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Correlation between the chemical compositions and optical properties
of AlSi 4N, embedded layer for attenuated phase-shifting mask in 193 nm
and the modification of the = R-—T method for measuring n and k

Cheng-ming Lin and Wen-an Loong®
Institute of Applied Chemistry, National Chiao Tung University, Hsinchu 300-10, Taiwan,
Republic of China

(Received 1 June 2000; accepted 23 August 2000

The formation and variation of AIN, §W,, and nitride compositions in AIgN, (x~0.31,y

~0.51) embedded material have been shown to correlate with its optical properties. The increasing
content of AIN, SiN,, and nitrides will increasé and decreasé of AISiyN,. A simple and
effective correction of measured reflectariR% and transmittanc&% based on scalar scattering
theory has been applied to tRe-T method for determining andk of embedded layers for 193 nm
lithography masks. A 0.2um etched pattern of an A\, embedded layer on an oxide/Si wafer
substrate was successfully fabricated. 2000 American Vacuum Society.

[S0734-211X%00)08906-X]

[. INTRODUCTION optimized etching conditions in our study, a Quén etched
pattern of AIS{N, on an oxide/Si wafer substrate has been
Compared to spin-on-glass or etched quartz attenuategliccessfully fabricated. A simple and effective correction of
phase-shifting maskAttPSM), a single embedded layer measuredR% (reflectanceand T% (transmittanceapplied
AttPSM is more attractive because of the merits of easieto theR—T method for calculating (refractive index andk
fabrication, inspection, and repdiMany embedded materi- (absorption coefficient, extinction coefficierdf an embed-
als for AttPSM blank for ArF 193 nm lithography have beended layer at 193 nm is also presented.
reported, among them, MoSiOSIN** zrSi0>® TaSiO/
CrAlO,2 and CrF%° are more important and most studied.
MoSiO has good etching selectivity, but lack of exposurell. EXPERIMENT

durability. SiN has good moisture and exposure durability, AISi,N, films were formed by plasma sputtering of Al
but showed a low conductivity and rough surface after etch(100_130 W, Si (20—50 W under Ar(75 sccm and nitro-
ing. ZrSiO is a promising material especially in Japan, how-gen (2 5-6 sccmwith an lon Tech Merovac 450C sputtering
ever, theR% (reflectancgat 193 nm is larger than 25%, a gystem. TheR% andT% were taken from a Shimadsu UV-
little higher than expected. TaSiO has a reasonable etchings01pc double-beam ultravioléUV)-visible (VIS) spec-
selectivity over quartz substrate, but not over resist. CrAIQgmeter. Our modifiedR—T method and am&k Technol-
shows chemical and exposure stabilities, but the etching sgygy NKT 1200 analyzer were used for the determination of
lectivity is not quite known. CrF will degrade in humidity andk of thin films. The thickness of the embedded layer and
and ArF laser irradiation. fused silica was measured using a Dektak 3030 surface pro-
However, the effect of the chemical compositions on thefjlometer and a Hitachi S-400 field emissi¢RE)-scanning
optical properties of these embedded materials has not beeflectron microscop¢SEM). The resist thickness was mea-
well studied. The influence of the chemical composition issyred with a Nano Spec/AFT Models 210UV thin film mea-
certainly critical to the optical and physical properties of em-surement system. The ion depth profiles of embedded mate-
bedded layers. We have reported several materials whichals were analyzed by a Cameca IMS-5F secondary ion
have potential as embedded layer of AttPSM for 193 nmmass spectrometeiSIMS) using G as ion source under
lithography in recent year§=? In this article, the correla- 12.5 kV and 1/20 000 atomic unit resolution. Sheet resistance
tion between the chemical composition and the optical propwas measured using a Napson RT-7 resistance analyzer. The
erties of AIS{N, embedded layers formed by different depo- SEM micrographs were taken by a Hitachi S-400 FE-SEM
sition conditions is presented. Three analysis techniqguesnd a S-6260H in-line CC—FE SEM. Atomic force micro-
electron spectroscopy for chemical analy§sSCA), elec-  scope (AFM) used is a Digital Instruments D5000. The
tron probe x-ray microanalyze(EPMA), and Fourier chemical compositions of thin film were analyzed with a
transform-infrared FT-IR), were used to study the correla- Physical Electronics PHI 1600 ESCA using Mg, standard
tion. Helicon wave etcher and Taguchi methodology of de-source with a scan resolution of 0.2 eV. The atomic ratio of
sign of experiment were also employed to study the etchinghin films was measured with a Jeol JXA-8800M EPMA.
selectivity of the embedded layer over fused silica substrat&he IR spectra of embedded materials were obtained from
and chemically amplified NEB-22 negative resist. Under thethin films deposited on Si substrate and measured with a
Shimadsu FT-IR 8300 spectrometer.
3Electronic mail: loong@cc.nctu.edu.tw Three different resists, chemically amplified NEB-22

