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Novel Scatterometry Technique for Critical
Dimension Metrology of High-aspect-ratio
Microstructures
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Wei-Hsin Chein, Fu-Sheng Yang, Zi-Ying Fu, Liang-Chia Chen
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In this study, we proposed a novel optical critical dimension (OCD) metrology system for non-
destructive inspection of high-aspect-ratio (HAR) microstructures used in advanced packaging
processes. The proposed system involves the integration of spectral reflectometry and scatterometry
techniques, and incorporates the high spatial coherence of a broadband laser source for optimal
beam shaping. The proposed technique significantly enhances the measurement light efficiency and
enables single-structure measurements, addressing the limitations of existing optical metrology
techniques that rely on average information from multiple structures. With the proposed model-
based measurement scheme for solving an inverse problem, experimental tests demonstrate that
multiple CDs of a RDL structure with a fine nominal linewidth and spacing of 1 um and an aspect
ratio of 3:1 can be accurately measured.
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Forward path
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| Full objective pupil Beam diameter = 5 mm
Inc. laser beam (Fill objective pupil)

diameter 2.456e-3

2.20E+007

1.98E+007

a=> 1.76E+007

§ 1.54E+007

) 1.32E+007

H © 1.10E+007

Beam shaping aperture 5 879E006

— Control the laser beam § a0r005

. . . 2.20E+006

diameter incident to the 5 01E-007

ObjeCtiVe Watts/mm?
—2.458e-3

—2.458e-3 2.456e-3
X coordlnate value
Beam diameter = 3 mm

2.456e-3

1.53E+007

1.37E+007

] 1.22E+007

§ 1.07E+007

o 9.15E+006

El 0 7.63E+006

5 6.10E+006

8 4.58E+006

. . © 3.05E+006

objective > 1 53E 006

6.62E-005

Watts/mm?
—2.458e-3

—2.458e-3 0 2.456e-3
X coordinate value

Beam diameter = 1 mm

2.456e-3
5.94E+005
5.35E+005
4.75E+005
4.16E+005
3.56E+005
2.97E+005
2.38E+005
1.78E+005
1.19E+005
5.94E+004
4.32E-004
Watts/mm?
—2.458e-3

—2.458e-3 2.456e-3
X coordmale value

Y coordinate value
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7.5 mm 0.90 0.502 um
4.5 mm 0.78 0.533 um
3 mm 0.64 1.379 um
1.5 mm 0.38 4.278 um
1 mm 0.27 5.968 um

* RRERT B FH 2 Ry Ay, = 500 nm
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1. ZHEEFHRABRTEAER

TERLERH - Feff R EHOE BN T i & 2 A5 18 2 SE S BRSO AYAS SR - IR
Fs— RDL #&f# - HATBIREEEREE R 1 um HEE R 3 um (EELILR 3 1 1) o FELLEHIZEG]
H o FRFIRSR AN EE A S P‘%fﬁlﬁﬁ%iﬁﬁﬂ‘%ﬁé’ﬂﬁ{%%h% 1 mm » PAZEE—#RHLET
R (AT 32.3 um) » ST HE E RYIAEA CERIREA NA B 0.01)  Z0[E 10 Ao @ HHR
fittfbﬂ#?ﬂﬁ@%%f%’ﬂ@ﬁ 16 {E#ERS - AT LAY R 2 38 R T 0 1B HA 8 57
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(periodic boundary condition) b4k - FRIBRE R E IR - ERAF MR E R R —IER
IR |mE A FEN - HREER 4 = 480—700 nm - RG22 Bl NA HIHRFTE
ZPERE Ry 0.15 ©

a1 2.3 Effl - F5HZ S E RS2 8RR B F AR R S S RIS - &
2 Rt E SR 28 1F 822/ - £ 3 RSN mAL SRS R - BAM LR T T8
#% (atomic force microscopy, AFM) Z & HIE(F RBZ2E I HEITIRZE (bias) 947 o B EEHIEEDE
Al LLERANIE 11 Fs - M2 RE R (R By 0.94 « 1A 3 IR » S/4fi7E 5 REHT -
PR R AFM &3I1{E 2 3.92% » HAZ#ES (16) KL 0.028 um °

(b)

PML
i — Monitor plane
Measured TCD | i
Position 2 5 |
o= o e Plane wave source
g g Unpolarized
nq: Dept g Asource =480—700 nm
SWA
Cu
N
Pich Si
PML
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Measured
0.9 [ | —— Simulated

