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Improved Lateral Resolution of Interferometric Microscope
Using Precision Scanner

Sunglim. Park*, Domin. Park*, Jaewook. Ryu*, DaeGab. Gweon**

ABSTRACT

An interferometric microscope with an improved lateral resolution is presented. The nanometer resolution
XY stage is integrated into standard temporal phase shifting interferometer. The nanometer resolution XY
stage is used to position specimen in subpixel of CCD detector, therefore CCD detector’s sampling is
improved. Two scanning algorithms and those simulation results are also presented. The simulation results
show that scanning algorithms improve CCD detector’s sampling significantly, and interferomteric

v ’ . . .
microscope's lateral resolution is improved also.
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1.M 8 7 (Optical Interferometric Microscope)® W3} §

Atolo] dAF AL A BTHE by S8

2 Vol 27 (nanometer scale)?] ¥R A4S t 274 =58 ¥v]F(Scanning Probe Micro-
e A9 "gige] Z7lstHA old AFL BEY scope; ©l3F SPM), WALAA ol v sle ARFE °
A8 B =¥E0] IFH2 Aot oA AFE ¢E 43 FA18 Az A0 A (Scanning Electron Micro-
71 93ted Ag=ojol & Ro| ol & HAIE £ A& F) scope: ©]3} SEM)°] Ut} .?* SPML £&=7t -3
o] Agoitt, o] HAAH| = WY 3349 ¥AS SEMZ 2314l FEFe 2 X3k £ ol Fole
otgjo} 822 &7 (microscope)ol& 2= st 27} a7tolch, wiH] Fahe] b4 WL 3A R WE A
A2 E5E ¢ Aok AF Wi vPE ez e FA3E 5 d3 G} besite B3Rl
Y & o FE4 e nAAY 3 (stylus) ok F3 ZH4 e B e AU
uidloln] vl 3 EaFo] ¥a AES e 5 e ol 94L o] 45l7)o] 1 m FEd gheled stz
SHE A3 Jh P uAEY g e 3A AR 2 1.0 m FE& BT JUh. % 4714 7tz W
U 7 et 99 3L o &3k FE4 14 dn Haleo] ¥ olfE 72 Bl @Ay e

* gx3strlaqd 71433 gl
b w37 ed 71AT S
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I A 37] ot v W& Ao o3 @
A g 2o 73] A & 4 ik " stavet 24
T @AE A He Rojd. 28 78T 2719 FE
71(Charge Coupled Device: °|3 CCD)Z ¥9] 7%
g JddgA Ydste Aoz ¥ 4 9o}, SPMY A%
Bt 1] dulAd Bt 7k2ue Ea 5ol S5 of
£ SPMe] A9 27\ (scanner) & 71X 3 9171 o &l
o B =FdAe oy e 279 /HEE F3 U4 &
v Ao o] 43le CCDY A& LAE AN A AA F8
A 2k AvlA 9 t2wd Bl AT nat @
A9 2AvE AP {9384 717 (monolithic flex-
ure hinge mechanism)2 dA o] Wi41} 3] 28]
A2zt glod X, Yo g AZHA GrE AANHT
=% 3P oz BE] parasitic motiono] YojuA
%3 GA RG] HA gEsITFoI 7)o $HEY
Falsol $1 2 ¥& 4 F e HAFFNPLIDE
AHg-5lE 2 YienlE %38)% (nanometer resolution)$
Ze 2 Az shsst JHAH.S # dFdM e
44 A3A0 A Y felE Agsta o7)d
=0g EdE 2AUE AYstd AlHE £3o £,
A4 27418 §89 CCDY HE 248 #2A7E
GuFES AUEt oF F3t Alxxl9] 2
Eolso] 3P L ABYolHE Fdlod BTt

2. AlZt Y{MFo| ZHAI(Temporal Phase
Shifting Interferometry)

A1t g4 A o] 7t A (Temporal Phase Shifting
Interferometry: ©|3F TPSI)= Al7te] 58d W} o
£x02 9oja A FH (Interferogram)s 34 sle
g B3ste wiolth 4 FHE de g i
% Twyman-Green M4 & AHE-3l9 Fig. 10] A9&}
Aok TAFHEEE E9H9 FRE BFE] Yuio 3
A olde] ZHRYsL B g ol EEALHEEL ¢4
FE7N2 £3o 71E944%E 3d o4 vhte] FHA o
Al 8ot TPSIE ¥oAl o] 4T 72 22
342 FE FTHE 44E B3] g2 s5d
o] Fztstel o & exh7} gk, 28] 5 ulolo] A (bias)
1} o5 (gain) 25 CCD% #7182 cezE
(drift)ell 98] 9 sk vj - &L Holg}, TPSIe
A H5H (static wave front)o} tiste] 27t &3
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5ol 7MY 1 A8 ARE BHaF7) g i dY
HA9 AEES AAFY 712E o|F2 Y. TPSIZ
RUE B7dhes B3 os5 2o en

m interference
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-
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h(XY) " mirror
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xy-stage surface

