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Abstract

The optical disk system is a scanning system the readout signal of which can
be described by the convolution formula of an impulse reséonse and the recorded
signal on the disk. To obtain a complete description of the formula, it is
necessary that the optical system be space-invariant. or equivalently isoplanatic.
An optical system is isoplanatic if the image of the point object changes only
its location, as the point source explores the object plane. The isoplanatic
condition is now seen to be the sine condition derived by E. Abbe in 1873. Abbe:
recognized that a spherically corrected microscope 6bjective would be free from-
coma near the center of the field, if paraxial magnification m =y~ / y and
marginal magnification M =N sin &,/ N sin o« ° were equal, where object and
image height are y, y " and the entering and emerging ray slopes of point source

on axis are « and « .

Suppose that one dimensional grating with a period of d recorded in spiral form
on an optical disk is illuminated by a monochromatic coherent spot and is imaged :
on the photodetector by a optical system with a magnification of m. The first
order wavefront diffracted by the grating propagates in the direction where the -
ray slopes « and « “are given by the relations of N sin @«=2_d in the
object space and of N sin @ " =4, d where d " =m d in the image space. -
Displacement of the grating during time interval t is a = raJt( when the disk is
rotating with an angular velocity of @ and the spot illuminates on a circle = _
with a radius of r. The displacement gives the first order diffracted wavefront
phase shift of a sin « with reference to the 0-th order wavefront, which has
no phase shift. If Abbe’s sine condition holds, the phase difference between
the 0-th order and the first order wavefront should be a “sin « “in the image
space, where a = m a. If the interference between the 0-th and first order
wavefront is detected by a photodetector, an electric signal synchronous to
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the displacement of the grating can be reproduced. Therefore, Abbe’s sine

"condition is fundamental to the accurate reproduction of signals recorded on an

optical disk.

An offense against the sine condition causes waveform distortion of the read-
out signal., which results in jitter. The jitter observed in the read-out signal
of an optical disk under the influence of aberration is analyzed employing a
model of an optical system in which the line spread function of the coherent
spot is used as the impulse response of the convolution formula. We define as a
merit function propotional to the statistical value of jitter the root-mean-
square (RMS ) waveform distortion, which is the difference between the signal
recqnde& and the readout signal. In the model. RMS waveform distortion ¢ is

a function of the degradation of the optical transfer function ( OTF) and can

be expamded as the squared sum of the mean value and the variance of difference
function of wavefront aberration. Consequently, ¢ is a quadratic function of.

the wavefront aberration coefficients.

The mean values and variances of difference function of typical wavefront
aberrations given by H.H.Hopkins are used to evaluaté waveform distortion.
Among the wavefront aberration coefficients which correspond to the Marechal
criterion. tangential coma gives the largest value for ¢. When ¢ is normal
-ized using this largest value, ¢ is 0.7 for spherical gberration. 0.6 for

defocus and 0.4 for radial coma.

An algorithm was devised to allow the read-out signal to be calculated as a
convolution of the line spread function and the recorded signal on the disk.
Using the input with a non-periodic random sequence of run-lengths., one can
simulate jitter caused by intersymbol interference and waveform distortion of
the signal under the influence of aberration. Jitter measuring equipment
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employing a phase-locked-loop (PLL ) circuit was developed to allow evaluation .

of optically-induced jitter separately from the mechanical jitter.

Calculated jitter and observed jitter agree very well for coma and defocus,
and for spherical aberration if residual higher-order spherical aberration is
taken for account. .Contrary to theory, an increase in jitter caused by
astigmatism and defocus was observed, but this increase can be attributed to the
increase in cross-talk noise from adjacent tracks which occurs when a laser beam
forms a focal line perpendicular to the track. This increase in jitter is not
allowed for in our one-dimensional model of the transfer function in the scanning
direction. Except for this case, an increase in calculated jitter and
observed jitter is propotional to RMS waveform distortion ¢, which suggests

that the model is useful for evaluating jitter.

Waveform distortion is a one-dimensional merit function which evaluates the -
degree of similarity between the original signal and the réproduced’signal, in
contrast to the two-dimensional merit function of image fidelity proposed by
Linfoot. We have expanded the merit function as a function of wavefront
aberration and found that it is closely related to the sine condition, which '
was introduced by Abbe in his study of microscope imaging and is fundamental to
the accurate reproduction of image. We propose using jitte as a criterion for"
distortion-less reproduction of the signal recorded on an optical disk. The newly
devised merit function ¢ is particularly sensitive to spherical aberration
and coma, as compared to the conventional merit function based on Strehl
definition, and it is marked by its azimuthal dependence of asymmetrical
aberration, We conclude, therefore, that an optical digital disk system must:

be aplanatic in order to reproduce distortion-less signals.
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Fig.1.1 Compact disc digital audio.

Fig.1.2 Scanning electron micrograph of pits on compact disk.



Fig.1.3 Compact disk pickup system.
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Fig.1.4 Reproduced signal of compact disk (eye pattern ) read out by

a spot without aberration.
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Fig.1.5 Reproduced signal of compact disk (eye pattern ) read out by

a spot with aberration.
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FIGURE | PAGI
1.1 Compact disc digital audio. 2
1.2 Scanning electron micrograph of pits on compact disk. 2
1.3 Compact disk pickup system. 3

1.4 Reproduced signal of compact disk (eye pattern ) read out by

a spot without aberration. 6

1.5 Reproduced signal of compact disk (eye pattern ) read out by

a spot with aberration. v 6
1.6 Schematic drawing of eye pattern, where horizontal axis is time.

The lozenge pattern around sampling point (+) is called the
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Table 2.1 Conventional microscope and scanning microscope.
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objective lens — objective lens
condensor lens — collection lens
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Fig.2.1 Optical configuration of conventional microscope. type I scanning

microscope and type II scanning microscope.
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Fig.2.2 Abbe’'s experiment of the image formation of microscope with
coherent illumination. A : Image. B : Image focal plane.
C :Principal plane of microscope. D :Diffraction grating on

a slide. . -20-
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BIBE XF 4 A2FHEZOV -
BAEXZZRONEOMFRICET 2HE

3.1 B

E.Abbe DEABRO BEFEMR & ik, BIDLAWIKIC L DEF &1, WL v XEBBL
T7—=YIHBEIC7 39 v h—7 > HFREDCY, AN RBOBFEL-T, &
DFHELOBAIFERINZ LI DBDTH o, XF+ A7 0BERBERILV-¥F-R
FEARHOMIL Y XEDBOTERLTY Y FEXThAMEEBEERUEL, Yy riz
LZBROEHFHED > bXPIV v KO AZ b0 ETFH LT, 2hooloiiigz
OBHEZELERBT A ERLDF s R OEEERHLLESE55, c2T. €y b
Ok%édﬁﬁox—y—fbéﬂé.ﬂ%vv%mﬁmmkb,%ﬁﬁoﬁﬁuﬁﬁi |
2H01, Fic0 REEl ROEFHETH 3. Hopkins ¥ v + ONIEEEIEE CES
énf,ﬁ%mbﬁmﬁdi@@ﬁﬁﬁ&ﬁﬂﬁmﬁﬁb,ﬂ%vyfmﬁﬂtfﬁﬁﬂ“
DRARY 5 ABOFBHIET 2 LHBEL, <hd>OBOLEOMSTH S transmission
cmﬁwwﬂmmm(N?iQHMTEEE%%ﬁﬁLk.Lﬁmﬁﬁmﬁﬁﬁiwmb
Fiizid Abbe DERFHAIEVRICERILT 3 EAEHRICE 23D T, Hopkins & LAt
m%mmﬁ%&#é%&bkﬁﬁ@@%%ﬁfxxaoﬁiﬁ?ﬁmmxigfﬁcaf
NC@ﬁﬁﬁu%ﬁ%ddeemwg®¥%dx*¢;Vf%?%?@ﬁﬁvvfoﬁ
¥&&%Lﬂ.coaé,mcogimﬁuﬁﬁﬁmaaﬁgnm5of,ﬁ¥4xa-
¥R F A DIEEBIBE incoherent system® optical transfer function (OTF ) TiE{Hd
?6&&%?%.ﬁ&ﬁ%aﬁﬁ%@x«arﬁAaOW:D@&&ag%@%Zﬁoﬁ
AT, AbbeD EREHMNNEI L - THI B L, EHFRDOR <7 + 5 AOHOMME

AREINT, BEESICREVTANET L L N,

AETE BAESLBNEAFRCLIBEESOZESEZAL, ChelkBUITH
ELUTREEL, BNERFERO 0TFED LT 2L &, BEVIAHM 0TFOS1L D/ DB
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(14
Piciz s EicEHT 5. Hopkins L i, relative modulation : D/DoMEHEINE

OEBX VOoRI#T, D/ DodixiiEA0.8 LH KDL E VD variance KEHWTERT
SENTES. COFEIED- LT, BEVTHE VOFGMEVICLLBIT S REER S

variance KiZLLBId 2EBEROFNCEBAL . & ICFEXNPRINEND 3 L BEERIIETR
A BRBUTANRET 5. BEERTRIENBLA YL IBENROMIEES
B (PIF ) £21s2, BEOMHOTAIET 52 ML CHORTIBH, %5 4

A I RFERTRIFIEAFFNENEFEEST 2 & SAbbeDERSEHEIHN, HFBEOR <RI P54
OHEEOZLORSHARES BB LY, BHOTHIESZ 40 =X 4
EEBMICHEIET 3, 2FICV v ¥ - L BEVTHOHMIITPVBEREEEL, WHEO_FE
BREREFIT I L dETE, Vo s —EBBUTHO RMSEED BOTEHEL, Yy

(16)
2 —OREEEH I O>VL TR T 3.

3.2 RF4RIOFVINEBERFXLFSHTE

ETRFVINF 4RI CRBINATOIEy POVTREBIELT, 2 v}
FARIDFBKIIOOTELS, ﬁménfb‘éﬁ%oﬁﬁﬁgm Eight to Fourteen
Modulation (BFM ) &kih, 2 chdA—F + A EBLITEFSLD B 2EEL— 1 Mb
/'s Ddata bit stream %, B/INRERIRT : 3 channel bits, BAREMMN : 11 channel
bits, windonw % : 1 channel bit T#ziklL — +4.32Mb s Mchannel bit streamiZZH
33507 (Table 3.1.3.2 ) , bit @ '0’—'1" OR&ME »v FRHII—BTZ2HXTH
5. W5, Fig. 3.1a Wind L Hi, €y MEPAOMETR, bit & 0T, WMKOHE
%7T 1’ obit 75‘7:('15). Channel bit ratek 9 Ft# L T1 channel bit X231 nsTH 30
5, F4RIOEEEL.25 n's £F3L, F4 R LREHFINZBDNREMERL0.87
emZiES, ThRERINTVBEEy &Yy FHBOR/IMET,0.29 um ETHIE

19)
B EMHEOEINFEET LI &KL, —h, BET 2280t - 94 XOHEREHE,

AN = 1.75 um 3.1)
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T, $HET80 nmOFJEL —F - R EHOB0.450 LV Y XTEAL LS, TELHum
OARy FAFRONS. ThiZFRoB/PMNRERBO 2E2Xh06, WE, AKXy bOpL
MHBE s MEECHBETHE, 20 Airy OB—BEINEEOL » D HEN
RETS. o7, WIRETHHLESORRAOWEORE, D%, Uy s —HT
5 (Fig. 3.0c) . ChERSHTHBELE RERCRERDSL, Uy s —dHAL,
FRRCESICBEVTANET S,

Table 3.1 Parameters of compact disk

playing time ~60min

scanning velocity 1.2-1.4 m/s

track pitch 1.6 #m

disk diameter 120 mm
thickness 1.2 mm

number of channels 2/4

sampling frequency 44.1 kHz

number of quantization 16w b

channel bit rate 4.3218 Mb/’s

data bit rate 2.03 Mb/s

modulation EFM (%)

" error corrction CIRC (% %)

%eight to fourteen modulation

% *¥cross interleave read-solomon code
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Table 3.2 Modulation of compact disk.

min. run length (%) 3 channel bits
max. run length 11 channel bits
window length 1 channel bit

%run length=distance between transients in the signal
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M T N B O T T A Y B N SN S N S 1 Lol I PR WS Y WIS T P | 3 hedenad.

00001000010010000100000000001000000000010000

T A

Fig.3.1 Direct recording and readout of bit stream. a) Channel bit
stream and rectangular pulses to be recorded on the disk.

b) Recorded pattern on the disk (ﬁ}ts) . ¢) Readout signal.
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3.3 Abbe OEEEKBEERLIAEF + R BARFEROEERDEE L
T75F7 4 v 2 &RBO7—Y T RXhFENESE

X5 4 R BARZFRII L -V Y P RBEEBEHONYIL Y XERVTY Y PRItk
RUTRBHAL, zomEFrkERICIL v XEROTRBRHESB L8R (Fig. 2.1) T,
COXIIREBTBRBRE T Y IRFRCMORSFRELT, 74V 7557574 X
A(m@mMﬁm)ﬁ&ﬁ?éctﬁﬁﬁfﬁg.%Eu@&k;5m74775f%4
v I ZB L BYROEMIIHT 2RHAOBOTHENMAEFALT 258 TH 2, KD
Bae LT, #bEBTNEORIFHARIET 25%%,. 775+ 5 4 v 2 (aplanatic )
EZBEEL. 7755 4 XA LRHRENEL 2= (HRIHIX Abbe DIERAM) MRS
BUFCHESHARETH 2. 7755 4 » 7 RBAZET 203, AFEROBEEROD
RO B HAOEBLILS LBEAND 5. Hopkins ZRF 4 X 27 ORFEROTHICUITF IR
FTIFEHERER (canonical coordinate system ) 2EA LT, ZOBEXE IOV Tikst

3 5.

TIYIA 0 QCHBEBSE QO OFEEL (£, 7)., (8§, 7)) £43L5,
Wtk{, BB OBOEN sin «, N sin o " ZHWT (Fig. 3.2CHa<0, a0 >0 T
For. N, N7 389ikil, BEIEEOEHRE) HRERE

u = (N sin /1) &, vy = (N sin /1) 7
3.2)

u'=(N'sina” /2) §°, v =(N'sina  /2) 7~

%i%?é.%@mamemmﬁ%ﬁéﬁﬁbfmé&éau,ﬁﬁ@%ﬁ%ma?éa.

