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X 1.1: Appearance of a polygonal mirror.

X| 1.2: Appearance of an OPC drum substrate.
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1.3: Surface profile of a polygonal mirror measured with the interfer-
ometer of Wyko NT3300.
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1.4: Surface profile of an OPC drum substrate measured by Form
Talysurf-S6.
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1.5: Comparison between the methods of Takacs et al. and Weingértner

et al., and a scanning method.
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2.1: Basic schematic for measurement of a one-dimensional surface

profile by detection of angular deflection of a laser beam.
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2.2: Optical system for scanning a laser beam by use lens LN and
scanner mirror SM. The focal distance of lens LN is f.
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2.3: Conceptual optical system for scanning a laser beam by use of
spherical concave mirror CM and scanner mirror SM, where R is the

radius of curvature of the concave mirror.
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2.4: Introduction of plane mirror PM and sample surface S into Fig.2.3.
Plane mirror PM and sample surface S are put into incident path A-C
and reflected path C-A, respectively. Point M and P are on plane mirror
PM and sample surface S, respectively.
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2.5: Separation of sample surface S and plane mirror PM in Fig.2.4.
Sample surface S is detached from plane mirror PM by AL, with the
distance between CM and S maintained at R/2.
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Z7—CM EEEIT—PM A E—LREBEZESTWVAEADT, ZOEEN
FRIMER L LTREN TR, KRXOERIZBWTERICFERLE
EENFEREX26IRT. ERICNTENZMEKREIZ—CM %, B—
LR A-M 25TV E 21, yE M B 2E X ThHD. B —A
B M-ClXy8HFEICENTWS., ZHEEEI I—PM EOEAMIZ
AR L7 —A8MKEI 7 —CM LA CIKEETZ L1, FES
T—PMA zEI LT TAEMEZESLHOE Y TERNWTWANDL THS.
7, FEIT—PMAE—ARKCPEZELRVWEIIC, MEEI T7—
CM b z BHIZFAT TR CEZELEOEA Y THENTVWS. B — LK A-M
EP-QIZEWVWIZEENTWA D, REE S % 2 BRICEIT TR P 28080
AYTETZZEIZEY, ENWNCHETTHD. ZZTRQIFAF ¥ T3
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7—SMOEEZE#MEOEATHS. LREOEEZRTE, AFvFTIT—
SM OEERIZE > TELZREE S O —A AR v b EP OEUBRIER
PHEET D, T8I T CHERT S, BBES LTIt s e—
LARy MEOWEAEIX, LV XFL TiThh .

EEXFZRONEIL, K2TRBIUOK28ITREND.

L

2.6: Optical system modified from Fig.2.5. Concave mirror CM is given
a displacement and a rotation. Plane mirror PM and sample surface S
are given different rotations. Beam paths PM-CM and CM-S are inclined

toward y direction.
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X| 2.7: Appearance of the scan optical system of the fast scannning
method.
X| 2.8: Appearance of the scan optical system of the fast scannning

method.
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2.5 MEkE S 5 —OBKEINE

TTCI2ABTCES LT —L N KEL & L, D, 2.5 TRENBD I
E~DOREEY, TTh,
R

Loi =1+ = —2AL,
2 (2.6)
R

LOT:l+'§7

LRI, FhbORICE,
Lor — Lo; = 2AL > 0, (2.7)

DEBRIHD. M5 RS2 RHE DP ECHEE S DEFHZXD

REBETH Y,
1 1 2

In I R
ET-TUNENHD. BHEHE DP A2 EERE
TR BRVONE, 26 B TEHELLSBET 3.

(2.8)

/141

7 — CM DR E TR

Ar CM
C
DP 3
QP;.CU&M 2 Bgl,O)
D(zp,0)] 7~ |0  A(d,0) ] z

2.9: Displacement of the beam spot on detecting plane DP by the
aberration of spherical concave mirror CM when sample surface S is flat.
The center of curvature of concave mirror CM is at origin O of a Cartesian-
coordinate system. Rotation axis A of scanner mirror SM and detecting

plane DP is placed at conjugate points of CM.

HEtE S OERHMRIEICRBIT 2K (2.7) ORELERT 72012, K
2.5 ¥ 2.9 DIRIZHERBIZERTS. HEKE I 7— CM OBERALT



20 B2E EEXZER

zz FEIDREFOIZ—H LT3, LIEOHETIE, MEREIZ—CM®D
HIREEXRZ1 & LTHRELETD. TOEDMEREI T —CM & 2z 810
R B OEEILB(1,0) Thd. B2.5DAF¥ %) T —SM DEEHIT,
K 2.91ICBWTRAQ) & 95, RADDKE &z e — A X MERE 2
7—CM EDOECIZAFTS. 2O —5EKA-CIE, H2.5128B\WT
E— AR A-M-C 220 FHE 27— PM 20 RV V- B — AR ICFE YT
5. E—ALRBACL :EDRTAEeLTD. ZDRApIL, AFy T
L7 —DEEIESTELTEDT, EEALEST LIZT 5.
WIKEI7—CM LORCHLORF E—LIMHEDP EOAQIC
AHT 5. ZOE—LREC-QIE, K25I28V T E—LREKC-P-A D
HRBE S FEY RV — AREKICHEYTS. K25 00TFEI T—
PM &EEIE S B Y BRVWIREBIZFHEAZREE S 2 RIET 2 O L &M
ThHd. K(2.7) &KX (28) "o EINDEMHE Ly, > R > Ly b, A
Fr 7T IT7—SMOEE#HAD  BHEZEIF0<d<K1THY, F72 Ly
T Ly=1—d&RTIENTED. REEDP & 28D R D OEEEZES
D(zp,0) & 94U, Lo iE Lo, =1—2p EFRHE, F(2.8) b,

d
ZD—_1*2d<O7 (29)
DNEPNDG. BHELEDP EOE—ARRy MIE QIXEEA o TEL
T3, E—AARy FEQDED ML OEMIE, MBEESI F— CM DB

ENEIZL-2TELD. ZOENIZ,

Tabe = —d’¢°, (2.10)

TEZBND. ZITeK1ThHD. REE—ALCQLzEORTAL
X, EEA o LOTNHITERD,

6= (1-2de, (2.11)
TExbhA. EEEAL L dici, 2 (27) L2 (2.9) »bEMNB,
OAL = —zp +d ~ 2d, (2.12)

DEENRHD. fEoT, #(210) £ (2.12) 15, MEEI F— CM D
ERENENREE S OEFOHEEICEZ 2883, YEIT7—PM &
AEE S DM OEREAL L EES o DEXEICEVFHIBENS. E72K
ARRBEICE 2 AR >V TIT 2. 128 TERT 5.
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2.6 E—LEHICLXABREEOMERE

ZITE, RBESOBEFICE o TELS L—FE—2DAERNIZ
LBE—ARRy NOBMZRET 2 OIZET 2B EE DP OfZE %
BB CRY, ZTNAMRE I 7—0OHEEII—ETEHZ LETT. £
7z, FIFEFIZRHE DP ICRIF ARENECEELHEIIHETD. #E
1%, B2.912W < ODEEZEMLEK 2.10 IZESWTITS.

A

CM

’ Clzc, zc)
DP
(Q(ZDifEEéLPK;%;i'”_,g&:‘ B(1,0)
7 W7o A |

D(ZD, 0)

2.10: Following parameters are added on Fig.2.9. Angle v is formed
with line segment O-C and A-C, and angle ¢ is formed with beam path C-

Q and A-C. The coordinate of point C on concave mirror CM is denoted
by C(zc,zc).

FTMERE I 77— CM ED R Clzg, 10) PEZEZRD D, TS
A-C, z=z/tanp+d &, MEKEI 77— CMORME, 22+22=1DRA

b,
zc = cosp(dsingtanp + 1/1 — d?sin? ), (2.13)
zc = sinp(—dcosp +1/1 — d2sin® ), (2.14)
THD.

SFIZ, MEKEIZ7—CM LORAC TRETIE—ARKEC-QEERT
RERDD. ZOE—LEzBMORTAL [, 28D F%E2p LT5L,
RKODZAT z=z/tanf+p LETD. ERA-CLERCQDRTAL
26LTBE, f=p—-20TH5d. —F, BHO-CLz8DRTHAE L
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FTELL=ry—6LEFE. D 2RI EEETS L,

B=2v-o, (2.15)

Z1B5. Aydtany = 2c/2c TEEDZEZFAT D L, tanB(p) i,
X (2.13) £ (2.14) 2fE- T,

1 — 2d2sin® p — 2d cos /1 — d?sin’ @
1 —2d2sin® ¢ + 2dsin ptanp/1 — d2sin @
EETD. BL, o1 Dd<g1R2b6EALERTHRELTH(2.1]1)
WELNB. G p RER C-Q 72 Clag, vc) #8S = L #FIA LT 26 =
zc/tanf(p) +p b,

tan B(p) = tanp (2.16)

d
- , 2.17
Ple) 1 —2d2sin®p — 2d cos /1 — d%sin? © (2.17)
ERRBOT, MEREIZ7—CM EDRCTRHTAHE—LRKC-Q &K
TR,

- C 1 — 2d?sin?  + 2d sin p tan /1 — d?sin’ @
tanyp 1 —2d?sin®p — 2dcos /1 — d2sin 2y
d
_1-—2dzsin2cp——2dcos<p 1—d?sin ¢

(2.18)

THD.