Fig. 1 Twynman-Green Interferometry Light is collimated
and split into two beams. One is reflected by test sur-
face and the other by referrence mirror. Reflected
beams are interfered at beam splitter. Interference is
detected by CCD. Reference mirror is drivened by
piezoelectric actuator. Test surface profile is h(x,y).

71E AN HALE o] Eole & s a4

W, (x,y) = A(x, y)explj(2kl - §;)] o))
AlHAA giAls o] Soj o s e W4

W,(x.y) = B(x,y)exp[2 jk(I - h(x, y))] 2
CCDAA AZHe A FHY A= ¥34

10x,y) = W, (x,3) + W, 06 W, (x, ) + W, (69 3)

= A'(x,y) + B} (x,5) + 2A(x,y)B(x, ) cos[2kh(x,y) - § ]
= D(x, y){ + y(x.y)cos[¢(x,y) - 5,1}

o714, A, B & #¢] 37](wave amplitude)°l k
£ (k= 27/3) 34(wave number), 1& 9] F 270
(wave path length), D(x.y)& B# ZX(mean
intensity), r(x,y)& 7M E(visibility), ¢ (x,y) £ 9
A2} (phase difference), h(x,y)& A8 EFH o]
(specimen’s height), 8;& 71%$]/ A0l (reference
pahse shift)eltt. $19] Z=%F M D(x,y), 7
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(xy), px,y) & 3749 wAFE 7R Y. G4
Fele 37holdel 4E 7HAok H9 HA¢E €& 5 3
5 ¢ 7 U de e dagle FEY V1EA
A& MBI ZEE de Aol ditAoz A(4)
o Zo] 442 A A7t Fatuzt e dd e
(x.y)& A(5)dM derh.

2 . .
5j=-1<,—(]—1) j=L ., .,N 4)
N .
lesm6j
$xy)=tan' L—  j=1, N (5
> 1;cosé;

J=1

(5)4914 AolA e(x,y)E tan'E Fdlo dojrimg
oA +a7kx| 9] Y-S JHAA dd wEA Ao
EA AR hix,y)E 47 48l LollA ol -no) A
+mAbol 9] ZEE AT FAHY vwdY 208 daF
AV AFAY ofUd a2 T3l B Fojo} g},
ol %t A3 & #o]= el (phase unwrapping)°lzt
3 @} sjo]= APl Fd

AP(x,)
4

(6)4& T3l E78 2HE A €4

h(x,y)= (©)

3. 279l ¢e|F
3.1 CCDY =3

CCD(charge coupled device)= %9 Z=& A3lF
o2 vl Aoy 7t 5447 & FE2 AFH

a, b : pixel dimensions, x, y, : pixel spacing
Fig. 2 CCD Sensor Geometry
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Tokst F54 Foboll A EAo| 7HssA HAY.

CCDE 422 2dsia] HH ofgs} 2} @
CCDY & 32N dojxle Z=E ol ¢ 2.

fmx,, ny)=[[" Lz rect(%, %)dadﬁ

9]

714 e, fe AE ¥F, m, ne & 348 Ueh)e
A%, AR 1 € 71 9489 Aol(referrence phase
shift) & Yehl 2, I(x.y)e 44 Zxold.

CCDY AA 3lao] ti3led FAFPA olef o} 2o}

P (ey) =[1(x,y)* *rect(i%)]comb(i,l) (8)
a

5 5

Aq7]|4 **& 2349 convolution YeRITH
AAg Fo4-2 49 FHE ol o 2o},

IFEn) =L(Emsinc(ag, bn)**comb(x.Ey,n) (9)

714 €, 12 F3 FH+FHHE(spatial frequency
coordinates), ~& Fourier® & veldt}. ¢4 qjA

sin(zrat) sin(z8)
o 7B

2A ol HlY ZEE Z i dYo] gt H
aote 48 vt gekM Low-passfilter 98 3
9 o] & Pixel MTF&} 3t}