N sin « g /i
m = = = 3.3)
N sin «” £’ 7’
MROUL>OT, YkimEs, BEEOHEVICHEEREL, 0 oREEECIONT
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Fig. 3.2

Hopkins canonical coordinates.
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te=u", v=uv’ 3.4)
MEOHILD.

o¥, MOEERIONTELS. HEVM 06 20BE 07 2thie T 3 8BHKE
B, B° B AMEL, HHEEATET S Fig. 3.9 , METEES W2 RORBIEE
A% CHBIRO 90 K0 ik 0 ECIER S 08RO Fresnel-

Kirchhoff OEFMAARTHU DY bR, W, BRIKEORELSEY, Ro. Ro
£3 5, AE, SHBEOEED h= Rosin @, h’ = Rosin " TH3. II7T,
AR ETFEEACE BEE D, ZOHMBEORREES B° L35, ML H BO
YEREIXY = Rosin 6, B @ Y EEIE Y = Ro'sin 8 ~ &% 3, WE, ASE,

MHmEEEE UCEERE (X, Y) ., (X7, Y7) ZEE h, h” THRALX

x =X /h ,y =Y /h
(3.5)
x'=X"/h’, y =Y /h

AEET L, BEBRATRAEABRELTVLALESICE, BFEOREWICHBKEFON
B, B LT,

N sin « N sin &
m = = (3.6 )
N sin@” N’'sin 8 °
AMRO IO S, —HR, BEOEWICHRIAEB, B’ OBEEEZII>VLT
x=x", y=y’ 3.7)

MER O LD,
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Fig.3.3

Pupil sphere coordinates.
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Lo ATEREEIZBRE L CEEE NS ) OFresnel-Kirchhof f DEHFFHHARM
ﬁ%ﬂ7~01§&®%K§ﬁéﬂé.WB.%&EtGEﬁﬁf(x'.y')%ﬂo
T, EE 0 LoBERESHI

§f2+ n!z

F(u . v ) =exp {—ik ( )}

2 Ro

x4 | f (x',y') exp{—i2n [u’ x' + v’ y']}dx'dy’ (3.8)

o - ~©

ERFCENTES., JIT, SORANEE EEREFROMNERLICERT B L
& o THBEEAERECBHIE (R—x) , MHARFE] T3 E¢MNTE 2.

PEORWPICENTEEROEEDZMHARAETNTNT, BT LBWPRINTVA
VA,

(DEEHERE & LT AR OAOIER ® & 5,

QB siEcHEfgEE FERE AT,

BEBNT 75 F 574 v I THBEIEERET S o @
DERE 7 — Y TREMCREBER S BRE LTERSELSTHE0T, 2OHBRF
BERIC OV TRALLY, WE, WkERTHER doERFLEL, BAOs OFT
XTRELE L SRET 5 —ROEFKOMAE O 43 &, Brage ODEHARICLD,

sin@ — sinfs =4,/ (Nd) =4 v /N 3.9)
TH3, coTv= 1/d QERRFOFEBEREKTHS. —F, BUNTRIEAIs "D
0 REEMERA O O—RENSHRINT, BRFER d’ oMk FENTERLLETE L,
[El#kicBragg OEIFHARICL Y,

sin@ ' — sinfs "=4/ (N d’') =4Av " /N " (3.10)

£33, K (B.9) . B.10) Xv¥kE. BETOEFRFOERBREKES,,
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v = N (sin@ — sinfs) /4
3.11)
v'=N" (sinf’ — sinfs ') /2

LD0 B E] BOEOBAOERORIZLBIF 5 2 LADNG. & »T, BIRRELE
WEAEEL, BEEZABNESOEBOER CERT 5 LBEE 7~ 1HE2
ABOLBECEETHS. So1k B.9), (.10 OREEBILIcLD, —RL
ShrFEEsROBR

N ( sin@ — sinfs) d’ _
m = » = — (3.12)
N° (sinf@ ' — sinfy¢) d

83, ChABKOSERERK Y, RoTOEDVT, —ERO ncHLTRY T
W, v=n v ETBIENTED, ko7, FREBRECSY 3 Wko FEEENR
ARY b5 AOEOTHEERRELTOB LS C ENTE 5, EBRREOHLE
88 KIBBBSEILE, REIWEE N sind ' 6 & HUBERT IR chidy
— Y TOBHTEABRT250THS. coLER (3.12) REMOMUMES £ =

m 08 RFRETBEEOI, EMCES MEEOREME Nsing 68 =

N sin0 68 FRAT D& RECIERLE.

PRONRINZEOFETTORF « 2/ BAESORBOTHERT 3V » ¥ — %R
F¥ 3. BEOSALJESORE - HEOBERLCEYT 3HAT, 4ETONTERE
BABOFMEAROBRERCET 2, R, ZROKV AT 2BE LB
BIEL, %5 4 22 OBEFEI YD ZEELBATH 52, BHOTHEFES ~ &
VHEE SWEDOBRIC OV TREANBZRANELoNTHW AN, 22T, BEEVTS
RREIGEC b &3ROS 2RI E L TR, — RS ORI e L
CTOERAHL ST D, T, RETR, 23, X574 27 OBEREROEEM
BEEXLS.
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3.4 AF s RIEEFROEZERBOEF NV

1)
BIEICEA L L IEMEEEE BV THopkins ORF 4+ A7 BAEESOAROEHBE %l

5. £, 8Ly XOSHEFOXEES I Fresnel-Kirchhof f D HIFRA A K £ 8
HALT, RF4R70E P EOZEy rOBESRE2D D3, — I, BARESR
CRIRENMES 0T, ThAEMFBEEORBESHOMBEELLTLOVN, BEBEE
#£735. 2Ry FORFRRESFIEERE 7 -V IERLLBOT, BIFLELIKE
AHEESD L v XORHIER i C &L T, X7« 22 LOABIBEAH R

F(u ', v ')

==£:£: f(xy) exp {i27 [u'x + v'y]} dxdy 3.13)

&3, T ITiE Abbe DIEFEMNTHRIEL TS EREL, ASEEE & SHHERE
BEERHLEL,

ECAT, FA4RAI20LHBEBENAEZFINTV IO T—EOERMEBEZ D, °h
TF A A EBBEORPBABRILLTELZ L, €y FORVLIBFORIHE 1TH 3.
—7, €y POAWMTE, ¢ (u', v') 2y FONMTRT7 7 A VEELBLE, R
BT exp {10 (u’', v')} &73, #-T, —iBIZ, F4+A70ORNEIZ

exp {i¢ (u’, v’')} inside pits
R(u',v')=[ 3.14)
1 outside pits
THrEIDN, F4RI2TRHEINAREF (v, v ") R(u', v') OBZEE
RHEDD. b, Cu NI R 7 7 A VRBEICEEIND EDANL S,

Mz, BEL Y ZORBEERE-TC By Mk 2EHBADE DS, 20HEE
BHAHEF(u v ") R(u', v') 27—y gl x
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0 P

a’ (xy) = LL F(u' ,v ) RCu’, v")
X exp {i27 [u'x +v'y]l}du'dv’ (3.19)

O PO

= Lj@ f(x—x", y—y") r(x", y'v) dx " dy’
3.16)

TEIN3, 2T r(x, y) 3R (u', v')O7=9xH7T, x', y IR
DERTHS.

NEF 427 CERSNABERN LS A MERNEREE Ro (v, v') &L,
ZnMH Fig. 3.4 c:%'é“ot’)&:lﬁ,iﬂ p.qC_EHENERTH B LT B, F4 A IEES
NREERMOHLBBROBLOEEE (v, v) &T5&, AEIOAREFARI08
ERHEERR

4

R(u', v') =Ro (u'—u v' —v) 3.17D

THB IT, Ro (u', v') K- EFAPMARELLNS, ABOBEERARRE
Bk ET B E7 - TRBCERT 3 LN TE B,

Ro (u’, v') = ZZR (mn)

mn

X exp {—i27x [ (m/p) u '+ (nAa)v "1} . (.18

e P2es 92

R mn) =1/pq ijW Ro (\u',v') exp {—i2ﬁ'[(m/p) u’

+ (nA/q) v']}du’dv’ (QB.19
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THd. Ihiy,

R (u’, v') = ¥ exp{—-i22n [ (m/pP)u+ (n/q)v]}

mn
X R@mn) exp {—i27 [ (m/p) u' '+ (nAq) v']} du’dv’
(3.20)

95, chicxitda oy —) i

r (x', y') = YT exp (—i22 [ (m/p)u+ (nsq)v]}

mn

XRmn) 68 (x"—mn/p. y"—n/q) 3.21)
&AM, MLy Ao LoEFROEFERS M

a (x,y)= ZZexp {—i2n [ (m p)u+ (n/q)v]}

mn

XRmn)f (x—m p, y— n/q) 3.22)

L%, R (3.2 X0RYL Y KBI0 EOEFROUBRIEH L, SRODFHOE
EDRIZES T EADNE. BIAK, () ROEHECEEECHEE { (x y)
 (m/p, n/q) KOUBTOLLALEFERIGE2EL, 27« 27 0(BEE
D7—YL A2 P54 R (mn) BDEEFONTVS, X6, F4RIDIBEIIED
RO p/n o/n TELT BMHETAEL TV, © OlhE & b EBZELT
BRAETARRIE LT bRES NS & £ Abbed EREHONBTH -2, ShD
O RE AT
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I x.y) =232 Z’exp {—i2z7 [ (m—m’) /p *u

mnm' n

+ (n—n') /q *v]}) Rmn) B* (m'.n")
X f{x—m/p, y—n/q) f* (x—mn"/p, y—n'//q) (3.23)

£, TEAMF-ORENLD, REZECEDONZRER [ ky) oxhr v X
O ORI E

I (u,v) =ZZX,ZIexp {—=i27 [ (m—m") /p *u
mnm n
+(n—n') /q *vl]l} R@mn) R* (m" .n") D{mn; m",n")
3.24)

ELL, Chid, Yy FEFROZFROEFRS OFHHOBENMT, 24F» FOME
(u.v) OBETH 3. KX (3.24)

D(mn; m" ,n") =ﬁ.sT (x.y )

X f(x—m/p, y—n/q) ¥ (x—=m'"/p. y— n' /q) dxdy
(3.25)

(2)’
2 transmission cross-coefficient & &iEi partial coherent G TRV ‘b 2=

T, WEBEKTOLLA (mn) &R, (n'.n") ROEFROFERIOMNYL VX
BiOS FoRisETH 2. LI AT, effective sourgz: 7 (xy) E—RRICBHRD2
y?v%—ovyfmﬁ%mgbﬂﬁ,x#+;y¢%$%TM%%%ﬁﬁé%%%m5
k®, E&vvx‘@ﬁﬁ?&c:—ﬁﬁq‘g@?, 7 (x.y) =1 TH5 (Fig. 3.5 . IHER

(3.25) WHBWT f (xy) BEERTHY, ERoOBHEEE So0BEM: x ?+
y2=1, (x=m/p)?%+ (y=—n/q) %2 =1 (x—=—m"/p)?+ (y—

n’ /q) % =1
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! 1
i '
[ ' READ-OUT LENS

OPTICAL DISK

PIT

CONDENSER LENS

Fig.3.5 Schematic drawing of readout by scanning spot. Interference

patterns between diffracted light R0 and RE1 are observed

on the pupil of the objective lenms.
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@%ﬂ%ﬁamé.Ltﬁafﬁ(&M)@7—91&ﬁm§5?5x&orﬁau,#

WIS OFFEESRM
(m/p)?+ (n/q) 2 =4 (3.26)
(m"/p) %+ (n"/a)?2=s{ (3.2D
((m=m") /p1%24+ [ (n—n") /qa]? =4 (3.28)

AZFrTdoHsELND. J2T, p.aREERNERBOBRERHTH 3R, 2 v
JFFARAIDEIBFVIN - F 4 RIOFE, Ev P EZORRIEREELY,
Ho, BANRS V¥ aTH30D, FRCEVAMp ZRELZTINELLZN, T0L
S&HRX 3.26) ~ (3.28) AW T AR P LOBMRICE ST, R 3.20) o
BAERECIHET 300 EH#IC 3.

WEEFS v 7 DESORELEHIT I LT ELE, Vy EATMECLIRER
DERORARRAER G.20) OEFBORA~ F52055, 0,0) &RE (£1,0)
ROFHE (Fig. 3.6 ) EI5, transmission cross- coefficient (3.25) ®3%, 2
DEEH

D (£1, 030,00 ={ £ (x= (1) /p. y) £ (x ) dxdy
(3.29)

6) '
MNRET S, £, D (£1, 0;0.0) ZEMEZoHCHE I —%3 20T, XER

OEFORABERNICEHT 2L 5, X7 « 22 RFEROILERIEE incoherent system
28 2 optical transfer function ( OTF) : D)2 JBWTEMT B EMTE 3,

ERZ, RF 4R 20— vEDITCRAPBORR IR -ARBEESEEHRL, BAEES
OEARBBERSOEFELNEL THRF «+ A7 EXROEERBAERD . (Fig. 3.7) .
BEHEER CEERRRASOREC L O PPEMOEMMND 5%, 0.5 ve LEDOFEH
FRBBRToRE MR Yy FEANBEC L ZETORABRS EEALILNTE S
DT, 2k& LT incoherent system® OTFiZIEWEHMNE LN THBZ &N END ON
5.
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Fig. 3.6

Region of integration for D (1,0 :0.1) is the area common
to unit circle Roo,Ri0 and Roi, where x denotes écanning

direction.



Fig. 3.7
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Solid line is optical transfer function of optical system without
aberration. Measured response function of the channel between
recording and readout (Q) . Dotted line shows typical spectrum

of signal coded on the compact disc.



3.5 FARPRONELBAFEOREVITHO explicit SBIR

RF 4 X2 ¥ 257 ADIEZEB % incoherent system @ O0TF : DSVEHWTEBRT S
LTS, RIESDOARI P S54% Fis)&d5LE BARFESR

Ao

gx)={  F(s) D(s) exp (—i27sx) ds (3.30)

-

02)
TRICLENTES, JIT, BIHICERL KHopkins DEMBRFER Y, A %XHSE

E, NMEEXUV VY XoBOBET 2L, PHREARBYvE s=v A /Nicky, Eaé*%
x=§N/ Ak oi|RRTiLL TV 3,

EQI, BINEXRPRO 0TFED(s), BEFSEMXET 2L &, BEESORNER
PRICLBZELEESHOOEET 3.3D) T, RBELLIBEBOTHEEET S (Fis.
3.8) . COXIBEROMBRBEVITA20EBEEL S LORLMIBIIECHR
33, HL, B#RUVTAA gEH-T, Vv d—%NewtonDARL VBB HKRTE S
CERIERLTEERY, LIATHEUVTHRUTOLY I OTFOHILOBEETHS.

A g)= glx)—8y(x) 3.3D
= {_ FsIDols) { Dls)/Dols)—1} exp (—i2msx) ds.  (3.32)

(14)
R (3.32) wwHiF B Ds) Dols)id Hopkinsiz L NiZBEINZEOZMEEE D BVOTCLUTOD

LIOCEMT B ENTES.
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T3, —RICE OTRC R A EEENRDZ0T, S TOERBROF VY VM EF
ARATDAE Y VERORBTHELT, ®OTD (5.¢) & &3, 0FRRD
o EBBogcHEE LTERXINS (Fig. 3.9 ) .