3371 J. Vac. Sci. Technol. B 18 (6), Nov/Dec 2000 0734-211X/2000/18(6)/3371/5/$17.00 ©2000 American Vacuum Society 3371



3372 C. Lin and W. Loong: Correlation between the chemical compositions 3372

0:
@® Incident Light ~

inc) -
.

Reflected Light
L

Surface Roughness .
5 Scattered Light
Embedded Layer
Fused Silica

Reflected Light
L

Smooth Surface
No Scattered Light

®)  Incident Lig%lt 0:

mncy .

Il< Iz

Embedded Layer

Fused Silica

(C) Iinc Iinc Iinc
<Ly 1o No Scattered
\_rg A Light
Embedded Laygt |, Eg:gldm ., .

Fused Silica

Fused Silical

L< 1y Ly Ly Lerw
Measured Beam Corrected Beam Reference Beam
(d) R% Approximate Correction Equation
Measured R% = (I, / Ii,o)x 100%
Corrected R% = (Io/ Lino)x 100%
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(e) T% Approximate Correction Equation
Measured T% = (I3 / Ld)> 100%
Corrected T% = (Ls/ Ler)* 100%
(L/ L) ~ (linc/ o)
Ip ~ Line exp[—(4m8cos6/1)]
I ~ Iy / exp[-(4nbcosB/A)’]
Corrected T% ~ Measured T% / exp[—(4n8cos6/)»)2]
Corrected T% ~ Measured T% / exp[-(415/1)’]
©=0°)
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I,: Light intensity on the surface of embedded layer
8: Root-mean-square surface roughness (unit: nm)
A: Wavelength of incident light (unit: nm)

(I 15, Tine> L)

Fic. 1. lllustration of principle of approximate corrections of measuréd
andT% in theR—T method for determining andk of embedded layer and

the correction equations used.

negative resistSumitomo, electron(e)-beam ZEP-520 posi-
tive resist and conventional DQKDQ+Novolag positive
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Fic. 2. n, kplot from theR—T method.

etcher using ©+BClI;/Cl, was employed to study etching
selectivity and patterning of the AlN, embedded layer.

I1l. RESULTS AND DISCUSSION
A. Modification of the R-T method

Theoretically, the surface of the embedded layer is con-
sidered to be absolutely smooth in tRe- T method® Only
reflected light(with same angle as incident lightith no
scattered or stray light is generated from the surface of an
embedded layer. In practice, the surface of an embedded
layer deposited by sputtering is rough and not smooth. The
measuredR%, taken directly from an UV-VIS spectrom-
eter, does not include scattered light. The 1R% is a little
higher than the measure®% and should be used in the
calculation of theR—T method. The approximate correction
of the measure®% to realR% is based on scalar scattering
theory!* The illustration and approximate correction equa-
tion of R% are shown in Figs. (&), 1(b), and 1d). The
important parametes (root-mean-square surface roughness
in the correction equation can be measured with an AFM.

Similarly, the realT% is also a little higher than the mea-
suredT% and should be used in the calculation of ReT
method. The illustration and approximate correction equation

TasLE |. Comparison oh, k of a SiN, film as a testing sample determined
by the modifiedR—T method and from an&k analyzer. Wavelength193
nm. Film thickness73.4 nm. Root-mean-square surface roughnéss
=1.7 nm.n of fused silica= 1.561 (under 193 nm wavelengthd,g,: Cal-
culated film thickness with 180° phase-shif): The deviation from value
measured by an&k analyzer.

