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Wavefront Aberration Caused by Fabrication Errors in an Aplanatic Single Lens

Koichi MARUYAMA

PENTAX Corporation, 2-36-9 Maeno-cho, Itabashi-ku, Tokyo 174-8639

This study discusses the wavefront aberration caused by fabrication errors (lens thickness,
surface decentration, tilt) in an aplanatic single lens. Equations have been derived by using a
model that considers the fabrication errors as an additional thin optical film on the lens surface.
The aberrations calculated with this model by using only its 1st surface data (radius, aspheres)
and refractive index agreed very well with what were obtained by ray tracing method using the
whole lens data. Furthermore, the condition has been obtained with which no 3rd order aberration

is caused by errors.
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Fig.1 Schematic configuration of objective lens and disk
cover layer.
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Fig. 2 Thin film model.
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Fig. 3 Optical path difference by defocus.
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Fig. 4 Several configurations of aplanatic lenses (f =10.0,
NA=0.30).
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Fig.5 Wavefront aberrations with surface shift of 0.01 mm.

eirfithEe c 230 (R (122) 2WE T 5V > X) OH5E,
NA B2 HTRRFNFET 2 Z e THIRsn, CDH
D NA=045 DHARITHS 28, Lieh > T, & NAW
PBEESNDEHT 4 A7 ARV > X TR, ¢c=0&LT
HEHRY 7 VEEE YOI LRI RO 2L, &
NA TR aZAbIC & 2 WHINERLBKE {5120 Tl
%<, R ENER NA ZHERTE iz, Sl
V7 MEEEZEYTICT B ICBIERE TGS 2 LEN D
5.

4. mOETh

VY AROT N TCHRET 2IGER, Wbl ba~
x5, HPNENCEE L SANCE TR L &, St
MBS EERE Ad IMEOBEK %%, 2T, Fig.6
WRT XD, mRATNEHRAEZ Y HA (6=0) &b,
RhEE dy £3 5L, RbEdy O 2FELLOHIZER
Lo2bDr LT, NilhmEIRER 4d 1%

dd=AydX/dy =4yX' (y/h)
=AyX’ cos¢ (13)

THY, 0L EDHEREIEIOPD 1350 (14) L7 5.

AOPD=dyX cosp | —1+v{n*+ (n2—1) X2} 1/ (1+ X"?)
(14)

2T, VYADEThICERT 2LV v XES0Zhix
FWERRT, FITFEIREZRZS, 20k [—1+
J+ = 1) X721/ (1+X7?) OED X' L FEEEO A
WA T2 HTOEEVPELL I ETHEEL L OV,
DEDOHFG IV > AHOMEE 20 FE~T70 FEF T&bL T
L 05 HEREICENTZ20ATHLDT, HEELL0.1
EH i WELERERFE 2 5 L &, HTFHER THELTE
%,

BIhogE, BT T 7+ — 4 ARSFFEAEL 2 W

35% 11+ (2006)

X (h)

N additional thickness

\.
N

no—=1 S _ d
lg /\'\_
Incident ray R N
Ay
n ‘decenteration

Fig. 6 Decentered surface.
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Table1 Lens data.

