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Lens Design for Aplanatic Singlet and Its Application to Optical Disk System
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An objective lens for optical disk system satisfies aplanatic condition. We simulated the lens
design parameters of aspherical singlets satisfying aplanatic condition. Higher numerical aper-
ture (NA) limits lens bending range. The minimum point of the third order spherical aberration
is approximate to the range. High NA objective lenses have to be designed to consider fabrication
error. We found that satisfying sine condition for the second surface of the lens makes wide
decentering tolerance. As a focus error detection lens has small NA, aplanatic condition is
satisfied in wide lens bending range. We designed an aplanatic detection lens whose NA is 0.05

and telephoto ratio is 0.4.
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Fig. 1. Coordinates of a singlet having aspherical surface
on the first plane.
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Fig. 2. Coordinates of a singlet having aspherical surface
on the second plane.
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Fig. 3. Lens design parameters satisfying aplanatic con-
dition.
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Fig. 4. Configurations of aplanatic lenses.
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Fig.5. Lens design parameters satisfying aplanatic con-
dition and bi-aspherical singlets of NA 0.5 considering
fabrication error. Type B is another bi-aspherical singlet
having the same lens thickness as type A.
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Fig. 6. Configurations of bi-aspherical aplanatic singlets
as shown in Fig. 5.
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Table 1. Optical performances and tolerance for fabrication
error of two singlets.

RMS wavefront aberration (1)

Lens  Thickness 1/ n Off-axis Decenter

On-axis

(2deg) (5 pm)
Type A 0.7 1.66 0.000 0.026 0.002
Type B 0.7 1.50 0.000 0.023 0.086
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04  ——sinu
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Z 03  —a—sinu:TypeB
[}
=
% 02 y
01
0.0 1 1 1 1
0.0 0.2 04 0.6 038 1.0
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Fig. 7. Sines of ray angle for the second surface vs inci-
dent ray hight.
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Fig. 8. Machining set up for toric surface.
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Fig.9. Aplanatic lens design parameters on condition
that NA is 0.05 and refractive index is 1.673.
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Fig. 10. Lens thickness vs telephoto ratio simulated on
the same condition as Fig. 9.

Fig. Q&7 77 7 4 v 7&HE2HRET A2V —EE L
VY RBEHDEEE RS, EBRCRELIV U XicEbE
T, BIFrE%®1.673, NA%0.05 £ LCEHEL., EHE
B 1 WIERE LT, NA MEWTDIZIEE L WHEFHO
NI BRI >TT 77T 4 v 7 &EEREL T
2. Fig. 10 37 Vv 7 % bHE%R/$F A= — iz LCRIUFER
BRLIEOBDTHS, 7v 75 MEIWNSWEEIL, Bl
HEIERECTEIET, T77FT 4 v IXEPHET
%2 E®RLTWS, Fig. 9 & Fig. 10 i EBIHEL
o7 V7 P RREROBRHV v ADAEERRLI, TV 7
# bEIX 0.4 T, 1/niZ12.4THD, ZOVVADNRT —
BE I 3 REKEINELR/MNC BB L IIKRE < EL S,
U UEBICIE NA BSFEEICEN D, VY ADE1HE
F2HDT 4 I —RERFENDHDICL> TS,

EESHHEFELLELV Y ZOBREY Y XOEKK %
Fig. 11 2R d, BV Y XTHYH6, B 1HEMNIE, 52
HREDONRT—%2bDIET, TV7 4 PERPHERL
TBY, HFERERVELERLID bEY, FRB1IHZ
B2 IERRE, F2EE M-V v JHETH D, LK
LAY —REICLD, REHV Y ZZBWTHT 777
TAVIVIARETBEIENTET,

5. ¥ ¢ &

BA7 75774 v 7V yADRY—BEYR, XKEL
EREGOBE» SFHE LT, NABMEVWEEICIZEY ~
RDNT —EDILAEHIC > T 7 75T 4 v 7%
HEEmETE2H, NABEL 23ICONTZ OHFHITHE
{7&>TLK %, LydZOHEHIT 3 RERENZER/IN 78
BELEVWZ Ebhol, bEdb L 3 REKENZEIZEA
THY, NAWBEWEHEETOFETH S, Zhd5E
NA DERV > X &—5T 5 T L IZERE,

E72E NA DKT 4 A7 AL v ZOFFHTB W T,

27% 125 (1998)

Aspherical surface Toric surface

Fig. 11. Schematic configuration of telephoto singlet for
focus error detection.
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