0.8
0.7
06+
0.5
0.4
03r

Normalized reflectance

0.2+

0.1

560 . 550 660 65IO 700
Wavelength (nm)
B 11 BB A b2 gk - wE 2185 0.94 -

&2 EAEHRTZFHER -

2R

TCD (a,) (1.2 £ 0.15) um
BCD (a,) (1.2 £ 0.15) um
Depth (a5) (2.9 £ 0.15) um
Pitch (a,) (2 £ 0.15) um
SWA tan"' (2a,/(a, — a,)) degrees
Grating material Copper (Cu)
Substrate material Silicon (Si)

k3. 5EMTHEANLR -

R 2 T it

TCD (a,) 1.136 um 0.027 um 1.220 um —0.084 um ; —6.89%
BCD (a,) 1.190 um 0.028 um 1.290 um —0.1 um ; —-7.75%
Depth (a;) 2.951 um 0.005 um 2.890 um 0.061 um ; 2.11%
Pitch (a,) 1.917 yum 0.015 um 1.970 um —0.053 um ; —2.69%
SWA 89.471° 0.416° 89.306° 0.165°;0.18%

* 5 REHRER

2. BB RTEARR

FERLE MG - FIFE 4.1 Bifrl 2 SR - Mt BE —REE TR E
B - R R R R A AT - SRR IR 150 &) 5l & SR E K
REFE 1 mm > DIEL Al NPEBER S (BT 1.2 pum) » DURAERIRI NA B 0.39 - A11[E
12(a) A7 - FERLIROE T - ADRFIEBDEBERS HERT E (LB E I Z R AL E - IR AR Z
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—RIEES - [E 12(b) R¥ L E RGP - ARBFE IR ERIGRE - R R
ERBE G T WIGE T (perfectly matched layer, PML) @ s B HRIA B—IERIE » IR EE
A =480—700 nm ZRESHOER - HIREHERARETERD - AR B0 NA RIS AT
FHEYI 835 0.9

FERRFI 2 2 2 & RSTH 2 Bz M T RIS T Bl R L & - AR &
RIS RN 4 For - @ 13 B EREEEDGL ik - MEZRERE (R) B 098 - &
4 ZEWFEREUR - AL 5 KEHET - FERAR AFM &H(EZ 1.41% » HEEEE (1o)
{54 0.013 pm ©

FHI B AT &, - AHEL 4.1 B ER A - RS IR - AWFZe S S B —
Tt B R T Y2t B Y — P R - E I E T P T -

(b)
PML
A& Focal plar;‘;"""- "I Monitor plane
Measured |.E,| /
Position | 7 o - Focused gaussian beam
= = Unpolarized
o Depth o eouree = 480—700 nm
SWA lllumination NA = 0.39
Cu Cu
" BCD |
" Pich Si
PML

12. (a) B E (b) F— LR A TER -

&)

Measured
0.9 [ |——— Simulated

0.8
0.7F
0.6
0.5F
0.4+
0.3F

Normalized reflectance

0.2+

0.1

500 550 600 650 700
Wavelength (nm)
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R4 B-EHBALER -

FEfH

TCD (a,) 1.214 um 0.001 gm 1.220 um —0.006 um ; —0.49%
BCD (a,) 1.295 um 0.013 um 1.290 um 0.005 um ; 0.39%
Depth (a5) 2.872 um 0.012 um 2.890 um —0.018 um ; —0.62%
Pitch (a,) 2.077 um 0.009 um 1.970 um 0.107 um ; 5.43%
SWA 89.197° 0.122° 89.306° —0.109° ; —0.12%
RERIFER

ESR T

AWreATiR 2 B R HRAM AR TR E W R E 22 E M - TR IR R TR 2
1.2 um - AG[FIFFAER S REREBE AR - FIF LR 22 fEfENT - S BC AT H 2 B RS
BT AITERERENE S 2 HERARE T - REENEEE - EEfLE
BT SEa R AR L - AR i B BRI AR S RS 5 EL AR I S e A SRS SR AT
77 - IR RN RS R AR (AR - B G EEDLIE MG ESE) s
TS SRAETTEEAY AT - DUE— P HRA AR i ERE EEAAR € 1 - FH DARIFE RS St E 45 <A
Bz 2HEFEK -
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