DG6.¢) = 1/nff exp i27sx/2 V (ey i5.9) } dxdy.  (3.39)

T,V xy s, ¢) REEREOEZEKRE XEh, HFEROBEINZERK
W Gy) ZHNT,

Vxy s5s.¢) =1/ {W (xt¥%s,y) — W (x-Yas.y) } (3.34)

LDEESND,

4.5 %2 SOBIEA: (xt¥s) 2 + y? =] ORBEROEREST 3L %, dS=
dxdy/S &H<. FEICLD

D (5.9) /Do (5.9) ={ exp i27s /2 V (y 35.9) } dS (3.35)

= exp (i275 /AV (.9) } [ exp (i27s /A V ey 55,0) =V (.9) } S
(3.36)

TH3. 22T, V (s,¢) IBRENEZOZEROFYE T,

o

V (s.¢) = 3!,V (x.y ;s.¢) dS 3.37)

&H o, OIF DargumentTdH % phase transfer function (PTF ) : 8 (s, ¢) ik
Bz,
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Fig.3.9

Optical system is described with reference to ( Xo .Yo ) in
which Yo lies in saggital plane. The direction of line structuré
under consideration is X axis. The integration of difference
function of wavefront aberration over the area common to unit
circle (s/2 ., 0) and (-s,/2 .0) gives optical transfer

function, where s is reduced spatial frequency.
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6 (s.¢) =2as /AV (s.9) . (3.38)

—%. OTF ® modulusi modulation transfer function (MIF ) TH2H, W
relative modulation : M (s,¢) =] D (s.¢) /Do (s.¢) | o T
M(s,¢) 20.8 PR -EE, DUTOEMANTRETDH S,

D (s, 9) /Do () = exp (i2ms /AT) ff {1+
275 /2 (V=T) + 27252 /A% (V=¥) 2} dS (3.39)

= exp {i2ns /AV} {1 —272s?%2 /2% K(s,¢) } . (3.40)

(4
(¢
r

K() =ff vas— (f vas? (3.41)
ZHEINZEOZEBBKR D variance | &k

#HETELEC 0TFE2~2 P THRL (Fig. 3.10 ) , Hopkins OEB (3.40) 0E%
EERTD. 27, BIERERO OIF : Do RESS FATHB, A [-0 =
{1- 27252 /27 K (s.9) ) #FFBE, 0IF <7 FAREINSNE, S50,
exp (10) = exp {i272s /AV} 2FFII LWL MVEREHOE DY ICEHEE
L, HEX2 PV DB ONS, ChiBiELTEFVTA 3.32) &,

A g= [ FsIDofs) {i27s /AT (s, ¢)

- 272s?2 /42 K(s,¢) )} exp (-i 27sx) ds (3.42)

D& STERTES. X G.42) WL NEEBOTHLT P13 2BMEBE, K Il
FTREMBLOE A, X (3.38) wLnETIE PIF: OBl 2% SBEERBIC LN,

us)
PTEiiﬁEfg%a)fﬁ*EU?&@E@&fS% Lansd., JIThfvYTAER, BXT D
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Fig. 3.10 Vector representation of complex valued OTF.

-54_



ESOFHEARRICL - T, BUBEBEENETIRELEN D, LEXE, ELEy b
OBEESMEN L » | OBESE L O R HHAEARY, BAROF B 2TH
3. B2 EORNTaIvOBEEICLY Abbe DEMEHIENS &, MAECERERED
BUOTHAEMFRESABO I EFTFRISATOR, DTERAERREA, R
THBITHNEET 5L VIEREE LS. BHOTHOMER 3.4 RVEHob
BULOTa<ORBUTANOEEERET 20 FHLEELONS, AT, THRX
3.30) . (34D &V, V., K RBEENERKOE L —KR, “ROFREER (—R

BRX, —RFR) CEESNINORBOTHIRENERKO KM TRt 3.

KF 4 22 TRIEKEINE Wao, 2= War, FERINE Wozoo 74 —HF 2 Wb dICH
(14)

BHIZ75 3. Hopkins (SHHBNBIER
hu= [ x* ytas (3.4

FHOT, ChoOIENEFEETZEEDV (s, ¢) K (s, ¢) 2HEFHELTHLZ0T
ZOBEE Fig. 31I~3.MERT. X G4 T, S & 200BMM : ( x*tYs) ?
+y 2 =] ORFEHEBTH 3. LUTORRIBCEEVTAOFRMBREEREL, EBC
BN Wao, Wai, Woz, Woo%dhAT, Vo —%HHET3RICdBNLNS,

1) Bz : (Fig. 3.11)

K (s.¢) / Wao? = 4 Hzols)B?
+ {16 [ Haofs)+ Hz2(s)] +4Hzols)s 2 } B
+ {16 [ Heols)+2Ha2(s) + Hzals)]
+ 8 [ Haols)+ Hzzfs)] s ?

+ Hools)s ¢} . - (3.44)

B = W,/ Wao.

(&1
(&1
2]
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Fig.3.11 Variance of difference function of wavefront aberration in the

presence of spherical aberration and defocus.




2 a2=: (Fig. 3.12.3.13)
K (s.®) / Wa1i? = {9 Haols)+ 6 Hz2(s)+ Hoals)
— [ 3 Haofs)+ Hoz(s)] 2} sin 2 ¢
+ 4 Ho2(s)cos 2 ¢. (3.45)
V (s.¢) / War = {%s ? + 3 Hzols)+ Hoz(s)} sin ¢. (3.46)
3) FErmnzE:
K (s.¢) / W22? = 4 Haols)B?
+ Hoz(s)sin 2 ¢
+ 4 Heofs)sin # ¢ + 8 Hzofs)sin 2 ¢ £ (3.47)
c o7, B = W2/ We.

) #7r—h2: (Fig. 3.14)

K (s, 9) / W% = 4 Haols), (3.4

3.6 HBAEESOBREUVITHEY v —OHKITRIER

BEVTHEESOEREHERCOR > TAET 20RFTRTHIN, —F, Yv s
— 5 BETORBZIAZEEDBVTFHBET ZEMNTES, 2 CHBUOTHEY v 7 —
OBIREEC. BBy =d 2FVINLESO0.) ] RHAETEILRLLEL, y =
g (x) BHES LTS, t0&&, xi%kg W=d DB ET I &, TrCH I3 —RiK
Bl g (%) #H-T, Vo s —OHWME: A J (x) ZBBOTE: A g (x) LK
RTERTIsehTES (NewtonD AR, Fig. 3.98BoZ &) .
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Fig. 3.12 Variance of difference function of wavefront aberration in the

presence of coma.
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Fig.3.13 Mean value of difference function of wavefront aberration in the

presence of coma.
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Fig.3.14 Variance of difference‘function of wavefront aberration in the

presence of defocus.
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AJ(xi)) = —Ag(x) /8’ (). 3.49)

I, gl (x) WEEtc A g (x) EMUTHEH» 0, FHEVREBICHhREZY

v ¥ —OHIMBO2 TEHE (A J2) 2EE13&, & G.49) X0
(A J2) = (A g2) - (g’'?2) (3.50)

NROID. £oT, Vo d—OHMBARATET 3 LD BEVTAD? REYEE
T E B3N, ChiZBEUTA202 BRSEICELDIT 3.

—%, BBOTH0L BRAMEE. R (3.42) i Parseval OEEABELT

{Ag 2 de= || FOIDo (s.9) (2 @5 /27 (s.9)
b2 /A7 K G.9)) |2 ds

<| F(s)|? max * o2 (3.51)

XOFETES, ST, 67

02 ={" D ()2 [ 2 As /2T (. 9) )2
t+ 272s?2 /2% K(s,¥)} %] ds (3.52)

THELZONBN, Z0o? i, EEO—RBRARS PS5 AERELLLES, BENECD
EFUBBOTAHO2 BROEEAZRHT 2LIORET, IOV v 7 —0MNED2 FE
B kpld 20 TcERATHS. 22T, o%’ BEVTHO RIS LLTVyy—D
REERELTH BB LT B, BlEro~3N, R G.51) oBREHOT

LinfootAS$2M8 L% image fidelity #—RFEALLAIEETHY, Linfoot 12 L NITTIR
OBEHROMLUE (image fidelity) KBT 3254579V TH3B. bhbhidks« 2
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2 OEARXRERDOEZBEKRE LT 0TFE2REL, BEVTAEEENCNZEORKELT
BiaoeMNTElh.

3.5 HiTONLL IV KEHERERRO—KRER, —REXTCEDETEINS, o
REENERBIC OV TIIEREERICELT LB 0nd. B2 EORIT, 36k
R G.42) wdhid, s SERRBHENTNEI-OREERORIPTVL LTRSS
0T, NEOBMBICLIBFOTAHORNMIOVTE, ETHKEARDS. VE,
Maréchal criterioniZBEIREDHBD 2V F 5 R MIRIZTHEELHET 20 REOH
FLodTR—BEHVZ0T, ZOHEM0.07 RMS A B 3 BN & RN -
22 F7+—AR - ERRNZEOBRBRBE DO THEENERKE L TEL o 23R L.
ZOFHBEAHERER 3.44) ~ (B.48) WRLEV (s.¢) . K (s, ¢) ZHVT, K
(3.52) DEMERAEEITL, Ehhk o 2RI Z2H0THB. £EL, TOLEEM
WAESEHE: M (s, ¢) 20.8 BERLINRTWHA, Table 3.3 LY LAFHNERLN
i, Maréchal criteriond & &E750, i LV IRIHEEN o i ZERESIEEER L, &
FERBRNZE DB I HHRERENS B - Ehbhad, ChidR 3.45) . (3.46) ik
FBT (5. 0) . K (5.0) DOEAERORDTHS. &Ity FAKHIC 2 < ORE
WA L& (VY 2yven-22), cRBAKEDS. ChTBBLToe, ok
REXZECHLTH 0.7, F7+—ARZXHLTH 0.6, 5F470 220 LTH
0.42755%, £, FHNENFEELTD, F 7+ - RERHENL o WML
:&ﬁbﬁo%.cnxo,ﬁ%of&omsﬁ&mé%fxxamﬁ%mﬁofaﬁé
BT ZARERBRE R VT, BERFROWEDI 547 V4 v ERFBE, RFIYSN
F 4 A7 DBERFRICIT 75457 4 Xa REWE L 2 2 HERICRIFCHIES KT
VRRED AEEEND LN, EENKEERI N, |

3.7 _%i®
(1) AbbeDIEREHERT « A7 DBHAERERDEF L

RF 4 R OBAXRRZRIV—-F-REBEHOMNYL vy XEH BB TEXRLTEYL,
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Table 8.3 Root mean squared waveform distortion

wavefront aberration o
W a0 14 0.7
Wa (tan) 0.63 1.
(rad ) 0.4
W 22 0.34 0.
W 20 0.25 0.6
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ey FCEFINAZEFED S b v X0 A2 b0A iR bl s, HiF
H@x&ﬁbw®$%u&0,¥4iﬁ®@ﬁmﬁﬂbkﬁ%%ﬁé?5.:@EE%?
T, WEMARE ZOREETLE T IBRRE L EEAEEL . BEE S LT AR
RBFOBAOERE LS. AHEAROBAOERZIMEEMFHFERITLLE, 2
OEMRBIHCIRIT 20T, BEIEEC 7Y LHEIZKS, 2T Abbe OFREH
FEBRESTPY, EEMREHNT IHRE LTEETHIEIND TEL, WkOZEH
 EREIBECEOTATERTALDOLHELEE. LIAT, Ky FOXSIREE
DA —F—TH5N0, HPLYXOBIAD, RBROZERCEEF b0, Fic
0 k&1 ROWBHPETH B, Hopkins v P OMABEEIBEIC#IZE S, Fresnel
-Kirchhof f OHEHF WA ARICHVIGET 2 L EAL, X7+ A7 OBAESEEFTHRO AN
2+ 3 LOFHEOMY L v XOBO LD TH 5 transmission cross-
‘coefficient (ICC ) TEWiEL., AF+ = VI RFERORYMLL T, TCC OEERNH
i} Beffective sourceDEFIIMERLZELVLDOT, T0CC DREKRZA~RZ b4 0 REE
| ZOEFROTFHE) SREKROBCHEZO b DILRZEND, AF 4 RS - YRF A
DizEBI%k i incoherent system® OTFCIERT 52 &HTE D, COLEBARFESIE
SOR~s b 5aE OTF: D ORIEKE 3.

(2) BREOTHOEFELON L 200 H L REINZEDZRRE R VIR
BAES CEBNEAFRCLIBEBSOEESERBOIT AL LTEHT L. &K
BIERERO 0TFE0, &4 23L&, BV AT 0TFOFKL D D, 0%k e LTET S
ENTE B, XbiT DD, ORHEA0S XOKDES, DD RREREOREN Vo
variance KEHOWTEHTAILNTEZ0T, BEVITAE VOEEHV CHHIT 3
BHERE variance KIZHEBIT 2 EHIMOFITCEIT S LM TE S, I TVIBEEINER
BHO—RER, K BZRERTHOoLINZDT, BEOTHIEEINERRO _REK
ERB,

(3) Y —-tEFEOTHORRE XCEEVT S 0ERIE
V¥ — LEBUTHOMIBEREZET 5L, WEHOZRESENE VBT 2
S EMNDND. Parseval DEREA D bV TERFUTFAO ZERB S ELBREIREOZRHY
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AROTEL, Vo d—tHetcils 25 L OB " BBV $AOMS i o %

o

o2 =y Do (s.¢) % [27s 2V (s,9) }°
+ 272s? /22 K(s.¢)} 2] ds

LOEETS. 2o, V&K iFHopkins Ik D BIGECHLTEKBIEELE ShTW 3,

(4) BBVTHORMS i : o QIREEEM

Uy p—ONEERERE o EBHOTERET 3. B2 EORI TR, BEVTARERSE
BABINL L SRET B EBAONING, Uy p —ROREBOFTHO RISHIZ2 i
HUTHCHBTHIEELOND, IERE LU TNarechal criteriontCHHT 2 —F R
ABATCHELRECA, cBFvIzvven . 22HLTRBREL S, RIToN
k%mokmmﬁﬁmﬁaﬁbz?ﬁok.:@ﬁ%&%?vyw$4xa%¥%cmﬁ
BO0BUVTABELEOBERLVT 7555 4 XARERINTV I LERDTHASIES
WRE2H0DT, Abbe DEEFUNITHEFREA I + 5 20BREORBTHEZ &
BETS, DATTIIF«TRERELZ L, EREHENELINATOERVEY Y PO
E3&-T (0RO EREREICL - T) AFRO[BEHNRLZ D, E5A0M
CROBAEY LTHBEISKERUVTANEL, Vo —DRETILEEMTLIILENTE
3.

