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A Plastic Aspherical Objective for a Magneto-optical Disc
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Abstract:

Plastic aspherical objectives have been widely used in various types of
optical heads for CD players. For the purpose of improving the access
time of MO(Magento-Optical) disc drives, it is necessary to reduce the
weight of the objectives. Since plastic objectives are light in comparison
to glass combination objectives, plastic singlet objectives suitable for
application in MO disc drives would present a distinct advantage. On the
other hand, plastic singlet objectives have presented several obstacles:
(1)chromatic aberration, (2)birefringence, and (3)lack of durability in a MO
environment. We have overcome these difficulties and developed a
plastic singlet objective for use in MO disc drives by adopting means
described as follows.

In order to ensure the reliability of MO disc drives, it is necessary to
correct chromatic aberration. Since chromatic correction of a singlet is
impossible, heavy achromatic glass combination objectives are usually
employed. We solved this problem by designing a special collimator with
over-corrected chromatic aberration to compensate for the chromatic
aberration of the singlet objective.

A certain amount of birefringence that deteriorates the S/N ratio of
readout signals remains in the conventional plastic aspherical objective
for CD use. We have developed a new molding system that reduces the
birefringence of molded lenses. The retardation of the objective made by
the new system is reduced to 1/7 of that of objectives made by the former
system. This reduces birefringence to a level acceptable for MO use.

In ensuring durability to environment, we carried out a variety of tests
and found that by controlling specifications, material, and shapes, we
were able to design plastic aspherical singlet objectives whose wavefront
aberration caused by temperature and/or humidity were well within the
limits demanded by MO disc drive use.
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Fig.1 Optical system for CD use

ZOWIEANENTHEI:H AW L SHOBAH 7 AL
VAP LGHERENTV 2, E-TCDHN T I X4 v 74t
L XOBENNgRELYBRTHLNDIZHNL, &R
130.5~0.7gl2iET 5,

EEEBOMEODEDIIT 72242050, L
DEGIIIHEELWMOFSATDT 22284 43
= FT g R FFA7TERBLTRWHEHMNT Y
NN FETRHEET ALEND L, F00BIiAL L X
DERALFFRAL » L)L o XNTFRF oy T H
L KIS AT, L LA SERE Y 5 20
MAEEL Y XEET 2 ELUTICRT & 5 28y dh
DEREOEE L L Tz,

N7 Z2AF 7By o TTIIRNEFFIETE LW,
VBB E N,
QIR BRIBFHE K,

MHTIE N LOFRBEERHRL MOT 1 2 7 HJ3kE
TFRAF oy 7O AR N EBRAS LS THER
T3V A= —-OBARZIT L -7, ZZTRIALD
HMMEZ D L) L FBRTRIE LW TENT S,

2 EREDHE

MO F 74 7~y FORBFIZIILD (kL —+
IRV LR TV ADIEIRMN I L TH 5. MOT 1
27 LnID7 oy 2ICHEATNT2EWRERARS
%a. LDRER A THEREING, —FEEAAETLD
BORT—7 70y 7 2 HET A5A3LDE S HKE
ZLTw b, LDORIRERIIEMIIZL VFELTIOT,
AR DR L B2 AL HERIEE TIILDO RIEKE
3R%L 5, LDOBHICL - TLRL I 0RETRII
-2 5 nmiETH 5,

fERAOMO FZ £ 70k~ FiobBwTidxar - Xk
INA—F -V XNHFOERES, LDORIRIEENSS
BMIZEMRLTLESANEO B ETEENICBS 2

| AVATaNN
E A INNA

L Il I L |

Anarmophic

prisms Objective

Collimator

11 11 1

e e

J/IFTCF\
T~

- 1T

Fig.2 Optical system for MO use
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*designed value

plastic objective | conventional objective ’—r’_|\
Focal length (f) 3.3mm 3.9mm
Numerical aperture (NA) 0.53 0.55
Magnification (m) 0 0
Working distance (WD) 1.0mm 1.2mm
Cover glass thickness {dc) 1.2mm 1.2mm
Maximum image height {Ymax) 0.07mm 0.07mm
Wavefront aberration* {on axis) 0.001Arms 0.017Arms
Chromatic aberration (dfbc/dA) 0.087«m/nm 0.01um/nm
Dimension $6.9mm X 3mm ¢7.2mm X 7.5mm
Weight 0.085¢ 0.6% _‘_]/
Constitution of the objective aspherical singlet 4 spherical elements Fig.6 Cross section of

plastic objective



Fig.7 Interferogram of the molded plastic objective
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Table 2 Specifications of collimator

