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In this work, characteristics of low- methyl-silsesquiazane (MSzZ) for the
chemical-mechanical-planarizatiofCMP) process using oxygen plasma pretreatment were
investigated in detail. The low-dielectric-constafibw-k) MSZ was prepared by a spin-on
deposition process. The resultant wafers were followed by an oxyggnpl@ma treatment. After
oxygen plasma treatment, the CMP process was implemented. Electrical and material analyses were
utilized to explore the characteristics of post-CMP MSZ. Experimental results showed that the
polish rate of MSZ film with @ plasma pretreatment was increased as much as two times in
magnitude, as compared to that of the MSZ withouyt @asma pretreatment. In addition, the
post-CMP MSZ exhibited superior electrical properties. These results clearly indicated that the
modification surfaces that resulted from-@lasma treatment facilitated CMP MSZ. After CMP
polishing, the MSZ film still maintained low-quality. © 2004 American Vacuum Society.
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[. INTRODUCTION duced to form interconnections between devices and between
As integrated circuit dimensions continue to shrink devices and outsid¥? In the development of CMP lo-
9 ' dielectrics, Forestegt al1° found that the polish rate of alkyl

highly packed multilevel interconnections with low- . :
resistance metal and low-dielectric constant materials hav%'IOX"’me'b"’lS(ad spin-on gla€SOG was lower than that of

attracted much attention as a method for increased ultralarg%"’_lsma gnhanced chemlc_al vapor deposition oxide or thermal
scale integratedULS]I) circuits operating speetf Because oxide using only conventional silica-based slurry. When us-
continued miniaturization of device dimensions and the re!"9 conventional oxide slurries, the polish rate of alkyl

lated need to interconnect an increasing number of device%loxane-_baseq SOG IS erendent on the organic content. A
on a chip is a trend in ULSI technology, this has led toh|gher S_l—R/S|—_O ratio in th_e SOG films mdgces a lower
building multilevel interconnections on planarized levéfs. hydrolysis reellgtl_on_rate, leading to a lower pol|§h rate. Sev-
Obviously, surface planarization is a key technology during®"@! reports™** indicate that the use of alkaline cerium
the manufacture of multilevel interconne@.Because the ©OXide-based slurry and the introduction of additives could
chemical-mechanical-planarizatidl€MP) process satisfies 9reatly improve the removal rate for organic spin-on materi-

the requirement of global topography planarization duringa|5- However, before adopting consumables into productipn,
integrated circuit fabrication, this method has been intro/nuch experimental work should be completed to qualify
these consumables.

*No proof corrections received from author prior to publication. In this StUdYa We propose oxygen plas_ma pretreatment on
3Electronic mail: tcchang@mail.phys.nsysu.edu.tw low-k methyl-silsesquiazan@SZz) film to improve the pol-
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ish rate of CMP MSZ film. The lovk MSZ film is provided lar embossed pad on the final buffering platen. A Rodel
by Clariant Corp. in Japan and is one of methyl-R200-T3 carrier film was used to provide a buffer between
silsesquioxane-like organic polymers derived from MSZ pre-the carrier and wafer. A single 6 in. wafer was mounted on a
cursor solution. Moreover, the investigation of post-CMPtemplate assembly. During the polishing experiment, the
characteristics such as electrical performance and desorptiaturry was commercial CABOT™ SS-25 diluted by de-

of constitution water also were emphasized. ionized water with the ratio of 1:1, which is typically used to
polish SiG. The resultant solutiopH value is in the range
[I. EXPERIMENT of 10-11. The polishing parameters, such as down force,

backpressure, platen and carrier rotation speeds, and slurry

(11-250Q cm) single-crystal silicon wafers withL.00) orien-  10W rate, were set to be 3, 2, 50, 60 rev/min, and 150 ml/
tation. Before film deposition, Si wafers were boiled in MM respectively. By means of light interference effects in
H,SO,+ H,0, solution and heated to 120 °C for 20 min to films, the thickness of all MSZ films in this experiment was
remove particles on the surfaces. Then, these wafers wef@€asured using an N&K 1200 analyzer. The structure prop-

spin coated with a MSZ solution at a spin speed of 2000 rpn;iarties of the MSZ films were studied using Fourier-transform
for 30 s on a model 100CB spin coater. This was followed bynfrared spectroscopfFTIR). The infrared spectrometry was

a series of sequential thermal baking steps on the hot plate BErformed from 4000 to 400 cm using a Bio-Red QS300

