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Effect of water absorption on the residual stress in fluorinated
silicon-oxide thin films fabricated by electron-cyclotron-resonance
plasma-enhanced chemical-vapor deposition

S. P. Kim? and S. K. Choi
Department of Materials Science and Engineering, Korea Advanced Institute of Science and Technology,
373-1 Kusung-Dong, Yusung-Gu, Daejon 305-701, Korea

Youngsoo Park and llsub Chung
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(Received 6 March 2001; accepted for publication 11 May 2001

Fluorinated silicon-oxide (SiOF fiims were produced by electron-cyclotron-resonance
plasma-enhanced chemical-vapor deposition. The effect of water absorption on the film properties
was studied by measuring the residual stress as a function of exposure time to room air. The residual
stress shows an increase of the compressive component as the film absorbs water. However, the
chemical bonding structure does not change after the water absorption. The residual stress returns
to the initial value when the film is dried. It is suggested that the water absorption occurs entirely
by physical adsorption of $#0 molecules to Si—F bonds. @001 American Institute of Physics.

[DOI: 10.1063/1.1383278

In modern ultra-large-scale integrated circuits technol- It is well known that residual stress is very sensitive to
ogy, the operating speed of devices is delayed by the capadihe water absorption in the case of $ifims.”~® Haque,
tance of intermetal dielectridsTo reduce the capacitance, Naseem, and Brovfninsisted that three factors affect the
many low-dielectric constant materials, such as polyimideyariation of the residual stress in the case of Sifns de-
parylene, hydrogen silsesquioxane, and fluorinated siliconposited by the plasma-enhanced chemical-vapor-deposition
oxide (SiOP), are being studie.Among these materials, (PECVD) technigue—water adsorption on the surface,
SiOF has some strong points as l&wdielectrics. The rela- Si—OH formation, and the interaction between adsorbed wa-
tive dielectric constant of fluorinated silicon-oxid&iOF)  ter dipoles. According to Parkt al.® the change of the re-
film is lower (3.0-3.7 than that of SiQ (>4.2), which is  sidual stress is composed of irreversible and reversible com-
currently used as intermetal dielectrfic$There have been ponents. The reversible and irreversible components result
many studies about SiOF films because of their similar propfrom the change of the chemical bonding structure and water
erties to those of Sigfilms and the ease of application to the absorption, respectively.

Si procesé. In the present work, the effect of water absorption on the

Except for the low dielectric constant, an important issueproperties of the SIOF films was studied by measuring the
is how to maintain the other desired properties for intermetavariation of the residual stress. The change of the chemical
dielectrics® The SiOF film shows an instability of the prop- bonding structure with water absorption was also studied us-
erties when it is exposed to humid atmosphiefeMany re-  ing Fourier transformed infrare@ TIR) spectroscopy analy-
searchers have studied the detrimental effects of water ais. The compressive residual stress increased with the water
sorption on the properties of SIOF films. The absorbed wategbsorption and returned to the initial value when the films
causes the formation of a Si-OH botd.The unstable Si—-F were kept in dry air. Experimental results indicate that the

bond reacts easily with J© and forms the Si—OH bond. It water absorption occurs significantly without any change in
has been explained that the formation of the Si—OH bond i%j—F bond and the formation of the Si—OH bond. That
the origin of the water absorption and the degradation of thgneans the major water absorption mechanism in our study is
film properties. Yoshimaru, Koizumi, and Shimokawa ob-the physical adsorption on the film surface.

served that the water absorption in SiOF films originates  1000-A-thick SiOF films were deposited on chemically
from tWO mECh-anismS US-ing thermal desorption Spe?troscop&leaned 4 in_,<100), Si wafers using e|ectron_cyc|otr0n_
analysis® One is a chemical reaction and the other is phys"resonancéECR) PECVD. The flow rate of Sifwas varied

cal adsorption. The former is the formation of Si—-OH andfrom 1 to 5 sccm, whereas those of Ar ansg\were fixed at