Abbe DI H/OBEN O X2 v HHFET 3 LIEREHOREBRIZLY ., 7+ A7
AEOEEIZEL ST A NEEF SR ERCEESINT, BAESICNMEVTAERESES
LEIRTs s, £, R OB.52) AFHO BRI, BERERCINEIERPRTA v RE
ZBARBDORTH, PIF RFHLL, MEOFANRET L LLBICHERLE. chbolk, £
T, BEVDTAHLOIVEDOHREZRBIHEIOWDHBETHSL. KEOBKDK
i, OMFEHVCHEROTA2EEENCRET 50000 >0 BRENSERERREE
Al EH B,
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BAE BUS vFA - NURAEEERRY OBRBEBESHTEROL
*F 4 22 BEEEOY » ¥ —OBEN A

4.1 BFLHI

HETRY » » — ORI E L TR0 TH0 RISH s 2ERL Y » & — DI
BERELE. BBOFH0 MSEOMES (3.30) REARBOTERLEIANSA
REARS PS5 AR o RESARELTH S, ABTY, HARSOTER (5.30
KEBR-T, EROFIINMEBE YL ab— LA S VY ARRERROETE b
ATEEEROTEEEEEHMLY » & —£FET 5. |

4.2 FA7X oV IRNVF-RHEBEFERL T35V I NEBSOERBICEI S
AVYNVAEROVEBEESOHEOLDDO T VT Y XA

RXF 4+ A2 DEBEESI
g(X)=£F (s)D (s.¢¥) exp (—i27msx) ds | (3.30)

TEAONhD. ChERRLT BEEANES LA vV AREDIYRY 2 —-Vavd
DHMTZENTESB, ANEBSODRARSI F5LF ()& OTF D (s, ¢) ODFourier pair
% f),hx)&F&T. RFEROA YNURBE hX)IE, FBRBESMH EITH, RIBRES
ﬁ%?4zaox*+vﬁmuiﬁuﬁﬂbkbovig.fMﬁ%?4xaL®%ﬁé
hiF vy geT, |
1 fn<x < ¢

fM=[ “4.1)

0 otherwise

EHohTEMNTES, JCT, x =HIBEBOERET, Vy ') ' ok
it d 3, ZREOER (RERR) :p i =& SudERFRC LN TR
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@)
BiEELED. 27 F - F o RIFRTEHI MOlETCOBREELSE, coCE&O

BU¥ L channel bit?, 1 channel bit &E%£1.25 m/ s £33, F4 22 FCEX
0.29um M T 3.
®£ (3.30) wwavEYa—va VEEEBEEHLT,

ga= [ £(&) h(x—§) df 4.2)

5%, chic (4.1) 2RAT 3L,

. &
gd)= X + h(x—§) d§
i ° &n
i-1
= (=) H(x—8&) 4.3)
1
ERB, T,
o= { b (8) d¢ 4.4)

BFA7 oV TRUE-SHEH (knifg edge energy distribution function ,
KED ) &:J:Ldfh%.(g)i’c (4.3) BBEES sFBERRGCUBET 54 v/ v 20fL
@KO,§4VNWZﬁﬁm:x—é@ﬁﬁ?b%K%?i&f”én,E%Oﬁﬁtﬁ
DTRFBNE, ABTAY CRIFBFREB - THBIEELDLTN S, EAHHER

KEDZ 2 TOERRCOR » THBXEMOFORBLLTES S LD, H (x—§)
BHHAXZRAOTRRCHNET S EHNTES, 361, BERE Y FEEL/IHOF
BEPLTEE, | x—&|>0TR H(x—&) =—FLKY, E-BOFEID b

LHoHho, X A.3) oREmE, ERVCILHE
| x=&|<e 4.5)
ZHET 2ERBOZRENSCOFEOHETITHY I & MNTE 3,
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4.3 X5 4« 22 BAESORMEITNO LD DHEHF

4.3.1 F47 - -xv Y  TENVF-RHOBBEDOER

4.3.1a Hopkins’ canonical coordinate system %&b Hi /e
RS L AREESHORR

BEAREK A (c.y) SBEREER W (y) FHOTEEL Y XOMHBE EOX

OHEERIHLEERETS. HL, WEE :x.y BUTOX S CEEE : XY %(BE)D¥?§ :
4

R ZHEILEBDOEZH WS, Zhid Hopkins' canonical coordinate system & &Lifh

3.
x= X/R, y= Y/R. 4.6)

A (x,y) exp {i27n W (x.y ) } x? +y? =1
F (x.y) = l:
otherwise .

4.7)

| (5), (6)
ZHy FORBERSEIEX 4.7 ) ZFresnel Kirchhoff OB AREZEHL TR

3. oo, BERE: u,v 21 Hopkins’ canonical coordinate system (ZHEVEREE
&, pERA/NATHRELEDBOEHNV S LRBIERSAIL,

u=£& NA,v=n-N/4 4.8)
ASF (u,v ) =£3:F v(x.y) exp {—i27 (ux+vy) } dxdy 4.9)
ThobdoeNTxs,
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RBWMESHIIchLD
PSF (u,v) = | ASF (u.v) |2. 4.10
uA2% ¥ vAMETBE, u FHOBRBEESH (line spread function, LSF ) &

h ) ={_ PSF (wv) dv. 4.11)

4.3.1b BHEIBREOV V7Y vIOAELEB7 -V 1B BICX3ER

7—U1£&(L9)%%ﬁ?6%um,ﬁﬁt@%ﬁﬁﬁLxL(i&i2)%L
7), (8
NXN (N=64) OAvv2R8LYVY 7YY B, 05,

ox = L/N, 8y = L/N (N=64 L=4) @1
xi)= i8x , yU)=j0y 4.19)

&3, —F, BROVVYIY v I %,

bu=1/L, 6v=1/L ‘ 4.14)
uk)= kOu, vil)=10v 4.15)

EHWBAE ux+vy= (ik+jl) /N2 B 2h0, R 4.9) YHEBR7—V IRE

NN

ASF (k.1) = (4/N) ? ZXF () exp {—i2m (ki+1j) /N 2}
1]
: 4.16)

' 9
wiRExh, && FourierZ#t7u 2 54 ( Fast Fourier Transform, FFT ) ZHW 32

C L LB ET B ENTE S,
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4.3.1c HEBBESAHOWHBELFA I v Y  IRNVF—HHOBEBROTER

BEOY V7Y VIR (.14 IEEECERITIEYL - AN THS. AERD
wvf'x7@&ﬁ}f=2m/x%mm5a,#y7vvfﬁmu1/mnxé.&y

1y
7Y v EOBICARBIBIESAEA M AT Whittaker, Shannon®¥% v 7Y Y IR,

ASF (u,v ) = X3 ASF (k.1 ) sinc (u -uk)) sinc (v -v(1)) 4.17

k1
(7)
EHVE. LA TsincBIBRERERTH 20 0RBHREAHICDOVTH,

PSF (uv,v y = X PSF (k,1) sinc (u -uk) sinc (v -v(1) 4.18
k1l

ARYILD, 22T, PSF (k1) =] ASF (k.1) |7 &xvx, R 4.18) &KX .
1) ERALBRBBRESHEIET 2L

h ) ={ PSF (wv) dv
=32 PSF (k.1 ) sinc (u -ulk)) ‘Csinc (v -v(1)) dv

k1
=n > PSF (k,1 ) sinc (u -uk)
k1
= 3/ LSF (k ) sinc (u -uk) . 4.19)
k
fHU, LSF (k) == PSF (k.1) - (4.20)
1

£y, BMBREASFGIOVTHY Y TY VI RARTHET 2 ENTE L Ltbhs.
FRT %3 HUT ASF,PSFEFEL LSF k) oE 4.200 27ekl. #HX 4.19 %
EMTﬁv7vy¢E@%ébmm%%Lkl/mf%%TL%:h(u)@ﬁﬁ%%ﬁ
L7, dbHHAMHER 4.19) BEPEEIBVEEZLOTH S,

COLSF : h (u) OHEEREL L, AENEHOTR (.4) OBEBEHEETL
FAT7I Y 22 AF-HH () OBEEEEZE- .
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4.3.2 FUSINMEBOERARRSIEYUS vF 4 - XURFOD
REEEY .Y —DEE

4.3.2a YV v % — ORI BRI HAES OHMHERORT S

R (@4.3) EHVTaAYNI b F4RIOEERES sEHNT S, BIEOL DK,
EEEL.D mSs 2L, BPAREHRE: p ninl0.8Tem X200, DWERFEER
Na, A&Z2AA Y b Y4 XOHIESEM: A /NA=1.T5um it - TESRE, B/NREHER :
pminkk 1/f =4 /2 NACELKS, 20 p nini G XTHAAI VRGO TH
EESEHHEL, FYVa v  LVERITHIRD2 RIKBTS g (x) OEERH-T
ZOBRBETEAERLF YV s v - UL EDRANERD, BAXEANEEDE
BESGEOMBOELDY vy —: J; =xi—50%1HT 3. CCCB@T 3BT v
79 v I ERETO L 5 (RA K.

ANHES ORI 1/f
1 channel bit 1/3f
BAESOHKER 1./30f
ARy b HAX 2/t
FA7 LoV IRAF-[HOHHE  1./20f
BBFNDITHEW Y KD 0 128.720f

fREERFEROA v b - A 7RBEET, NA=0.45, 2=0.78um ORERTI, =

154K, /mmiZ 785, WEERL.25 n/ s THET S L f=1.442 Mz THE3H 0, BAEE
SOHRHROx & 1./730f =23.1ns&78%, BREFMOITHYWOLHE U.5) OfF ok
BEOZR Y FEEDE.4 BIEAKOT, COHKETROERS CLDTE 3HBAR
EBIPIAET 7 +—H ATV E, WosS1.6 ARK B,
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4.3.2b RFVINF 4RI DERARCR LT VI VADNESOERBRRDORAE

ﬂﬁﬁuﬂa&aoﬁﬁ%&mﬁfw-%@%mmzayﬂab~¥4x9@&§@m
WCHET B3 ~110RBIE (B : channel bit ) 25 V¥ A O—RICRESHE, &
R DREBEAY VML, CNEUTORTHAL, EREEROARERIC—EOEE
#5X32Licky, a-FEINLFET0S 5007V MESHET ZREHKO

an ’
SR bMrTFL L3 L (Table 4.1) .

run-longth nunber | 3 4 5 6 7 8 9 10 Il

frequency-dividing number l 3 5 7 10 13 20 25 30 40

Table 4.1 Run-length numbers and frequency-dividing numbers. Run-length
numnbers are generated on a computer randomly but uniformly.
Frequency-dividing numbers are used for simulating the
the frequency of corresponding run-length numbers in actual

coded program.

4.3.2c RFYINF 4R OBEESL2OERALEYBY » & —DFtH

95 VESOZRAOHERE= S pi k0ALND. FAES gWOHE LT
CEBS AR MR (1.3) OHSCLESERAE [ x — 4 | < oo
AT CAEERTOHE S Lk, EAEK H (e f) R KED: B (1) OREX
0575V METIET 5. FEES g% 0 xECHET BrUe,

(6 W-d) (g (x—0x) —d) OHBLUEL, AOLHEMHCRHERS y=
g} y=d ORExiZDEYD, YVor—J =xi—§%FET B, kL, y=d &F
SVa v LsATHE. B, Vv s —ARIMES 51 10008 O ZHR £ £ Rt S
B3 &ﬁ*ﬂ‘g"(“% 5.
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WwEORETZY v ¥ —DFHEE

ay
4.4.1 RFARAIRFRCIZHRELLLSOBBRESfE

BEESDY v ¥ —DELRA TS5 A

R (4.16) 2BV TCHELLBENEXAFROBRBEBESN (LSH 2L»T (Fis.
4.1) . S CEERFEROMMIL v XOROKE(.L, V¥ -EEET0m L, —
BAS: A (y) =LERZE: W ky) =0 2RELL. LSF oAy FRICH
B 2BAOVTERLE., EREEHOBMEIRE Y FERTHB A2 NitE ok,
SR LFERORBEBEBAN LS, ER0BINRELR (Y FER WELLAID,
MLy LSFO 1RO¥AF - E—7 OHECBHEY » FRWNET 2HFELRH L XD
M3, COLSBFERTERNERAFRCRET Y » F —ERBHETH L LA

BIERZRTHRIR - LBEESEFig. 4.2, BEESOERR QI5EN
D, ILTRDOED) &FvVav b RERS TER) LOREOE » b -
0y IMODThENRY v & —TH3. I TRINEOERRICEIZY vy —iZD
WTOLR P75 h%ES. BILDp-p ETHTNSDOY v 5 —NHB I Lhbhd. &
RAETIEAESOHEC BRI A 72y Y« 2RAF-SHERERLE.

R 4 R PBERBERORBCH L TRO T2 2 ARELL L ED LSFEFig. 4.3
ﬁ?.m$?4x7®Z*¢VﬁW%x&?%t,QVV;?V»w-avmwﬁW%@
#]ix

W x,y) = War (x? +y?)x 4.2D
ENT B, HiEl.2 mm, BIFELSSOF 4 225 1° HOLBE (W =0.45A12) O
LSFTH 3, awizkpBREDOES (Fig. 4.1) CENTY A F - =20 mL, B

BE., FORELZURTVREBICE s TWB I ENhh s, BAEES Fig. 4.4) i
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2AEET DL SCBERENBREBEBOTANAONS, LX S50 p-plETH
180nsDY o F —MRREEL TR EERLTWVS, ERhFA7L Y « ZEINVFE—-FH
BB OBANEBNZEC ORTBLB TR ENBDHONS,

4.4.2 7RF4E—YVaVvTRETEY v ¥ —

(1)
KF 4 R OBARRRANBNETCH o THT7TEF 4 E—Va VitLkoTY v 2 —2E

L35, AL -F-RBTR—RAHKHEIRCCC, 8%, BLoBEESH

truncated gaussian OFIRITIZ B3 DT

exp {(—Y% ((ax) ?+ By ?2)} x* +y2=1
A (x.y) = [ 0

otherwise

(4.22)

EBLTeENRTED. R (4.22) TRENSA—PI, a2 PUERIBEATY » 5 —%
7uy b L bOMFig, 4.5T, AF» Y x) CEHED gaussBHO7 RF 4 E— v
a YBBSRFNE LAY v I —RRPTEEhbhE. chid, 7TRF4E¥—Va v
WL o T LSFD1 ROY A F - E— I N@BPTIERDEDPANLONSE, SOIXTHRF 4
F—va VOBRENRCKZ L, LSFORLESOEENEMT 20T, Vo s —RRE
M ALk s, Bh0 (@) WYy s —RECHELLEERL—F - -4
BN/ X3 &hiEREdT32)4A—% - LY XOBOK0.127T & T&E 37
RF4E—Va vERHBLTHEY, —RASHCHEAHI0sY » ¥ —HED LT B 2 &
bhs,
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PHASE JITTER (ns)