150 and 280°C for 3 min. The wafers coated with Mmsz FTIR spectrometer calibrated to an unpatterned wafer and

precursor solution then received a hydration treatment. ThE€Ir data were collected in the absorbance mode for study-
wafers were left in a clean room for 48 h and the precursofd the chemical structure of films. The surface morpholo-
structure of MSZ films will be transformed to methyl- 91€S of the polished films were investigated by atomic-force

silsesquiazane through hydrolysis and condensation procedBICrOSCOPY(AFM). Thermal desorption spectroscof§DS)
as follows: was carried out to monitor the desorbed elements from post-

Hydrolysis reactions: CMP MSZ films during the high temperature process. In the
duration of TDS analysis, samples were heated from room

The substrates used in this study were 150 imiype

=Si—=NH-Si 5+ Hy0(g)— =Si—NH,5) + HO-Si= temperature to 600 °C at a rate of 20 °C/min in a vacuum
e e chamber. In addition, the outgassing species were collected
=Si—-N +H,0 =Si—0OHg + NH3q) - ’
|—_|2<S) 2 _(g)_> Hs 30 through the mass spectrometer. In this work, Nifeass-to
Condensation reactions: charge ratig=18 peak attributed to ¥ was monitored.
=Si—OHg+ HO-Si= (¢)— = Si—0—Si= (¢ + H,0,) - Electrical characteristics of post-CMP MSZ films were per-

formed on the metal—insulator—semiconductor capacitor
Afterward, the resultant wafers were thermally cured in ayjth metallic—aluminum deposition as the top electrode and
quartz furnace at 400 °C for 30 min undep Bimbient. The  packside electrode. Leakage current—voltageM{) and
final MSZ films (called as-cured MSZ, marked as samplecapacitance—voltage characteristics were also used to ana-
STD) were formed to a thickness of 400 nm. The final struc-yze the leakage current behaviors and measure the dielectric
ture is shown in Fig. 1. constants of post-CMP MSZ films, respectively. In addition,
After film formation, the as-cured MSZ was treated with | _\y measurements were also conducted for these specimens
O, plasma for 60 s prior to the CMP proce§marked as gt different stable temperatures during the temperature rising

sample Q. The O, plasma was operated at a pressure of 65Qnd cooling procedures to evaluate the practicability of im-
mTorr and with an oxygen gas flow rate of 900 sccm. A radio

frequency power of 110 W was applied to the upper elec-
trode. Next, the wafers were placed on the grounded bottom

X . i X X Si-O "network”
electrode, which can be rotated for improving uniformity.
The wafers had a substrate temperature up to 250 °C. Then Si-OH +H,0
the CMP process was applied to the plasma-treated MSZ .
films for 2 min. These post-CMP MSZ films were marked as £ CH | secured
“sample C.” The CMP experiment was carried out on an ;
IPEC/Westech 372M CMP processor with a Rodel IC 1400 & 48 hours
pad on the primary polishing platen and Rodel Politex Regu- 3 24 ours
2 10 hours
CH, CH, CH, CH <
CPa po GH L GH b e Dhnels il 4h
._ﬁ?ﬁ_.r-,._m i, M.%?n.__ “'Si*“"S.i“J‘Aéi'“‘éF /F ours
o:.lu MM .;’5‘,“ F | I. I'. /F as-baked
= ! i - ydrolysis : . .
Eﬁ':._ _IL'_ ﬂ:-.r:ﬂhw- o ’—Sl“-['fg‘\’\/ . I I I I I ! ! I
Condensation  £H, " GH, dH; cl-{, | 0 500 1000 1500 2000 2500 3000 3500 4000 4500
Precursor-Structure of MSZ Methyl-Silsesquioxane Structure Wave number (cm'1)
Fic. 1. Formation mechanism diagram of MSZ films. Fic. 2. FTIR spectra of MSZ during formation procedure.
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Fic. 3. AFM micrographs of 60 s Oplasma-treated MSZ film&) without CMP processgb) with CMP process.

