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The effect of a post-plasma treatment on the dielectric property and reliability of fluorine doped
silicon oxide(SiOB film was studied. Also, the thermal stability of the Cu/WN interconnect system
with SiOF interlayer dielectrics was examined by rapid thermal annealing. The surface roughness of
SiOF films increased with increasing plasma treatment power due to ion bombardment effect during
the plasma treatment. As the plasma treatment power increased, the dielectric constant increased
from 3.16 to 3.43, while the change in the relative dielectric constant of the plasma treated films
decreased in magnitude after treatment at 100 °C for 30 min in boiling water. Furthermore, the
chemical properties of the plasma treated SiOF layers near the top surface tend to resemble those of
thermal oxides after plasma treatment with sufficient plasma power, apparently due to the reduction
in the Si—F bonding in the films. In the case of a Cu/WN/SiIOF/Si multilayer structure, surface
oxidation and densification due to the plasma treatment seemed to play an important role in
suppressing the interdiffusion between SiOF and metal interconnect4999 American Institute

of Physics[S0021-897@8)02524-9

I. INTRODUCTION stant materials for the interlayer dielectrics. The SiOF film is
] ) ) ) ) one of the realistic solutions for the low dielectric constant
In multilevel interconnections, it has been predicted thaljims in the ULSI multilevel interconnections. However, in-
RC delay of ultralarge scale integratiodLS|) circuits will  geapijity issued related to Si—F bonds must be overcome be-
limit operating speed of devices as parasitic resistance anglre process integration in multilevel interconnects. Also, in
capacitance increase. Propagation delays due to parasitic Gg gybhalf micron region, it is necessary to reduce the resis-
pacitance from interconnects are one of the main causes fqg;ir, of interconnection materials for implementation of new
reducing speed performance in advanced integrated circuifterials. Copper is a leading candidate because of its lower
(ICs) as interconnect dimensions are scaled dévm.ad- _electrical resistivity and higher resistance to electromigration
vanced logic devices, the stack of interlayer dielectricSan aluminum. However, there are still many unsolved

(ILDs) has increased to eight or nine layers beyond the 0.04ohjems related with low dielectric constant ILDs, diffusion
#m technology. On the other hand, high performance cir- p,irier and damascene proceskes.

cuits are approaching speed limitations due to the intercon- 114 purpose of this research is to study the effect of
nect dielectrics of conventional Sjased materials, such ,qt plasma treatment on the reliability and dielectric prop-
as_phosphosilicate glas®SG, borophosphosilicate glass grties of SiOF films. The reliability of the SiOF films in the

(BPSG, etc? This is caused by large parasitic capacitance N~ \WN/SIOF/Si multilayer structure was also studied.
the multilevel interconnection’s.1° Therefore, it is necessary

to reduce this parasitic capacitance to achieve high perfor-
mance in ULSI circuits. One of the most effective ways to!l- EXPERIMENT

reduce the parasitic capacitance is using low dielectric con-  1he SiOF films were deposited using an electron cyclo-

tron resonance chemical vapor depositi@CRCVD) sys-
3Electronic mail: jwpark@email.hanyang.ac.kr tem (AsTeX Model AX4505. Deposition of films was per-
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formed under predetermined conditions while the ,85 36
flow ratio in the feed mixture was variéd. The microwave 34 |
power and substrate temperature during deposition were 32 ]
fixed at 700 W and 300 °C, respectively. The deposition time
was adjusted to deposit films of appropriate thickness for ~ 301
analytical measurements. Sigas was introduced into the < 28]
reaction chamber, while Oand Ar gases were introduced § 26
into the plasma generation chamber. The substrates em- £
ployed in this study were B-dope@ttype Si(100) wafers. = 24
The post-plasma treatment of the SiOF films was carried $ 221
out using Q plasmain situ at 300 °C with various plasma 0 20 |
power values after the deposition. The effect of the post- 5
plasma treatment on the reliability and dielectric properties 18 1
of the SIOF films was examined in terms of the post-plasma 16 -
treatment power. The change in surface roughness was mea- 14 . . . . .
sured by an atomic force microscopkFM). Ellipsometric As dep. 400 500 600 700
measurements for determination of film thickness and refrac- Plasma Power (W)

tive index were made at five points in each sample using %IG 1. Surface roughness of SiOF films as a function of plasma treatment
Rudolph AutoEL MS ellipsometer. The chemical bonding pow'er.'