200

100

- A= exp(-‘§(<ax>2+<r3y)2)>

-

Fig.4.5

Calculated jitter read out by a spot with apodization.
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AIMEBELT, FIUINEBOLIIRFERCEY, 7 V¥ ARREHBROENZRS
OIcH L%, BEESOFEHERX B.30) EANESLA VI NVARETHS LSFED2 v
KYa—va YIWCERL, BEESEEREOERRRIIBIZ4 Y V20MTH D
DTHEEERLE. B4 VAV EALESONEEEN >R RAE T OBEMCIEL
THA7L Y« 22VFE—23H KED ) BBEOEENIMY, BRENIE LMD
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COHBEDOVLOORRIL SETEELLOHFVTHOD RIS EE~Z &, Wit
RBRCRETZY ¥ —-THINBHMTEERETE2HTH . TABFOTH0
RMSHEDIBS, ERUCH R ZIRZEORBICHIREMND - oA, & OFFHE T RIFHIGRIAHF
B, MORESVNEEZRI ZEMNTES, —F, Y v & —OHITENEERER
OREINZEFRI LT quadraticifFET 200 &0 S HEIE, HEBYIaLv—va
YEUDOTROMGEY, EC5T, HEHTHONMERESEBOEREDD
SEEBEIIZN, WECLZY 9 7 —0HMIZ OV TREZEBOBRICH L DIREL
BHOEVLD, REAE, ~BAHKBLY Y 2B 7 RF s E—v 3 YHBIBETH.
MEETHBICLDY v 7 —i3810ns &2 305, WEICLBHEMAIT 2O TIIHHE T
BIRTHE2M0THS. 2OEHELTY v ¥ — OINEREEIUSRERICA U 2 BB
EREL, BEEBROZ0bO~NDEFEOHFIEBENTH I EAXBY o3,

BRELT, KEOY v & —OBEBITHELINEAMarechal criteriond /NS WHIH
TRAEORBVTHOFMBELREZFTH S, £-T, ZOKERL 0TFOH{LEFES 5
CEWEYY o ¥ —EFHET A L ARRNCEMEEL oD, EROFVINVES
OFEIEY, 5 VI LARREHROENE Y2V -+ T507T, EROFVINVES
N5 THNBRARY b3 AEOEBENITOIF OFHLEFET 2 &M TES.
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BAEEBOY v 2 —DRIEE

5.1 WU®BI

HEtORBOEL D, BUOERSHAIABOEZTS - k. FHASHOWEES
EVWSxI Vs bu=2 2eBoRREDA, TOMEIRENCHLEL, BEZSAIY
FOBRARILEY, HELADTZELE, ThESV L ORESEEHR LS -
. E2AT, R, FYINESORRERES ZIE, FYINMESOE Y P
v 2 KEBEMNT, A¥uRa—-7EIERL, 3 ¥ 7Y VIREPLEESOLSE LN
O'ﬁETﬁbmﬁﬁﬁﬁcaiﬁ(7?)#amﬁﬁﬁuﬂ%ﬁ?#?.ﬁ%ﬁﬁgx
<&%mna#&5#&%%uzmk%,¥ﬁigv§§%ﬁ§&?%ﬁ¥?bat
(Fig. 1.3) . BiSHLAESOL v b - 25 —RERET I &0y, EXROKHE
EEERPICHMT A EATES. LIL, EB0FAIVIDRETHEY v & —Nd
BLEWHECAREEE Y | - 15— 2RRCHAT SWRAH 50T, LEVEIE
?6£?E®E§7-VVﬁﬁéhf“%#&ﬁﬁ?%muﬁéﬂm(N&SJ).—&
i, Vo ¥ —REZRCD - L BHOEPHEEKRELTERI NS0T, Vs —%
AT Lk, B, YORE, BBHIEMT 3 ENFRINIHTRNTEL
NTEB. BoT, Uy s —MERF Yy MEBEERCEL TR b EESHERE <5
BLEXD.
mmﬁmvv&—Mﬁ%%ﬁ%&@ﬁﬁénrwéﬁ.:ne%%¥4xa@ﬁéﬁ%
DYy y—FlcEAT 3, -5 —0EELSBECERTIBBHY v ¥ — Lk
%mvvé—%mﬁaﬁﬁ?é#ﬁﬁﬁﬁﬁé.bnbnm,%%,mmﬁoﬁﬁﬁﬁf
VIAF DBV TRAF« R/ OBAEBESEARY —IZEDIH, V70 xTILD
F— 7 NETHRRY » 8 —DF A RV ORMICKZ Y » ¥ —ERELTHRFENY v 5 —

RRELTERD, REREAIINE LV REANS - 1.
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oL h-BEESICREBL<L2 0y 2% phase locked loop ( PLL) [
RELBOTRESYE, Yyy—% PLLONHEKREHRAIE LTREBL, BRICFIVFAX
TRV —-REREEELOTHRETS.

5.2 MERFER

Vy s —0OREHOONTHWEEERFERL, RO YNNI b - FerT - ¥RF
Ammwénfm%%ﬁﬁéﬁﬂ?béﬁ(ﬁ&52),mkmﬁgﬁg%%%bﬁﬁm
NZEONESNHOEJATERRCMLONATV S, V—¥ —THI Ol L hiL, B
HINZEIREREEKT 0.03MSA TH - 2 -(Fig. 5.3) . &KL, Ttk B—4
E—FDONY DL - 2V L—F-REHINTHZOTA=633 mTH3. —K4, ¥
v 27 v PRI EEE L —F—EANTVE0T, HEOBEEEC X IRENEDE
v> spherochromatism MRPHI N3N, HHL TS L ¥ XD spherochromatism. L HEEE
BhEHoT, TEOREREQREMEHERNT 55T, FHER COREIE
HEEAEPTE 2 EEA S, R Lindex-guide RIDEJk l/—“’f’(s;)?, BET84 nm,
ERLATI] X3T DE—LAVARDAObONMEShTLS Fig. 5.4) . WhL
v XGBAOR0.47, YEEHERE 2 o @ 28 3ON 5 AH L v X T RMSEEINEN 0.027
ADBDED BV, —H, 2YA—F— - VY XREOK 0.1270 18 20&EL ¥
AT, RMSEEEINZEA 0.0142TH 5. ML v QB X YKE - BELFICRE)
Sh, Eou bRIEHLT7+—AR H—FK, FS5oF VS - F—RENMNFBILENTE
é.:@&5K£§§E%ZM?N4?&;ATm5.ﬂ—ﬁﬁ%®ﬁ$ﬁﬁﬁivﬁ—
%E%éﬁﬁovx%A&E—?,7»—ﬁx°15—&mam#ﬁm%g%,bﬁv*
yr-la—&mautanmSg%bEMTmé.7»—»2,b?v#vr-%—
EARRESIRRTCRY v ¥ —HENET 20T, AEMCL CERL TE BERD
%.Mﬁénéﬁ¥4xﬂm.Mi&nvwﬁb°¥4xao%é,~ﬁ®ﬁg(L%
n/s) TAEY FAHIOEDYCEESE OGN, Yy s —MERTEEEREF « 2
IORF v Y HHMET 4 A7 OEBHMICEEOHBEMIE I ENTEBLDICT D,
BAXRERIF « 27 0EBIcBRY DI 5hT3 (Fig. 5.5 .
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Fig.5.4 Far-field pattern of the laser diode used for jitter measurement.

-g3-



Fig.5.5 Optical pickup used for jitter measurement.



5.3 ¥ YU # v phase locked loop%k B\ - HISEMER 7

AYNI P FARAIOLIIC—EORETCHEZET 2V A5 AT, BAEFESLD I
v 7 ZREHRL, KREHFORBKEMHEERL, REFEACY L 2—2 -l
HU. kERHFORBRCEMSEI I LLLD, = —OERLSKLEY » 5 —
ABRLTND, FRBEESHOPLL #HVWT2 0y 27 2BELTNHE0T, 20y
tﬁ&ﬁ%mmL@ﬁﬁﬁoﬁ%m?;<ﬁ%ﬁ&n1magw,ﬁWMVv&—uEH

hgkahs,

FRCEELAEY v ¥ —AEERIE PLLTBRETEZY, FEHETEHRIEC D &9¢
RERY » 5 —Z2RET 2OPENTHS. €9, PLLEAREDLBEVTANESTHS7
A - Np = VIZFEGIT phase lock ShkE v b2y 2 2REIRE, S0y
206 DR NEOTNNY v ¥ —-TdHY, Vv ¥ —IL phase locked loopd—ER%
Hmk 3 % phase comparator DA &L LTikiah3 (Fig. 5.6) . BRI hhv vy —
I6~RDOUVRVITEHRICF VI A XL, FEUNLVOREFEENRI»Y Y P 303, &3tT -
WIFROESORBRETBY » » —MRHENS L, BHENLF -5 E =Y F
WeavEa—piliaddn (RITECER M5 AL LTERS NS, FREERHIERIE
0.2sC%3 (Fig. 5.7 (Fig. 5.8) .

54 F 4RI - I AXOHEERESTILDOF — 4 B

F— - F-FLOBELT, VESEEOY v -0t 2 5 LA0FEE - H8Es
L, "=V F N -avCa—SIlHHIREZENTES, 3 BEOREHECEY v ¥
—Op-p EEFEL TV 2. BAETE, HEREOD, F4+ 27 0XRMERT 2, 4 X
KL BY I —NEENTEY, p-p ETHESTZLOEEEIFPT., XSS
LEMETAET B30I, LA M SLD0FOF 427 - ) 4 XWRET 3 broads Y v
Y —ORHEWYORT, BohABWY » & —ORFEERSHFEAEL, 20+t 30T
p-p MEHEL TV 3. ¥V » 2 —MEZOBBRERT Fig. 5.9 .
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Fig.5.6 Block diagram of digital phase locked loop.
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Fig.5.8 Post processor and histogram on CRT display.
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5.0 %e&®

BEESOY Y b - 20y 2 PLLEAROKFEROHE T, ML (EHHoLhr
ruy 2 RRBEIE, CO0Iuy ) EBEESOI vy ) ORKHENEOTHEY » ¥
—LLTBRIHTIHFEEANT, -5 —0HELS5PF 4 27 ORSHECERET 518
WY 5 5 —ERRL, REHY » 5 —HREXCRET BV » ¥ —NEBERELE.
LIAT, VP —%FUVYAXTEHLEOBRF{LHERI 231./16=14.4 ns TH 5. T
EODORBEABEINLEVLDHDOULRNVDY » ¥ —DEEERS LD REE LT
FRENIHNO, PREEFERLTCLONIAAE, Vo »—0OHOML D DERL
NEDDRE>TOBTHREND 5. 7 3 AFUNFHEMODE > MR 512, 32
URMZ 2 SABFFLEDDEHBLLL A, WEORRCHESERIRBINE)
kOT, BEDIGL<NVD I FAHFTCHABBEECY v /- OHORHRRONTH S
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Fig. 6.1 Focusing beam passing through the plane parallel plate.

-103-



cos @
f (8) =sin 6 {1- } 6.1)
(N? —sin 2 8) 2
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VM TES, o7, s HEHBEROBRE ENOETEHEMMIICR 1-1/N TEAoh
), DHBERESZLS.
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=—f (8) +Z g 0) /n! t" 6.4)
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ZITARIV. R 6.1) 2K 6.3) lATDL, g (1) &

sin (a—8) cos (x—8)
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sin (a¢—6) t

r(t) = cos 8 — siné (6.8 )
cos « (1-t2) 2
s(t)y =1 —-p(t) q(t)™? | 6.9)

p (t) =cos («¢—8) = (1— t?) “2cos 8 +tsin@ 6.10)
q (t) =N2?2 —sin? («—8) |
=N?2 —sin 2 8+2t ( 1— t?) “Zsin Ocos &

— t? (cos 2 8—sin ? 8) . 6.1D

T, WEEIE p. a,. r @ t=0 BT IEROWMFRBUTOL S TH 5.

£ (t) r (t) p (1) q (t)

£ ) | —sin6 cos 6 | NZ—sin? 6

£ ) cos 0 sin & | 2 sin fcos &

£ ) 0 —cos @ —2 (cos 2 8 —sin ? 8)
£ (0 ) 3 cos 0 0 —6 sin fcos &

7 0) 0 ~3 cos 8 0

Table 6.1 Derivatives of functions p, q and r.

—%, WHEhEAER s AFME T AL =i, Table 6.2 DX D WHEICHBIES F . G, H .,
JARWS, o7, HBBEERF G, H,J O t=0 B 5{EIETable 6.3 DLDT
3.
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s'=—-1/2 F/ 4%, F=2p'q— »pgq’ 6.13)
s"=-1/4 6/ %2, =2F'q - 3Fq' 6.14)
s"=-=1/8 WU/ q"% H=2G'q — 5Gq’ (6.15)
" =— 1/16 I/ ¢*2, J=2H'a - THa'. (6.16)

Table 6.2 Derivatives of function s , using auxiliary functions

F.G.,H,J, pandaq.
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x {3q )3+
9 (cos 2 8~ 2sin 2 6) q (0) 2 +
45 (2 cos 2 8§ —sin 2 @) sin? 8 q (0) +
105 sin 2 Bcos ? 6}

Table 6.3 Expressions for functions F , G, H and J at t =0.

Table 6.1 ~6.3 %Leibnitz® AR :
gV =3[ r ™M 6.17
WRALTCHENZEREE 6™ 0) /n ! 23% 43 (Table 6.4 ) . M, UToORED

notationTER®D 3. 5 &, B, SRIE, SRIEERTHOLUET 2.
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Table 6.4 Transverse aberrations caused in the plane parallel plate.
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wéwmiﬁwﬁ,ﬁ(&ﬁ)%&%ﬁ&?%bﬁf&é.%éhkﬁﬁé&ﬁ?étb,

4)
ANT =7 THAFREOREMIE 2 7 5 A Symbolic Manipulation Program (SMP )
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Table 6.5 Expressinos for functions F , G, Hand J at t =0

in case of spherical aberration.
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Table 6.6 Spherical aberrations caused in the plane parallel plate.
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Table 6.7 Wavefront aberrations caused in the plane parallel plate.
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Fig. 6.2 Spherical aberration caused by a focusing beam passing through

the plane parallel plate.
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Angle of parallel plate which gives the same amount of coma as
of astigmatism as a function of numerical aperture of

focusing beam passing through the plane parallel plate.
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wavefront aberration optical constant disk parameter

NA, A, 8 t, N

spherical aberration| NA* /A, 1
coma Na3 2, 8 t, 0 (C1I/N)

astigmatism NAZ /R, 672

Table 6.8 Dependence of wavefront aberrations on optical constants

NA, A and @ and on disk parameters t and N.
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Fig. 7.1 Spherical aberration caused by the disk thickness error. Third

order aberration approximation (@) and ray tracing Q) .
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Fig. 7.2 Spherical aberration as a function of the thickness and the

refractive index of disk.
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Fig. 7.3 Jitter caused by the disk thickness error. Observed value is

shown by (@) and calculated value is shown by a solid line.
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Fig. 8.2 Jitter as a function of disk tilt angle, when disk is tilted in
the scanning direction. Measured jitter is shown by (@) and

calculated jitter is shown by a solid line.
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Fig. 8.3 Jitter as a function of disk tilt angle, when disk is tilted in

the radial direction.

