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In-situ calibration method for ultra-micro-spot angle-resolved

polarization scatterometer
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Abstract: Existing calibration methods for ultra-micro-spot angle-resolved polarization scatterometers rely on rotating
polarizers or liquid crystal retarders to calibrate the overall system parameters, resulting in complex operational proce-
dures, difficulty in simultaneously decoupling multiple calibration parameters, and the introduction of additional error
sources. To address these limitations, we propose an in-situ, stepwise calibration strategy for the system parameters of an
ultra-micro-spot angle-resolved polarization scatterometer. Inspired by the principle of extinction ellipsometry, key system
parameters — including the polarizer azimuth, ellipsometric parameters of the beam splitter in transmission and reflec-
tion, waveplate retardation and azimuth, ellipsometric parameters of the polarization beam splitter in transmission and re-
flection, and the orthogonally polarized transmittance of the objective lens — are sequentially calibrated with high preci-
sion. The proposed method was applied to calibrate a self-developed ultra-micro-spot angle-resolved polarization scat-
terometer, which was subsequently used to measure standard SiO, thin films and rectangular grating samples. The results
demonstrate that, after in-situ calibration, the instrument achieved a film-thickness measurement repeatability of 0.1 nm,

and the extracted grating morphology parameters exhibited excellent agreement with standard values, thereby verifying
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the effectiveness of the proposed calibration method.
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Fig.1 Schematic diagram of the ultra-micro-spot
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angle-resolved polarization scatterometer

PEBE 1C il 3 T2 s Rrek s, ik
TFEZNRZERM A EZbRIC RS AW, A3
SGEMRSF AT /NE 1 ~ 5 wm?, HARA S 18 JR 3
DIREERITCINTS . A SIS TIOK Ry Sl 5 44 A A T
Shm T E G/ NEIDCBER ST, DLk s X
BORFERS U HURE SRS . ik, 7EERPTIA
ARCTERIEL, B i RS B (B5 AC254-
045-A-ML) . EFFLOGH (A58 PS1-400H) . #E E
BEA N SCIFEK HAIEL 400 wm B FRELF (B
i MMC400L-0. 37-PC-2) fe i 5, & e R s
BRIl R BE LAY, PGB R R 25y
200 pm EAREEE, HT b S PakiEs 1
S5 IR OC R SR SRR, A SR T A

So

su(@.0) ="

$2

= MPBSMBSTMBST[R( -

S3

BRI SCBE EAR /N T 2.2 pme 75 ZHE
JEBERSTIN, LRSI X 25 4 B B I i, (H
A4 /N T AR, SRR BN . RS K
ORI T S AR o R X —BRAR, X
A G LN A A R SR R, SEIIX
PEUE L S E A E AL, T PRIE/NGEE AT
SR P R SRR R

PRI O SR B 38 TE RE % 41l AR S R 1 1 A
R R, HEYE S SIIE OCHE EER . LR
FCE I — 4 P 2k BT 2 (FH A4S0 AC254-125-
A-ML Fll AC254-100-A-ML i 2 D T 45 40 1%, ) 7l LA
e FZ 4k 2 ceD AHAL 1 AT CeD AL 2 B g
M. g ASGR AR S), LG AR5 453
(A4 2k BB1-E02) Sk Wil A FHE AL, 85883
BB NDE R R ZEMHILLUE S ZE S,
Ao F A 1 12 B0 FL 4% ( Numerical Aperture, NA) Y%
M SR o FER B OGR b, i sy AR 2(HS
i MBS1455-A) I3t 5 1] 4 4 5 69k A5 2 B (4
5 AC254-125-A-ML)ILER F CCD HHL I (FI 5K
GS3-U3-23S4M-C), LASEBLAF I AL A 1) 5122 8] 1
1o bR it B T O i o SRR S B e B, R
I BRI AR 37 P AR o AT S5 1 SR

G0 DK T 5 5 4 oK 55 4 17 0 e SR 3 R A2 R
DGR PR IR A B2 222 R R X
PRSI, FIRFZ 0 B e 3 . 75 AL
o, SR DR R BRI AR AT B R g B, ek
E A o (B95-h PGT—-2012) J5 57 £ 2 I8 1l 4% I O o
B PR PR A, 35T S S 0 0 2 R RIS
[, B U5y 22— v (5508 WPQ10M-532) 5]
NEWN bt 7 e b X E = I =SB o
1 A A IR VO L, A AT 2 RS BN A IE
FFORBERCHERG L o b, PRI 2228 T8 I 2%
A, ATSRE ST | A UE I AR AR R AR AN o X
AR RGAEAL Ny

o

Z)MMM<>BJ(0)MS(¢’v 0)MOBJ(0)R(§D) IR

(1)