structure of the films was evaluated by Fourier transform
infrared spectroscop§FTIR). The change in SiOF film com-
position after the post-plasma treatment was investigated us-_. . . . . .
ing an angle-resolved x-ray photoelectron spectroscop Si—P/ [(S'_O)+(,S'_F)_] peak intensity - ratio from FTIR
(ARXPS). The C—V characteristics of the SIOF films were spectra of the SIOF films as a function of plasma treatment

measured as a function of plasma treatment power. To evalloWver- A(\jslsgé)(\)/vnr_rl? Fig. ﬁ ”é? SFi_O strhe_tching |l3<elak Ioc:ted
ate the dielectric constant stability of the plasma treateztflt arogng?)o _1C an bt N '; Tsr;[retc ”Ilg pea oc?tg_ gt
SIiOF films, the change in dielectric constant of SiOF films&roun cm’ were observed. The peak position of Si—

was measured after the boiling treatment in boiling water forStrGtChing b?]nds gradljjag)és%hifm_ LO r:ovyer wa\_/enumbers
100 min. Specimens for the stability test were prepared in thérom Somewnere aroun o0 ¢ Ith the Increasing post
form of Cu/WN/SiOF/Si system. The WN films were depos- plasr_‘na treatment power. I.t is supposed that bond!ng strength
ited at room temperature by plasma enhanced chemical vzg-f Si—0 was changed with the d_esorpuon of Si—F bonds
por deposition(PECVD) with WFs and NH; gases and Cu ecause _of ion qupardment durlng the post-plasmg treat-
films were deposited at room temperature by thermal evapdgent' gh'i resulth|s 'E agre(?mse'ntownhst.he resultkqf Fig. 3.
ration. The reliability test of Cu/WN/SIOF/Si specimens was 'gure 5 s ows t ‘fﬂt (é.s'_':) [(. - )?L( i=P)] peak inten-
carried out as a function of temperature by rapid thermaP'y ratio of the_ SIOF f|lms W't_h various pl_asma_treatment
annealing(RTA) in N, ambient for 30 s. After RTA treat- POWers. The_(S|—F)/[(S|—O)+(S|—F)] peak intensity ratio
ment, the degree of diffusion and interface reactions takin%ecre_ased with the_ plasma treatment power. From fche results
place in the CU/WN/SIOF/Si systems were evaluated by Au! entioned above, it is supposed that some of fluorine atoms
ger electron spectroscofAES) compositional depth pro-
files, Rutherford backscattering spectrometRBS), and
secondary ion mass spectrome(8IMS). In RBS analysis,
we utilized the computer simulation program RUMP for

0w
simulation and interpretation of RBS spectra. Microstructural 300W
analyses of samples were performed by transmission electron
microscopegTEM). 400W
500W
I1l. RESULTS AND DISCUSSION 8
< 600W
Figure 1 shows the changes in the surface roughness of ﬂ
the SIOF films as a function of plasma treatment power. The g 700w
substrate temperature and treatment time were fixed at s
300 °C and 3 min, respectively. The surface roughness of the =
SiOF films increased with increasing plasma treatment Si-F

power. The surface roughness of a nonplasma treated SiOF
film was 19.1 A. On the other hand, as the plasma treatment
power increases to 700 W, the surface roughness of the SiOF
film increases to 30.4 A. These results might be due to the
etching effect by the post-plasma treatment.

Figures 2 and 3 show FTIR spectra and variation ofFIG. 2. FTIR spectra of SiOF films as a function of plasma treatment power.

‘ §i-0

800 900 1000 1100 1200 1300 1400
Wavenumber (cm™')
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FIG. 3. Variation of(Si—P/[(Si—-O)+(Si—P] peak intensity ratio in FTIR

spectra as a function of plasma treatment power. FIG. 5. Relative dielectric constant of SiOF films before and after a boiling
treatment as a function of plasma treatment power.

in the top layer of the SiOF film were replaced by oxygen . i , )
atoms by Q plasma treatment. This suggestion was verified>IOF films was increased from 3.16 to about 3.43 with the
by ARXPS of the SiOF films. plasma treatment power. This result suggests that the incre-
The atomic concentration values from ARXPS of the Mentof the relative dielectric constant is due to the change in
SiOF films with various plasma treatment powers are plottedn€ Surface chemical composition by desorption of fluorine
in Fig. 4. In the case of 700 W, fluorine atoms almost disapat0ms and the densification of the film by oxygen ion bom-
pear in the top layer. The larger the plasma treatment IOOWe[;)ardment effect. Moreover, the difference of relative dielec-
the deeper the fluorine desorbed region. Therefore, as tfgc constant of the SiOF films between before and after the
plasma treated power increases, the chemical properties gpiling treatment decreased with increasing plasma treatment
the plasma treated SiOF films near the top layer tend to reROWer. In the case of the nonplasma treated SiOF film, the
semble those of thermal oxides because of the reduction ifelative dielectric constant after boiling treatment increased
the Si—F bonding in the films. from 3.16 to 3.65, while that of the 700 W plasma treated
Figure 5 shows relative dielectric constant of the as-IM increased from 3.43 to 3.47, which corresponds to about
plasma treated SiOF films and the boiled SiOF films as 45% and 1.2% increments, respectively. This result implies
function of microwave power of the post-plasma treatment{hat the resistance to water absorption increased with increas-
The relative dielectric constant of the post-plasma treated'd Plasma power because of the densification of the top
layer and reduction in the number of Si—F bonds that tend to
associate with OH bonds.