d180
T% R% n k (nm)
T%, R% 5.61 18.19 2.395-1.6%9 0.550+1.5% 69.18

as measured

resist, were used to evaluate the plasma durability and ther% corrected only 5.61 18.41 2.4250.5%) 0.550+1.5% 67.72

etching selectivity over AISN, . The lithographic patterning

T%, R% corrected 5.68 18.41 2.4330.2% 0.543+0.2%) 67.34

of resist on AiSjN, was carried out by a Leica EBML-300 gy gk analyzer 2437 0.542 67.15

e-beam exposure system. An Anelva ILD-4100 helicon wave
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TasLE Il. n, k of an AISiN, film obtained from the modifie®-T method. N, Flow Rate (sccm)
Wavelengti=193 nm. Film thickness98.1 nm. Root-mean-square surface 24 30 36 42 4.8
roughnesss= 2.7 nm.n of fused silica= 1.561(under 193 nm wavelength
222 r 3 045
T% R% n k dygonm 2.16¢ 1
210t 2 10.40
T%, R% as measured 6.20 1226 2.005 0.410 96.02 n k
R% corrected only 6.20 1264 2.034 0410 93.33 2.04} lo3s
T%, R% corrected 6.36 12.64 2.037 0.401 93.06 1.98¢ * '
1.92} 10.30
1.86%=

20 24 28 32 36 40
of T% are shown in Figs.(t), and 1e). Then, k plot from Nitrogen (% Atomic)
the R—T method is shown in Fig. 2. The, kare determined
from the intersection oR, T curves.
The comparison of tha andk of a SiN, thin film at 193
nm wavelength as a testing sample determined from our
modified R-T method and from a commercial available specific atomic percentage. With increasing of nitrogen con-
n&k analyzer was shown in Table I. Sincg/§j thin filmis  tent, more Si and Al nitride structures form, leading to higher
one of the built-in materials afi& k analyzer, then,k data " and lowerk. The AIN, SgN4, and other nitrides having
obtained should be quite reliable. After the correction of bothlower k and highem as is generally known. The changerof
R% andT%, then andk of SiyN, thin film are quite close to andk is quite smooth with the nitrogen flow rate.
the value obtained from the& k analyzer. The results dem- With the increasing of nitrogen flow rate, the variations of
onstrated that our corrections B% andT% applied to the ESCA peak height of nitride@N 1s, 397.9 eV}, AIN (Al 2p,
R-T method for measuring andk of a thin film are simple  75.3 €V}, Al (Al 2p, 73.1 e\}," Si;N, (Si 2p, 102.4 eV,
and effective. UV-VIS spectrometer is less expensive an@nd Si(Si 2p, 99.2 eV} are shown in Fig. 5. At about
available in most labs, the expensive variable angle spectr® sccm N flow rate, the Al metallic state nearly disappeared,
scopic ellipsometer may not be used for measuniagdk of and the saturation of formation of AIN is observed. Similarly
a thin film at 193 nm or other wavelengths. to formation of AIN, at about 4.5 sccmNlow rate, nearly
Since AIS{N, thin film is not the built-in material of this  all the Si was transformed to §8l,, and the saturation of
n&k analyzer, the significant and reliable valuesnadindk ~ formation of SiN, was also observed. At about 80 W of
could not be obtained. Howeverandk of AISi,N, thin film  direct current(dc) power of Al target, only AIN and no Al
can be obtained by our modifie®—T methods, the results metallic state appeared in ESCA as shown in Fig. 6. At about
were summarized in Table Il. We have confidence that thesé00 W, Al metallic state started to appear. This is another

Fic. 4. Effect of nitrogen atomic % on & k of AISi,N, deposited under Al
130 W, Si 40 W, Ar 75 sccm, and \2.5—-5.6 sccm.

values are reliable. proof of the saturation of formation of AIN. At about 60 W
of radio frequency(rf) power of Si target, Si started to ap-

B. Correlation between chemical compositions and pear, saturation of formation of $l, was clear as also

optical properties of AISi N, films shown in Fig. 6. The oxygen atom was not detected by SIMS

in AISiyN, films.

The FT-IR spectra of AISN, films also indicated higher
AIN (665 cm 1! and SiN, (875cm?) absorption bands
with the increasing of nitrogen flow rate as shown in Fig. 7.

The optical and physical properties of AlSi, (x~0.31,
y~0.51) thin films formed by sputtering are suitable to be
used as an embedded layer for 193 nm lithography. i he
plane of AIS{N, at 193 nm is illustrated in Fig. 3.

