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Gradient Index Objective Lens for the Optical Disk System
Hisami Nisui, Hiroyuki IcHikaAwA and Minoru Toyama

Central Research Laboratory, Nippon Sheet Glass Co., Ltd.,
1, Kaidoshita, Konoike, Itami 664

Using a radial gradient index (GI) medium, an aplanatic singlet has been designed, manufac-
tured and evaluated for an objective lens of an optical pickup of the compact disk (CD)
system. A plano-plano and a plano-convex (The second surface is flat.) lenses were designed
and their optical performance were compared with a conventional triplet objective lens. An
aplanatic solution of a plano-convex lens was obtained by optimizing the refractive index
coefficients of the radial GI medium, lens thickness and one curvature. Tolerances of the
refractive index coeflicients and lens surface tilts were estimated. The radial GI medium was
manufactured using modified ion exchange technique. The convex surface was fabricated using
a conventional curve generating machine. Optical performance of the lenses were tested by
Fizeau interferometry. The results show difraction limited performance, that is, rms wave front
aberration within the Maréchal criterion, in the specified image field. We replaced the standard
objective lens of a CD player by the radial GI singlet and obtained high quality CD music.
Considering the results ef evaluations of the radial GI singlet, we confirmed that it was
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available for the CD system.
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Fig. 1 Typical example of the plano-plano
radial GI lens for the CD system (Type A).
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Table 1 Typical optimized specifications of
a plano-plano radial GI singlet (Type A).

EFL=4.5mm Aperture=2. 188 mm
NA =0.45 D  =50mm
WD =2.0mm Zo  =5.333mm
R =o0 Ry =00

no =1.6602 g =0.17/mm
hs  =0.7044 he  =—0.4809
hs =0.2932 GIHmax =0.014mm
naisk =1.55 [ =1.2mm

EFL : Effective focal length, D : Outer diameter.
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Fig. 2 Type A lens: (a) longitudinal spherical
aberration and (b’), (¢) ray intercept curves vs
normalized entrance pupil coordinate.
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Fig. 3 The plano-convex radial GI lens for
the CD system (Type B).
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Table 2 Optimized specifications of a plano-
convex radial GI singlet (Type B).

EFL= 4.5mm Aperture=2. 03mm
NA = 0.45 D =5.0mm
WD = 2.639 mm Zo =1.894 mm
R1 = 3.252mm Ry =00

no = 1. 5800 9 =0. 1288/mm
hs = —0.9607 hs  =0.5677

hs =—85.83 GIHmax =0.115 mm
ndisk = 1.55 ¢ =1.2mm

7 EFL : Effective focal length, D: Outer diameter.
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Fig. 4 Type B lens: (a) longitudinal spherical
aberration and (b), (c) ray intercept curves vs
normalized entrance pupil coordinate.
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Table 4 Tolerance of refractive index
coefficients at the margin.

Lens type ‘r Plano-plano Plano-convex
P | (Type A) (Type B)
4 6.5% 3.6%
(dno) +0. 0234 +0.0043
An: (49) +0. 0036 +0. 0006
(4hq) | +0. 0001 +0. 0007

.85 .1 .15
GIH Y’'C mm )

Fig. 5 Wave front error OPDms vs GIH:
(a) Type A lens, (b) homogeneous triplet
and (c) Type B lens.

Table 3 Zernike coefficients of the plano-
convex radial GI singlet (Type B) at GIH=

0. 1mm.

Wam Aberration Coefficients
Wao SAs 0. 01618
Weo SAs 0. 02964
Wiso SA7 0. 00983
Wai CMs 0. 00000
Wis1 CMs 0. 02480
Waz ASs 0. 11856

SA,: nth order Spherical Aberration, CMa: nth
order Coma, AS.: nth order Astigmatism.
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Fig. 6 Tolerance of lens surface tilt.
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Fig. 7 Wave front error interferograms by Fizeau interferometer at 633nm.

Table 5 Specifications of plano-convex radial

. GI singlet (Type B).
-28F ) Wave length 780 nm
g [ EFL 3.56 mm
5 o5 " PSS NA 0.45
° _ A WD 1.85 mm
.04l - e ed | Aperture 3.2mm
! - Conjugate length Infinity
a5} . ] GIHmax >0. 075 mm
fg@%l o bescures OPDiums <0, 07 waves
a2 . ; f o e Weight 0.05¢g
N - I B o 65 T s
G.I.H. Y Com ) Dimensions (DX Zo) 4mm X 1.6 mm
Fig. 8 Comparison between calculated and EFL : Effective focal length, D : Outer diameter of
measured values of wave front error. the GI rod, Optical disk: n=1.55, £=1.2 mm.
{’\ 633nm

-4 -3 -2 -1 1] 1 2 3 4 3
Micro meters

(a) (b)
Fig. 9 Point image and its normalized intensity profile at 633 nm :
(a) point image and (b) normalized intensity profile.
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