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Aberration Retrieval Algorithm of Optical Pickups
Using the Extended Nijboer-Zernike Approach
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Abstract

In this work, the method of acquiring the pupil function of optical system is proposed. The wavefront aberration
and the intensity distribution of pupil can be analysed with the pupil function. This system can be adopted to the
manufacturing line of optical pickup directly and also has good performance to analysing various property of optical
instrument. It is one kind of inverse problem to get pupil functions by 3D beam data. The extended
Nijboer-Zernike(ENZ) approach recently proposed by Netherlands research group is adopted to accompany to solve
these inverse problem. The ENZ approach is one of a aberration retrieval method for which numerous approaches are
available. But this approach is new in the sense that it use the highly efficient representation of pupil functions by
means of their Zernike coefficients. These coefficients are estimated by using matching procedure in the focal region
the theoretical 3D intensity distribution and measured 3D intensity distribution. The algorithm that can be applied
more general circumstance such as high-numerical aperture instrument is developed by modifying original ENZ
approach. By these scheme, MS windows based GUI program is developed and the good performance is verified with
generated 3D beam data.

Keywords . aberration retrieval method, optical disk, Blu-ray disk, Nijboer-Zernike approach
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Fig. 1. Geometry of the wave propagating from
the exit pupil toward the image plane.
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Fig. 2. Optical layout for measuring 3D intensity
distribution in the focal region.

Bl =3 =2

V. =x53 2

4.1 3D Y19 A

ENZ Wl ola) 48 ai4aly] Aae 24 F9
doel wel YGRS FAsor doh 53 4F ?x}tﬂl
el Qg dag A7) YAHE G4 SHG Y ¥y
ojo} 3t} e} P FRAY FHHoR o °§°ﬂ°l
A Futol ek E£E Gdo] Ax, HAEI EolHF

5 deol" A £4 iﬁlﬂb Aol AAER B4
P .

& A3h AR F8F AFe 299 G4
oF @}, olol whet 2holA] *1—’5?‘& FaAAYE A0
2 A% deldel s o 20 FelsA 2o



EEEASY B HYGE 11 4 1 % 2010. 1/ 36

& TN oJ2RY A x4¢ FAHAG. & HY
o A #FolME BE 37 FA7A] ol g B AF
e ALEAIEZ of HHAE WolMA 53 242 &)
Haed 8 A== iy 2L 248 43 £ 9
Rt

<= g -2 f<2m, 2AAY dle] oA

A Z FAR r<qa 9 9F

- f #E AEY £ 1A

- Eke] MEY 4 5]

-6 wakel AMEE 40180

n=0,2,4,6,8 for m =0,
n=13,5,7,9 for m=1,
n=2,4,6,8 for m=2
6 W] MEHYL 50 AERZ FESU ojE &Ado]
Hol oz RAEE 73 FRAA nle] wgdHol £
A FAFAAN AL 5 A G vAA 7] 9
ol ddstA & gholdh
HAg TH Vg o)A P2 P e AN F
FHo2 CCD 7HHets B3l ¥ 94S ASsA gk
o] W CCD9 ZAA4HEe t-3se FAe EAUe A
a7 olFANAAN dL dEAE A&H o FHAIE ¢
Adol HE Ren.
olZl CCDY o2& 79 wWi&s CCDe ¥4 A7)
T z21d¢e 99 FHAANE aFFH2E 8 3 F d=
HAeo] =03 wFojx Aol gt o o 2HEO
333 NAgel 788 A=z sHol 7] g A
CD, DVD, BD 5 #49 F7d wa 4 Z3A9 g,
A3, R4 A7) Fol 2 AFAAA ot
28 32 3919 HE dEN22ZNE tzae A
oA F&HE golA e 3D 94¢ HAS5sE FHY
AF=el. 4% AdeM yee ¥ oy gy A=
& AAEAN Fojdo] shvlEre) CCD Wel A€ot 19
A Fe Fivele Fujge]l e oz Wg HFeA
of T WA}y 9 Aolx, LEZE s} ol
o wgol AA FA WFH FH UE U AYAM 3D
e A5ste Aeld,

beam
) splitter prism
(<0 0 h
~V v v
optical ohjective
pickup  lens P ) [
h r
video video

camera camera

3% 3.3D P< 345 A BshiA.

Fig. 3. Optical configuration used to measure 3D
beamn of optical pickup.