WIZ, WHE DP O z IR 2p ZRETD. &V EEREMSWRAEZ
T2, EEA e PELIZ L 5% HE DP DR Q DEAI &R/
703 &9 7 HE DP DALE 2p 238UV, ZOTHIZE, o=0D&
XWZa DMEEEEL 72D 2 BFE%R 2p & LTRODIT IV, H(2.18) % 2z T
fRE, o THHL, p=02RATH L,

dz
d

(1 - 24) (zD + 1—_%1) "y (2.19)

=0
LB, Tk 2p IZOWVWTHEWT,

_d
1—2d’
L BRI BIE I BB 2 R HE DP ORBZ 8 5. ZOMBOBRHE
DP 133 (2.8) 7 B UEKE = 55— CM OHBFEIC 2> TNB D L Rbas.

Zp = (220)
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REEDP DREN z=2p DL &, B OEICE > TAE U BBIER
DP EDR QD z BHE, z(yp) = tan B(p)(zp — p(w)) IE,

Tanr((p) = 2d% tan ¢

—1+cos /1 — d?sin® ¢ + dsin® @ (2.21)

X
(1 —2d)(1 — 2d?sin® p + dsin ptan /1 — d?sin’® )

THD. ZHEMEKEIZF—CM ONEICE->TALS. bL, d< 1
Moo L 172biE, H(2.21) IREEKR TR (2.10) &2 5.

2.7 BHEEIZBTSE—LDZEL

ZOEITIE, REES EoERIC LT, REEDP FO P —A R Ry
FRENTETEMTANERD D, K2.111%, 2.9 1C8EE S 2R H
E DP L EERE | OLBIZEA L72REEZ R LTV A,

X
N C
/

P CM

X 2.11: Deflectionof the beam spot on detecting plane DP. Sample sur-
face S is inserted into beam path C-Q. The traveling direction of the
reflected beam is changed at point P owing to slope 6 of sample surface
S.

WE, M211IZBWTRBES EOAP B L —FE— Al X » TEE
SNTNDET5. L LEBESAEHEL ST, MBREIS—CM EoA
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CHOoDEFE—MIRPEEBE-CEEL, RHEDP LA QIZEE
TBH., ZOE—AE, 21128V, R P-Q TRRENTEY, K
29 CRINDRELEMTHD. —F, APICBITAREE S DERHM
07261F, E—ALAP TEITHAZ 2070 E A2 b, BRHEDP £o
RQIIEETD. Z0LE, E—ARKEP-Q & 281023 A1X20+ 3
ThHb.

X 211285, BRHEEDP EOE—AZRy b A Q D 1 FERE 74 13

zo = ltan B — ltan(20 + B) + Zabe, (2.22)

THD., ZIT, Zan T3 (2.10) THONZMEKTE I 7 — CM DEREIY
EZThDd. N(222) Zp, dBIVIOEEKRETERTS L, K (2.11)
HE-T,

xg = —210 — 2100? + Ty, (2.23)

LB, ZIT, k1, w«lki@d«l(%é ﬁ(2)@%1@

R EOBEHSHERET A -OICKRERETHD. FE2HEIL, AP

k%ﬂﬁL@EDﬁﬁﬁﬁwm;ofﬁmfét _Ebé.%d

ERAAAREIZE X2 DREIL, 3ABITRIND LI, BERKEEA Onax

ZHIBEZMZAIVEEREIND. £, REERBEIEIZES X 22812250
TIX2. 128 CERT 5.

2.8 HAMELEDE—LXRY FDEHS

X 2.6 TREND L H T, MERE I T — CM ~DAS ' — LK A-M-C
&R B — AR C-P-Q X, EEAFRIZBWTHE—EAICEFEE LRV,
FORR, REES E2EETAE—LRARyY D OBBNIERD bR
T35, ZITE, TOAEREZRD 3.

B12.6 CRENDEELFERD y-2 FE~DHEEK 2.12127777. MEK
HI 77— CMOBRALE gz BERDOFERO 5. EHAM-C-P-Q
BEEA R p=0DLEDE—LRKETHD. TDLEL—LREA-M
EPQIEzEHICFITET 2. B —LREM-CL zBIDRTAEZL—v &
T5E, FEIIZ—PMiZzBICTCAMZE0EOAY T(E—9)/2
EHEWTWS., ACHODORFE—LRECP & 2802 T AT, K
FOERILY E+yThD. BEES LORP TR LIEE—LFRAX Y
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ZA Q A

O y
B4 2.12: Projection of Fig.2.6 to y-z plane.

FTI7—SM EORQRETEDIZ, BEESIIz#IZFETTEP 28
DEIDRA Y T (E+9)/2 BFENTWS.

REES EOE—ALRRy NOBBOBERNLORKELHE TSI
%, FBHE S LRBHE S ~AFT 2 — L5 C-P OIAD y IEE 4, K 2.9
TIRESNLEERA o DB L LTROIEL V. BEDEZDHIZ, ¢ <1,
YK1ET5., SHIRERA-M-CIZMEEI 7 — CM DRy E L &
LWiel, FEIIJ—PMEOaMIZFOHRELTE. 72, BEEHE
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FREOLHEEY, FEI T — PM A M OEEE M(zy, v, 2) K,

v = =

M 2’

yM=527—§%i—ﬂ, (2.24)
SRS S e ot i Bt

M7 4 ’

THo. ERM-CORIE, E—LBEM-CH z-z FEICH L E—7, y-z

:{ZE&CS(‘TJ'L/VC QO{&?V\T%D, :'#;M(LCM,yM,ZM) %féé:c‘:ﬁ‘%,
ToTv _ Y=Y
tan ¢ tan(€ — )

THD. K(225) LMHKEIF—CMOEREEETR 2 +2 +22=1D
SHEKE I T — CM LD A C DERE C(zc, Yo, zc) 1,

SUC:(P{l"M},

=z — 2M, (2.25)

4
Yo =€ — (€ —)¢” (2.26)
2 )
2 2
%=1_(¢;ﬁ)’

ThHD. ERCPDy-z FER~DHEL, 22 FZEERTHERELy T,
;'.J%_’: C(:Cc, Yo, Zc) %EZD @'C“,

Z=—-—}—I———+zc—___.y§__.
tan(€ + ) tan(§ + )

THd. LedoT, REES LOL—52Fy b DA P OEEF yp ()
kt, z &: ZM %_”f'hj\ L/'C,

(2.27)

yel) = 56~ 1) + 6™, (2.25)

L5, FIRIEIEHET, F2EIHBES Lo —2 2Ky PAP
DEYBFOEMR L DBEFEEERL T D. K (2.28) 23D, vA/hE T,
FRRIZ 2 DD E— A A-M & P-Q B85 LTV IUE, &R/ hE L 7
BT ERDND.
CZETORETIE, MBREIZ— CM OfRPEREY 1 & LTEHEL
7oy, WLZBEESED L, BEES EOE—ARFRy OB OER
b OB,
©? Ry, (2.29)
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ThBH. b LEENDOERESREES Lo —A2ARy MEw £V D
INEFE, E—AARy NOBMBNIERTHL L RRLTHLN. =
DEMAFIZ,

O’ Ry < w, (2.30)

TExBND.

2.9 REEDOMERHBEDEE

3, LBUEIE S OALEIC ; B R OMEBROBENHD &, 2.5 BiTRE
L7-BHE DP OfrE s, MEkE I 77— CM O#FEEA—FH L7a<7RY,
BEASHAEICRT PBREORR L2, O TIEDREZRDD.