9 Zxe e HA FEE 471 A3 4
(9)olM ABEe Z=E HHdle & a, b Z=E A
E33ke 14 x,, v, A dFolop gk, AT 4,
b, x,. y,;& CCD9 718137 Q] Wolng uiE 4 ¢l
o AT 2AYE S AZEHJHR o]ES FY
F gtk o] 2A9E B3l oS Fole WS
&g

sinc(a, B) = (10)

3.2 Pixel Averaged Scanning Algorithm

21(8), (9 AHEA x, yt AEY Fosrd A
ol It vk MEY FAFE wAEUHE F x,, v, E
AAFNE Bt 3G B=gs 42 & A d4

F2MY L1 (pixel averaged scanning algo-
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rithm) 2 x,, y,. & 2719 & B3l £TEHojZog &
A AFLZAN AAY Fossd /e FARHEE de
Holtt. PASAE H¥3}7] 93t CCDY #a3H x,,
v 20 e F9E A4S o|FAAFEAN AxE de
o BAFME AlUE PZTE ©) 48 322AUR o]
FAFIREA 7HedY. o FUANUE FFole #F
& Alzgl9] wi g 3ta A ARG F, AlHo] A]
29 gl o gusle] CCDel Z4sHA =Hed
CCDY 3143t} g-gH e AlH] A7) sfidele F
€ 2 2922 o] F0|R dr}. Fig. 58 Ay
% PASAE 7129 WA MR 33t EE FolF
A BE ¢ F Utk PASAS F7 Al gt} Arle
#o] 23 (phase wrapping) & sldsle=d ol A%
A<l whgolt} (Fig. 18) A% Pixel MTFol #l2s}
£ w23(CCDY 3149 A7l & AHE: a, b2
HEeAM de o] 22 A7 (amplitude)d B
B g3 B7six] R

3.3 Subpixel Averaged Scanning Algorithm
21(9)dlX CCDY A=Y a, bE XH3= T5e
2(10)9l4 Pixel MTF2 Beltd] ol AAZEE
Fie d4nE Adse AdE /Y. g2ty a, bE
293 AA D=9 37} (amplitude) 3 #E B 3 &
3 A €. SASAE FH=4OAQ # CCDY &
o] 37] a, bE 2909 E 3t LALE R0

DN

NN

R
—

-4

W\

1D

oy
»®

Fig.3 A pixel of CCD is divided in software by scanning. I,
and I, are undivided pixel intensities per area and I,
I, and I, are divided intensities per area. dxis
scanned displacement. A, A, are areas for 1, I, and
ApAp Ap Ay for I, 1, Ip, 1,y
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=]

HEo] A Fxe A7|EE Bk B E3) A& el
o} 8 7EHE 29092 PASA9 ¥ls@d CCDY # 3
Ao #Fsle 278 FYANYE o] $ajq] o2y ¥
gl HAFE Aot} AXEY AR 3 bE F
ol Wi ol s} 2},

3& 15} 20 B0l E 2w Wrold d9gdA 9}
Q& Axe {3 2oz

LxA=1,%A+1,%A,
LA =Iy*Ay+I* Ay

an
12)

olch. WrolR Ao AA Alole A

13)
14

A, = Ay = Ay,
A=Ap+Ay=Ay+Ag=A = A

oItk 4(11) ~ H(142¥H $¥Y 999 P=8
72+ ot

Le=I+U, -1 *(Ai) 15)

A(15)AM 19 #&& &7 984 1, LY &3 L9
g golok k. 3 Ly 2030 CCDE 9& #ol
o, a3v e R2¢ Folt. AR oge 74 @
stad) sk g g2 glojof @k 1 o]F & A
& 28 A Hes eAos BE Hio BgE gt
% 2ot ¥ F Ut X, Y§geR 2509 S AR
g 32 3 o] F=HEE g3 glojok gl o] =
e & FEo vjsid HHG o] e APl e
@9 CD(Compact Disk)} ¥tz A Zg] 249 3%
a3 248 AFEY. o] WHL A(9)A a, b, x,,
¥, 258 A 950} Fo] FH Fuirel AVHES
2o 383 A B Fig. 68 B84 A <+ e
Alge FFo47t x,8 W Z(band width)& 7H
o Whittaker-Shannon Sampling Theoremdl] ]3]
&Y 3HF (2 oA E

1

Ax < —

16
o (16)

9A HolFR Aue 3 FA4E 202 %IY &
sk
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Fig.4 Intensity taken by Old method( unscanned algo-
rithm). Intensity is averaged by CCD's pixel.
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Fig.5 Intensity taken by PASA. Intensity is averaged by
CCD's pixel, but it's frequency is retrieved more cor-
rectly.
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Fig. 6 Intensity taken by SASA. Intensity is retrieved more
correctly with it's amplitude as well as it's frequency.
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4. Aol

