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ABSTRACT

In this study, various kinds of alumina
abrastves, different particle sizes and crystal
phases, were emﬁcl)oyed In polishing oxde
and aluminum a y substrates to explore
thewr mfluences on CMP performance, such
as removal rates and surface roughness. As
the substrates being polished and the
abrasives were the same material it has been
found the removal rates would be strongly

dependent on the mechanical properties of
abrasves. On the other hand, the electrostatic
Interactions between the abrasives and the
substrates would dominate the overall
removal rate as the abrasrves and the
substrates with different isoelectric points
‘EJI'E'%)"TIEF mamhmmovaﬁ ratle WOUlIc-lI
e obtammed as po at the s

located between I?the [EPs of the sgl?s}tfral'?es
and the abrasive. In this case, electrostatic
attraction exists between abrasrves and the
substrate, which results in the enhancement
the mpingement frecquency of abrasives on
the substrates and the absorption of abraded
materials onto the abrasives. The surface
roughness after polishing would depend on
the abraswve size and the pad hardness.
Polishing with larger particle size and harder
pad would result in more roughness surface.

MOTIVATION

m.%to the more server requirements
on the DOF of deep submicron Lithography
and multi-layer interconnect fabrication,

bal plananzation of the wafer 1s required.
hemical-Mechanical Polishing (CMP) is the
only techm%le known to achieve global
plananzatlon Since mid-1980s, IBM
mtroduced CMP into the regime of
semiconductor manufacturing, most of the
technical parts of CMVIP came from previous
optical giss polishing. ~ The complex
interactions of mechanical wearing and
chemical dissolution of substrates must be
taken mto account during CMP, and the
process are camled out by mostly
experimentalism W1th little or no
understand—mgU its  fundamental
mechanis p-to- date the complex and
dynamic interactions between chemical
erosion and mechanical wearing during CMP
are not well-understood and under
development.

Abrasves in the sl play the very
mmportant role dunng Currpy process, but



still under mwvestigation now. Not only the
abrasives are responsible for the mechanical
abrasion of the matenals being polished,
some Interactions related to surface charges
between the abraswes and the substrate
would 1be considered. Infoxlde Cl\é[P1 the
removal rate i1s a strong function of s

Ifll}g The sluui? EH I;%d the [EP. ofutrllz
abras:ves wo etermine which electrc
polarities would be charged on the surface of
abrasives, positive or negatrve, so that
electrostatic interactions would influence the
particle agglomeration in the slurry and the
Interaction between the abrasive and the
substrate.

RESULTS AND DISCUSSION

All test wafers were p-type, (100) onented,
6” bare silicon wafers. The oxide samples
were prepared by thermally oxdation of bare
S1 wafers and about 5500 thick silicon
dioxide films were obtained. The aluminum
alloy films were obtained by deposition of
550 nm silicon oxide, 20 nm titanium, 20

nm titanium nitnde and 900 nm
Al-S1(1%)-Cu(0.5%) sequentially.
The charactenstics of alumina

abrasives used in this study are shown m
Table 1. From Al to A4 alumina series, the
alpha-phase contents increase, and A5, A6
are  mainl low-temperature  alumina
transition phase. All polshing expernments
were carried out on a [PEC/Westech 372M
polisher with Rodel IC 1400 polish pad on
the E) platen and a Rodel Politex
Hi g ]};ost polishing buffering pad on
the second platen. The polishing parameters,
such as down forces, Dbac ressure,
platen/carrier rotation sgjeed, slury flow rate,
were set to be 8 psy, 3 ps1, 2025 1pm, 150
ml/min for oxide substrates polishing, and 5
psy 2 psy, 4524 rpm, 150 mlmn for
aluminum alloys substrates polishing.

Two part of experiments were carried out.
The first one 15 aluminum alloy substrates
were Rohshed with various alumina abrasives
(Al~A6). The sluiry formulation m the
aluminum CMP is 5wt % alumina abrasive, 3
vol.% H,0, as oxidizer, 5 vol.% H;PO, and
0.1IM citnic acid as pH buffer, slunry pH
ad{'usted by adding conc. KOH acueous
solutions.

In the second part, the oxide substrates
were Kohshed with various alumina abrasive
(Al1~A6). The slurry formulation 1s 5 wt. %

alumina abrasves (Al~A6), 01 M

ethylene-di-amine (EDA) as pH buffer, the
sl pH was adjusted by adding conc.
3 aqueous solutions.