the latter is physical adsorption o8 on the films. Most of 5 and 30 scem, respectively. The pressure was kept at 2 m
the reports have been concentrated on the former effect. Thgyr and the microwave power was 600 W. The substrate was
effects of S'_—GOH bond formation on film properties are well not heated intentionally. FTIR analysis was performed using
understood:® However, the explanation about the physical 5 Bio Rad FTS 6000 system. The residual stress was mea-
adsorption and its effect on the film properties are not cleag, g by a Flexus stress measurement system. The analyses

yet. were carried immediately after the deposition process. The
change of residual stress was measured as a function of stor-

dElectronic mail: s panda@kaist.ac.kr age time in room atmosphef25 °C, 45% relative humidity
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TABLE |. Variations of I gi_¢/(lsi_ot | si_p) intensity ratio, dielectric con- -
. f . . As dep. si-0
stant, residual stress, afdetch rate with different Sifflow rates. 0.08F _ _ After 1hr stratching
- « - « Aftar Shr
leie/(lsio Relative Residual 0.06 b 22 Bl water 2day
SiF, flow +lg-p dielectric stress,o; P-etch raté o
ratgsccm (%) constant e, (MPa) (Als) c
D o4t

1 1.84 3.99 —89.6 5.5 ° Si-F

2 3.82 3.94 -89.3 1 3 g0l oreehine

3 4.05 3.68 -78.8 18 < bentmg

4 8.02 3.50 -69.1 21

5 10.9 3.40 ~66.1 30 0-00

1600 1400 1200 1000 800

3p-etch solution: 15HR9%):10HNO,(70%0):300H,0 P
Wavenumber (cm™)
(RH) air] for 24 h. Then, the films were exposed to dry air F.IG. 2. .FTIR spectra of Si—.O and Si—F bonds with storage time in 45% RH
(25% RH aij in a desiccator and the residual stress wad" for films deposited at Sy=5 sccm.
measured during drying. The relative dielectric constan} (
was measured using a metal—insulator—semiconductor struF-
fo

ture at 1 MHz.

For all the films at various Si-flow rates, Si—-O

Figure 3 shows FTIR spectra in the wave-number range
m 4000 to 3000 cm! with the storage time. The forma-
tion of the Si—-OH bondisolated Si—OH-3650 cm' %, near-

. N ‘L nfig > neighbor Si—OH-2800-3750 cm?t) (Ref. 6 is not notice-
(stretching mode;~1070cm; bending, ~805cm °) and able in the spectrum. It is inferred that few Si—OH bonds

Si—F (stretching mode;- 945 cm 1) peaks were observed in :

. . - . _was generated after the water absorption. These results sug-
the FTIR spectrum. The integrated intensities of Si—O . . : ;
stretching (.o and Si—F stretching peakd 4 ;) were gest that the water absorption caused little chemical reaction.

g {sic gp F Although all the bonds are very stable, there is a consider-

used to estimate the content of fluorine atoms, Theable change of residual stress. However, most workers ob-
lsiie/(Igipt1gi_g) ratio increases with the SjHlow rate. 9 ' '

) . . . . . served the chemical reaction between the SiOF films and
The film properties with the SjHlow rate are summarized in o
Table |. water molecules. Changt al. insisted that the change of

. . . . residual stress arises from the formation of Si—OH bonds in
Figure 1 shows the increment of compressive stress Wltftlhe SIOF film® A decrease of Si—E bonds and increase of

respect to an initial stress valuer, (.U o)l i (%), as a Si—-OH bonds were also foufdComparing the previous
function of storage time in 45% RH air. The stress becomes, : .

. : . Studies with the above results, the change of the residual
more compressive with the storage time and,Siéw rate.

, . - . stress and chemical bonding structure are not related with
The film deposited at Sy=1 sccm shows little change. The each other for our films. It is thought that there is another

;E())S;;gol: dicates that much fluorine promotes the water abfeason that changes the residual stress when the films absorb

o . . . _water.
To obtain information about the change in the chemical . L . .
bonding structure, the film deposited at S#5 sccm was One possible mechanism is a physical adsorption of wa-
. ter molecules on the SiOF film. Yang and Lucovsky ex-

analyzed using FTIR. The var_latlons of the FTIR spegtrum lained that the hydrogen bonds are generated between the
are shown in Figs. 2 and 3. Figure 2 shows the variation of..