-139-



HENRZEL 2 wARET IRRZROBEINZEOZBE variance &L, K1.K2 %
HRAENZEL 2 vOBREHIEOZEBMD variance , V2 22 <0EEINZEOZEEB OIS
MEd 2L,

K (s.¢) =Kl (s,¢) +K2 (s.¢) @.17
V (s,¢) =V2 (s, 9) (8.18)

AN B. SRS, EREDGE GRRAGE S A o 2R V] BEEIC Y, 20T
B 05 3h, 22 RIERTRETH 50 2 DREK V2 RERMEEY, Tl
Wz 53, (L, SF47N - 2a=0BRARFEMELS. ) 5T,

I vi+v2) 2 as={f (17 +v2? + 2u1v) as

={f w1z +v22) as (8.19)

ve S

w1+ as =72 (8.20)

MNROIUDLDHTHB, X-T, HRENEEL 2 <OREHNEDOZERMEBD variance (220
TIRMERANERD I, UL, Vo —REEOTHO RMSEoBIT 3, 02 &

K2 & V2 oBETH 00, K2 OFEORRIZKL.K2 @ cross term BHEL, T DIHK
ADICHRENEE 22 L2V v & —RIBECEMYTRARY, Vs =0T
EWNZO LBV ENARL NS, Fig. 84315 A —=2I Wk &b, HMUZEHIC
WalclbBId 27 4 R RS BEL ST, Vo —0iElE Ty P LEBDTH S,
HLEKENECLDZY v ¥ =&, a7 L2V 0 2 —=RUTHhEY » ¥ —HREEL
WETBHOMRICIS 5, Fig. 8.42WET 2L, BECIHRISGH TSV OT, KE
WECLDY vy —La=2il&dVy 7=, TECIMITEOLI EAERINS,

-140-



(ns)

PHASE JITTER

200

100

Fig. 8.4

-1.0

-0.5 0
TILT ANGLE

0.5
(deg)

1.0
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Fig. 8.5 Calculated jitter as a function of disk tilt angle, where the
numerical aperture of focusing lens is varied from 0.45 to 0.5,

while wavelength of laser is kept constant.
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A gain-guided laser diode with a tapered-stripe (TAPS)
structure. Gal-xAlxAs/Gal-yAlyds DH structure is grown by
metalorganic chemical vapor deposition (MOCYD ) on a n-Gads

substrate.
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Fig. 9.2 The amount of astigmatism corrected and the amount of coma

caused as a function of tilt angle of plate.
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A tilted window glass is hermetically sealed on the cap. Its
thickness and tilt angle were designed so as to correct the
astigmatism of a laser diode, limiting coma to a tolerable

amount.
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Fig. 9.4 Far-field pattern of a TAPS laser. For radiation in the plane
of the active layer (//) . and for radiation in the plane

perpendicular to the active layer (1) .
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Calculated and measured jitter as a function of defocus. Cross
talk is defined as the amplitude of the adjacent track signal
detected by the spot scanning midway between the tracks,
relative to the amplitude of the RF signal detected by the spot

on the track.
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Fig. 9.6 Calculated and measured jitter of an astigmatism-corrected
laser diode as a function of defocus. The minima are very

close to the minima obtained for index-guided laser diodes.
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Fig. 10.1 Jitter as a function of defocus. Measured jitter is shown by

(@) and calculated jitter is shown by a solid line.
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Fig. 10.3 Calculated jitter as a function of defocus. where the numerical

aperture of lens is varied from 0.45 to 0.53.
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&COO‘T%%—??_(Q. & Z A THarechal AEH W /2 Strehl definitionid OTFOD R ERZERIC
g9 BRMICIEHIL , fZ—:(W?H)L;t: N information volune& X A%, & T Strehl
definitionlIHBOEEH LV AR Y 2EEX 3 LERE, AFRILVDIEEINIEHRE
ORERERET S, —F, B3 BETHEALFHERNE, BBV HORMS EEEF + 22
®Eﬁ%&ﬁiﬁ%®%®RMﬁ?ﬁ%éﬂéﬁ,C@Jﬁﬁiﬁmegw&n&@@
DEESEHME, WbH, image fidelity #RHFDETH T, Strehl definitione
BEZIHBCET2FEEL S NS, DhbhidE SICRBOT A LNZEORITHIEMR
IE TIBA TRITEITRY, AF 4 A2 ETEy POBEELRSI T2 - F{LahilE
#H, Ey rELzoEFIOMTIcL LY, BRCESHEINIFZHLLTT TS FF
A XANBEREINBZ EEHOE, T, BEBUOTAH L0 IFMEEZ Abbe DEREH

FUEOBRE LT OFEROCRKELE DD LA 3,

11.2 sBREohLIcE Y 5 RREE & RE O Ok

mwic® 38.8) THALABRIBEAAOREH T Strehl definitionDFMEEITIS
3. % 3.8) OBHC Yk T, FHEEERER G.2) . G.5) TEELAE. VE,
BRREARE RN RECEST AHREICAL 5L, SRREOHLTARORE
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BEAKRZY, BRERZRON Y ABRICHEY 2METERLL B ohOEER>

i=1/72 | F0.0) |2
=1/t [ () axdy |? (11.1)

E8B, S0, BRI T (x7.y7) BBBEEO—ELY 55HE SETEES L
3. 0%, BARERES 5L, BEICBR/D_FERIC best fit $5B8BHELOO
BEEoTHh, W5, BEANREZPLETLE,

f(x".y") =exp [i2n/A% (x",y") ] (11.2)
EMTF B, D&, Strehl definition &
i=1/m% [ e li2n/2® (x"y7) lax dy’ |2 (L.3)
= 1/n?2 |n [1+i22,/Ad+% (i®) 21 dx"dy” |?

S 1+i2m /A (@) —1 (D2) |2

1- (2r/4) 2 [(®%) — (P 2] 11.4

iy

EETEMNTES, 2T () WEHES EToElEEd. —F. R (11.3) &b
PFORERXNERY LD,

iz1/72 |{{ cos[2r/2@ (x".y")ldx dy” |2 (11.5)

PN

z21/7% [f [1-% (2n/2) 2 @2 Jax"ay” |2 (L6

Ir

[1-(2r/4) %2 (®%) ] 7. (11.7D
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O TRRBRELREOR/N_RIEN best fit REIBAK DT (D) =0 THI3H
5, variance: Ad= (P?) — (D) 2 = (P?) LAHWB. &I ATHarechalids 5
A7y A4AvoZHR (11.7) ZHVREIhED, HFHEERERNT LR (1.4 %
HotWwdesbdbbnd, £, HEiZE%Zernike OERZERE DBV TREMT 3 &
&Zi3, variance : A ®idZernike RO _FHOFE THobIndHho, R (11.4) 0O
FROFIEEN TH S, SONTEORIEAMIRERTIZLINTV BN,
BELIX A1.D) oFARL, BE, 5 YEEORVLADY, RATZ20FEL<X
WOTTIEET 3.

9, X (1.4 ZHWVWT i=0.8 xtitd 2 RMSEEINZE, variance K 3 &,

| Ad | =0.07T124A=4"14 |AD |2 =42 /200 (11.8)
(6)
TH3., &I AT HopkinsiZX (11.7) AWT 120,795 2 RMSEEINZE,
variance %23k, |

| Ad | =0.07454 HWid, |AD |2 =22 /180 (11.9)

FHO FNEEOVTR (1.8) BT (11.9) 02 545U F v &% Gk T RER
ZfE% LS~ Table 111 THBHBLE., c0FELYD, Rayleighd A BIAS, Strehl
definition:i =0.8 K#ET 20, 3 ROKANEDAHDIFBEN, F7+—HADH
. OBATHD, Marechal criterion®H A Strehl definitionizd &< 254 7 Y4y
ELTLOREUNDZZ ENVHERIND.

—J3T, RFEROIS5AFYAVEFREOFRBEANREROBEME LM S NOYHEEIZ
(N

BOLTRDIBETHEENI I ENTES, ChIINEORKE L ToREKNIEER

5% 505 RFROFMEKE LA #2 &AW, Strehl definition @ variance

X BEPKX 11.8) . (1.9 SFHERHO—FITH B, LIAT,
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Table 11.1 Wavefront aberrations in diffraction limited system

v =0.0712 RMS 4

aberration v =0.0745 RMS 4
spherical Weo=3.7T4 Weo=3.944 —
aberration 3.754 (M.) 4. A ()
Wao=0.96 4 Wao=1. 4
0.954 (M.) 1. 2 (#.)
0.942 (B.W.) —
{with optimun defocus)
Wao=0.24 4 Wa0=0.254
(without defocus )
coma Ws1=2.46 4 Ws1=2.584
2.5 A (M)
W31 =0.604 W31 =0.634
0.6 4 (M.) 0.634 (H.)
astigmatism W22=0.354 Woz=0.365 A
0.342 (1.) 0.354 #.)
0.354 (B.W.)
defocus Wa0=0.247 2 W20=0.258 4
0.254 (M.) 0.254 (.)

Where,M. —Marechal, B.W.—Born and Wolf and H.
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Rayleigh criterionbBEDOBRAEEE (p-p i) ZiHBEIKRL T IRETHIHN, BE
DBAZFEEN—ETDH, WEOHEBIZX 5T Strehl definition DEIRIEZ 2 &H
SHOMEL ST, FHEORE L ZYEESAIONINEOHFRHOIDY >3, L
HoT, 2TOENCH L TEH RSB S FEEEIALICEET 500E 5 MEDL
V. ZR& D SENOENCE L TRESHEEREERT <5 TH 3,

11.3 Strehl definition OBV 9§ » DR E L COBEM

m&mao%@bkﬁ@ﬁ&ﬁﬁd%@%%7%775%?4vﬂ%&bk&%@%y
NRUVRABET, 207=YZXThH53 0TFE &bz, 1 vakb—v v P RBEROBRH,
AT IMEEFRECERTIEBRTHZ. LATRICHHENZESIE—D/ 5 X
-y TEBEhBENFEELLOT, HBIDPVTRED (1) HlEE (Strehl
definition ) , (2') ZY¥—2F . ZZA¥—, Q) LEELRZMEALTH
fid 5, £, HBOLOLTORBE—DDNSA—s oI EHT I LRBLL.
0%, HEROEEE) LU, PUESRSHOBREEE G.t) LT22S, BH
ESHIZOIF ¢ D (s.t) oMy —y &k

| F(uw [2=1/A0 Dt e [i27 (sutty) ]dsdt  (11.10)

Wi EBZoh3, Ik YStrehl definition

i= 18§ D(s.t) dsdt (11.11)

L7553, EoATR (11.10) OEBEEMETH 370, ERBO7— ) IZRTHS
D (s,t) FxzaI—rxdfreiy,

D(—s, —t) =D* (s.t) 11.12)
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MROED, Thk, CHERMEELLCEEE (s, ¢ ) FHVTERT L,
D(s’, ¢ " +m) =D* (s°, ¢°) TH3ho,
i=1/001 [D(s*, ¢) +D* (s", ¢°)1 s ds dt’

rl

=2/0{{ReID(s", ¢°)] s ds"dt dsdt  (11.13)

[}

&750, Strehl definition WOTF : D (s *, ¢ ) OEEHOLFHEHEBERIH
k%ﬁ@ﬁ&“ﬁ:&a&g{E@@:VﬁixOﬁﬁﬁ%ﬂM?%ifbé.&:6?
MF@E&%MPW%B(s'!¢’)&?éas.m[n(sf,¢’)]= |

I D(s ", ¢") |sin 8 (s", ¢°) THEAOh, ZI7T, 0 (s”, ¢’') =

2r/s V (s’, ¢7) Thot, B3 EORITTREENZEOEBB ORIV ILE
RTPEND B LREL, BROTHCSPSABELEA 5 @bk, Ko,
K (1.13) &&&hid, PIF: 8 (s, ¢ ) AStrehl definition IHA ZRHEZZ
ROBUNETHBM O, BT, Strehl definition WHFV T HOFHMmIITH S L &0

5.

11.4 BoERMICET57545 Y4 ELTOD Abbe DIEFEEE,
BIFEV3 A, Linfoot @ image fidelity OB

B2 BETHRELALLOIR, RF 4R Y RAF 2 FEENCEERERTH -T2 VY
2—va VEETERINIHN, —F, Duffieux & HiZAbbeDELAMIE2 VK Y =
— v s VEEORELBBTA V7555 4 » 2 RBLERTS S, DRORIIES BT
BROF5ORS M S FEEEESAL, FRAMRCIIL A BT HEE DY 3/
547YA v ERKNSBEEREOBBE LTHRRT B ENTE L, BREOTHOMEA
uvvy—%%ﬁ?ét&ﬁ%&éhhb@r&éﬁ,#OTmeguxb,&ﬁ,K
@6&&@:&%@@Eﬁ®mwﬁ®ﬂm5tLfﬁﬁénk:tﬁ%é.%3%%%%
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LEBEVT S

{ag(02ax={ [g(n -8 (012 11.14)

X OTROEMY 0TFE OZED_RRHOER%E LY, Strehl o, ®iikinformation
volumeEI D FRIHBARK & IR MBS 5. Linfoot KX NTRBRITT 2T R
ARNCHENZV2 DORIENSH Y, V& DidShannon OFHERCH L3 7 the
greatest possible discriminating power. which gives as much information as
possible out of the object viewed " TH Y, dIV&DIL” degree of similarity
between image andb object " WET 2b0T, B—0 figure of merit LT O

BAEAN—FTBZIERETERVELTNS,

Linfoot BRI IR DBEH B (vy ) LEBOBROBERFE .y ) FHNT
UTFo=Z>0Fli=EEEEL 7.

(1) image fidelity :

®=1-{1{ [Bo (6y) —Bi (y) 12 ddy/{ | Bo (xy) ? dxdy.

(11.15)
(2) relative structure content :
T ={ B (y) 2dxdy/{ | Bo (x.y) 2 dudy (11.16 )
(38) correlation quality :
Q =£:CEO (x,y ) Ei (x,y) dxdy/j:i: Eo (x.y ) ? dxdy. '(11.174)
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ThooBROMICE
Q= (r+%) 2 (11.18 )

OBFMNR VLD, WEEo (x,y ) OERBRERARI F35%F0 (s, t) &TDHLEE,
OTF: D (s.t) ZHVT, Ei (x.y) OZEHREFEBRARI 543D (s.t) Fo (s.t)
EMTEMNG, N—NLVOFEBEZHWT relative structure content &

T={{|D G.t)Fo(s.t) [2dsdt/{{ Fo(s,t) 2dsdt (11.19)

LEFTIEMNTES, WE |Fo (s.t) |2 =—5F&F 3L,

T={{|D (s.t) |2 dsdt (11.20)

THBM5, relative structure contentld Strehl definition .(11.11 J I AT
information volumelZ3H{ld 25EE TH B, X562, OTF: D (s, ¢) O 2FEAHVE
—RITEOFHERIB & LT Schade D%HiliHEkIgE

Ne=£‘k D (s.¢) % ds | 11.21)

an
NH5.