In Kaufman’s proposed CMP model®), a
metal oxide passvation film would formed
on the surface and dissolved mnto slury
during CMP abrasion. Cross-refer to the
powbaix diagram of Al-H,O system, the
oxide formed n the metal surface 1s ALO; in
the pH range of 4-8. The results of polishing
aluminum alloys with varous alumina
abrasves (Al Ké) are shown i Fig. 1. It
shows that polishing with « _alumina
abrasives got the higher removal rates than
those with O, 6 -alumina, 7 -alumina. The
removal rates of the four types alumina
crystalline phase were ranked as follow:

a -alumina > @, § -alumina > ¢ -alumina

Polishing with the larger size and lhigher
hardness of alumina abrasrves got lugher
removal rﬁtes of aluminum alloy substrates. Y.
L. Wang®) found that the removal rates of
a%ummurl_rf fqlloys1 glecrezsgd Wlthhsnﬁ%;asm
slurry pH from to as po
alumina abrasves ( g 2). According to the
Powbaix dia m?)” of aluminum-water
system, the acidic corrosion domnates as pH
< 4. In the neutral acqueous solution, Al
surface becomes corrosion resistant due to
the formation of a passvation oxde film.
Apparently, the removal rates of Al alloys
were dependent upon the solubility of surface
aluminum oxide passvation.

According to the SiO,/ SiO, and
ALO;/ ALO; polishing system, the removal
rate would mainly be controlled by the
geometry factors of the abrasves. Polishing
with sharp-edge shape, larger size and higher
hardness abrasmes tends to obtajn e higher
removal rates. From the tnbology Eomt of
view, the shape of the abrasive plays the
mmportant 1ole on the substrate abrasion. It
would determine how the abrasive penetrates
into the substrate at the contact load and the
transition from elastic to plastic deformation
that would contribute to the overall maternal
removal. In this study, it was confirmed that
less wear occurs when materials are abraded
by rounded, rather than shaip abrasives.
Besides, the removal rates would be
dep endent ugon the solubility of material
bemg polished in the solution.

The removal rate of polishing oxide with
alumina abrasives, A5 and A6, at various
slury pH were shown m Fig. 3. The



maximum removal occurs at the sl H
about 6~8 , it located between SiOllnfl.E?P.
(pH~3) and ALO; IEP. (pH~9). T
ogg-Healy-Fuerstenau (HHF) formula”
was employed to estimate the electrostatic
interaction, V(H) , between the abrasives and
the polished substrate. The calculation canbe
simplified as the sphere
(abrasive)-plate(oxide film) interaction:

VHHF (H) = 4ﬂ€r80421//s1 Wsze_KH 1)

Where ¢, 1s the relatve permuttvity of
the solution and & o is the relatrve
permittvity of the vacuum. The sphercal
particle in an electrolyte solution, having
radius a, and particle and plate surface

otentials (55 s, respectively, at a closest

tance, H, between therr swuiface, x 1is
Deby-Hiickel parameter.
As sl located between the

[.EP. of the oxade film (about 3) and the
alumina abrasive (about 9), the electrostatic
attractrve force would be maximum and to
drive abrasives approaching to the substrate
and to bnng away the abraded debns.
Otherwise a repulstve force and less
Interactions between the abrasives and the
substrate would be obtamned. Fig. 4 is the
schematic of electrostatic interaction between
alumina abrasive and oxide film.

Cook® proposed that mass transpoit
during Igo]ishjn 1s determined by the relatrve
rates of the following processes, movement
of solvent mto the surface layer under the
load 1mposed by the polishing particle,
surface dissolution under load, adsorption of
dissolution products onto the surface of the
the abrasive, the rate of back-deposition of
dissolution products onto the surface, and
swrface dissolution which occurs between
particle impacts.

It 15 suggested that polishing compounds
such as CeO, or Z1O, possess a chemical
tooth that expedites both shearing at the glass
surface and transport of reaction products
away from the surface faster than that of
re-deposition. If the abrasives could approach
the substrate effectrvely, both substrate
dissolution under load and removal by
adsorbed onto the abraswes become faster
and higher removal rates would be obtained.
As the attractrve force exists between the
abrasive and oxide film, higher removal rates
could be obtamed owing to high frequency of
abrasives Impinging on the surface and good

adsorption of dissolved products onto the
abrasves. The oxide removal rate concerns
with the specific surface area of abrasive
deeply. Higher removal rate would be
obtained by ﬁpo]jshjlg with the abrasves of
hugher specific surface(Fig. 5). The removal
rates of polishing with four types of alumina
abrasives are ranked as follows:

0, & -alumina > 7 -alumina > ¢ -alumina

the removal rates of Fo]ishj.ng AlSiCu
alloys with silica-based su.rrg at various
shury 1pH were shown m Figll Higher
removal rates could be obtamed at slury pH
about 5~6 and 10 because of electrostatic
force and alumina solubility. In the pH range
2~7, the removal rate was dominated by
electrostatic force between the abrasves and
the alumina substrate and increased with
slury 1pH In the pH range between 7 and 9,
both electrostatic repulsion and low alumina
solubility would lead to the minimum
removal rate. As slurry pH larger than 10, the
removal rate would be enhanced owing to the
1mproved alumina solubility.

