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Abstract

The organic silsesquioxane, methylsilsesquioxéM&Q), exhibits a low dielectric constant because of its lower film density
compared with thermal oxide. In this study, boron implantation treatment is investigated in order to improve the quality of MSQ.
The small size of boron atoms do not damage the chemical bonding of the MSQ film. In addition, the formation of densified
surfaces after boron implantation can reduce the probability of moisture uptake into the MSQ. Therefore, the leakage current of
MSQ film is significantly decreased and the lawproperties of MSQ film can be maintaine@. 2001 Elsevier Science B.V. All
rights reserved.
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1. Introduction materials must be carefully characterized for their elec-
trical, chemical, thermal and mechanical properties. In
A continuous reduction in chip size and increase in addition, thei( impapt on process integration,.fabrication
chip complexity are shifting the technology of intercon- oSt and device reliability must also be considera.
nection towards multilevel metallization. However, RC _ 1he organic SOG, methylsesquioxadSQ), which
delay [1-3 contributed from multilevel interconnects Nas a dielectric constant o 2.7, was obtained from
becomes an important issue which limits the perform- Allied Signal Inc. [4-@]. It has been developed by
ance of very large-scale integrated circuitgLSl).  increasing the number of the Si-methyl group which
Therefore it is necessary to use ldwmaterials as a  causes a decrease in film densify] In addition, the
dielectric to reduce the capacitance between the meta/di€lectric constant of the SOG film decreases with

wires in the multiple levels of interconnecting INcreasing organic conten8]. _ _
metallization. In this work, we have studied the boron implantation

‘For several years the industry has recognized the POSt-treatment to improve the quality of MSQ films.
need of developing lovi-dielectric materials and high ~Properties of post-treated MSQ films were evaluated by
conductivity metals for high performance interconnects. €léctrical  measurement and chemical composition
Low-k dielectrics will impact both power and delay analyses.
favorably, while higher conductivity metals will reduce

delay time. In order to be useful, new lowdielectric 2 EXperimental

— . . _ The unpatterned silicon wafers were coated with a
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10 3. Results and discussion
—@— As-cured MSQ
—i— Ar-implanted MSQ In the initial study, electrical characteristics of MSQ
105 |- —&— B-implanted MSQ films were compared, to determine the effects of implan-
tation treatment on the MSQ dielectric properties. Figs.
10° | 1 and 2 show both the leakage current density and
dielectric constant of MSQ film after various implanta-
tion treatments, respectively. The leakage currents of
both implantation-treated samples were significantly
decreased as compared with the un-implanted sample.
The dielectric constant of B-implanted MSQ films main-
tained a low value(~2.8). In contrast, the dielectric
constant of Ar-implanted MSQ film was increased com-
pared with the un-implanted MSQ. These results show
that the B-implantation is effective to improve the
intrinsic electrical characteristics of MSQ films.
10 T T T T T T Material analyses were further used to interpret the
00 02 04 06 08 10 1.2 14 16 1.8 20 improvement in electrical characteristics. The thickness
variation in MSQ films after various implantation treat-
ments is shown in Fig. 3. The decreasing thickness of
Fig. 1. The leakage current density of MSQ after various implantation all |mplanf[-tre§1ted samples result fr(.)m the ion bombard.-
treatment. ment during implantation processing, nevertheless, it
could be increased after sequential furnace curing. The
thickness of Arimplanted MSQ films was especially
treatments. In this work, three types of samples were Observed to decrease significantly. The reduction in
grouped. The first type of wafer, which was for com- thlckne_ss was ong-thlrd of the .thlckness of as-g:ured
parison, was as-cured MSQ filgf1]. The second was MSQ film. The thickness of B-implanted MSQ just
treated with argon implantation under the conditions of decreased slightly and its thickness was almost main-
150 keV, a dose of %10' jons/cm? and pressure of tained the same as un-implanted samples after curing

8x10-° torr. The third type was treated with boron Process. Fig. 4 shows refractive indexes of MSQ films

implantation under the conditions of 50 keV, a dosage fafter various implantation treatments. The refractive

of 5x10' ions and pressure of>3L0~° torr. Then indexes of MSQ films all increased after implantation
furnace curing at 40C was applied to the implantation-

trea_lted samples. I_:or _each treated processing, fllm_stress, 45 Aocured MSQ
shrinkage, refractive index and Fourier transform infra- Ar-implanted MSQ
red absorption specti@TIR) were evaluated. The film EZZX B-implanted MSQ
thickness and refractive index of the dielectric film were
measured by a n&k analyzer. The film stress was 4.0} 3.91
measured by a Tencor FLX-2320 thin film stress meas-
urement. The infrared spectrometry was performed from
4000 to 400 cm?! wusing a Bio-Red QS300 FTIR
spectrometer calibrated to an unpatterned wafer and
their data were collected in the absorbance mode, for
study of the chemical structure of the MSQ films. In
addition, material analysis using a thermal desorption
system spectrometdifDS) was carried out to monitor 3.0 1
the desorbed moisture from MSQ films. Electrical char- 2.85
acteristics were measured by manufacturing the alumi- 275
num metal-insulator-semiconduct@llS) capacitors. A
Keithley Model 82 CV meter was used to measure the
dielectric constants of MSQ films. The capacitors were As.cured Arimolanted Boimplanted
measured at 1 MHz with an AC bias for high frequency MSQ v NS