A

C
20
N
DP Q-
DI} 4
CM)
Zobs original

original =6, position of S

positioil of DP lﬁ T35,
<

2.13: Effect of positioning error of sample surface S. The position of
detecting plane DP is shifted by 24; if the postion of sample surface S has

the error of §; in z axis direction.
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TS, b LEEES LR PIZBITAEEEOERAN § 72 51X, MEk
HIT7—CMMOLDORHFE—AIX, EP TR TFMEEL, TTOHH
mEDRQ &M@Y, RHEEDP L& Q" ICET B.
B213n6R(222)DIE [ -§GIZEEZHRID L, RQ Do EE 11X

zo=(l—&)tan B — (I — &) tan(20 + B) + Tabr, (2.31)

Tho. BEBEOKRHEDP LIZBIT3E—L2ARy bE Q" OB Tops
i, B213 &Y
Tobs = Tg — 20, tan(26 + ), (2.32)

Thd. LEDNST, § < 1BEE, B zas FRERHKT,
Zobs = —2(1 + 6,)8 — 2(1 + 8)0¢° — d°¢® — 208, (2.33)

EBEEND. ZZTR(2.10) &K (2.11) BE-7-. X (2.33) DE1IE
k%z@@%ﬁﬁ+&i,ﬁﬂﬁS&ﬁ&ﬁmeﬁ%m,ﬁﬂﬁsmz
BSMALBROBEDTZD §TETEM L LIcL D, FA4TED 205, 13
REES D zBMAFMOMNEBEROREILLVFZICAELFEETHS. 20
FAEIZ o O—REETHD. —F T, RBES Lo —2L ARy b
Dz BEAEIZIEEEA L TWA, Lo TREE S @ 2 B 5 mOAER
DREEICIAEEIL, BRAEIZBW Tz @2 KREHKE LTHENLS. b
LBEZRVRIMLERD DD, T DETND, R/IN_FERER
FEoT, 2IRBEORLEFBETILNENRD 5.

2.10 MEBREZEFLOE—LAXERY FOES

B 25128V T, Ly ADL OEEEITENEIN, ALERHEEFETDT &
BHEDP Thotz. LL, EEIZ ix%%%‘* SM DEIEED 72 8
WCHRHE DP & V> X DL O£EEEITREEIZIE—FE LR, 22T, X
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\\A 0 :
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2.14: Conjugate planes of lens DL are ditector DT and conjugate
plane CP. Conjugate plane CP dose not coincide with detecting plane
DP becouse of the rotation of scanner mirror SM.

X 214128V T, VX DL OHKEEIIIEREFZEF DT & H4%&HE CP
Thd. WE, HELRTFZ2EEICTIEDIZ, AF¥FI5—SMD
[ A & 2o BIEEDFERE L, RHEEDP O 2z BEIZ b ThD & T 5.
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HEECP LORT DEES T(2r,27) £33 L, E2.14005,

_ tane 1
T T tanptan(20 + 8) {b (eow 1) tan(26 + 5) + :vobs}
cos’
Tr= 1 b(—— —1)s (26 + B)
= 1 -+ tan ©Y tan(29 —+ ,8) cos %) an + Zobs ¢ »
(2.34)

THD. ZIT200+61%, W21l TREND L SIZ, BRES FOAP
PER O ZRFOLEDE—AEBEP-Q L 2BORTAT, 2o, 1330 (2.33)
THEAND. H&RECP EDAS DOIEFE S(z, z5) 13,

zg = bcosp,
S v (2.35)
zg = bsin g,
RDT, HEECP EOE—LRRy NOEML 2,4 13,
zg = £+/(zT — bsin )2 + (z7 — bcos )2, (2.36)

THD. iZLbsing<zr DEX +HETHD.

ERITIE, 25 TREND L DI, BHEBEDP A% ¥+ 3I5—SM
DEE#HA ZEZATNS., ZHER214Th >0 & Lt & L —51 5.
ZDEEH(2.36) 1%, H(2.34) BRALEET S &,

Zobs

T os {1+ tanptan(20 + B)}’ (2.87)
L% o1 od<17261E, K (2.11) £ (2.33) 1 b,
zg=—2(1+8)0 — (I — 380> — d%p® — 26, (2.38)

2RD. N (238) DE2IMZL 2RR2EIT, K (2.33) OE2EIC L AEE
LV B/hEV. Zhi, EEECP BAX YT I T —DEEIZ L >TEIZ
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T, LORBERZREES OREEREELITIE, HAV, 2B THL &
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ZHRIEFICERETAAEEINERD S,

MERTE I 7 — CM OIREINE L REE S D 2 Bh T FLBIROBREL &
B, 211 202688ES Lo —AARy AP O ¢ JBEL,

z =ltanf, (2.39)
ThHdD. FLT, ZOmIBEWSTD &,
Az = I{1+ f*}AB5, (2.40)

Lipd. LB« 1E Lk AERHRFDTOHEAV,DF 7Y v
THREAFX ¥ T IT7—SMOEEREEN—ETHDI Lhb, AJIE—
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B=00tZDORBEEDEBMY 7Y v IHRE Azg = AL LT 5
L, 3 (2.40) i,
Az = (14 8*) Az, (2.41)
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AAE SO I RFTERER F 2RO 57H1E, KOKXOL 51z, &
& S DR H 6 &3 (2.41) TRD7Z Ar THELYTHUIEL W .

J J
ZITHRAFL, jRIEEE LEOMNBERZRDY. £, MERHERZT DT
DAV, 1%, F(2.38) DE2HUBEDIZ L 2B EEZRTIX, X (24) D
& O WZEBHE S DER A IZHEIT 2 DT,

1 J
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D, INDDOEIZIFK (2.1) OEERSHD. £, ZTOREEZEETILFESR
ZESTE—LEZEEL, TIhoBONINEREZEFLEDOE—LAX
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LEEEBECIREBREEEZ Lzl &, HBELOMNE 2 1281T 5
TOEREGR & DB ¢(z) 1F

x) = F@) + 37 [ aulo) (2.44)

TEZBND. ZIZ T i3RBE LORIESHEDOE, 2FV E—LRARy
NDOEERBAD cEIETHD. REHED z ShF AN ERDREE§, 1%, =
ENZRIZBITDIREHRBETIIRVWDT, i §=0&0L, =2
TEwm T DRERELMTILED RV ET D, 20L&, BANH xi(p)
DEFTHDIEEAR o %X (2.11) THIZEHBT D &, 24 iTREKT
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z4(6) S
ELTEWw., 22T, MEREI T —0OHMBEE R #H- TRITEZEES
®Hz, ThEIHIZN(2.39) TEEEEHRT D &,

—216(8) — 16(8)5° —

I

(2.45)

z? d? 23
z4(z) = —206(x) — T@(a:) ~ G (2.46)
L7225, ZORZK (244)ITRAL, K1) ZzERTD L,
1 0 d? T
e(z) = ~5p z°6(z) dz — Y{ﬁ/ 23 dz, (2.47)

L, REEEOME T%ﬁm%ﬁd)ﬁﬁ%%ﬂé.
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BIERRZE e(z) DX (2.47) DF LEIL, H25 TREINTWVDIEENRFE
FZDNTA—F R, [, dIZT TR EBEOER S 0(z) ITHEFL
TW3. LR THEREZ EEMIZRD B72DIZIE, M0 1k
TEEEEREFOERSFERE LRTIERLRW. 22T, fléL
TR 1 RTEREFR F(z) = Asin(az) 2BIE L7 L S DREIC
SWTEHET 5. Z0 & & OEHSMIT

6(z) = aAcos(az), (2.48)

THd. BREEOP L =0%2FEEL LIEREELRDZNVDT, 20=0
ELTHEAZFETTD.

5000 ! [ . |
4000 | -
3000 s
2000 .
;i 1000 - :
0 i
-1000 |- -
-2000 -
-3000
-4000

-5000 ' ' l '
0 20 40 60 80 100

axr

a’l%e,(x

2.15: Error e;(z) expressed with Eq.(2.49) is poloted. The vertical
and the horizontal axis are dimensionless value a?{%¢;(z)/A and az, re-

spectively.

ET. RQANDELIEZ ei(z) LRL, TORBBVIZOWVTHND.
K (247) OFE 1 HIZK (2.48) ZRALEST B &,

Q@%=£%{M%%M@+(%fﬁ—l>mmmﬁ, (2.49)
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ERD. INETTZIORTER215 &5, fitEhE RENIEKTET,
ENEN e (z)/A L az THD. BBELOME 2 BKRELRBITD
T, BEOEENREL 2B EMNO,ID. BETME L EE T
HI=®IZ, N (249) DEERERD D, BEa(r) L, n2EHL LT,
ar =7/2+ 2T DEEBRERDHDT, ZNER(249) IRAT D L,

A /1
e(z) = o (§a2z2 — 1) ) (2.50)
ZE5. ZORiTaz > 10 L E, FE2HOFSIZEEIZ/INESLRDHDT,
Ax?
e(z) = DYER (2.51)

ELTHEW. Tk K (247) OF 1 ERE 2 2RETHHE LD
TEED 2R/ TREL DI ENLYD. —ROKRERRIL, HelEoLE
B RERRSZRITIET VF AICEFT>TE Y, EXBIURLKT
BEATE2. LERoTR(251) 1L, AsREBROY—I7 NL—EL
THUE, —BOREERIZOWVWTHRVIDEEZOND.

Iz, MERE I 7 —ORENEICERET D (2.47) D 2HIZOWT
FARD. BE2EE oz) LKL, BHTHE,
dz
p— &—Rﬁxll’
E72B. Lo TR (247) DFE2ENE X ZRREITFEIE LD o [BIED 4 5§
TRELRBZERLND. LhL, BEe(z) X, BERSH I(z) &1
W|EEFRTHY, PARERBZHELTHLAIERROFIZ—EDETEE
NBDBERDT, TTT 4 ANT Ty M E OREREERE TEEN

ZRERETHE, HERRNPOIMVERS Z &R TED.