42 54 2 $AHN =2 a9

Virf) S dXstds 39de FH0 g,
T3 Mo THEATE 3349 Ho 497 AEY FAAY
7180 AAAA A vig A&z HxHH dANA
o] ¥48 AL ZEade uF WFE Jdgs Fu
WA F5ge 238 dh (nf) TN At
TUsE NHFL 24499 AAPer ofn AHaA sl
old AHA AAM i zZze A5 (nm)ol i@
Vinf) el &4 g 239 alde dojga r&dtd x
satA @t} 41894 AAY zANRHE (nf) I
o AAFL 51x219) FERolZ, £F (nm)9 A5E B
147hejng Wiz odfe Aol T2 A 1d
FA ged VHnfe FAM40M dag 1"
e BF udgoz R FFAAA oA WH
g5 e Ade 7MEsA @k

olgdA T Hdol W ARAHE AXNA HE 2
A, Zkztel gggel Ui 3349 Wle] i FAHu ol ol
EAgolg 2 g HAHEY ojudx AA wojErt &
83 Aol opegt ma EHE RE 234 uwido] F
EeRc BiRe

Z2 3% Microsoft A9 Visual Studio .NET 20083
A rAsAd Vil ANl HAd 47t 2838,
TH o) FEU BAFFoRE BASFe dite] Hesd
th ol PP gYPHFS FHoF R FAAIE I
s38tth olgjd AR gASLS AR FAW dolrHyg
EL #zso T84 & A=A g3 F 2EF
ol gt E4¥sE AY AAYIAL, $x7 =Y EF
e FEIA MHE Jostd BE e Al H
=5 3o

3 3D e Ao uig 24 dides BF FAR A
AFHAL Foz olF TEEHA, EAF HYE AA}=
RAE Fasdich, waa olE 938 3D YAEE ddEA
shelo] vEbE 4 i, EE oo i g dd g B
Aut st 7l%Ee] "asl driMe B 4YE =2
Yol AEgstn Q= VIK gojrngzg o] &ar) VIK
T 3D AFH zAgs G4AY, AGsE A T &
ZEGOEAN 7[BHog C"R A gloy g o
ok o] &% = UERE Hol . VIKE W &%
AXG A A T} o] o] §Fr}

g 48 BN Z2oage 43ysidelt. ZRadeA
Z4g H doleE dAwed A4 g o] B
& Fysta, o] A4E FAFL 9% JBe A
d dolH e Aolu, 2EF WL BEAE § HAE2FH
BN B delge] Aoz & vud B £ Jvh

Y Z2aPde mHy ne] A5 d2A 43 F 9
EE 39, ol AFE A 297 299 +3
& AZd pdoh A5E xod F£AE d$ HuSA
AEE E QAT VHnf) § 4% 259 Wde a

o

¢t

o



37 / 3ZA dolrol-A=2YA Wyl 3 F¥ge shdAFA Hd dudF

A% AR@, WL AW AFE Foputh By oh
Fge oA 2RFAA SISt FESA AF
quEz z-ugyes Fysed Lans A
7HatA ",

A% A% m=0~119 WAAA 27 12 EAY ng
oA WA HYe FARE Re FARYG o ol
Asl @A AhE Aoz 0§ xsh: Al A4
o el AEsE Aot SR WAL TS A
g 9g # 9E 397 83 21U m=0~6s} Td
AG nl e LA Agol Tt §e AEZ ME %
% A9 L, o3 mo F5E Folrd we
e #AFe Zat FAHQed ot A2uA Gy
o pol W nRFe] FF AgAeNA WS wEs

A dstel S35 Az %ol 97 gt Aol
4% 249 Qas BAez spe) FAY o
4% 42 sted o 102 3E 229tk o 4%
£ AuaR 485 T 9 SRAAW 233
g4 BAE uok A48 AW o AE F x4
2 9Ed 4 e Aow UG B ApdAe o
4L 7157 fe #A9 AUEE B 4ANAD, 5
F FA7RA 0AAS FARS BN WES AW

A A% BN HgsE Aol T1% o 4w
s 1070 Plwte] FRAH o FEait.

