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Synthesisand Characterization of SCOF/ aC F Double-Layer Films
with Low Didectric Congtant for Copper Interconnects’

Zhang Wei', Zhu Lian, Sun Qingging, Lu Hongliang, and Ding Shijin

(Department of Microelectronics, Fudan University, Shanghai 200433, China)

Abgract : A novel double-layer film of SCOF/ aC F with alow dielectric constant is deposited using a PECV D
system. The chemical structure of the film is characterized with Fourier transform infrared spectroscopy (FTIR) .
The measurements of the film refractive index reveal that the optical frequency dielectric constant ( n?) of the
film is almost constant as a function of air exposure time, however,with increasing annealing temperature, the
value of n®for the film decreases. Possible mechanisms are discussed in detail. The analysis of SIMS profiles for
the metal-insulator-silicon structures reveal that in the Al/aC F/Si structure,the annealing causes a more rapid
diffusion of Fin Al in comparison with C,but there is no obvious difference in Si. In addition, no recognizable
verge exists between SICOF and aC Ffilms,and the SICOF film acts as a barrier against the diff usion of carbon

into the aluminum layer.
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1 Introduction

In order to reduce the RC delay of ultrarlarge
scale integrated (UL SI) circuits caused by the par-
agtic capacitance of multilevel interconnections,it
is helpful to introduce low dielectric constant mate-
rialsasinterlayer dielectrics (ILD) . Many material's
with low dielectric constant have been developed in
recent years. According to the International Tech-
nology Roadmap for Semiconductors (ITRS) ,we
need materials with dielectric constants below 2. 4
for copper interconnects for 65nm technology. Al-
though the dielectric constant of fluorinated amor-
phouscarbon (aeC F) film may reach aslow as 2.
1"% theaC Ffilm has alow resstance to oxy-
gen plasma and weak mechanical strength,which
makesit unusable. We have developed a carbon and
fluorine doped SO: film (SCOF) with a k value a
round 2. 7 and good mechanical strength®® °'. In
this work ,we deposited a novel double-layer film of
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SCOF/ aC Fto try to synthesize the good prop-
ertiesof SCOF with thelow k vaueof aC Ffilm.
Wefirg characterized thisfilm usng Fourier tranform
infrared (FTIR) spectrosopy,and then investigated
the interface and stability of the SCOF CF double-lay-
er film by dynamic secondary-ion-mass spectrum
(SIMS and refractive index measurements.

2 Experiment

All films were deposited with a conventional
paralel plate electrode plasma enhanced chemical
vapor deposition (PECVD) system ,which was de-
scribed in our previous paper!®. In the present
study ,the plasma was enhanced by a radio f requen-
cy (RF) of 13.56M Hz. The radio frequency power
was fixed at about 150W. The first layer film (aC

F film) was deposited on the S wafers,which
were placed on the bottom electrode plate,rotating
at a speed of about 10r/ min to improve the temper-
ature distribution on the bottom electrode and the
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uniformity of the deposited film thickness. Subse-
guently ,the second layer film (SCOF film) was
deposited on the as deposted SCOF film. The typ-
ical deposition conditions are presented in Table 1.
G Fs ,CH4 ,and TEOS were used as the feed gases ,and
were introduced into the reaction chamber through
sparated mass flow oontrollers, repectivdy. Argon
was used as the balance gas. In the interest of observ-
ing the dementa profiles in meta-insulator-dlicon
(M19 structure ,alayer of duminum was deposited on
the film by evgporation,forming Al/aC F 3 and
Al/ SCOF/ aC H Al dructures. For the sake of in-
vestigating the thermal stahility ,all samples (the doub-
le-layer film and the M IS structures) were annealed for
15min at a edfic temperature in 99.999 % N-.

Table 1 Typical deposition conditions for the double

layer films
Flm type aC Ffilm SCOF film
Flow rate/ sccm CH4 =5;C4Fg =21 | C4Fg =20;TEOS=15
Deposition temperature/ 200 200
Depostion pressure/ Pa 60 80

FTIR spectra of the films were obtained with
the spectrometer (Model :AVA TAR-360 IR,Nico-
let Co.).SIMS profiles of the samples with a MIS
structure were done on the SIMS system (Model :
IMS6f , Cameca Co.) with an oxygen gun. The
thickness and refractive index of the film were de-
termined with an ellipsometer at 632 8nm. The di-
electric constant was determined by capacitance
voltage (CV) measurements of the MIS structure
at 1M Hz.