T, M25 TREINDEERFRONTA—FIZEFENRELXEX
T, REq(r) & o) DRESZFMT S, MEREI T — CM DER¥E
% R =400mm, #BHE S & HRHE DP D% | = 207mm & 95, &
BIES EEHE I 7—PM OBEBEAL IR (2.12) L0 IiFEdTHY, Zhk
d=Tmm &T3. BEOBRNRTA—FITA=1um T 2. LROFEHF
T (2.51) £ (2.52) ICRATHIE, H2.16 TREND 7 7 7HBE b1
%. BENIREIE EOME T, HEIRRELRERIRORIE ADLTH
5. BEe(r) & k) TN ZRMiRE KRERTREINTNDS. KF
D/NERT T 71T, z=25mm £ TOIEKRK TH Y HEEADEALIX 1075 T

€a(z) (2.52)
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0.18
0.16

0.14
0.12

e
=

0.08
0.06

error €/A

0.04
0.02

_002 | ] 1 | 1 | |
position z [mm)]

X 2.16: Error €;(z) and e;(z) are represented with the thin and the thick
line, respectively. The holizontal axis is the position on sample surface
S, and the vertical axis is the error which is divided by amplitude A of
the surface profile. The small graph represents a magnification between
z = Omm and 2.5mm, and the virtical axis unit is 1075.

Do, ZINbALMIRE I, BEGRASKEORSENS 2mm 8L
D ERRE o) BRIERZECXERIZAR Y, z=13mm CHEREITZET
TERORIBD 10%IZET D Z 30N 5D. —F, BEe(r) Xz = 15mm
THREMKRDIRIED 0.26%TH 5.

REBIC, HAELEONE ¢ = 10mm 281 D782 6 (10) L RERKD
RIE A DBEMREFARD. ZherI7ICFLE0ORN 217 Th 5. EEH
TERDIEE A% 0.001um 2> Lum ET7 oy b U7-. ftEh i s b
ICHEETHD. ZIMDIRIE AMWNS L BB O N TERENRAKIZK
ESRDIERDDD. L<IT, 0.035um TIE, B3 6 (10) EiXEREHR
DORNE A D 100%IZET D, Lizdio T, SRR ERET S & 213,
EENFRERETDIILILLY, BEQZBRVBR I LREETHA.
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1005 T T T rrrr] T LA B L B M |

€2(10)/A

001 1 PR TR SN SR L [T R R I AR W T W B I 1
0.001 0.01 0.1 1

A [pm]

2.17: Relation between error €3(10) at position z = 10mm on sample
surface S and amplitude A of the surface profile of sample surface S.

2.13 [MERHEFEFOHIEFE

ZITE, BREES 0BERSHICL o TELBMERESEF DT Lo
E—ARARy NOBEM z4 &, UBRHEFOHS V, ODBEFICONTEE
L<FARD.

26ICBVT, BELE74+—H AV AFL 2 Fo TR ENs L —
FE—AREEEBAOT T T E—ATHDETH. K25I2RBWT,
E—ADREBAIZTA— AV X FL O BE &SN — AN MNERE
27— CMIZETIETEDEEDE TR, BT S THR/AMIARY,
FRHME DP Z L7 & EHUVHEEEN LIRS, Vo XADLIZ k- THREE
DP iMUBRHEZETFDT ET1EOBERADT, (IBHRHEFDT FIZ
BNWTYH, L—FE—LDRERIIALTHS.

MEREFZFDTORXENOKE &% s = 12mm, MERHEFDT L
DE—ALARy b DHEEEE A = 5mm & LT, fMERHFZEFDT £
E—AARy NOBESM [(z) 27T 7I2RKRT 218 L7235, b
I EREZEF DT OFLERA L LEAMET, i —a2x®y b
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DRETHD. 77 7HOREERIMERHRFOZREOREREZRL
TW5. 21805, MEBERHEFOMNC L E—LAR Yy FONFILT
WBDWRbD. LIRoT, R (2.38) THEALNDI B zy &, MER
HEFRIZBIT A —L ARy FORESTHOELE 2, 1%, FEICE
—E L7220,

0.2 1 T |
0.18 - |
0.16 - -
0.14 -
0.12 ]

0.1 .
0.08 ]
0.06 _
0.04 - _
0.02 - -

intensity I(x)

position z [mm]

2.18: Beam intensity distribution on the PSD. Vertical lines inside the
plot area are the boundaries of the PSD. The beam leaks from the PSD.

TIT, MEBERHETDT FOE—LARy OB 2y &, EIMLE
Ty DEBRIZOVWTHRS., ERHEFDTADE—LRARy FOED

’fﬁ% Tp f‘i, .
2 (z — zq)*
, TP T T

Tp = 2 (253)

TEHEZbND. ZOEIMIE 2, 1[G L ESIBERERFOHEIV, &
LTHAENRE., 2 TEERE L,

o= _h (2.54)

©2¢/2log 2’
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Thb. MERHETFDT FOL—AREy OB 1, MERHET
DEHFEDOKREES s LE—LARy FOREEL LD +H/hENEED
B 3y 13, 3 (253) 1D,

sex —82
_ )1 P 82

Tpe = - 3 T,
v 27mo erf (———)
2v20

L7220, BERERZFDTIZRIT A E—L ARy NOEIMIE o, 1, B—
AAR Yy NOBM g IZHFILTNABZ b3, -2 CEH eafl,

(2.55)

z

erf(z) = e ¥ dt, (2.56)

2
V7 Jo
TEBRBINIREEETHD. MBERERZFFDT LOLT—LZAKY D
B zg &, BULE z, DHFIBENMEZALTWNE, MEREEFO
H V, i35BE S OEAMEREEATHVAEM g ICEFILTWB & L
Tk,

DEN, MEBERHFF DT OFNHENOKRE S E s = 12mm, AERH
EFDT LOE—L ARy FOH¥EEE h = 5mm OFHFT, K (2.53) T
RENDE—LARy "OEMIE 2, &, UERHFEFDT LOE—4
AWy FOENL zy ORI E ORELLFIBGARIZND DNFAERD. B—
LARy FOEMIE z, &, R (2.55) TRINDE g4 BW/hENE &
DEMIB 2 7 771K TE, K219 &R2D. BEIIMNEREEF
DT EOE—ALRRy NOBEN 24 T, FMERIIELNE 2, KEHRITE
DALE zp THD. ZOTZT7NEMay BREL DO TE—A
ARy NOBELMIE 1, 1E, B 2 DDOBBEAKREL RY, HFIRIER
BRONDZ ERPOND.

E— A ARy FDEOIE z, OBRFED S DOBRBDEE L 1 — x4/ 5 B>
bROLILD. THET T 7R LEOBRK220 THD. DT T 7h
b, IERERF EDEM 2y %, AERHEBEFOHAV, 246E->T 1%L
NORETRELL S L9258 &, BIEFREREMIT s =+1.1mm ThH
B EBOMNA.
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3 | 1 T I I
Tp
— Tpe
£ 25| -
£
g B i
o 2
2
2 15} .
a,
2
i
g 1r g
3
&
g 0.5 F -
O | | | | |
0 0.5 1 1.5 2 2.5 3

displacement z; [mm]

2.19: Barycentric position z and z;. respect to displacement z, on the
PSD. Barycentric position z; given by Eq.(2.53), and barycentric position
Zpe given by Eq.(2.55) on the condition of z4 < 1 are represented with
thin and thick line, respectively.

214 FEH

AETIE, L—PE—AREEBECTHVWONLIEELEROERE
AL, TORMEZERICAENT LT,
BERSHBETRBENSRH Lz L —F E— 2 DA ERENZHBET
5T LIZRVITY. BHEICIIIERHEEFPSD Z AW, BRISAEE
RIZBET 27D, ERMIC, MREIZ—LAFxFTIT—0bi
BPEBENERZEELL. MEKEI T —OHIBFLAAFYFIT—0
EEEF.OE—H L TWITEENIC BN ERTER & 2503, EERIC/ER
FHEREEXRZRITLTNCERS. COEBRZRCEHELHEZ
BELELE, BRENOORFA L —LOEMBE/NERPERDHY, %
TUWEIMEKE R T —DHEEHZ 72, TOEERHE &Y, L—FE—
LDOAEERENE, BHEELEOE—AZRy OTAE LTHRETESZ
ExR L. REHELENERERFLEOY—LAZAR Yy N OEAITER
BICFENT L7z, MBERERFOHANORERREZE I ZOOKMERESY
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0.08 T ] 1 T T
0.07
0.06 -
0.05
0.04 -
0.03

ratio 1 — zp/ e

0.02 -
0.01

0 L | | 1
0 0.5 1 1.5 2 2.5 3

displacement z,4 [mm]

2.20: Ratio 1 — z/zpe respect to displacement x4 on the PSD.