& T LinfootiZ M OMA%E BIKLT 2L, BEBRLEEBROZED RMSHIC
mapping error EWIHEAXBA TV 3N, £9,image fidelity : ®iX mapping error
Z0bDEFHET 2R THD. —H.relative structure content (11.16 ) :T iX
mapping error (HEITH YD, correlation quality (11.17 ) :8 @ mapping erroriZ
*eZMEE, K (11.18) k0T LPOHHTH 3. Linfoot AStrehl definition &
SRZZBOFFBEBIBARIBL A OV TIIEHET & 3%, FEAR T &, image
fidelity ENEDEFRIZOVWTZALENBA - LBIFENZIhTVAEY,
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—F, ATORBEERNO—SHET 2L 2Ry ABK R (v) %3Md 245, FHBE
REEO L 2R v 2B#Ro (v) 2O DEERE

»

d=[ (RG) -R () )72 dv]2 (11.22)
EEEL, F7+ -0 APHRENEOBKE LTREHEZT>T02N, FLEALY

XAMEICELT, FELTEFHBREROEBOFMEEL 2K 5T 3,

11.5 AbbeDIEHREHCHIL L, EROEBUIAHAD
BRI E LT OBEDTAD RMSIHE

FUYNMEBRBEROL S CZHLS N BEHRER S VA7 4T, £2TOERI /0
v 2 KEBL BRI TRES N, Z2OLIBYRFATRI Dy I ZHTES AV
FBOEETHS, RFVIAF ARSI - YRAFAEFVTHRRIL » FORMBLES
LZ2DBFIT2—FLINTHEY, ChEMMCERCETT ZANEETH T, 20
BERYVF—LIEND. Vo y—RBEI ETEZELLREVT SOV ZERTDH
n, BEOTAEMNDT LinfootDFFEL /2 image fidelity 2—REALLEETH 3.
- Linfootic X niEiEMOmapping (BT 2HBUELEBIL, Strehl definition %
OEHEOFENCHEBRTIBEL RS IHBIBTS. {-T, Vo2 —d30IREE
O3 A X TR EA &, Strehl definition ZFHMEEIC L TH L /2 Marechal criterion
ERERBROI 5457 )4 VI FEINZTEERTR S,

B3 BT 20 TEEVTFA2INEOEHE LTEREAL, R¥HY v ¥y — i

D explicit EIR

07 ={" Do (s, )2 [ {275 /27 (s, ¢)} 2
+{2r2s? /ATK (s. @)} 21ds  (11.23)
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28k, ChXOBEVTHORMS Mo R EXTSL, o ZHENEOZEEED variance
K &V O ZFMT, —f¥C, variance FEEIINEREKO 2RER T, EiHMETE
EIEREO IRERATERTE 200, o ZEEANEREO ARBROFEHFRICIEIS
B &b, UL primary aberration IRET i o X WM CREIRZEREIC
quadraticiZ&%# 3 3. £/, R (11.23) Z\wd 92 LBV THO RMSMEIL PIF :

6 (s, ¢) =2ns /AV (s, ¢) % MFEEZCFHMBL TV SDT, Strehl
definition T PTFA MIFCHANTZROBNETH >R HEOERIHEONTH 3.

Ey FORS ENMNELE ZORFINERIES LICIERICmapping ShithEIHHET S
FUOEERIE B O THORMS o RF 4 X2 - YR F A, {ERONarechal
criterion LZXERBHLOWNEDONS VAEEFTZ25DTHS (Table 11.2) .
Marechal criteriont>Xied 2REINERID S B primary aberration BT 3D %
RALR LD, WEOHBENEDHRICL » TiHERR s 3RE2MELY, s vV
Y Vel-a (= 90" ) WEETIESoRBAREE L. T, ORAER
DYFVINVEREF 4 A2 DRF » VEHORTHEUBTH S, COBAETHERILT S
&, REWNENGEHETSILE0T 0.7, F7+—=2RHLT 0.6, 5547207
(= 0" ) L T0.4 &k, T OB OBRIFENHNEDRE, RERO
FIZNAMEF 4 RY - AF > VAHOBTHOICL ST, 6 DEN 1~0.4 OFHTE
L33 LTH3.

Z i Strehl definitionZig® &3 3 FRAHRTEA

P

B={ {0 (s.9) 1 (s, 9) sds do (10:20 )

DL S relative modulation: M (s, ¢) =D (s, ¢) Do (s, ¢) WHAKHK
, 12)
Do (s, ¢) NI TLTERRERE s, 2N hh s THEHSLTVBDIIRLT, o
02 =Dy (5, 9) 2 | 1= 1 . @) |2 ds. (10.21 )
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DL | 1- 0 (. ¢) |7 CEHHEHD, (s, ¢) 7 ESFTEEFMICEITREMAE
BRET > TR T 52—~ REOFERETH 5 itk 3.

UL Fe, FHERIEK o d—RTOFMEIKTH 570, FERIGENEEL T ORET
7A—AREBABIENLSTORIZe =0 I2T2 2 ENTE L, EBCRIEAIEM
REVEREY PRIFF v I RAVLTREE B EE, BBy 2 2Btk
2TI0R b=2BRTEYV v ¥ —DPRET S,

SOEIRBIAEDH BN, FHLOFHERK o BAFNY v 4 —DbDRLALLTOR
HMELRTH2DIRILTVE. CnNOoDBEREBEAT, RFRV I —%2 5457
AVETIRFVINF 4RI « YRFALBIZESORVTAFLED LD DRELE
B, 7755 T4 v I RBIMECERINTVBILTHILERTIONG, 0%
i Abbe AEEHERORBBZROBO I AMORMBL LT, REDLERICHO A ERSEHH
L bOTH B, |

aberration c AJ p-p A rel
Wao 14 0.7 125 0.74
Wa1 (tan ) 0.63 1. 170 1.

(rad ) 0.4 60 0.35
W22 0.34 0. — —
W20 0.25 0.6 85 0.5

Table 11.2 Wavefront aberrations, root mean squared waveform
distortions, calculated jitters and their normalized

values.
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11.6 &%

FUFMESMERTE, LI hhFRIETs 0y 7 CRABLARRIE LTHR
bh3. RFUINF 4 R2EBOTR, ¥y PORS LB L ZORFCHEN2—F
LEhTW»307T, ChoXERCBRESLEEEINSL, 2FHESORVTH
HEMNFETHD. AFROERICH T IMUTHHELBRNICERLLOIIE2 Hico~
ek Abbe TH-T, PIRERTIEEORARN, BBT 2V v XOMO LoMEK
LOFT—EOBRPRECKBRT IO, EEFENRYRDI ENVEZI LEBVL.
E¥&HIEREo—El, FHESBROBRE, i v¥ -REEOE,, EFEXERO
ﬁéﬁ%&av*vn—vaviﬂ%mwrﬁﬁfakb@mﬁ&m%mgoﬁmuﬁ?
ZBREOENOEVTAYE, Wb, 74V 75574 » 7 &BMNROIOC L AFES 5.
BEOEHOEOTAME, BEIC, X7 4 X2 HHFROD 1 &RED 0 R cH 3 2404E2
DENORISHARIET 200, X7 4+ 22 OESELEORARIICED THEEL R
K&%.a:a?AMe@E&§#H%@K£H6E$E$%K§#T§6Kb##bé
P, ROV THEALFMES 3 RO FERIBAVS K, -7, BENINEORMKE
Lf®§ﬁﬁ5i6n1mxmok.‘ |

AETIL, £73,Streh definition 2X—REFTHI3RENBPEDI 545V 4V TH
%, Rayleigh® ' Hl&Marechal criterion® L, —MiC, RFRDISAFYF VL
LTOBRELMAEERLE. 75477 4% V ERNEOFREEMONOYERICRES
LTED2EH-THD, ChitiEoBMEELTOoRKNZZEEEL 2 b 02 FRmERK
&xﬁ.E&&K%%Eiﬁﬂﬁ&ﬁﬁ&#?%#é,QTGE%KEQK$§E%$b
350, HROEMCESESDE BB ~STHE I LERRBLE, L5T,
Strehl definitioniZ0TF OEBIHORHMTH 205, 0IF DargumentTdH 3PIF @
Strehl definitionic BRI HEE - ROBMNETHS. —%, Linfoot DEHEL image
fidelity IR & HAEBRDZEODORMS @ Tmapping error IHBLELIN S,

bhbhiIF VI NVEBORRERDIHDEI A I VI OHBEICH S LOBHBHI S,
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Vyf—FRLIEEIHERTHY, Vs —%BFAT 300K LTHBVIHE
EELE BREUVTHAIFESTHE3754 R 2 L0y F CHAEEBOETERSIH, ¥
v & — BBV T HOMIRVSEBCZ 3, RENICIHEED MSHALLRIBIRCS 5.
> T, BEVTHORMS HIIERMCIE LinfootDinage fidelityZ—RiT/LL A DD
25T 3, Abbe OEREBHZINZEORMIE LTABRLI~IFERE LTHEEVT
»DRMS fHEEC, Chk OTFED B TINZOMBE LTEMT A &icky,

02 ={ D? [ {275 /AT (s.)} 2+
(27252 /42K ()} 2] ds

DEHEZL L., ChIOBEVTHO RMSHE 013 PIFCHBIT 2 RENZEOZBEROFY
BV &, MWIFICHPId 2 2BI8 D variance K O _FFOBIRICIS Y, T DM Strehl
definition &KW S EBBECHTHS. B, BEVTAHD RMSH ¢ ZHNT,
Strehl definition i=0.8 £5X ZHKENE - 27 - JAE - FI+—H ROV v
—CBABHEATFMTELE, ¥V VYV PV 2ROEENBRT, S THREILT
5&,ﬁﬁﬂ%®%¥w0J,?7»—%x®¥¥m0£,5?47»~3?®%§m
0.4 &8s, FRNEZAT 4 2272 —REOEBRFRE L TR EFLVTRERL
Vo —IlHRBEBARL, -7, Vv -3V RBEBEBUIACRLIRECREER
BT v HRERETH - T, BOTHBEAERET S Abbe OERFZHOEFIC KL
—HT B ENRbh o,
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BI2E AXF«RA2B775F574 v 7BREIFIKE L v XOHRE

12.1 &LHic

%?4za?mwén%%%vvfmﬁﬁmkéwﬁnﬁ(M=&%~&6)%55,
B ORABRF /N4 RICX D Ly Xkl & AFARORBOTRITEAEHDD, kil
A, RHECEESAMCRBFHINDID, ThTO—FOHEBNTEIECHEOZFR » b
%o(é:amﬁ§?55 taiw,mmsmmﬁmbav#yf-#—f%Mmé%
ST, T EBWN~Nun OBBEHERET ZLENBY, Ty XORY DI
OHEREEZERTSHLICELH | BEOEANSETHS. LitsT, TOH
ETHAREI M EHELRIETH I ENVETHSE. 204DITE, Ly XEIREIR
%ﬁnvﬁﬁﬁuaﬁaﬁménrmé,oﬁ@?f%f%xvﬁfawnwa6aw.
TTIF 4 KAOWAR, AbberTEMEOLRE, MAERT ZRFNEBT AWM
BCLOT R OADD, VHRBIERFHELTUDTEH O, 351, Vo —
BITORELD, RFVILF 4RI DESORVITABEEB IR I DL, kFER
#775%%4vaﬁﬁ%ﬁﬂiécaﬁﬁgféé;&cafwmdm%ofwﬁmm
;nw,—%w2&%%%émﬁ£?ému2@@#&@#&%?%5&éhrw?m,
KGXTCRIRWERTEROTREV VY XET 75 5 4 » 2L 30D 0&HEHEL .,
SRINERFT S CEINBIEBRET 755 7 « » 7T 2D OUBRBITIENE S
M, —RBICERNEZL DV BEROPNEOEBTHI0 0, BRIEENHEINIZIVNED
FTET 75 7 4 v 2BV AR, o1, FHREL v XIFERERICREND S &
ACARETI0RME EFEELRIAERORVEETH S, 227, IROBEINE

3)
ARZIRH LU TRESNEOPSIWIERE L v XEHFHT 2RBIC OV TR T 5.

(4)~(7)
ST, PRULNIRFARIBT7 S5+ 574» 2 FRE S 52F v 2 LY XEHRLL.
C®VVf®EﬁKﬁtﬁﬁ,&%%06mﬁ§,k%mﬂ%&%mmﬁ%ﬁﬁﬁﬁwx
8}, (9
5LEIANKED, AREINETI5FH5 4 v 2 EKE L v XOWEE%Fig.12. 11T/ L,
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DISK

(
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¢ 6.4

3.55

1.9

I

(

1.2

Fig. 12.1 Cross section of a plastic aplanatic biaspheric lens for use

with optical disks.
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SOVYXERBLIL2 NI b F 4Ry (D) HY» 27 » 70ORKRE%Fig. 12.2
AT, REIhfL Y XORMS BEEE LV —-F—FHtcilll e s 0.03~0.05
A (2=633mm) THot. CDAXNYL ¥ XBEREh 3 —BRYSH#%Table 12.105R
7.

12.2 SRIEBITCIIBEFREL VADT7 7S5+ 5 4 » 7{b0%ik

BERREL Y XET75F5 4 » 2{bT 20 0&H4E SRINERIF LV E . F
RERE 2voREEEREL. ChOEBEICHY 3HE L FREONE~OFSD
MOBBES LT EUTOL D KB,

SC = SCs! +SCal +SCs2 +SCa2 (12.1)
CC = C(Csl +(Cs2 +CCa2 (12.2)
CCs ¢ - iu (chief )

= — 12.3)
SCs u iy (marg )
CCa u Yu (chief )

= — (12.4)
SCa u Ye (marg )

HL, RO EB—HEICHEDBDLT S,

CoTR (12.1) . (12.2) kY Bsuffix:s BREEHS>OFE, suffix:a FIERR
E»ODEFES%(2H00L, SC.CC BREXKEINE, 2°~0F8E5TH5 %577, R
(12.3) . (12.4) WERE LFERBOWE~OFECE L TR Y I>o—Eys R T,
tREESERT. LCRR (2.0 BERED, KENEL 1< ~0F50hE54 3
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Fi4g. 12.2  Layout of pickup for an compact disk systems employing a plastic.

aplanatic biaspheric singlet .
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Table 12.1 Specifications of objective lens for comapact disk systems.

wavelength 780 nm
focal length 4.5 mm
numerical aperture 0.45
magnification oo
working distance 2 mm

optical performance
on axis =0.05 RMS 4
off axis =0.07 RMS Z

(image height 0.1 mm)
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DTELWEETHS., ChiT SMNERL O THBEEEORES LiFEERBO R
B (Fig. 12.3) okt Lvvh s, WE, BOXB1IBIFHEICHIERETZ L, £
RBOB I HTOREEZ0 LAY, B EOFKEE T2 2OMECTFELBOI &
55,

CCTEIHOMMNERETHIBL v XEHEL B L, (Cal=SCa2=CCa2=0 TH 2 H»
5, FREECRENZOHHEL, 2 <38 1 HOBEOHE, 355, bending i
Lo THEINZ I &5, —iRC, | BIED bendingT 3RO a7 LHRDaA<%
FIE i HET 20 REHBENSCDFZ A 7D L Y XORBRIBO CTREINLDOIAD
X2%%7% (Rig. 12.4) . ToEEET 27 Y vitEo X S SERFEHEOES &<
COBLBLLCEE, N =1.5 ~1.8 OREOHEH DV TERNC BRI R RS LAw
fo. T, BEVYXET 7 S5F 5 4 » 2L 50 3WEAFKELS 5 &R
BB THEIENTRINS,

12.3 ?77%74/amﬁﬁﬁﬁvxxm et

ERC, RHEOEREMEIAE T, Table 12.10ABEB LTV AV ARTLESE
boh 773 FF 4y /REAFRKAL v XEHRFH L. DTORITRIETRELD 054
DRERIZ OV T DHART, Table 12.20RF & S CHLEmm ~4. 4nm DG T HHPRA
OMREE b DL Y XNHRItCER. TIT, BLYyXOHHAER 3THEN00, BIiRE
BIREL, EAES e EEET 5L, BIEOHBELALEOR (vl -t =—&
OEENEEONZ LD (Fig. 12.5) . th&iy b, BLES m= t<4.4mm
OFFZ0.59=—-rl/ (0 —1) f =0.8TicHnd 5.

