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Abstract
We report a novel tri-layer bottom antireﬂective coating (BARC) design based on hexamethyldisiloxane (HMDSO)
ﬁlms working simultaneously at 157, 193 and 248 nm wavelengths. The required optical constant for each layer can be
tuned by varying the gas ﬂow rate ratio of oxygen to HMDSO in an electron cyclotron resonance plasma enhanced
chemical vapor deposition (ECR-PECVD) process. The swing eﬀect in the resist is experimentally shown to be reduced
signiﬁcantly by adding this tri-layer BARC structure.
Ó 2004 Elsevier B.V. All rights reserved.

1. Introduction
The KrF, ArF and F2 excimer laser based deep
ultraviolet and vacuum ultraviolet lithographies
with resolution enhancement techniques are regarded as the main technologies that would lead to
the nodes down to 65 nm. The problems of critical
dimension (CD) control caused by highly reﬂective
substrates are very serious in these wavelength
regimes [1,2]. Therefore, a BARC layer is desirable
to overcome problems of CD control.
Conventional spin-coated organic BARC [3]
relies on the absorption of reﬂected light through a
relatively thick ﬁlm. It tends to planarize the topography on a substrate, resulting in varying
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BARC thickness and thus diﬀerent reﬂections
from the substrate. As feature size continues to
shrink into the sub-micron regime and the stepper
projection systems shift to shorter wavelengths,
organic BARC cannot easily meet the more stringent substrate and resist requirements. As a result,
chemical vapor deposition (CVD) deposited ﬁlms
have been proposed as BARCs for DUV lithographies [2,4]. The CVD-deposited ﬁlms can provide the possibility of completely eliminating the
reﬂectance from various highly reﬂective substrates due to the tunability of both composition
and thickness. Furthermore, the CVD-deposited
BARC has been found to be conformal to topographic substrates, so that CD is easily maintained
during pattern transfer [5].
The HMDSO ﬁlm has been demonstrated as a
BARC layer in the form of either single layer or
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multilayer in the DUV regime [6,7]. The vaporized
liquid HMDSO is used as coating material in a
conventional ECR-PECVD process. The suitable
optical constants of HMDSO ﬁlms for BARC
layers can be tuned through adjusting the gas ﬂow
rate ratio of oxygen to HMDSO during deposition.
Here, we report a new HMDSO tri-layer BARC
structure design that can work at 248, 193 and 157
nm wavelengths simultaneously.
2. Simulation
Fig. 1 shows the schematic diagram of our trilayer BARC structure. Layers 1, 2 and 3 are deposited with diﬀerent gas ﬂow rate ratios of oxygen
to HMDSO, and therefore result in HMDSO ﬁlms
with diﬀerent optical constants [8]. In the multilayer BARC structure, the extinction coeﬃcient of
each layer is gradually increased layer by layer, and
is highest at the bottom layer. The combination of

the multilayer thin ﬁlm stack creates a gradual
change of optical constants to minimize the reﬂectance at each BARC layer interface. The light
reﬂected from the highly reﬂective substrate can be
absorbed layer by layer. Thus, the graded-absorption multiplayer structure can be used as BARC
layer for highly reﬂective substrates.
To ﬁnd the optimum structure of a BARC layer,
we ﬁrst simulate the characteristics. The reﬂectance
of the ﬁlm stacks can be calculated by using the
characteristic matrix method [9]. Assume a beam is
normally incident on a uniform and isotropic thin
ﬁlm, the reﬂectance R can be expressed as
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where Nr ¼ nr  ikr , and nr ; kr are optical constants
of each ﬁlm stack; dr is the optical phase thickness
equal to 2pNr dr =k with dr as physical ﬁlm thickness
and k (248, 193 or 157 nm) as exposure wavelength.
The swing eﬀect is caused by optical interference between the ﬁelds reﬂected from air/resist and
resist/substrate interfaces. This eﬀect leads to the
variation of exposure dosage, and thus induces the
CD control issue in the optical lithography process. A CVD-deposited BARC can have constant
thickness over the topography of a substrate, but
the resist ﬁlm may have various thicknesses, leading to the swing curve eﬀect.
A simple model of resist reﬂectance swing ratio,
S, can be expressed as follows [3]
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
S ﬃ 4 R1 R2 eaD ;
ð3Þ
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Fig. 1. Schematic diagram of a tri-layer BARC structure.