proving the polishing rate of MSZ films with Oplasma and electrical properties. Figure 2 represents the FTIR spec-
pretreatment for the CMP process. tra of MSZ films during formation processes. After 10 h of

hydration reaction proceeded in a clean room, it was ob-
served that the Si—N peaks almost disappeared, while the

lll. RESULTS AND DISCUSSION Si—0 network-like bonds and Si—OH bonds grew gradually.
For the applications for multilevel interconnects, léw- This was due to the hydrolysis process. This result implied
dielectrics must be carefully characterized for their materiathat the hydrolysis and condensation process occurred simul-

J. Vac. Sci. Technol. B, Vol. 22, No. 3, May /Jun 2004



1199 Chang et al.: Method to improve CMP polishing rate 1199

, i —@— Sample STD (as-cured) _
Si0 Sample C 10 | —=— Sample O (O, plasma 60 s) M/e =18
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Fic. 4. FTIR spectra of @plasma-treated MSZ films before and after CMP ) ) )
process. FiG. 5. Moisture-desorption spectra of, @lasma-treated MSZ films before

and after CMP process.

taneously during the period. In the periods ranging from 10 _ _
to 48 h, the condensation process resulted in a network-like =Si=Chy(5)+20y(g) = =SI=OHg)+ COyg) + H2O(g) -
structure through the bulk MSZ film. Next, the water content  Because the Si—OH group was hydrophilic, it was easy to
was eliminated and the standard MSZ film was obtained afteihduce moisture uptake. As a result, after the MSZ film un-
thermal curing in a furnace. AFM images of,plasma-  derwent Q plasma treatment, the intensities of the Si—-OH
treated MSZ films before and after CMP process are showand HO signals would increase. In addition, a partial
in Figs. 3a) and 3b), respectively. The roughnes®{) of  amount of Si—-OH groups might react with each other via a
MSZ films with O, plasma treatment was 0.341 nm, while dehydration reaction during {plasma treatment
theR, value of G plasma-treated MSZ after being subjected  _. . . .
to a CMP process was reduced to 0.227 nm. In addition, the =SI=OHg+HO-SF (5= =SI-0-SF 5+ H.0g)
CMP polish rate of MSZ with @ plasma pretreatment was  The intensity of the absorption ban@t 1070 cm?),
increased as much as twice in magnitudes compared to MS&hich was characteristic for the-SD—Sivibration in silica,
without O, plasma treatmenithe average polishing rate of was thereby increased. The hydrophilic surfaces consisting
MSZ is increasing from 16 to 35 nm/minThe results indi- of oxide facilitated CMP of MSZ films and a rapid CMP
cated that the removal rate of MSZ can be improved by O polish rate was obtained, just with only the conventionally
plasma treatment, even with SS-25 slurry used typically. Figused CMP oxide slurry CABOT™ SS-25. The hydrophilic
ure 4 shows FTIR spectra of,(Qplasma-treated MSZ films Si—OH bonds would be removed after the CMP process.
before and after the CMP process. Prior to the CMP proces3hus, Si—OH bonds disappeared in FTIR spectra. After the
both intensities of Si—-OH and @ groups(at 993 and 3400 removal of the oxide layer on the surface of Plasma-
cm ) increased, whereas the intensities of C{PP74 treated MSZ, organic function groups such as Si—C and C—H
cm 1) and Si—CH (at 781 and 1273 cit) groups decreased bonds maintained a high level of peak intensity.
when MSZ film underwent @plasma treatment. Moreover, The temperature dependence of moisture desorption is
the peak of the Si—O bond at 1070 chwas slightly formed  shown in Fig. 5. After being subjected to the, @lasma
in O, plasma-treated MSZ. After the CMP process, howevertreatment, the moisture content of MSZ film was increased,
all intensities of functional groups in MSZ films maintained while it decreased after the CMP process. This was consis-
a high level again. These observed phenomena are cleartgnt with our inference that oxide layers on MSZ surfaces
interpreted as follows. could induce moisture and be easily polished away just with
The decomposition of functional groups in MSZ films, oxide slurry used typically. Once the surface oxide layers
due to Q plasma pretreatment, would lead to forming were absent, the surfaces of MSZ would return to being
Si—OH bonds, which easily induced moisture uptake andydrophobic-like, resulting in less moisture content. Further-
modified the MSZ surfaces from hydrophobic into hydro- more, the electrical characteristics were investigated to
philic ones. It was believed that oxygen radicals generateévaluate the impacts of the CMP process on MSZ films. Fig-
from O, plasma could react with a large amount of Si—CH ures &a) and 6b) show the leakage current and dielectric
groups on MSZ films, which caused the decreasing intensiconstant of @ plasma-treated MSZ before and after the
ties of Si—C and C—H groups. Hence, the oxidation reactiolCMP process. The electrical properties of MSZ with O
would convert Si—CH groups into Si—OH groups via the plasma treatment were degraded. After the CMP process,
following processes: however, the leakage current and dielectric constant of MSZ