EERLE. BRISFHEZERELT, TNEESTHILITLY, BRA
EIZBITARBEZHEN L. &Iz, MBRHEF IO —LZAFRY b
DEMEEBLIEBEOBKREZ, MERHRFLOE—LAZARy NOMBES
WRHTT T v DEEITOWTET L.
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£3E REOBKEAE

3.1 [FLC®»IC

KETE, VP —rEmEEBEOEANRBIERENZRTZDIC
BEEORAEEXRB Y. BEHIL—V 7Y vExoar—#k & TEDR
TWARY I IFT—ThHD.

=7, 3281C, EREBOHERKETT. BEGTHAXYTIT—%
WAHZ ETEEICAETE, ERTHREBEBOLENRNI EBRIN
5. Hi3.3 T, ALERHEFPSD OHAA, #BHE S DEEHZEF LT
WBZ EEHERL, FOUFIEHEZ KD D, § 3.4 T, IESmm ORI I
VIFG—RRETDHEXIZELDTHAIREIZODVTHAN, 35HTE
BHEFOHANLREBREEL D OHERESELTY. #3.6 T,
EEXFERTEOLONERFETROEREZRY B 2D, BETEE LT
YHEIZ—FREIND. REIZSTE TR I I T—2FEL, T
L DHEELT .

3.2 REREEDEK

AECHERATHIEREBICBITIEENRFERONRT A—FIIK3.11
Shaksiz, UTO&EY TiEoTz.

JER L IZH S 5mW @ He-Ne V—HHET, ZIhbBf szl —
PE—BE T3 —HALV IV AFLIZL o THER A =bmm DT 77 v
E—AiZal A—FL7. MEEIZ—CM OERIL80mm T, iRy
BII R = 400mm, RERFEZ N\/47Eo7. EERILITTRENATNS
£ 912 80mmx1smm DEFIIIMLENTABDEFERA L. AXx v F 3
7—SM &, FEIZ7—PMBLOHM OREHEEILN/1072 7=, MER
EI 77— CM &HBE S OEIX R/2 =200mm TH Y, ZHITMERES
T7—CM OESERE 7. ZO&KFIZL-T, RBESEOE—AX
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5mW He—Ne

L

achromatic
glg? I)IJf=100mm I:IJ
(] 12mm
S1880 ‘&\\
half width
A /10
250rpmSM omm
HM
A /10
CM
R=400mm
A /4 1=207mm
80mm X 15mm
R/2=200mm
¥)lf dth
h idt
A /10 PM 38# m“’l
) 5mm/ms
bSmm \2?2?\
- _ bmm

3.1: Configuration of the setup.

Ry FO¥EERITw =30um Z-o7=. FHEES & FE I F— PM O FERE
AL = Tmm o, 2 (2.12) 235 AL IERT A — % ITIEFELL,
Liz3>Td=Tmm TH5. #EES LiKxHE DP OFERE X, =X (2.6)
L (2.8) P HEBLND,
1 1 2
[TR/2—9AL "I¥R2 R
MEHEENI=20Tmm Fo7. L AXDLIFAELL VX T, Z0E
REEFEIT 100mm 72272, ZD V2 XADLIZ &> CTHRHEE DP IIfIBRH
RFDT EIC1EOB LRSI

(3.1)
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V1 oAV Vp o< 6

PSD 12bit
V2 AV/L A/D converter
51880 + Analog divid
5 Analog divider | g0t
BB MPY634

3.2: Signal flow diagram outputed from PSD.

EHOIEMNBRHEEF DT IXERSK =7 AKX &S0 2 IRIE PSD
I S1880 P o 2. ZOZFNEII—A 2 s = 12mm DIEFFHT, L&
BHSMEREIL 1Loum P o7z, Lo T, FREHE S OERMR H o fREEIX
0.0015/1 = 7 x 1078 7227z, ALEMHFEF DT DHAITIT2 2DOEHH
HBRBHY, FRHIEFAINL—a TS T2O0BEHREA VI, V2IZ
THIND. H32IREND LI, HAVI EV20EHNLELN
AV L, MBREEFLEOE—LZARy FOMBIZHFTS & &I,
AFE—LDEXEBICHEATD. —F, HAVIE V2FD FAKE—
ADENRBIZDRTIBITS. LEzBN-T, BREAV/S BMIBERHETF
EoE—2 ARy SOMBIZHATOHAV, 252D, REIZK Bur
Brown #:0 7 F 1 JREEE MPY634 & AV . HV, iZ 12bit T F =
T/SFOENa A= FERELTCarYa—FZEbh, BEINE.

A¥¥FIT7— SMITEERIBEFTRER —RNE—FIZBRD T b,
250rpm OFAHE CEEL TWe., HEHE S & AF v+ I 7 — DRI
[ =20Tmm 20T, REHES OB — AR Ry b OEEFEEILH 5mm/ms
Thd. —F, AEORBTHESNZRY 222 T —DIEIE 5mm TH
L. Lieido T, ZOERBEORERMIL lms 2D T, ZOHEETHD
1kHz DIRENZRT L TR o7, o2& L0, ERIZIIREER %
—HIRWE o Tz,

3.3 fIERHZRTFOHAHHE

T, ABEOEM LABRHBETFOHADOBLRER S, ER
HEFIAHRBEOERZRETE S L 2HERT 5.

B12.20 0, (IBREHFFDTOKRE & s=12mm, TOEDE—LX
Ny FOER h = 5mm OFREHT, MERHFZFDT EOE—LARRy
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NDOEML 3y %, MIERHFETF DT OHAV, 2> T 1%LUROBRETH
EFLEDET3L%, AIEFREAE—L ARy hOBALIT 2z, = £1.1mm
ThHZEBbMD. 22 TE—bRRy NOELz,; = 1.1mm X,
S LHRHE DP OFEBEA [ = 20Tmm TH B Z & X (2.38) i b, 3
&S EOERITO; =0.0027 (ZHHYT 5.

DL
DT

SM

L e — >

optical axis
DP

tilt stage

¥ 3.3: Sample surface S is a plane mirror, and is tilted by a tilt staeg.
Measurement reagion is 30mm.

F I T, fBHRHZEFDT ETE—ARRY OB lmm BE L 72
DX EREEREESICEXTL L ED, MMBERHBTFOHAV, DL
BRI K330 &N, FEITZ—EREES & LT, FNEEA
F—=UTH, DEHES T, L0 EMSEEES LMERHRZEFOHS
DOREREEDT-OIZ, E—A ARy MEEES £% 30mm 27> TE
ELTWARET, BRESIZEREE 272 L EDAERLEFDT OH
IV, DEHEV, ZRE L. HAV,#K3.412R77. BEIFEI 5—
EOMETHD. BEESIZEREEXD L HA VXM 34ITTREINDE
FBakfoltE, THEV, BT 2. FHHAV, DRIEICRBIT HEE
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MEEAND=DIZ, 200 BEFRORIEZITo7 L 25, BIEDEREREX
0.0020V 72 o7z, BB SIZE5 2 2L 0, =055 0.0024 £ TL L7=.
Z OERNT, FEICEHE L LI, BE IRLIADEFNAIE N AT R/ 555
Thd. ERGIRTEV, 07T 7% K357 T. ¥4 ¥EL FEIZ
BIEL-ERmERL, BRI, BN TRENLEEERTHS. HIEHR
LENZEERTH- L LB TWAEIEREFTIX, BET3.6 x 10 5rad
7otz FHHAV, DRIEICRBT 2BERZEIL 2.4 x 10 5rad IZFEY LTz,
—FT, BRAT—VOERAEDFAIZ 5.8 x 107 5rad DERENHoT-.
L7 o CALBR R FOH A OFHE V, 135308 S 125 2 7= @R 0,1
RECHEANTHALTEY, K (24) DEAIELT o =1190, 2FV

V, = 11906, (3.2)

=i,

0.1 T T T T T
0.08
0.06
0.04
0.02

-0.02
-0.04
-0.06 i}
-0.08

output V), [V]

0 ) 10 15 20 25 30
position z [mm]

3.4: Output V, from the PSD on the scannign of a plane mirror.
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1 1 ] i T
0.5
Z
Ny
+>
é—O.S
=
5
o
g 15
L ~-1.
3
-9
2.5 | i ! |

0 0.0005  0.001  0.0015 0002  0.0025
tilt 6, [rad]

3.5: Diamond marks are measured. Solid line is least square line of
Vp(64) = —119064 + 0.536.

3.4 MEBRHEFOHAICETIHRE

2T, HBPES L LTESmm PR T T7—2BIETDH L EDRE
ZEIZOWTRET 2.