N7t $14 Aol T4 A (Temporal Phase Shift
Interferometry) & AH-319 2 4 bucket ¥ F-E A
£33l 9L B39, 4% CCDY FZ& Fig.
29l a=x =b =y, = 10 m o|t}. Fig. 7& 2%
Ao 9sted Fuid A9 2L 7} Qe 272
ZR3g 2golth, 71F 948 90° A whtol 3 &7
o} dj2iglo] P& HFH« Fig. 8 ~ Fig. 1134 o},
H35Y 9] Zo] HYPa Roje AL VIFALH &
Zog 71 goA 7] Wl I FHE AAE R
E ZAFY Z Alolz BE9| o] FR ode] 4
FY7t B4s0] dSS ¥ F U ER /&AL R
A ZHARHI} LEFAAM FFOZ 1/49734 o
F2S B F . 2AFY Soje B89 R 59
o2 4 buket5d 2 FHE BF3e 4L AR
W AEe] 8-S B7EA fo. wEA, 3dFHe 4
Zgo] Z ¥UETY AR 9Ze. 4 dndFS
AHgste] CCDE 4& AWA THFHE Fig. 12 ~
Fig. 149 Jehigict. 71&<neFe CCDY 3ad
ddste g JFshe RS B PASAE F
B&e gt 2717 AYd 24E B Fn
SASAE F3o A717 AEE] BTE S HoFa 3l
Y.z} gnEes ¥RE E7¥ BHE Fig 15 ~
Fig. 17 3 2t} B7d ¥99 2g& 2 UM T4
2Y44 AR 277 gz vegd ¢ & At
Fig. 18& Al8A9 & & vlwsld vepd ot
Fig. 18 B9 A4 dxnede A|HY I3t For
2 oz gdtg B & Ao SAT 249E §A @
£ 7129 ¥d12Fe Hol2YH (phase wrapping)©l
dojue § A e AAE HAFd. PASAS
Ao F4E A 83 weple AT Bge 3
3 23ep] 3 HAE £ k. olv FelA 43
%ol Pixel MTF&4dl &l 2717t BRHA7 W&
ojt}, uido} SASAL AHe| FFE A& wtd
ol ohg} A7 7R E A 83 et £ 4 o o
£ ¢A A=A Ro] Pixel MTFES a, b gol vt
A7l QEolc}, wpehA oA o 2qYE F3 /I
uE Balse A7de H4d gl £ 4 gt
FAT ol Y 2N B P4 SATA B
W gtoz et
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Fig.7 Test surface model which has been magnified by opti- Fig. 11 4th real interferogram
cal system and detected with no error.
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Fig. 8 1streal interferogram Fig. 12 1st interferogram by old algorithm (unscanned)
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Fig. 10 3rd real interferogram Fig. 14 Istinterferogram by SASA
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Fig. 17 Reconstructed surface by SASA

old algorithm

phase wrapped

test surface PASA

{xm]
Fig. 18 Lines of reconstructed surfaces
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5.2 &

B =RdNE AES 32 AU AGFEA 3L
ARYE do] 0|8 MFez 7l29d Bass &4
Ae g ES Adsln AgdolAsiAd. CCDo
ZRAFH7 dojAe HAF S FEH o2 st JIR
ue Bl AT e AEY o5 X, v,%
Pixel MTF &49 a, b 5§ 4 Foles AYL B
Ak 2A9E F3ld 2z Mg Fole i A
otsldt}. PASAE X, v.& # 3k Aoz AHY F

2 g2 E3EE AEdcdE Fiid 2y
SASA¥E X,. V2% oplz} a, bE A e ALZ A
Ho| Fuk Butohel IAAE B E3] E7ES B
o} F91t}. SASAS] 2% ¥ 33t 4o FRE vjE] g2
slojo} &1 o] & 7)1F o2 T A FEE At
Wolng ZQshe AlHe AGYE JIAA Hy B
2 xolz7l FAHE dHE /AT Ut ol@dez
279she 1 de t2wg gl 23dnR
29198 A & 5 7t £ 5ol e
stA gt 34 8 (diffraction limit)E EolAdAe %3
o}, A 250d HEEL Ede Fu48 & By
22 F% AAMEd gt 47l 71&9] HolzYHy
(phase wrapping) ¥A& dAsh=d] &0l BAF
Aok, A 2709 BHES o] 83l CCDY HEL
AE Zo AA A 2Eo 7129 Falge] $AES B
o FAch.
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