Table 1
Optical constants of the HMDSO ﬁlm
Wavelength (nm)

Optical constants
Layer 1

248
193
157

Layer 2

Layer 3

nr

kr

nr

kr

nr

kr

1.484
1.552
1.653

0.020
0.015
0.032

1.798
1.970
1.924

0.103
0.405
0.359

1.962
1.971
1.926

0.227
0.405
0.619
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where R1 is the reﬂectance at the resist/air interface;
R2 is the reﬂectance at the resist/substrate or resist/
BARC interface depending on the existence of the
BARC layer; a is the absorption coeﬃcient of the
resist and D is the thickness of the resist. Therefore,
it is very important to reduce R2 when a BARC
structure is introduced. Table 1 shows the optical
constants of the HMDSO ﬁlm employed in the trilayer structure. The resists used were TER-1
(Microlithography Chemical Corp.) for 193 nm
and K30G (JSR) for 248 and 157 nm. According to
the simulation results, the optimal thickness of
layer 1 is 18 nm, layer 2 is 4 nm, and layer 3 is 70 nm.
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Fig. 2. Simulated and measured reﬂectance spectrum from a Si
substrate coated with the tri-layer HMDSO ﬁlms. The measured reﬂectance was 2.4% at 248 nm and 3.9% at 193 nm.

3. Experiment setup
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The HMDSO ﬁlms were deposited by employing an ECR-PECVD. The feed gases were
HMDSO, O2 and Ar and the chamber pressure was
2:2  104 Torr. The ECR microwave power was
set to 700 W, the DC bias was ﬁxed at 800V during
the deposition, and the substrate was not heated.
The reﬂectance spectra were measured by using
an optical spectrometer (HITACHI, U3501) for 193
and 248 nm wavelengths, and by using a homemade reﬂective type optical spectrometer with H2
lamp as excitation source for 157 nm wavelength.
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4. Results and discussion
First, a tri-layer AR coating on Si substrate for
248, 193 and 157 nm was simulated and fabricated.
To ﬁnd the optimum structure of the tri-layer AR
coating, the reﬂectance contour at the interface
between air and AR coating was calculated ﬁrst
for various thicknesses of layer 1, layer 2 and layer
3 on a Si substrate. Fig. 2 shows the measured and
simulated reﬂectance spectrum from a Si substrate
coated with the tri-layer HMDSO ﬁlms. The
measured reﬂectance was 2.4% at 248 nm and 3.9%
at 193 nm.
Figs. 3 and 4 show the measured (triangle dot)
and simulated reﬂectance swing curves of the resists
coated on silicon substrates with (solid line) and

Fig. 3. Reﬂectance swing curves of resist coated on a silicon
substrate before and after the deposition of the tri-layer BARC
for 248 nm.

without (dashed line) BARC at 193 and 248 nm
wavelengths, respectively. For 248 nm, the reﬂectance varies from about 5% to 50% for resist
thickness ranging from 550 to 850 nm before adding the BARC layer; then the variation is reduced
to about 5–10.5% when the BARC is added. For
193 nm, the reﬂectance varies from about 1% to
30% for the resist thickness ranging from 300 to 600
nm before adding the BARC layer. The variation is
reduced to about 3–10.5% when the BARC is added. Fig. 5(a) shows the simulated reﬂectance
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Fig. 4. Reﬂectance swing curves of resist coated on a silicon
substrate before and after the deposition of the tri-layer BARC
for 193 nm.
60

swing curves of the resists coated on silicon substrates with (solid line) and without (dashed line)
BARC at 157 nm wavelengths, the reﬂectance exhibits a variation from about 1% to 60% for the
resist thickness ranging from 0 to 150 nm before
adding the BARC layer. The variation is reduced to
about 2–7.5% when the tri-layer BARC is added.
Fig. 5(b) shows the measured (square dots) by using a home-made reﬂective type optical spectrometer and simulated reﬂectance swing curves of the
resists coated on silicon substrates with (solid line)
BARC at 157 nm wavelengths.
The results indicate that the use of such an
HMDSO based tri-layer BARC can signiﬁcantly
reduce the swing eﬀects occurred in the resist for
248, 193 and 157 nm wavelengths simultaneously.
Therefore, CD control is expected to be greatly
improved.
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5. Conclusion
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The tri-layer ﬁlm design based on HMDSO is
expected to be an eﬀective BARC structure for
KrF, ArF and F2 lithographies simultaneously.
The swing eﬀects are shown to be reduced signiﬁcantly after the BARC layer is added.
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Fig. 5. (a) Simulated reﬂectance swing curves of resist coated
on a silicon substrate before and after the deposition of the trilayer BARC for 157 nm. (b) Measured (square dots) and simulated reﬂectance swing curves of the resists coated on silicon
substrates with BARC for 157 nm at 45° incidence.
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