Si—0 and Si—F stretching bands, however there is very IittIeS'_F bond and D molecule before the formation of the

. . - Si—OH bond If the water molecules are absorbed by physi-
change in the spectrum. To clarify that the water absorpthréal adsorption, they will be removed by drying the films. In

does not change the FTIR spectrum, the films were kept "Srder to remove the absorbed water molecules, the sample

deionized water for 2 days. It also shows no evidence that th\(/avas exposed to dry ai25% RH ail. The residual stress was

i—F bond reacts with water molecules. However, there is . .
S ' measured every 24 h. Figure 4 shows the variation of re-

another possible reaction that includes water absorption. That

) ; . : Idual stress as a function of drying time. The compressive
is a reaction between the Si dangling bonds and water. : . . . ;

; . . ) residual stress increases rapidly with an exposure to room air
causes the formation of the Si—OH bond in the films.

180 - PRI
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FIG. 3. Variation of FTIR spectra in the range where the Si—OH band peak

FIG. 1. Increment of compressive stress with storage time in 45% RH air fois observed, 4000—3000 ¢t with storage time in 45% RH air for films
films deposited with different SjHlow rates. deposited at Si=5 scem.
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o ] show an increase in compressive stress as the film absorbs
2 140 . in dry air (25% RH) water without changing the chemical bonding structure. The
o 120f [ 0y residual stress returns to the initial value when it is dried. It
‘g‘b-’—mo a8 '\ is suggested that water absorption occurs in our work en-
S ’T; 8o} =} tirely by physical adsorption, which probably results from
5L sof ‘g the hydrogen bond between the Si—F bond an® Hnol-
g 4l S ecule.
E g 20F = ~ [ o . . . .
g S~..__b This work is partially supported by the Korea Science
£ Ol in room air (45% RH) and Engineering FoundatiofContract No. 95-0300-15-01-
Rsder. 1 2 3 4 5 6 7 3), the National Research Laboratory Foundati{@ontract
Storage time (days) No. 2000NRL0O1C11f/ and the Brain Korea 21 project in
2001.

FIG. 4. Change of residual stress with®adsorption in 45% RH air and
desorption in 25% RH air for films deposited at $#5 sccm.

1G. K. Rao, Multilevel Inerconnection TechnologyMcGraw-Hill,
and decreases gradually with storage time in dry air. It finally New York, 1993, Chap. 1.

. . . 2 H
returns to the initial stress value. It clearly indicates that the,L- Peters, Semicond. In23, 108 (2000.
R. K. Laxman, Semicond. Infl8, 71 (1995.

water a.bso.rptio.n OCF:UI’S in OUI’_ StUdy entirely by phySicaI“M.Yoshimaru, S. Koizumi, and K. Shimokawa, J. Vac. Sci. Techndl5A

adsorption in SiOF films deposited by ECR PECVD. Note 2915(1997.

that the backward reaction proceeds very slowly. It means’K. NII C:ang, S.W. Wang(, C-g- Wu, T. H. Yeh, C. H. Li, and J. Y. Yang,
: ; ; _Appl. Phys. Lett.69, 1238(1996.

that the physpal adsorptlpn considerably lowers the total ens,, Pankov, J. C. Alonso, and A. Oritz, J. Vac. Sci. TechnollA 3166

ergy of the film. According to Yang and Lucovskythe (1999.

energy of the hydrogen bond between 2Si—F ang® Hs 7]. Blech and U. Cohen, J. Appl. Phys3, 4202(1982.

about 0.45 eV. It is also supposed that the physical adsorpgxéngaque, H. A. Naseem, and W. D. Brown, J. Appl. Pt8/.3129

tion probably results from the hydrogen bond between fluo-oy "5\ 5 « Lee 1. Jung, S. B. Heo, and J. Y. Lee, Appl. Phys. Lett,

rine and hydrogen atoms. 75, 3811(1999.

In summary, SiOF films deposited by ECR PECVD °H. Yang and G. Lucovsky, J. Non-Cryst. Solid§4, 128 (1999.

Downloaded 18 Apr 2013 to 143.248.118.122. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://apl.aip.org/about/rights_and_permissions



