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Introduction

Principle of the TMS

TMS combines a dual rotating-compensator Mueller matrix
ellipsometer with a high-NA objective lens.

Light 

Source

F

FM

OL

Sample

L2

BS

Normal 

incidence

Oblique 

incidence

BFP

OL

Sample

P Cr1

Cr2

A

L3

Camera

Lc

L1

Incidence light

Scattered light

Linear scanning on the BFP of the OL 

to vary illumination angles

NA=0.95

BFP

Figure 1. Scheme of the developed TMS. Lc, collimating lens; F, filter; FM,
flat mirror; P, polarizer; Cr1, the 1st rotating compensator; Cr2, the 2nd
rotating compensator; A, analyzer, L1, L2, L3, relay lenses; OL, objective lens.

Nanostructure metrology by TMS

Conclusions
 The results have exhibited good agreement with calculated values.
 The experiments performed on several periodic nanostructures (Si

gratings, PR gratings) has preliminarily demonstrated the great
potential of TMS.
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Table 1. Comparison of the fitting parameters of the Si and PR gratings 
extracted from TMS and SEM measurements

Samples

1 m

x1

x 2 x3

Si substrate

(a) (b)

Figure 2. SEM micrographs and geometric models of the investigated (a) Si
grating and (b) photoresist (PR) grating.

 

 

 

 

0 20 40 60

-1

-0.5

0

0.5

1

入射角 [deg]

 

 

0th 穆勒矩阵

+1 穆勒矩阵

拟合1

Incidence angle

N
o
rm

al
iz

ed
 M

u
el

le
r 

m
at

ri
x

 e
le

m
en

ts

0th-order

fit1

+1st-order

Figure 3. Measured Mueller matrices and fitting results of (a) Si grating 
and (b) PR grating.

Parameter SEM TMS

Si grating PR grating Si grating PR grating Si grating PR grating

x1 (nm) x1 (nm) 350 203.4 348.8 204.2
x2 (nm) x2 (nm) 472 303.7 473.4 295.8
x3 (deg) x3 (deg) 88 89.5 87.2 89.2

x4 (nm) 54.3

(b)(a) Optical scatterometry is one of the most important techniques for
measuring nanostructures due to its inherent nondestructive,
noncontact, time-effective, and relatively inexpensive merits over
other metrology techniques.[1]

 A novel instrument called the tomographic Mueller-matrix
scatterometer (TMS) is developed to collect the rich scattering
information for nanostructure metrology. [2]
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