Focal length (f) 8.75mm
7Nume71'17c;l:1perturmif\iﬂi 7 [ 0.25
-M;gm-fl_cz;t;;n (m) “_ ] 0
Working distance (WD) 3.0mm 1
Cover glass thickness (dc) 0.25mm ]
| Maximum image height (Ymax) 0.20mm
Wa_x;;efront_;;erratlon' (on axis) 0.0034 N
| Chromatic aberration (dfbc/dA) -0.342¢m/nm
Dimension #$6.4mm X 9.7mm -
Constitution of the objective L 5 spherical elements

*desrgned value

Table 3 Wavefront aberrations caused by
wavelength shift of 5nm
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Fig.8 Cross section of the collimator with
overcorrected Chromatic aberration

AWt 0.00944 | 0.0152A 0.0164A 9 |

4 1 2 3 Eqn Remark
AWd 0.0094 A 0.01384 0.0146A (7) | Using the collimator we
developed
AWs 0 0.00634 0.0075A (8)

q (dfbc/dA=-0.342um/nm)

dfbc/dA | -0.612¢m/nm ‘ -0.569zm/nm | -0.483um/nm | (10)

AWtm 0 0.0137A 0.01594 (11)

Minimizing AWt

AWt 0.02124 0.02124 0.0212A (12) Achromatic collimator
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left:molded by old system

right:molded by new system

Fig.9 Birefringence of the objectives.

DIz, K~y FTIR A =R & 26N o s % %
HLTwd, CnlehT 1 R7HEGHIRFERTFD
BRI (A4S S OC/NIL R BL & ¥ 5, 752 F 5 7
VXA Z AV XL L TEIBIFRKE VWA TR
(I L 2B B2 AIEMT, MR L LT ety
IR L 7 WPMMAZEH L7z 2 LT L ERDTE
2T ATKESIL > Z3EIEITPREC . MOFZ 4
T~y FIZHT 5ICEAEDIRL L~V TH-72,

bMLPMMA#&ﬁLTﬁbnTM MO7 + A7
JEME 5 D IR 2 0 L'(L\ bo it THIE Y 2T 4
FIRTAZETHIBITZREBEZ L <L THL S5
ZENURETH D EE L, FRIRRE LR ST
kA EOMIRICHET Lz, ROmEL XA T4 8L
CBHFE L7z v 27 A TR DAk R L X% 1K
R2L. H#EZEi7% -7 MEHZT 72 VL ROBHE % Hv
72, OB IZPMMA & b~ k35 & 5 IZEFEREEE
RNz E 2 N2 L 0T, £7:PMMA & [GFEFE 0 i
PREE AT 2B TH 5. BESzY » XD MR
' ETHNE L7z #ESA % Fig.9, Fig 102, #r
LWk 27 A TER SN2 v » D3RI 53T 1/
TICHALTEND . MOFZ A 70~y Fiztiilar
ML~k iz,

75z+77vy“iﬁizv>z>R%Lfmmﬁ
P e A % Z e A2y NETH S, £
72 R 7K J}O’)"&ll){ C7T7AF v 7 %:H@l.irﬂrr-hf)‘&ft
TAZOTIRR TR EIT% 972500 TA L, FEEHIREEIC

i ~-40° 0°-g°
-80 ~30° =1 e
~20°

+20° +20° T3° +3°
+40°

+40°

Effective

aperture

left:molded by old system right:molded by new system

Flg.10 Retardation map of the objectives
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