ERTHEATIREERBIZBN T, REES O 2 @F R BERDBRE
5 = 04mm BATFICT&EA., ZoL &R BHE S & HRitiE DP OFERE ! =
207mm (23 LT, BRE 611073 20T, X (2.38) IBWVWTE 1 EEDLR
B+6) Xl ERABRTZENTE, 1 IRTREHRIT (2.38) DFE 1R
DESFIZL>TEBND.

X (2.38) OF 2IIIERERA o WKFT ORETH D, BoSmm iZH7z-o
THRBIEEZIT27Z0T, BREEAIT @pa = 2.5/207 ~ 1072 Ko7z,
B2, ~ 10 EERTHWE 127 TR/ TUVIALIN=FD
SEEREL W bANE Dol T, K (238)FE2EIEETERL. 7,
2.16 030, FARBIEIZRIT D ZOEOREN, Beltm S OEIEIIS L
TIX1I0 S BETHLZ LMD,

X (2.38) FIHEIIMBERKE I 7 — CM OREINEIC LD, FIEEFEL
TEOIE, MEEI 7 — CM OHEFBEEER ZHFE-> TRITEEEFESED L
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[d%0%/(200)]/RThD. ERTRESNDNRY I T —IF Veeco HDF
#et Wyko NT3300 TH O UDHBIESNTWe. FhiZX s L, BIES
N7eRY T 7 —DEMGID ZRFEHEFRIL O ~ 1074 72072,
L7eB->THESEEE IEDkIT 0, /(20ms)/R ~ 1078 L 725D T,
Wk X 7 — CM OREINEITERT DL LA TE .

X (2.38) FAIEIL, HBHE S D 2B F A BEROREICHEL, EEA

@nmmbfwé.%lak%4ﬁ@mi @%WAM%@Fuwﬂff

. B2 THAL DI, K (2.38) BAEDOESIIRIT B 2 WIHFFALE
&@ﬁ%@ BT, REREIEIZ Tézk%ﬁﬁ y&Bb. £IT,
I DIBROBERT BN _RIETRD, MIERHEFOHV, DHE
SHLBETEIEICEST, BEOHEL Lz,

Fi, AAEES ORBEE S LTOEEIE, LBREEFOEHAV, D
EfRS &5, LiedoT, ZOENIE, REMRAEIZBWT 1KRE
Bmlind, £ZT, ZORGER/NZREERESTRD, (LEBERHY
RTOHAV, DBGPOBETHZLIL-T, ABOEEHEL L.

%ﬂﬁst@t—Azfy%@ﬂwwﬁﬁﬁ6@@Mi X (2.29) TH
Abhd. K26 DEBREBIZBWNT, yEFEIZK-7=FEES 7—PM
L@ﬁM&%ﬂﬁL@EP@ﬁ%i&mnt&ot itmﬁﬁ 7—F
D[ C LRABELO A P OEBEITIZIE 200mm 72D T, B—ARE M-C
&GP@&Tﬁ7ﬁ7=5ﬂmtot.Ltﬂof,ﬁﬂ@Si@t—
LAAR y D OERD O DR DO HERMEIL 02, Ry ~ 0.00lmm & 725, —
7, BAES EOE—AXRy hORERIZw = 0.03mm 72D T, %
K (2.30) W2y, LeHoTRBES EOE—AXK Y hOEBNIIE
EERTHDLERRT RN TE .

UEHRHBRTFOHIIOBRIMEL, R T I T —DEHSHDO_RE
WETGHRIT O ~ 104 THBZ L &, K2.20 BL UK 3.5 035+
NTWAEZ BT,

3.5 FTEMKZKRDBHH

A¥xFIT7—SMOEEEEN—ETHY, MNBRERTFOHAY,
DY 7Y 7ERb—EROT, REES LB 32/t 7Y
YIRBE—EITR LR, ZOFRETORSIIR (243) 1R L. &
DRIZEEND @? 13, BRT 2, ~ 1074 L/ EDhotz. LEnoT,
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AEE S EICRIT2ERMY T L OERE—ELR2L, HEES
DEREREB/D 12D DHES %,

1 j
Fpyj == Vulz, (3.3)

T
L7z, T THREalE, X(B2)TEALNTEY, EEMHMT L7
U 7RRIE Az = 0.00118mm 722 72D T, REBRERD H72DOHKE
55, (3.3 1,

F,; [nm] = 0.990 [nm/V] i Vi [V], (3.4)

LB,

3.6 FEIS—0DAE

ERTRESNARY T I F7—ZBITHEREFRO _FEHEHIR
%, FiBE Wyko NT3300 THIE L7=fER, 35nm7Eo7z. —F, EB
BECHER LMEREI 7— CM OREREEITA/4 ~ 160nm T, £72X
X¥ 7 I7—SM L FEHEI 7 —PM, HM OREFEEIL N/10 ~ 63nm 72
72, Lo T, EEBRAIEICBWT, EENXFER THEDI D HEE
MDEAZERET DI LI TE o7, TN DOHEELDELDE
B%, K& E50mmx50mm, REHFE A/20 ~ 32nm OFEI T —% &
EEmEmE LTRETAZEIZL-TREL .

EETHZIE S mm IZbiz>THE L= L &0, MEREZETDT OH
F1Vy 13 3.6 1207, MEIELEFE EOME T, HEIfBRHEF
DT OHATEMIZRL V], TOT 177 VT EETEOERSS
WA L7 MBI A, AFEREOEABEENTVS. IBERHETFD
HAV, 2 (3.4) 120> TS LeDIXK 3.7 o7, HEEIIRERIRT
BfIom, F-HEIEON-ZTa 77 AL0 2 RESEFS THD. =
I D EETHROREIZIIMHELEERH D T BhohoT. Tk, &
WEEHOMTRCELTEMEBE THE LB DND. ZOMIEEEA
RB7EHIZ, K38 TRINIMEBREFBFOHNV, D/RT—2AT |
T LaEEE L. HENIEHNER )\, T, i v—Thd. £
DFER, ZERERIAN A, < 0.24mm OEEAFEEICLEETHE 5L
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WZ ERHERIE N, £ T, EENER CELNEFEIREDEAIZ
B3R DEAEEI I, MEREBFOENV, ZBa L THRLNL
®3.70D7 a7 7A/VEIE024mm THEHE Lz, i, EEFED 2
A BIROBRELHET A0 2 WBERSEZHEL, Z5LT
BonABRETu 774 NVGELE. T A NG BRI 39T
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3.6: Output V, from the PSD on the measurement of a standard
flat plane having a surface flatness of A\/20. Horizontal axis is position,
and vertical axis is output V, whose unit is volt. Profile of output V, is
proportional to the slope distribution of the standard flat plane.
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3.7: A thin line is integral of output V, from the PSD on the measure-
ment of the standard flat plane. Thick curved line a quadratic component
of the thin line.
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3.8: Power spectrum of ouput V, on the measurement of the standard
flat plane. Horizontal axis is spatial interval A;.
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3.9: Profile G, which shows the influnce of the surface distortion of

optical components used in the setup.
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3.10: Output V, from the PSD on the measurement of a polygonal
mirror. Horizontal axis is position, and vertical axis is output V,, whose
unit is volt. Profile of output V, is proportional to the slope distribution
of the polygonal mirror.

FTEHEHFRT0.3lnm 7o 7.

3.8 F&H

L—H = AEEEEEOEANREEENEZ R THIZ, EFme L
TRY) IV 7—OREBRAEEZ R 2oz

TP, EBREBOEREYRLE. L—F - AEEEREIRERRE
2 1ms LIFEFICEET, TOFR, BRIV THRERERIILER
ofe. REEIZBIT 2 —AARy OB EZHRET 720, ALER
HEF PSD 2MEbiT-., fBRHEEBEFOSNHFEFLOE—L ARy b
FOEME, MERHEFOHADBRIZOWTHR . ZO/KR, B—
LARy P OEMINETIE, MMERHBFOHAZIE—2 ARy b
DEAIIFIT D Z eBlbhrole. Fiz, Zhe RERCERMIFAIED
T2 DEFIERFRE Lz, B5mm ORY A I 7 —%BETHICHZ
D, RBREBTEZLNIERNLRBELTFMELIL LIS, HBD 2z 8



3.8. F&O 53

T ! I I I !

scan,ning rirletho:i
10.0 | wyko NT3300 ——

50 I~ -—

height z [nm]
(@)
o
|

-5.0 - -

-10.0 I 1 ! 1 P 1 | ! 1
00 05 1.0 15 2.0 25 30 35 40 45 5.0

position z [mm]

3.11: Measured surface profile of the polygonal mirror. Profile mea-
sured with the fast scanning method is ploted with thick line, and profile
measured with Wyko NT3300 is ploted with thin line.
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4.1: Surface profile of a OPC drum substrate measured with Form
Talysurf-S6.