100 RBS spectra taken from the Cu/WN/SiOF/Si stacks that
90 | ~0~ Non Plasma Ttreatment were RTA treated for 30 s at various temperatures are shown
T~ 300W Plasma Treatment in Fig. 6. In the case of the nonplasma treated SiOF films

Y —O— 500W Plasma Treatment g. o . ) p d
% 80 1 —8- 700W Plasma Treatrment after 900 °C annealing, apparent movement of all elements
s 70 | O involved in the films is shown. However, for the plasma
t=
= ~ 2
T 50 g
i : Ll
€ 40 - i 5o 6
o Si
o l l ’
© 307 ==t
5§ 2. _ —{\ [H
< o — A
< F 3 !

101 = _ ‘ \
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FIG. 6. RBS spectra of Cu/WN/SIOF/Si multilayers with various RTA treat-
FIG. 4. ARXPS atomic concentration of SiOF films with various plasma ment temperature$a) nonplasma treated SiOF films afig) plasma treated
treatment power. SiOF films at 700 W.
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FIG. 7. SIMS depth profiles of Cu/WN/SiOF/Si multilayer before and after RTA treatment. The top Cu/WN films were removed before SIMS gapfiling;
700 W plasma treatment and no RTA treatmehj, nonplasma treatment and 800 °C RTA treatment, @d00 W plasma treatment and 800 °C RTA
treatment.

treated SIOF case, even though some intermixing betweely. CONCLUSIONS
Cu and WN layers was occurred, Cu and/or WN were not
observed to diffuse into the SiOF layer. It is thought that  The effect of the post-plasma treatment on the dielectric
surface oxidation and densification due to the plasma treaproperty and reliability of SiOF films as well as the thermal
ment seemed to play a role in obstructing the interdiffusiorstability of Cu/WN interconnect system with SiOF intermetal
between SiOF and metal interconnects. dielectrics were investigated. The surface roughness of SiOF
In order to confirm the RBS data and investigate thefilms increased from 19.1 to 30.4 A with the increasing
interdiffusion between metal interconnects and SiOF ILD,plasma treatment power. As the plasma treatment power in-
SIMS depth profiles of the Cu/WN/SIOF/Si multilayers are creased, the dielectric constant increased from 3.16 to 3.43,
shown in Fig. 7 after the top Cu/WN layers were removednevertheless, the change in the relative dielectric constant of
for the cases ofa) no RTA treatment with 700 W plasma the plasma treated films by the boiling treatment was de-
treatment,(b) 800 °C RTA treatment without plasma treat- creased in magnitude. Furthermore, as the plasma treated
ment and,(c) 800°C RTA treatment with 700 W plasma nower increased, the chemical properties of the plasma
treatment. After 800 °C RTA treatment, in the case of theyeated SiOF films near the top surface tend to resemble
nonplasma treated SiOF films, the fluorine atoms were obg,se of thermal oxides because of the reduction in the Si—F
served to out-diffuse into the WN layer and W and N atoms,jing in the films. In the case of the Cu/WN/SIOF/Si
diffuse into the SiOF layers. However, in the case of the 70%ultilayer structure, the plasma treatment seemed to play a

w plasma.treated SIOF films, no significant change ?n theoig role in suppressing the interdiffusion between SiOF and
depth profile was observed after the 800 °C annealing as otal interconnects

compared to that of the specimen with 700 W plasma treat-
ment but without RTA treatment. This result implies that the
interdiffusion of W, N, and F atoms at the WN/SIOF inter-
face was suppressed by forming dense silicon oxide layer
caused by post oxygen plasma treatment.

Figure 8 shows cross-sectional TEMTEM) images of
Cu/WN/SIOF/Si multilayers. XTEM specimens were pre-
pared after removing Cu layer by a Cu etchant
(H3POy:HNO3:HC,H50,:H,0=80:5:5:10) inorder to cir-
cumvent poor adhesion problem between Cu and WN layers
during preparation of the attached specimen. The XTEM im-
age of the Cu/WN interface which was rapid thermal an-
nealed at 800 °C shows that a large amount of WN diffused
into the SIOF layer and reacted with the SIOF during annealrig. g, cross-sectional TEM images of CuWN/SIOF/Si films after Cu
ing in good agreement with the RBS spectra. etched;(a) as-deposited antb) 800 °C RTA treatment for 30 s.

(a) (b)
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