The effect of atomic percentage of nitrogenmmandk of

AISi N, is shown in Fig. 4. Then andk data with error bars -
measured from the modifig@—T method were fitted to sec- € 1.0} 7 *
ond order polynomial function. The measurementa ahdk E) 0.8} \j /
show a 0.5%-1.5% deviation from the point of average at Ve /'
S06F A o —a— Nitrides
> vz /AN
= 3.0 < 0 4 R ./
e Siv QO . —v— Al
5 2.5¢ (Lﬁ PN
'S 5ol 7 Al 02F —+— SiyN,
2 2.0 3 .
= Q ./ —o— §j
8 1.5+ AlSixNy ,_.5 O O - o g—0
LC)'. 10 R%:ZO% < ’ 1 1 L 1 1 1
o VT
B 0s R%~15% E 2 3 4 5 6 7 8
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2 0.0 ) ‘ , , Z N, Flow Rate (sccm)
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Refractive Index (n) Fic. 5. Variations of the normalized ESCA peak height of nitride, AIN, Al,
SigN,, and Si compositions in AIgN, against N flow rates under Al 130
Fic. 3. n, kplane of AIS{N, embedded material in 193 nm. W, Si 40 W, and Ar 75 sccm.

JVST B - Microelectronics and  Nanometer Structures



3374 C. Lin and W. Loong: Correlation between the chemical compositions 3374

2 |ThePowerof Al 2p ESCA Spectra (a) (b)
N Target AIN | Al 4 o~ e

% | 140 W TNk

& 120w T

5 [ow Py SN

@) N——

g 100 W _/\_

2 (80w P ~

E {7T0W T T~ e

84 81 78 75 72 69 66
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=)

g 100 W f'&Na-/_ Si etched pattern of AISN, on oxide/Si wafer substrate.
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= OW___ T~ C. Etching properties and etched patterns

2 |S0W TN ] . .

S o w I—— The Leica EBML-300 e-beam exposure system, helicon
z —_— T wave etcher using BGICI,/O, mixed gases, chemically am-

g 20w — plified negative resist NEB-22, and L@our factors and

g 111 108 105 102 99 96 three levers, nine experimehisrthogonal arrays of Taguchi
- Binding Energy (eV)

method were employed to investigate the dry etching char-
Fic. 6. ESCA spectra showing the effect of the dc power of Al target on theaCterIStICS of AlS!Ny as an embedded layer for AttPSM.
formation of AIN in AISi,N, deposited under Al 70-140 W, Si 40 W, Ar 75 Under chamber pressure 3 mTorr, B&S sccm, CJ7 scem,
scem, and 3.5 scem. plasma source power 1400 W, and substrate bias rf power 30
W, the selectivity of AIS{N, over NEB-22 resist was found

) to be 4.8:1. The selectivity of AIgN, over fused silica was
The trends observed with ESCA were also observed by FT12 3:1 under chamber pressure 9 mTorr, fGscem,
IR. The broadening of these two absorption bandscy,45sccm, @8scem, plasma source power 1400 W, and
was due to the complicated nitrogen bonding arrangements,pstrate bias rf power 30 W. A 0.15m linewidth resist
at Al and Si atom sites. Besides the formations of AIN andpattern and 0.2um linewidth etched pattern of an A,

. . e . . . 17 ) .
SigNy, the AISi composition may also exist in AlMy,™"  embedded layer on an oxide/Si wafer substrate was success-
however, this composition has not yet been proven in thigyly fabricated as illustrated in Fig. 8.

study.
Because of the expensive ArF 193 nm laser is not avail;
V. CONCLUSIONS
able, a~254 nm broadband deep UV light was used instea

to examine the exposure durability of A{8l, . With irradia- With formations of AIN and SN, resulted the highen
tion doses up to 1:210°J/cn?, optical properties of and lowerk to AISiyN, . The correlation between the chemi-
AISi,N, showed only a very slight change. cal compositions and the optical properties of Akgi em-

bedded layer was demonstrated. A @& line/space1:1)
etched pattern of an AIg\, embedded layer on an oxide/Si

IR Spectra of AISTN_ Embedded Layer wafer s_ubstrateowas sucgessfully fabrpated. The approximate
665 cm™ 875 e’ y corrections ofR% andT% for measuringn and k by the
(AN . I\‘]’m N, flow rate R-T method are also demonstrated as a simple and signifi-
_//2"\( 5N 2.3 sccm cant modification of thdR—T method.
Q
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