K258 WT, BEIHES T T e —baBNAF L X, *



56 F4E HEOBKAE

DE—LARY MEXD SHVBERDH D L, ZINLDORHE—2L
DG = I23ETRLIEE IR AT T UoaHmcidod, BEE
DP ECTRELENRD. BHEDP LORKHE—ADAZ—10F, L X
DLIZX> T BERHBEFETIHEDOEBLRAIDT, MHEEDP LEAE
BRHRFLEOE—ADKRF Y —VER—-ThHBH LEZTLV. o7,
R E—bDNRE— 0 2 RHEDP ETHE~BZ LIz L.

BHE DPIZBIT AR /F — 257012, M25T, K291
TENDEEAZ =0 L& LEMRN42 DEREBRS AV E.
IR LI He-Ne U—¥ T, ZIhbBRENZE—ATIT7+—D ALV
AFL%&ZLBY, IT7—-THRAZEXRAPES LOAPICEEICAHT
5. 7x—H AV AFLOHATOE—LOEERIT 5mm T, HEE
ECHEEN 0.2mmIZR D L) 74— DALV XFLEFRE L. ©—
AR FL-P OF X132 200mm 7Zo7-. HBES FOEP S DOFEH ' —
DIFREHE SICEATRARHE DP ICET 5. MHE DP %, K4.2 DESR
LETIIRI V—rThY, X7V —V EORNAZ—2%CCD I A
TER L. AP LRHEDP OEMIL | = 20Tmm BoTz. F72, K§
REP-DP I 7 —¢ERLBRVE DT B0, AFRKFL-P & &
R P-DP Xy AN THAEEZ DI, 2 TFAN MNEESZNE LD X
IWEERTD. £7z, ABES LD o BBER 2y 2 FRRL, R U—rF
Dy BEEY x, ERA LT, RBES & L7 OPC R AERIZx AT —
PCICE o T s BiFMICBETE . x AT —I2X % OPC RS AERD
BENL, VPP AREERTECRBTIAREES For—Azx®y b
DEEIZHIGT 5.

X 4.2 DEBREREIZ> THE SN /-RiHE DP LOKFE—L 0D % —
ER4IITTFYT. BOLERICKH AN — %, TR/ RZ — 0
ENfERYT. FRED 2 OOEFBIIMNERHBFOSHENORE &
THD 12mm x 12mm #F L TW5. ENIHRHE DP EOMBTH A.
ZInb, OPC FT7LAEFRNLOREE -0, (IBRHEZEFORE S
ZEBATIENR>TRY, REOCERRIMNIF—VDEFVTHDIZ &
Bbhhole. O RE—E, ZENFARIZEEMBTHRATHNAEZ &
Nh, HEEOEEITROZEDIZE S OPC N7 AERKRE O TR
RIEEICL o TAEL TR EEZ B,

DOEN, 420 x A7 —V% 0.05mm BRTEEILZ L 2 OREE
DT LIZRBITHARFRE -V DEMERA4IIFTT. TNENDHDOK X



4.2. BENSOREE—LNFZ—2 57

T
L

-stage
e A L0 L1 A Y z

\ FL <I™>

,), S Y CCD
L P‘ B . . L optical

Mirror op axis
. [ =207mm | screen

4.2: Experimental setup which is equivalent to the condition of ¢ =0
in Fig.2.5. An OPC drum substrate as sample surface S is mounted on a

x-stage.
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4.3: Upper part of the figure is a reflection pattern on detecting plane
DP, and lower part is an intensity distribution of the reflection pattern.
A square in the figure represents the PSD size of 12mm.



58 F4E HEORKAE

S, MBEBRHERFORZIIXIETAH. ZInb, REAAY—IZE
ENDMNANE =B, OPC FTLEREDODE—L ARy N DALEDOR
BN Ko TIHRAIWCELT AT AL NbhoT.

x=0.00mm x=0.05mm x=0.10mm

x=0.15mm x=0.20mm x=0.25mm

4.4: Variation of narrow patterns when a beam spot moves on a surface
of OPC drum substrate. Values z below each figures are the position of

the beam spot.
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4.5: Average intensity distribution of reflection patterns reflected from
an OPC drum substrate, which is observed with CCD camera on detecting
plane DP.
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[X] 4.6: Barycentric position z; inside a rectangle shown in Fig.4.3 when an
OPC drum substrate tilts. A solid line is a least squer line of z, = —2036,,.
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4.7: Average output Vp from the PSD when the tilt of OPC drum is
64 Solid line is a least square line of f(8;) = —17164 + 1.44.
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4.8: Slope distribution of an OPC drum substrate measured with the
fast scanning method.
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4.9: Surface profile of an OPC drum substrate measured with the fast
scanning method.



4.6. PEERAEOHES ZaL—Va Yy 65

0.3 T T T T T

o o
(@] -t [\
I i
! |

height F} [pm]

i
<
i

T
1

-0.2 | I l | 1
0 b 10 15 20 25

position z¢ [mm]

4.10: Surface profile measured by Form Talysurf-S6 processed with
low pass filter having a cut off of 0.25mm-spatial period.
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[X] 4.11: Slope distribution 6 of an OPC drum substrate measured by the
fast scanning method with beam diameter w = 0.05mm.
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4.12: Surface profile F, of an OPC drum substrate measured by the
fast scanning method with beam diameter w = 0.05mm.
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[ 4.13: Power spectrum of slop distribution § measured by the fast
scanning method with beam diameter w = 0.05mm.
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4.15: Wavefront of the incident beam.
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X 4.16: Intensity distribution of simulated reflection pattern pattern on
detecting plane DP.
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on detecting

plane DP.
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4.18: Barycentric position z; of a wide pattern on average distribution

I;(z;) when the tilt of an OPC drum substrate is ;.
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4.19: Slope distribution 8 of a OPC drum substrate calculated from

numerical simulated reflection patterns.
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4.20: Surface profile F; of a OPC drum substrate calculated from

numerical simulated reflection patterns.

VI lb—va V46 B CIRATRETITH 83, REE S TH 5 OPC
K5 KNI _ED KBRS u(z,0) DI HIC, H{ENE 0.2mm OH 77
UK EBOEEE, ERELE. YIalb—i g BT, OPC R
T LAEARICFER 2 A Lz & EORMEE DP EOKF/SF — 121, K
i DOHBEITER, N RZ—2 R E DD TH2L, OPC N7 A%
BRETCE—LARY bBBEITEHLEONRF VDR E DD T/HE
Motz D, OPC K7 AER EOEENLDOREF/F— 1 DEND
ERER LT ho Tz,

VIal—va Vv TRLNERHENRY - ORESHEK 4.21 1277
XK 421121k, OPC KT LRELEDE—LRRY NOALE 2o BNFERINT
BY, TOLONEREAPRIET DRFA/NE— LV OBESMTHD. £h
FLOKOBEN IR EE DP LONME 2, T, FRAZF.0IZHED 20mm T
H%. OPC F7 LER EDALE 27 =16.60mm, 17.72mm, 18.84mm D
RANRE - OBEHFEETE L, TRThOT BT 7 A VITHEE
WZEE- T, 2F Y, OPC FTLER ETE—AL Ry M3 Imm
BEITAILI, BULERRAAZ UM RVBEEND EEZDN. &
O 1mm BAHO KK NRE - DB VIR LB 46EHDY I 21— 3 o THE



74

4.21: Simulated reflection pattern when a plane wave is incident into
OPC drum substrate.
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5.1: Surface profiles F' of OPC drum substrates OK1 and NG1 OPC,
which are measured with Taylor Hobson model Form Talysurf-S6.
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X 5.2: Surface profiles F; of OPC drum substrates OK1 and NG1 pro-

cessed with low pass filter having a cut off of 0.25mm-spatial period.
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Xl 5.3: Power spectrums p of the surface profile F' measured with Form
Talysurf-S6.
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X 5.4: Configuration of a scan optical system for the inspection of surface
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ZAY. PREOESHIIMERBRFOZHEAOKE & 12mm x 12mm
ZRLTWD. RENIREE DP LOEET, fEhiRA e — L3 —
YDOBETHD. AEDOPC F7LEREDE—ALARy FOEEEL

02mm & L7z & ZIWELNTZRK A3 DRENRF — 2 LEERB L, %
A —=rDENENE, FEEO0.05mm D& & DE 5.5 TiEkE < AAoTh
D3, REE—ALAPIBERHEEFORE SE2BLTER > TWIZOLR
BR7Z o7,

5.5: Upper part of the figure is a reflection pattern on detecting plane
DP, and lower part is an intensity distribution of the reflection pattern.
A square in the figure represents the PSD size of 12mm.