MBSR[R(_QDC)MCR(§Dc)][R(_QDP)MpR(QDP)]sin

Kb s, (e, 0) ST, Hifoe
NI, O NG s B, s, MK/ 3

HEMRMIR 2, 5, N+45° 1 -45 B AR 2%, s,
%Ej}%/z—ﬁﬁ}%ﬁ%ﬁj\iﬁ 5 MPBS)—@WH%%H%%%E(J



4 - XXXX

XXXXF % XX A % XX H

Mueller H [ 5 Mg b 73 oK 465 325 3 18 3 1) Mueller £
s R(@) AL 7005 @ B AL BT R TEHF: Muel-
ler 55 P s M, R AR AR s Mo, (0) M BB Y
Bif Mueller JEF4E, 1% Mueller i (42— 56T AL
FOMREG M@, 0) MRS Mueller iR ; Mg,
R 43 R S A 38 T8 (Y Mueller 5B 5 MR A
Mueller 5if4: ; M, AR AS 1 Mueller HiF4:; s, WA
SPCHRFE i i

TR IOGIE A 73 i i O AN 181 2 B, A
523 SRR A I ) P S G R T AR e £ g
R AT A B o O A5 e SR B A i A T A
F o BEBCROE SR oA, i SRR M S e K S5 4
A LB P AT S R A I W 7, Ay R IR JE
JCHIHIE 35 2 50 S 2 220 % 22 RS W 48 BB R A O A
By 25 AR U S R 0 SR A o 2 THT G B Y 0
TR B R AR, il i PR b =S (R 2 2%, i
3ol 5 2 BSAG P [ Ah 3R AN RT A Y BE D B R
HolRryiRE, REEEESRE, EalAE
MEAE XS PR AR AR Y S 454 o TR IR A e, &8
USROG S %, g TR S WIS
B, MEEGIERLSHIREM, BEFERTHL
AR TERE . MBUL G PR, Z ARG A

2 OB 73 B e X

Fig.2  Ultra-micro-spot angle-resolved polarization

scatterometer
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Fig.4 Calibration fitting diagrams
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Tab.2 Results of 30 repeated thickness measurements of the SiO; film (on Si substrate)

#4%: nm
Si0, HEE(Si FLIE) RC2 & (H Py IS d Y {E P 7 30 {8 ST I )R d ¥4 SHIH) 30 i
22 22.15 23.031 0.025 21.605 0.110
33 33.04 33.137 0.020 33.032 0.050
65 64.55 64.786 0.018 64.514 0.048
76 76.00 74.794 0.016 75.948 0.030
85 85.17 84.942 0.062 84.867 0.145
113 113.89 112.974 0.017 112.449 0.051
1 000 982.42 978.879 0.022 980.672 0.068
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Fig.10  Extraction flowchart of grating parameters
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Fig.11  Actual measured frequency domain image of the grating sample

& FH 5481 28 600 nm 1) 5B T2 Ak YA R 52 56 A
i, HLEISEESECR . 9 C, =282 nm, H =
350 nm, HIE 120078, RAT45° Llmilk A6, 78
Pl IE 5 Sl B PEA T 30 R E A IR . AR TEOEHE
J FETHT B UG KR A N B 13 PITR «

A =600 nm ’CD = Ziinm ' p ‘/
Si ’

K12 FIEREEHEZHoR EE
Fig.12  Schematic diagram of rectangular silicon

grating parameters

g g
0.4 0.4
03 03
02 IR YR 0.2
0.1 0.1

(b) Sif &
(b) S-channel

() PiIE
(a) P-channel

B3 FEIE G £ i S R B BOoR A A
Fig.13  Rectangular grating back focal plane reflectance

images and sampling points

RARM G R E 14 R, fE£P#EE K5
LGS 0N C,) = 281. 65 nm, H =350.60 nm,
5% EmE -, WEE L ZRVFERN; M
ESIEE TR EMMAESE N C, =261.73 nm,
H =403.96 nm, W28 K. X&EHTHIEGHAT
VNESAR e A E N 0] I N R E TP
S SR BRI AR 22 5, S ECS i A R
HOEALT PIEE>, EixEREEN T, Pl
MO 25 R AW . EREER T,
£ 5 S B 2 () AR K e 2 . 2 U 4 Bt
R, XSRS FEE MG & X,
et R B SRR, 80 2 XIS 40 A
AFRE , NIMTFE CCD BifGad 8 g | AR o 1 152
FLOREAR TR AR AT E R MR, T
I IR 321 2% 1) DX 382 A0 56 ORI, SR A3 A
TEOMAY, DA R B v A AR A AR
MIAA — 3

T LRI I JE , AT T RCWA (1) S i ik
PR T FLARAL 8 JUATREAY IS5 B i Ty 44 oK
VRS 55 M 5 A 3 R A AE IR A L TR RE | TR A
BEHLME SR 22 . L, AR SCORIS IR RS | C,).
HEESHOTAR A% 2 X B e Xt JUf R, i o B



iR XXXX - 11 -
06 06
— B —Hol
0.5 o SEPEL 05}F o JHME
0.4 04
g &
203 = 03F
X X
0.2 02}
0.1 0.1} ’
00 1 . I S Vo) o 1 1 1 00 1 1 1 i 1
20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
R A KRR/ A
(a) PIEIE (b) SimiE
(a) P-channel (b) S-channel

E 14 FEIECH S R4 A 45

Fig.14 Rectangular grating reflectance fitting results
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