3 Resultsand discussion

The double layer films of SCOF/ aC F
measured M m thick. Figure 1 shows the FTIR
spectra of the films. In comparison with aC F
film,the spectrum of SiCOF film exhibits an evi-
dent difference. That is, a new peak at about
927cm ' appears,indicating the existence of Si - F
bonds. In the case of aC F film, the intense
broad absorption peak around 1055cm” ' stems
from CFy vibrations'”. However ,as for the double
layer film of SICOF/ CF,a shoulder peak at about
1145cm”* should correspond to the out-of-plane
oxygen motion of the Si (O)4 configuration in the
SiCOF film™® since the asymmetric stretching of
oxygen atoms along the direction parallel to
Si- O-Si usually occurs at about 1062cm™ ™. The

1

shift of the intense peak from 1055 to 1064.5cm” ~ is
due to the superimposition between them.
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Fig.1 FTIR spectra of the films in the region of
3000 700cm*

Owing to the fact that the refractive index
(n) of film is related to certain film qualities,
such as the amount of polarizable species, film
composition,and film density,the dependence of
n on the air exposure time and the annealing tem-
perature is measured. Figure 2 shows the depend-
ence of the optical frequency dielectric constant
(n®) on air exposure time and the annealing tem-
perature. When the film is exposed to air for less
than three days, n° is not stable and manifests a
slight increase. After its exposure to air for four
days, n’° almost remains constant. This indicates
that the double layer film has a strong resistance
to water. For instance,the value of n’increases by
about 0.46 % when exposed to air for 10 days. If
the film absorbs moisture from the air ,it is possi-
ble that the hydrolysis of Si - F bonds in the film
will take place, leading to the formation of
Si - OH,and even to the presence of physically
absorbed water in the film. These highly polariz-
able species can increase the refractive index of
the film. On the other hand, n? decreases with in-
creasing annealing temperature. This may be due
totheloss of Si - OH and H20 in the film. How-
ever ,the thickness of the film increases with the
annealing temperature,as indicated in Fig. 3. This
suggests that the refractive index of the film is re-
lated to the thickness. Yoo et al.!" reported that
the stress of the SIOF film increases as the refrac-
tive index decreases. Accordingly,in some degree
the decrease of the refractive index of the film
with annealing temperature results from the in-
crease in the film stress,which is accompanied by
the increase of the film thickness due to thermal ex-
pansion. Of course,the increase in the film thickness
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also causes a decrease in the film density ,which helps

decrease the film’ s ref ractive index.
Annealing temperature/C
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Fig.2 Dependence of n® on air exposure time and
annealing temperature
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Fig.3 Dependence of ( T- To)/ To on annealing tem-

perature To and T represent the initial and subse-

quent thickness of the film,respectively.

Figure 4 shows the SIMS profiles of Al/e
C F/Si before and after annealing, respectively.
It can be seen that the annealing leads to diff usion
of Fand Cinto the Al film,and the diffusion of F
is faster than that of C. However, the diffusion
rates of F and C in silicon are almost equal with
or without annealing. SIMS profiles of Al/SiCOF/
aC F/Si before and after annealing are shown
in Fig.5.1n the case of the non-annealed sample,
the SIMS profiles of C and F are almost symmetri-
cal ,as seen in Fig.5(a) . This indicates that the Si-
COF film has a good adhesion tothe aC F film.
At the interface between Al and SiCOF, profile
terraces of F and Si appear. This means that dur-
ing the evaporation deposition of Al,some com-
pounds with certain stoichiometric ratios are
formed —possibly aluminum fluoride and sili-
cide. After annealing at 350 for 10min the ter-
race of the F profile disappears,and its shape be-
comes distorted. This reveals that aluminum fluor-
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Fig.4 SIMSprofiles of the Al/aC F/ Si structure with-
out annealing (a) and with annealing at 350 for 10min
in N2(b)

ide is not stable against annealing,and F atoms
diffuse further into the aluminum layer. In addi-
tion,the terrace of the Si profile persists,sugges-
ting that aluminum silicide is stable against annea-
ling. From the profile of the Si between the Al
layer and Si substrate,it can be seen that the in-
tensity of Si increases monotonically without any
step. This also demonstrates that no recognizable
verge exists between SiICOF and CF films. Compa-
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ring Fig.5 (b) with Fig.4(b) ,we find that the Si-
COF film acts as a diff usion barrier of carboninto
the aluminum layer according to the relative loca-
tions of the C and Si curves,which is mainly due
to the formation of aluminum silicide.
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Fig.5 SIMS profiles of the AI/SICOF/ aC F/Si
structure without annealing (a) and with annealing at
350 for 10minin N2(b)

4 Conclusion

Usng PECVD ,we havefirst depostedaC F

film from a mixture of CsFs/ CHa4/ Ar on dlicon
wafer and subsequently deposited another layer of
JCOFfilmontheaC Ffilmfrom GFs/ TEOY
Ar. The measurements of the film’ s refractive in-
dex show that the optical frequency dielectric con-
stant (r?) of the film almost remains constant as
air exposure time varies,suggesting that the doub-
le-layer films have excellent res stance to moisture.
However ,with the increase of annealing tempera
ture,the value of r’ for the film decreases. There
are three possble reasons for this: (1) a loss of
highly polarizable S - OH and H:0 in the film;
(2) an increase in the film stress;and (3) a de
crease in thefilm density. The SIM S profiles of the
Al/aC F S structure reveal that annealing cau-
ses a more rapid diffuson of Fin Al in comparison
with C,but thereis no obvious differencein S. The
SIMS profiles of the A/ SCOF/ &aC F S struc
ture show that no recognizable verge exists be
tween SCOF and CF films,and during the evapo-
ration depostion of Al some compounds with cer-
tain stoichiometric ratios are formed —possbly
aluminum fluoride and dlicide. On the other hand,
the SCOF film acts as a barrier against the diff u-
son of carbon into the aluminum layer.
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