EETDHE—LRR Y bOEEEA 0.05mm DHATH, EREED
OPC N7 AEROBREEEZRET 2008 5 hfAR LDz, OPC K
TLERRELOE—LARy M EREBCEE L LEZIIELND
UERHBEFOENLGMV, 2, M53 TRENEZELE OPC FT7 LER
OK1, & REOPC FTALAEMNGLIZOWTHEIEL. ZnzHK5.6127
9. MENIOPC FJ AEMK EOMET, MM BREHZTFOHITH
%. Hi5.2 Cl_= L Oz, OPC R AEROEREMRFEEREIIRET
FERDNRT =27 NF L2ERVWD. BEBRIE, V—VE—2sFmEE
FIETE, IBERERTOHAV, OBSTHRONE TR T 7 ANV F,IZ
ﬁmféwf,7m774wﬂmﬂvwx«&%7b%ﬁﬁbt._h
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2 5.717T. BENTZERAR ), T, MEIBETHS. KO LE (a)
MR E R OPC KJ AEHR OK1, TS (b) BAREOPC K7 AFEMNGL DT
HDH. BT =T T A, BREIEERE Form Talysurf-S6
DEIEREF 1bELNZRGE3 BT L, KRR S %222 2R E
B\ =1mmiZBIFAE—7 &, FEEOUHITEDEVICEI VAT HZE
BIEE A, = 0.1lmm 75 0.25mm D ¥’ — 7 ZHAEICBRHTE =, LaL,
K57 CRENB T T 7 AV E,O/RT =27 h T AMITZEMBELID 2
FEANIZHBIL TR —ERREL BRIFER DT, ZOFEETIE, B
REHIEDT=DIZ, EHBEHO 2T N2 ICHA LZBREZRE LT
RO BIBOTRETHD. £2T, B FRHEDEDHIZ, ED X
DIRNT—=ARI ST LR XVDNEERD. T 74NV E,07—]
T,

a(k) = /F(a:)exp(—z’k:a:) dz, (5.1)
THD. ZZTk=2r/A T, ak) X7 —V =5 THD. Lizn-T

TaTrANE, DT =Y T AT, (k) THD. ZIUTZERE
BO2FNAIHBIL TEHL RDBERH Tz, a7 7 A /L Fy(z) D
BOT— I TEHIT,

iﬂ@ _/dF(a:)

Y ——dx—exp(—‘ikx) da:,oc/%,(z) exp(—ikz) dz, (5.2)

L85, TRT7AN Fy(z) DMBITHENV, 2OT, HAV, DT —2
NI DT AL (k)N LY, ZERBHO2ENIZHF LR D, &
ITCNHNEREFEFOEANLDTV, DSU—RAT NI LAEFHELE. 20
fERZR 581779, HOLH (a) 23R OPC K7 LAEMR OK1, TEE (b)
BAREROPC K7 LEMNGLIZBIT AV, DT =227 N T L TH
5. BONIAU—=ZANT b A0E, bITCEREBHO 25 X2 1241 L
THWRWDT, OPC R7LERDR - REZFHBITH720I2, —FEED
BREZRET DI ENTES.

LERoT, L—PE—-AEmEERE T, MERHEFOHSV, D
NU—AXT7 bTAIHL, BEEZRETAIET, OPC FTAERD
THIRBERERFETH D Z ¥ bho Tz,
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5.6: Output V, from the PSD.
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[X] 5.7: Power spectrum p of profile F, obtained by integrate of output V,

shown in Fig.5.6.
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5.8: Power spectrum p of output V,, shown in Fig.5.6.
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5.5 BWEHER

L—F = AEEEEEICEL D OPC KT AERDOFARFFERE %58
L. BEESN2 OPC KT A&, T TICADRIRIZEL 0 RS E
BEEREZRRAAREFRBER6ATHD. b OPC N7 2ERITE
NFEN OKl~d, NGB & TV LT, FRFEND OPC FF LAHERIT,
H59IRENDLIE, TOREED I SOERIEHEEBRESINE.
3ODEEIZA, B, CEI~N L, BEA & CIFENEILOPC F7 A
ERORERT, B CITFRECTH 5.

inspected region

/
() ?)OmmA . C)

250mm -

5.9: Inspected region A, B and C of a OPC drum substrate.

ENEND OPC FT LEMDENENOMEE A, B, C CEMRHE
FOEARFV, DRI —=ZRT 8T hpParEa—F ko> THES
BHaxhiz, OB, LYEMERNT—ZT 8T AEED DI Welch
DT —FE 6] BMEbNTZ. HARHV, RT—2A_Z7 vFhphbd, B
5.8(b) TREND X DT, ZEHEH N\ = 0.7mm 2> 1.5mm T, FRE—
ZEp, BRE L. 2 TR5.8(a) IZBMA OPC FF A OK1 DFEE B D,
(b) TR OPC F7 A NGL DfEIK C DT —RRXT T Ao T. %
NENDOPC FTMIBIT AL~V lp, #R51ICE LD, BOHEA
FIODV X, ZREND OPC KT LAERIZHITA4ERA, B, COE—
I B p, ODEKXETHS. OPC FTLEROE - REIX, Zo DV EIZxs
LTREZHRET A LITEViThii.

DV EIZXT DBEIRDO LS ICRE L. R5.12°H, REOPC K
T AEROP TR L/NS R DVEEZFOOIX, OPC FT AERENG2 DE
BB Tpe=0121, €L TEMAOPC FZ AERDOF TR K& RELRE
DODiE, OPC F7 L& OK4 DEHEL C T pp=0.039 72072, K5.10(a) IZ
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# 5.1: Peak value p; of the power spectrum p between spatial period A,
of 0.7mm and 1.5mm.

Drum A B Cc DV
OK1 0.006 0.008 0.002 0.008
OK2 0.038 0.032 0.012 0.038
OK3 0.006 0.012 0.010 0.012
OK4 0.025 0.015 0.039 0.039
NG1 0.060 0.099 1.109 1.109
NG2 0.014 0.121 0.019 0.121
NG3 0.068 0.029 0.563 0.563
NG4 0.080 0.142 0.574 0.574
NG5 1.091 0.234 0.208 1.091
NG6 0.297 0.138 0.490 0.490

% 5.2: Results obtained by repeating the measurement 1000 times for re-
gion C of OPC drum substrate OK4 and region B of OPC drum substrate
NG2.

drum region (pr) o
region C of OK4 3.89 x 1072 5.74 x 10™* (px) + 60 = 4.23 x 1072
region B of NG2 1.19x 107' 5.59 x 1073 (py) — 60 = 8.55 x 1072

OPC N5 AEHR OK4 DFFIR C @, (b) 12 OPC K7 AEARNG2 DHEEB
DT —RART FFLERT. ZIhb, OPC 7 AERNG2 DIEEB
NEENZ Imm BHD 5 RV EEEFE-TNWAZ B0 5. BEHEE
YL R ABEARET A7=HIC, 202 008IBIZR LT, 1000 ElDE
ERELT, P Ep, OHBEHEELTE . OPC F7 AEMR NG2
SEIHBOY— 7B p, OHBEHEEHK5.111I7F. R52ITFEND LD
12, 1000 EOEFEREICEIT S OPC F7 AEMR NG2 B & OK4 18
15 C D ¥ — 7 E pp DIEEME (pi) 13, THEF 119 x 107 & 3.89 x 1072
T, EEEEITEFNFNRLS9x 1073 £ 574 x 1074 Ko7z, Liciio
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5.10: Power spectrum p of output V.
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[¥ 5.11: Frequency of occurency of peak value p, and equivalent Gaussian
function on the measurement of region B of OPC drum substrate NG2.

56 F&H

Lo B AHHE RS A OPC BT AR OTLIREEEREICRA L.
TOARBEPECARE & 205 OPC R 28411, o P& B OFRERR
(A Lo A O 5 da b R %4 - Tz, Form Talysurf-S6 OEIEN b
PC R LEEROFEIGR O/ — 227 8T AT, ZZEEH 1lmm T
WHIEZRETIVERME RRBENTE A &R sT. b—
’U B AR ER IR A OB R Tk, OPC R7 2ERNPDLDOR
WE— LN KREIENEN, EOMAV, DT —Z~7 b T Lid Form
Talysurf-S6 2> B8 B AL 5 i & AR ERF- TR Y, BHIRBERE
R TE DT LR by otz BIRREORRIL 10 A0 OPC N7 A%
Bt LCfT o 7e. 2 OfR, L—Pr—irmEEEELRVCRE
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160 I I T 1 I |
140 + (pr) = 0.0389 -
120 (pk) — 60 {px) — 60 .
= 0.0423 = 0.0855
s, 100 - ™ ¢ -
=
= 80 F threshold region (pr) = 0.119 -
g for inspection
= 60 ]
40 | ]
of NG2
20 - C of OK4 ]
0 ] 1 | 1
0.04 0.06 0.08 0.1 0.12 0.14

peak value pg

5.12: A region of acceptable threshold values for an inspection having
6o accuracy. Two equivalent Gaussian functions with regard to frequency
of occurrence of peak value py is from region C of OK4 and region B of
NG2. Gaussian function of region C of OK4 divided by 5 is shown in this
figure because its value is much larger than Gaussian function of region
B of NG2.

ELEIZ6c ULDODHET, BERERBEEZDATEE L Nbhotr
e, TOEBIZLARERII 2ms LEN SO T, BREIZBWVWTR
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