KEELTHLES. 2m OL Y XOPUI W TEET 5 (Table 12.3) . OV VXD
B1mEmEmEEAEE (0<K <-1), %2@&@%%@@(K<1)TLMéné b®

10
 HRREBRFLOBONLDIOTH LN, FHOREVYXERET 7 5F 74 v 71b
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i1¢

Fig. 12.3  Definition of paraxial ray parameters.
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TANGENTIAL SAGITTAL
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Fig. 12.4 Transverse aberration of a lens with a first aspheric surface

vs. relative aperture.
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Table 12.2 Aplanatic aspheric singlet designs
(EFL =4.5mm,NA=0.45,WD =2mm, w=1 ")

RMS WFE  (4)

Cvl - ( 1,/mm) t (mm) y'=0 y'=T8um
- -0.3767 3.0 0.001 0.017
-0.3530 3.2 0.0 0.017
-0.3426 3.3 0.002 0.018
-0.3323 3.4 0.001 0.013
-0.2874 3.9 0.003 0.012

-0.2554 4.4 0.001 0.005

Table 12.3 Aplanatic aspheric singlet design. (lens data ) .

CvY ?
1+ (1— (1+K) Cv? Y ?2) 2

+AY4 +BYS +CY® +DY®

SURFACE 1 SURFACE 2
Cv 0.35299804 -0.1467359
K -0.171816 -16.095087
A -2.240408-3 1.461938-3
B -2.41325E-4 -6.95068E-4
C -1.25275B-5 1.245618-4
D -2.83114B-6 -6.20462E-6
t =3.2 mm
N =15
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Fig.12.5 Curvature of first surface of a single lens with a given focal

length and numerical aperture as a function of thickness

(N =1.49) .
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TR0, WEAEREMLLEZDAT, K ZHEEREL, k = K+4 £92&5,
BlEICOVTE, —3 <kI< 0.3 WEBREIVERRTVE, 0L B HOME
EZE 0.2 =11/ (0 —1) f = 1.38 WEATWLS., bhbhoRitLIEREL
Y XOH | EO~—2 &5 BREOMELELR 2.8m , %2 HOMEER IR —6.23
mTH B, kR | MOFREREL, ®0sn, BLEENGLn T, ERCERINL
- FEHRE SR F v 2 LY XOFITIEY. Fig. 12.6 IOV v XORBINER T, &
IR, S vR - Tun TERLTHH0T, #@EREZZISERTS
RSV, EANE CEEA 1) b a v tBEBHAA ONS, JERIE
BEE80um TH 0.25um 5 (Fig. 12.7) . &2 AT, GEEHIEPESY —F
ZHLVERF 4RI - Ew Ty TTRHFFINLGHDOTHS, chozxgedhry
XD RMSEEINEME, B&160 #m TMarechal criteriontZ#iX3 20.074 &5 3
(Fig. 12.8) .

12.4 REWREAREHVAET 75+ 5 4 v 7 WEEKE L v XOFIR D Z#E L

MELERENT B C ENRL Y XET IS5 F5 4 » LT BROOBRBERRTH S
LHRRINL. UL, TT5F5 4 v 0 BEEREL ¥ XA E O S BB LT
DhICEIFRHREAMIFTE AL EBEO Y., %z, EKEL VXD 2 D0EREO R
HAETAL, BEAET 3L, MEaARETS (Fig. 12.9) . EHEL v XET
525 4 7 OHEREL XD BES N3N, REROROREEBARC FAT 557
APEELODT, TTRBONTHAHE, HAOREESLT B LHLE, BAOR
BEERIEL bOL Y XARET 3D ORBERTT 5.

Table 12.262 %% & ke MIHO FLEA b ke EHIRE L ¥ X ORSBEIEE FEL
RETh, —ERORETRET 52 v WEREL Y XOBLECH fET 5 LA
Motz Fig, 12,10 0 BEDLER 3.2mTH 2 &hbhd, (ChidBRshiy
v ZOHLEIZE LY. ) ROREEI0 «n ORSEEA L L OREIRE Rl
B80um TCORENET, BREPLEDOEFORLEE b - L WEHFEIKE v » X ELO
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TANGENTIAL 1.0 RELATIVE  SAGITTAL
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Rig. 12.6 Transverse aberration of a biaspheric lens vs. relative aperture.
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‘Fig. 12.9 = Decentering between aspheric surfaces.
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RMS WFE OF DECENTERED LENS

Fig. 12.10 Wavefront aberration of aplanatic biaspheric lenses with various

(A)

DX=0.1mm:

0.1

0.05

(): LENS THICKNESS;
IN MM
(30)
.\ O
i © o e
0 0.05 0.1

RMS WFE |
AT IH=80pum: (A)

thicknesses at an image height of 80 um, when decentered

by 100 #m .
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QEEOEBESAABRET SINELBEII LTS 0y F LE.

&:6?3&@@337@%%3%@3k®ﬁﬁﬂ§%ﬁtzvﬂﬁ%&%mmfﬁﬁ
3 .
FE2EMNTE2. BECLhE, vERCBIZRE Btk TRETZY VY2V Y

PV 22,
3 R?
AY (Bv) =-— Ev (OE) » (12.5)
' 2ak
TEZIoh3. ok
k k __ k __ k
(IE) v=apy Zlpg-—avilu— (apy Zlu—avilu) (12.6)
v+l v v+l v

T, av, al, Ty, Ty RvECEYEMRSRE DREORNMA, R IEE
Z, k RBREOEESTH2. [, Ix3Rr, BEBROEEES Wi REIGEE
M o IERST, BINE OB,

AY =— 1/ 2a% [R3ZT1u+3R% Ny tanw =1 &) 2.

THy, vy XIROERHEBE =1 KIEBEL, R =1, N; tan w =1 ZFH T EHR
an
MR, ERRETRRBHITI LD HLEHONS.

12
CRARBRIH T 5 A LELEAVONBZFRILS TR 3 RINERK E OXt

h-ii:\li)
SCu=—-h*/f3 1 u (12.8)
CCu=-3n3 /12 Ny tanw D u , (12.9)

THB, ZCT, h, f FvvyXroBE¥EE, #EESHTH3. R (12.8) . (12.9 %
-200- '



X127 &AL, R (2.5 ZbB0hEFRE2 <0 IRNEARN,

AY (EBv) == 3Bv/ak N; tanw
k k _k K

[—ay /3 ZCCu+av,/3 E2CCue+ay TSCu—avZSCu] (12.10)
v+l y v+l v

5%, 22T, In=ap Ny tan w BEHBETH 3.

VBN BRHLES bOEREL ¥ XOBWREHOIERE SCu, CCutgod, X
(12.10 ) RAL, 3ROBE2vAHELAE S S, BLES.3m O LY X0BE,
Rt = BN 7E 5 Jz. Table 12,42 0E3.2mm OV Y XD F—% %, Table 12.5i
BOES.3 mO LY XOF -2 EL®T, Fig. 12.110&5 kR (12.10) TEAoN3
SROEE 2 < MO D ORABE L 2 R OBINEEENST 5. —F, LY XICERK
FSEbrAk LT, Bhobrsdd wBRO27 SABKRET S, BRO2
FHLEERCHEBTAOZ 2RHE VERLEIVY, SRORE2 v SHLEEEL S L
Zid 3, 2hELTOa2<0ELZRB EIEBZE, SROREI < HPPEETILY
CLTHROI<EITEET LS50, POEEESEI L (SOBREFRELLEL
R ENDH D) 0T, EWETILS.2m PRBEIE LT3,

Table 12.1TH k%7 (D XML ¥ XOHIO | RBEET~TERLLS £33,
N—Z2DHEV Y XXBINLHBEER12TH3L0H &R dTiconk, 22T,
HLEAH AL B EHREL Y XOTAXTOERANHEEL, SRINEDOFRNTEHN3,
EREEELEATIOLYAET 755574 9 2LT B EMTE BH, BRELTES
NRBE1E B2 EMOREIRE & 2 < IERKOEAHR (12.10) LoErn3REE
2<%, B, B/MCT AIRERS K > TV R, LYy XohLEEEALS
a3&&%@%&%@5@%%25:&%?%5@f,Eﬁﬁﬂ%ﬁﬁ%%ﬁ?éhw@
HEENSAONZEEL DN, COXIRLTEONABETLE (t= 3.2m) %
b o R TEIEIRE L v ARG S ¢ & S RAT S RISEEINEERig. 121212, LFh
I OEAB & RAET 5 RISHEREER . 121370 5 T 5,
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#1 #2 disk image pl.
SCu 0.055425  -0.076610 -0.020257 -0.000928
CCee -0.004460 0..005005 0.000663 -0.000118
ni & 0.0 -0.357447 -0.450045
nie 0.017455 0.017455 ~0.014724
AY 0.004962  -0.004824

Table 12.4 Third order aberration coefficients and coma caused by

decenter between aspheric surfaces ( t=3.2mm ) .
#1 #2 disk image pl.
SCu 0.072672 -0.094792 -0.020255 -0.001865
CCu -0.004199 0.004745 0.000645 -(.000099
nig 0.0 -0.346833 -0.450045
niy 0.017455 0.017455 0.014315
AY. -0.001028

0.001304

Tabie'12.5 Third order éberration coefficients and coma caused by

decenter between aspheric surfaces
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Fig. 12.11 Transverse aberration of

singlet.

a decentered aplanatic biaspheric
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KX (12.10) THEAon3RE2 v E2R/MLT BHKEINE, 2 < NEREORO—ER
wonTEtT s, K (12.10) 2ERL T, REE - BETHEBAL RS2 v ORE

Sv=¥n/"3Ev - AY (Ev)

k k k , k
=[ ay /3 EZCCe—av,/3 TCCr—ay ZSCu+avESCu] (12.11)
v+l y v+1 v

2EL13. BLvXTH,
Sl =«{ /3 (CC—-CCl) +ai SC1 (12.12)
2 =—ai{ /3 (CC—CCl) +af{ (SC—SCI) (12.13)

1A, ZoTSC,CCIERORENEL 2T, PHILONTVABDET S, R
12.12) . (12.13) XV

S1 + 82 =af SC (12.14)

93, Ih&Y, 2ROKRENESCHEAON LS, BlE, B2HEHORE2I DR
BEOMIE—ETHE thbh s, MBEOLDIC SC =0 £33, B1HEH B2HEK—
EDREASA L LERETZ22RF SN THMERZEL LI &KX S, Table
124, 12.505&6%FX 5 L EREREANEIR 2, —0.9 #n ., —1.8 un EMBHNHE
woe, Bl, B2EIC 100 um OREEBALELERET 222 3R%, (.9 unm,
—4.8 um) , (1.3 #m—1 #n) &30, FEIRHTHRMEZIEEZELSL ST
3.

S0, ML S B 1 E EE OFKHIE2 ~OHECHFELZL. S5,
CCl = CCsl TH3B, £ZAT (Csl BN—2AOHKEHZE CviolHKThy, FLBELY
KIZHWO T CCsl Wevl 2 LTRIAICE( T eNL{HONTHS, Liths
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7, % (12.12) T Sl =0 &3 SC1 CviEdbrind—FIcx e 3o 20k
2. C0EEDLEIROREINEINS L SC =0 THRTEEIC 2 =0 - h>.
—%k, €% 0DIE SC, CC NEEH:“H O SC2, CC2 i hELREH ST 3,

LML, oL &R

SCs2 + SCaZ,

SC2
CC2 = CCs2 + CCa2 M, _
CCa2,/SCa2=Y2 (chief ) /Y2 (marg) (12.4)

kA7 EREEDR SCa2 , CCa2AFAET 2RI U TRESRERER/NOHINER
ah3, £IATY2 (chief ) /Y2 (marg) WFIEIREEE TERERICN— AKRE RO
Bigc&E307T, dbadid t (VCvl -t =—5) OB THS. LEX-T, R
CREREARNMNIT AR SCIN Itk 5TV OTHELET I LEEMOLL.,

BikBIToRd . Table 12.5CRB 1 EORE 2 =IE1.3 um ENZHNIOT SC1=
2. 7Tem SBREOARERX (12.12) T Sl =0 &BVALEDRICEN. DR CCl=
—4 um TH3. —F, Table 12.4DFEHLENPLEL BN, TO L&, CC1 EHiH]
EENT CCl=—4.4 un EEZEI,THIH, ERBONRBERIE SC1=55.4un
ThH-T, FPIORD SC1=T2.Tum EEPBONIELDHRDY, F72 3ROMRED <)
4.9 um BELTWS. CofihoasTH 2 HOFKEHCET 288K (12.9) 2EBR
Lo, R, RECBRERBRELRNMITIRINT A-20vl 50t ZREIER
CEikSTEBIN, £, 2 wlERBCCl OBFUIOEZT, t ORBEMEIIHE—
BOUMEOEELONS, ‘

125 £&®

RFIINF 4 R DEBEBOTAEET 3 DICHEERRERIIZT 5 F 57 4 XA
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AEFEhS, ERERELV Y XEIRNERITL, 775457« » 70T B 3WE%:
FRERT 2 EHAVDERETHZC LEH O, EBIS, Smm A od.dm OHFHO L
ECEFERMEOREERE L ¥ XERHT 3o LN TE L. BoNLHEEREL v
ADREREBEEZ L ORB L, VY XOMLRICEIKET 22 stbho ke, BEH
DEI3.2m FETERSN, bROABRLET 7545 4 » 2 FHREL ¥ XOHL
Bl ChidE OB IROREREARNEHVEZ &L T, BEDHR
D 3ROWERERR & 2 2 WERKRL OFHHET 3 enTE 2, hLEEECRERE
BECOVTBELINAREEREL VX, ASORESFRELEDLTSAF 4972
BREZIFETH S,
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