JVST B - Microelectronics and  Nanometer Structures
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~
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—&— Sample STD (as-cured MSZ)
—a— Sample O (O, plasma 60 s)
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60 s) 10-1°

Leakage Current Density (A/cmz)
Leakage Current Density (A/cm2)

L L
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1070

(a) Fic. 7. Leakage-current density of sample O before and after the 150 °C
bake[curve I, sample STD measured at 25 °C; curve I, sample O measured
4 at 25 °C (before 150 °C bake curve lll, sample O measured at 150 °C;
curve 1V, sample O measured at 25 f&fter 150 °C baky.

2.83
3F 2.56 2.64

leakage-current measurement is performed before and after
the 150 °C bake. In comparison with sample STD, after O
plasma ashing, the leakage current density increases about
1-2 orders of magnitude due to defects-induced moisture
uptake, as shown for sample @urve ll). After the 150 °C
baking processcurve lll), an amount of water molecules are
desorbed from the sample O so that the leakage current of
the sample Qmeasured at the 150 °C baking temperature
decreases about one order of magnitude. Nevertheless, when
0 the measured temperature of sample O is cooling from 150
As cured (sgz"‘p';fsga (s;’;‘t'fgfp with to 25°C, the leakage current of sample O increases signifi-
for60s) O plasmasos) cantly again(curve 1V), which results from the moisture re-
uptake during the temperature-cooling processing. In addi-
(b) tion, the moisture reuptake may be due to the remainder of
. . . hydrophilic defects caused by,@lasma damage in the sur-
Fic. 6. Dielectric properties of pplasr_na—treated MSZ before and_ after face of the MSZ film. Figure 8 shows the leakage current
CMP processa) leakage-current density of MSZ films as a function of
electrical field(b) Variation in dielectric constant of {plasma-treated MSZ density of sample C and sample STD measured at 25°C
films. (curves I, Il, and 1y and 150 °C(curve lll), respectively.
Because the modification surface layer of @asma-treated
MSZ was polished away by the CMP process, the leakage
were recovered significantly. In order to explore the leakageurrent of sample Gcurves Il and I\ was close to that of
behaviors of MSZ films with @ plasma pretreatment before as-cured MSZ film(curve )) at 25 °C. Moreover, the leakage
and after CMP process, we tried to condletv measure- current of sample Gcurve Ill) increased by one order of
ment at different temperatures during the temperature risingnagnitude compared to that of the as-cured MSZ fitorve
and cooling procedure. Figure 7 shows the leakage currerj at 150 °C. This indicates that the leakage current mecha-
density of sample O and sample STD measured at 25 °@ism could be dominated by a thermionic field emission pro-
(curves I, 1I, and 1y and 150 °C(curve Ill), respectively. cedure at the high temperatureV measured condition. Our
Owing to O, plasma treatment, the leakage current of sampleesults reveal that the hydrophilic surface layer made due to
O is larger than that of sample STD. The @lasma could the G, plasma treatment would result in the increase of leak-
modify the surface of MSZ film, leading to formation of age current of MSZ film. However, the leakage current ¢f O
defects and inducing moisture uptake. Both the hydrophiligplasma-treated MSZ could be recovered after polishing the
defects and the defect-induced moisture often result in amost of hydrophilic layer by CMP process. These electrical
increase of leakage current. In order to recognize the effeaesults were consistent with aforementioned FTIR and TDS
of moisture uptake on the Oplasma-treated MSZ film, analysis data.

Dielectric Constant
N
1
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107 MSZ films could be removed during the CMP process. Also,
the dielectric properties of MSZ could maintain the l&w-
- quality. The results were consistent with those of material
“'g 10° analyses. Therefore,,(plasma pretreatment will be a prom-
< ising method to increase the polish rate of organic MSZ
-‘E films.
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