Seen fmm this figwe that the calculation and 
extpenrnent agree veq well We also measured the profile ofthe beam spot 
ktkpre 5 shows thc expenmental results of fbcussing These are imagec on 
K") when ~ t t a g e  control inputs a sutable \oltage date Cornpensatton off 
Y direchon onh and compnsahon on are cornpit4 i rom these result we 
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AN ADVANCED ACTIVE OFrICAL PICKUP ... [301 1]/243 

confirmed that the l a r  IS sufficiently focused by the ObJdVC lens and the 
cr~ssed-~tnpe LC d ~ v ~ ~ l e  

(a 1 (b) (C) 

Fig 5 r xpenmental results of focussing (a) compensabon off, 
(b) Y d m b o n  only and (c) cornpermtion on 

S. CONCI,USIONS 

We proposed crosd-stnpe I C device for a large-NA o@cal pickup and 
fabncated this device 

We have confirmed that the modulahon of the laser beam was 
successfully made by our devicc By using this device, 550 pm &<k 
thickmss m r  in NA 0 85 optical system was compensated We also tested 
the protile of the laser spt, and confirmed M the laser IS focused sufficiently 

Our LC dewce has the advantage of both smpltcity in pattern electrode 
structure and flexibility in the actwe matnx electrode stricture TI.lls 
c o m p n m o n  method IS useful for mdh-hyer recordmg 
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