29 4 $ARY 2233 s
Fig. 4. Screen shot of the program which retrieve the
optical aberration

V.2 &

51 AAQ g 3D W 3 A%

ENZ #e Agdd A4 duggd T2age
2 7% AAE A A9 guHow £35 o
2 A Bl tiEiA AEH) RS AT A4

£ dolele g9l DVD #sHA|e] 33499 W Wi

AZAE 7EoR A ouvE £ o AudA 49

L
rir
o

=3 WE A OA MEHS & o A= B
AHQ FAs &g ¢sletr] 9 Heldh ol upe
Fzd) FAGA A E o ZH AL 600x6002.2 F
E 25E °FAAA 61 ZHY S FAsE olZH

600x600x61¢] Al 3t EFA(voxel) HolH7 4
o w3 Bae) HXE 0.025x0.025%0.25um® o2 3]
A HE W= oF 15x15x15um° o] Frh. o] FRE
o g 2dEs Add ol&ste HAE oMV 9
of mule AitelA wlolEHr} FAse AFS A7A

§2 AT ox L it

ol&@A MAl FAMAT XA 2HAA JEHOR
F25 Rojsln B4 dHoleE AT oW 2o
ERE B9 A4S ol &t w
ghA o] 31" BAHoZ Fusty FakE M We A
HAe AFAHES FAFT 5 A dh. EA vio|HZRE
ma A" 747zt me) 2o 3 cosH sin® mA}
EAEZ Fald BAd oj&d= 7| dHoHE AErh
oA V&g AZdole e Rl ARG 7 A
gog o 26| AHA3A A v H o] sk

- FE0 JY L —drs f<dr, 2F V| &) RA

s B2 £AW I rs2r 9 9F

Sf B AEE 4

< W) AEE 1101

-0 ko] MEF 1 360

A o 2 fFES oA E4S A, AR
HAdstA BAse A& AT 5 dAT A7IME o]
ZolN A=12 %1, £=02+03i, 5;=05+02i2 g
o Rold BEFY Wl BAAFAE o2 Helth

2% 55 A4S W 2 o8 AT ZHAERH
A3 e FaWg e gl ageA $Fe] |
o] AYst W, 2E&o] zF WIPo|th. RE F &
0oz F7] W] sin & Yeh}A gong F¥ F
F7t 0o e $3olnh. AFEE FEol diE Yo
2 71938, fLae cosfF o st TS wtmEd 1

< B F . @

Az we

o

1% 5 FAE 793 3D {HAE)H olE
RAPLEF) SR
Fig. 5. Isosurfaces created from 3D beam data
generated with two aberration terms(left) and
with its retrieved aberration coefficients (right).
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Table 1. Successive values of retrieved 5 taken in
the predictor-corrector procedure.

Gk 15 33 53]
0.126+0.294; | 0.182+0.2937 | 0.189+0.297i | 0.189+0.297i

B

/4 | -0.060-0.002i |-0.022+0.005i | -0.014-0.001: | -0.014-0.001i
B | -0.009-0.002i | 0.001-0.001i | 0.002-0.002i | 0.002-0.002i
By
1

-0.020+0.002: |-0.005+0.001{-0.002+0.001/ | -0.001+0.002i
1 | 0.008-0.008i | -0.001-0.001/ | -0.001-0.000: | -0.002-0.000i
By | 0.462+0.228i | 0.490+0.195i | 0.495+0.199i | 0.495+0.199
L |-0.066+0.022i -0.009+0.006 | -0.004-0.001i | -0.003-0.001i
2 10.018+0.001i | 0.002+0.001i | -0.001-0.001; | -0.002-0.001i
s |-0.006+0.000i | 0.004-0.004 | 0.002+0.000i | 0.001+0.000i
5 | 0.022+0.000i | 0.001-0.002i | 0.000-0.000i | 0.000-0.000i
% | 0.016+0.000i | 0.004-0.005; | -0.000-0.000i | -0.000+0.000i
2 1-0.023+0.000i | -0.001+0.001i |-0.001+0.000i -0.000+0.000i
55 | 0.013+0.000i |-0.002+0.004 | 0.000+0.000i | 0.000+0.000i
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Fig. 6. Plots of the relative residual errors remaining
in the retrieved f-values versus the number
of iterative step.
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Table 2. Set of a-coefficients describing the phase in
the exit pupil of the two optical pickups.

a aberration pickup (a) pickup_(b)

n cos sin €0s sin
«a defocus 0.0074 0.0974 -
a spherical 06117 - 0.6604 -
@ 0.3694 - 0.3992 -
@ 03148 | - 0.1547 -
«a tilt (x, y) 0.2078 |-0.0484 |-0.1430|-0.0037

Q

coma (x,y) | 05710 |-0.1110]0.9000 |-0.1719
0.1492 |-0.1041] 0.1455 | 0.0147
-0.1458 | 0.0865 |-0.0736 | 0.0307
) 0.1583  0.0639 | 0.3482 |-0.1608
astigmatism (0°, 45°) | 0.4113 |-0.1159]-0.1296 -0.1044
00318 | 0.0957 |-0.0372 | 0.0267
00779 |-0.0840 0.0232 | 0.0097
0.0854 | 0.0145 | 0.0080 | 0.0925
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