Surface Roughness

Brown™ suggests the penetration depth
1t(JR,I) of the particle in to the surface 15 given
y:
2
3(PY

R, 47\ 2kE @

Where ¢1s paiticle diameter, P 1s pressure
(replacing load per area), k 15 particle
concentration (umty for a fully filled close
hexagonal packing) and E 15 Young’s
modulus. « -alummna is stale crystalline

hase and forms at a temperature of 1200°C.
n the TEM images, «-alumina gets a big
size because of forming temperature. The
Rarticle size of 0,0, v -alumina is smaller.

ccording to the formula (2) penetration
depth 1s proportional to particle, it means «
-alumina ;dpenetration deeper than@, S, v
-alumina induces large surface roughness
and more scratch. Fig. 7 shows the surface
roughness with Al to A6 abrasive. A4 have
maximum ¢ -alumina content and get the
largest surface roughness. A5, A6 are all
composed by low temperature alumina
transition phase, 6, §, v -alumina, have
small surface roughness.

CONCLUSION

The abrasives in the polishing sluries play
very critical role n P processes. In ths
study, we demonstrate that surface charges,



or zeta potential on both the abrasives and
the polshing substrate would contribute
si.gm.(picantly to the overall removal rate. The
mechanical and geometrical factors of
abrasives would not be the only factor taken
into account for the removal rates, but they
would influence the surface roughness after
polishing.
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Table 1 The charactenstic of alumina
abrasives used in this study

| HO, 128 vel % AlD, : 5 m%'

2 —— A% 50,5
Al | A2 | A3 | A4 | A5 | A6 ey * AV AR
= —he— AL 19% 8
Theta Alpha Alpha Alpha Theta | Gamma — (T
Major crystal Phase (Alpha) | (Theta) Delta E 180- ~v— Al-0.3% Cu .
—_—
Phase Content (%) | 50-55 | 85-90 | 90-95 | 95-100 | >90 | >90 E g —— Al
[ ", -, J
Crystal Density o o 3.98 3.98 = o Er 140 48
of Major Phasy | @ =398/ a=3.98| 3. : 6=3.56|1=32 T 4
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Mohs Hardness E e
of Major Phase 9 9 9 9 8-9 8 E 4 1 4. ""h s ]
BET Surface Area o 100 .‘*q " e 1
(lg) 63.56 | 27.45 | 1630 | 7.72 | 86.12 | 113.64 5 | R S .
i 8
a0 S s STy 4
BET Particle Size | 23.72 | 54.92 | 92.49 | 19547 | 17.50 | 13.27 E & e N ~ =
—— © gl \ ey,
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6=20~30 | =20~30 | 6=20~30 | 6=20~30 a - = : ! 1=
& 2.0 2.5 3. 3.5 4.0 45
XRD a PhaseSize| 5988 | 48.03 | 46.03 | 52.30 pH
(nm)
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Fig. 2 The removal rates of polishing Al

alloys films with varous slury pHs.
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Fig. 1 The remvoal rates of polishing AlS1Cu
substrates with varous Al,O; abrasives.

Fig. 3 The remvoal rates of polishing thermal
S10, substrates with various Al,O; abrasves
and slurry pHs.



(a) Attraction Abrasive: ~ SiO, 15wt% —e— Nun-uniformity
Oxidizer:  H,0, 3vol% —a— Removal rate
IEP (SIO2 layer) < pH < IEP (abrasive) 100
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(b) Repulsion

pH < IEP (SiO: layer) or . s .
pH > TEP (abrasive) Fig. 6 The removal rates of polishing AlS1Cu

®© @ © Sy movaime substrates with various S510,-based slury
®
© . e & pHs.
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Fig. 4 Schematic of electrostatic mteractions

Material : Thermal Oxide Abrasive : AL,O, 5wt%
between the abrasives and the substrate being ni e S
polishing. 12}
x
1.0 -
£
c 08|
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£ wf Byt T Fig. 7 The surface roughness of the oxde
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5 . 2 films polished with various Al,O; abrasives.
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Fig. 5 The relationship between the surface
area of the abrasrves and the removal rates of
polishing oxide substrate with Al,O; sluries