C-V curves. Leakage current-voltagé-V) character-

istics of the MSQ were measured by an HP 4145B rig. 2. The dielectric constant of MSQ after various implantation
semiconductor parameter analyzer. treatment.
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Fig. 4. The refractive index variation of MSQ film after various

Fig. 3. The thickness variation of MSQ film after various implantation ' |
implantation treatments.

treatments.

treatment, whereas they decreased after sequential cusmaller volume of the boron atom compared with the
ing. Especially, the refractive index of Arimplanted argon atom. Therefore, the inevitable damage from the
MSQ increased dramatically. In contrast, the refractive implantation process can be minimized by small-size
index of B_imp|anted MSQ just S||ght|y increased more boron implantation. That is Why the dielectric constant
than that of un-implanted MSQ. These aforementioned 0f MSQ can still be maintained at a low value even
results suggest that the densified MSQ surfaces mightafter boron implantation treatment. This inference is
be formed after the implantation processing. This is consistent with FTIR spectra in which functional groups
Specia”y true for B-imp|anted Samp|es due to a little still are present after boron implantation. Flg 6 shows
changes in thickness and refractive index after implan- the FTIR spectra of MSQ film after being treated with
tation processing. various implantation treatments. In these spectra, the
Furthermore, stress measurement was used to monitor
the change in material characteristics. Fig. 5 shows the  1g0

variation in the stress of MSQ film after various implan- pssy ﬁf}ﬁ“i;;dnxg%é"g implantation)
. ) : o lE=aA-
tation treatments. Since the thermal expansion coeffi [ B-implanted MSQ

cient is different between MSQ films and Si substrate
[amso=13 (um/m°C), ag=2.6 (wm/m°C) [9,10],

this will lead to the tensile stress when MSQ films 70
undergo a series of thermal processes. After subsequent

80 -

implantation treatment, the stress of Ar-implanted MSQ & 60 -
film is reduced dramatically. However, the reduction in ‘é

the stress of B-implanted MSQ films was less than that 2 S0
of Ar-implanted MSQ films. The reason for the reduction 3 |

in tensile stress is explained below. When MSQ under-
went ion implantation, the longitudinal thickness of 30
MSQ decreased. This might lead to the transversal

extension of the MSQ films so that the compress stress 20
would be induced, further compensating partial tensile

stress. Therefore, the obvious reduction in thickness of E
Ar-implanted MSQ films would lead to dramatic stress 0
change. In contrast, the slight reduction in thickness of .
) P . ; As-cured MSQ - i
the B-implanted MSQ films would only induce a slight (No j(r::\]‘;?amation) Ar 'T,,‘gg"‘ed B '",\‘,,pé%'ted

stress change, as shown in Fig. 5.
Fro_m the abOV_e ment"?ned reSUItS_, we _be“eve that Fig. 5. The stress variation of MSQ film after various implantation
the slight change in material characteristics is due to the treatments.
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intensity of the Si—C bond is maintained at a high level
in the spectrum of B-implanted MSQ film. It means that
the structure and chemical bonding of MSQ film would
not be destroyed by B implantation. Therefore, lbw-
dielectric properties can be maintained. In addition, TDS
data shows moisture desorption from B-implanted MSQ
film is reduced as compared with un-implanted MSQ,
as shown in Fig. 7. This indicates that densified MSQ
surfaces due to B-implantation treatment can enhance
the resistance to moisture uptake.

Si-0

B-implanted MSQ

Absorbance (arb. unit)

on .
SHOH +Hp0 4. Conclusions

Ar-implanted MSQ . . .
In this work, the effects of boron implantation treat-
ment on MSQ films have been investigated. The quality

of low dielectric constant MSQ films is significantly
improved by boron implantation post-treatment. The
structure of lowk MSQ film is more porous than that
of silica. This porous structure generates a low dielectric
constant. However, the porous structure facilitates mois-
ture absorption in the MSQ film. To address this issue,
boron implantation was applied to MSQ film to slightly
densify the MSQ surfaces. The boron-implantation treat-
intensity of the Si-C bond signal decreased dramatically Ment not only enhances the resistance of MSQ films to
and the intensity of the Si~OH bond signal increased Moisture absorption but also reduce the leakage current.
when the MSQ was treated with argon implantation, Dué to the small volume of boron atoms, possible
The increase in the Si~OH intensity is thought to be damage from the implantation process is minimized.

CH
As-cured MSQ
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0

Fig. 6. The FTIR spectra of MSQ film after various implantation
treatment.

due to the generation of dangling bonds resulting from
breaking Si—-CH bonds during argon implantation. The
dangling bonds would easily absorb water. As a result,
the MSQ becomes unstable after argon implantation.
The dielectric constant of Ar-implanted MSQ film will
increase due to moisture absorpti¢hl] However, the
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Fig. 7. The TDS spectra of MSQ film after boron implantation
treatment.

Thus the low dielectric constant can be maintained.
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