Example 1
surface v c (=1/7) d n
1 2.209 0.4527 2.800 1.54052
2 —5.146 —0.1943
3 infinite 0.0000 0.600 1.57975 disk
4 infinite 0.0000
asp x A, As Ay Ao A,
1 —0.5679 0.0000E+00 9.3306E—05 —2.7946E—04 8.1793E—05 —1.2494E—05
0.0000 2.4254E—02 —1.2185E—02 5.1095E—03 —1.5304E—03 1.9095E — 04
Example 2
surface r ¢ (=1/7) d n
1 2.292 0.4363 2.800 1.54052
2 —4.598 —0.2175
3 infinite 0.0000 0.600 1.57975 disk
4 infinite 0.0000
asp x A, As Ag A A
1 —0.6490 0.0000E+00 1.4706E—04 —4.6971E—04 1.3467E—04 —2.0139E—05
2 0.0000 2.1521E—02 —1.2546E—02 5.1925E—03 —1.4484E—03 1.6591E—04
Example 3
surface 7 ¢ (=1/7) d n
1 2.157 0.4636 2.800 1.54052
2 —5.608 —0.1783
3 infinite 0.0000 0.600 1.57975 disk
4 infinite 0.0000
asp x A4 Ae As Axo A12
1 —0.5242 0.0000E+00 1.3315E—05 —1.2473E—04 3.7437TE—05 —6.2933E—06
2 0.0000 2.6187TE—02 —1.1180E—02 4.5878E—03 —1.4465E—03 1.9973E—04
PulGEISF2 2 LR TRT 4V MNEEEZ T 20263 stU, HAPFEEE 3.30 mm, NA=0.60 DV > X DG %

Ths, HiO L3z, v RESDEWLY Y RIF EHE
BINESLTET ANV IMEELHETNESL 220, ¢=0T
Em NA Vo X2ER RV, 7, HAEE 2D 0» T,
Ly ARSI OfEE RO BN SFEL 2v & 5 fE
5 e b, FEERAEIARD 1 XG0 EEI <355
RnEknH 2, HESICLZ2aBEBEITICLSZb0
XD ERDOES D70 S FEHER L —8 T 5.

ZZEFTCOmMMINEDEH TIELRTINEMES I T
LARE R LT 205, 21 & D HBROROFEIIM b RE
LTwiw, 2%0, 3 DORLINEIIZ DWW T ORGSR
i, L R L THHT 4 RAT7HV XD L IHAT
R 2 E A TNEMES NIV Y A THh>Th, H1H
DI DWTHE DD DTH 5,

6. EAERLEDIRIE X KETHA
ATz, DVD v o X #88E L 72 5= 658 nm 12

35% 11+ (2006)

9. Table 1 C&FHHIOHME T — ¥ %, Fig.8, 9, 10
WYy RAEHEE 0.0l mm, F1HOE T 0.006 mm, 2
1 HIDOMEZ 0.001 rad. 256 23560 v WITHIA O HHR O
Nz %R, %72, Table 2 12 GBI TER D 72 J I
ZRMSEZRT. 777 OFENE, 5 1 HENDOERAS
S EREHEIO NABEL: D ELTWws, Eifik
ARk o TEsNTY 7 b, ETh, EEEECEl
BE#HT, BRATEH-ETHY, 7oy MIFENR
B X > TELbDTH S,

Example 1 iZE DN AR Y 7 MEE ZET TR
(12) #2552 DVDx# v > X kD v > X, Exam-
ple 2 BRI T WBEBS Yo c x5 koA (19) Z2HET
ZEETTH B, fRIEE R 2B, ZLED 2 FLHH
HOTFG 2 L7203, FHEMELERO X512, BERED
HEOBREHFANTIE AL BEELZ b > Tw5,

MR & 2 EEREEIIC DWw T, Examplel @

593 (39)



060
. 2
2 Uay /
= ad
2 2
= UZU ‘
E o /| |®adioum
© 00 A dec S5pm
E 0 -&4& 0.20 0.00 0.20 0.40 60 |4 tilt 0.001rad
;{; ﬁ =020
z & )
€} AV V)
U0U
NA

Fig.8 Wavefront aberrations of Example 1 with figure errors.
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Table 2 RMS value of the wavefront aberrations.

Shift Decenter Tilt
0.010 mm 0.005 mm 0.001 rad.
Example 1 0.031 0.037 0.055
Example 2 0.056 0.097 0.043
Example 3 0.014 0.010 0.063
1 RMS.
2.50
213
P
2.00
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T 150 U
L4 \
= 1.00 / \
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X (mm)

Fig. 11 Comparison of lens surface shapes.
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