
Hot filament assisted deposition of silicon nitride thin films 
Sadanand V. Deshpande, Jeffrey L. Dupuie,a) and Erdogan Guiari 
Department of Chemical Engineering, University of Michigan, Ann Arbor, Michigan 48105 

(Received 27 May 1992; accepted for publication 20 July 1992) 

Hot filament assisted chemical vapor deposition (HFCVD) of silicon nitride thin films was 
studied with disilane (S&H,) and ammonia (NH,) as the source gases. High optical density 
films were obtained at a low substrate temperature (375 “C) and high deposition rates (up to 
1700 A/min). The effects of disilane flow rate, filament temperature, and disilane carrier gas 
composition on film properties were investigated. Transmission infrared measurements showed 
low hydrogen content ( ~5%) in the films. Sputter depth profiling using x-ray photoelectron 
spectroscopy indicated high film purity with only surface oxygen contamination from air 
exposure after deposition. 

Amorphous silicon nitride (SiN,H,,) films are used in 
integrated circuit manufacture as oxidation masks, gate 
dielectrics, interlevel insulators, and final passivation lay- 
ers. Conventionally, SisN, thin films are deposited at high 
substrate temperatures (700-900 “C) by thermal CVD and 
at low temperatures (200-400 “C) using plasma meth- 
ods.‘,* Low-temperature deposition of silicon nitride is par- 
ticularly important in compound semiconductor technol- 
ogy as a passivation and capping material, and in processes 
where thermal budgeting is critical. The major problem in 
conventional low-temperature depositions is the high 
amount of hydrogen incorporation (lo%-30%) in the 
films which leads to high etch rates (up to 2500 A/min) in 
buffered HF solutions.3 In this study we report the use of a 
hot filament assisted CVD technique to deposit silicon ni- 
tride thin films at high rates, low hydrogen content, and 
low substrate temperature with disilane and ammonia as 
reactants. 

Hot filament assisted CVD (HFCVD) has been suc- 
cessfully used in the past to grow polycrystalline diamond 
thin films.@ It has also been used to deposit amorphous 
silicon nitride using both monomethylamine’ and ammo- 
nia” as nitrogen sources and silane as the silicon source. In 
another study, hexagonal boron nitride was deposited us- 
ing borazine as the single source precursor.’ We have pre- 
viously reported” the use of HFCVD to deposit high pu- 
rity aluminum nitride thin films at low substrate 
temperatures. We have also used this technique to deposit 
silicon nitride films with silane and ammonia as reac- 
tants.” A hot filament (usually tungsten) is a simple 
method of activating reactant gases to form the necessary 
precursor species for deposition of high quality thin films 
at low substrate temperatures. 

The experimental system used in this study was the 
same as reported previously.” Briefly, the reactor consists 
of a cold wall, 6 in., six way stainless-steel chamber. The 
reactor pressure was measured with a capacitance manom- 
eter and controlled by an exhaust throttle valve. Reactant 
gases were fed into the reactor via two inlets: one to feed 
ammonia which flowed over the filament and the other was 
a gas dispersal ring that bypassed the hot filament to de- 

“‘Present address: Contamination Engineering, Motorola Inc., Austin, 
TX 78721. 

liver disilane with the carrier gas. The substrates were 
clamped to a stainless-steel susceptor heated by two car- 
tridge heaters. The substrate temperature was monitored 
using a type C thermocouple clamped to the susceptor 
surface close to the substrate. The filament was a resistively 
heated tungsten wire (diam -0.25 mm) placed 4 cm away 
from the substrate. The filament temperature was mea- 
sured with an optical pyrometer through a quartz viewport 
on the reactor. The silicon nitride films were deposited 
onto 2 in. p-type silicon ( 100) wafers. The substrates were 
cleaned with solvents and stripped of the native oxide with 
10% HF just prior to deposition. The deposition parame- 
ters used in this study are summarized in Table I. 

The deposited films were characterized by ellipsome- 
try, infrared spectroscopy, and x-ray photoelectron spec- 
troscopy (XPS). The film thicknesses and refractive indi- 
ces were measured by an ellipsometer at 632.8 nm and 
averaged over at least ten measurements. The target thick- 
ness of these films was 2600-2900 A (2nd blue-green color 
under fluorescent light) in order to obtain an accurate de- 
termination of refractive index by ellipsometry. Transmis- 
sion Fourier-transform infrared spectroscopy was used to 
determine the bonding configurations and estimate the hy- 
drogen content in the films using the method of Lanford 
and Rand.12 The film composition was determined by XPS 
as a function of depth by 3 keV argon ion sputter profiling. 

In this study the effects of disilane flow rate, filament 
temperature, and disilane carrier gas composition on film 
properties were investigated. In the first set of experiments 
the disilane flow rate was varied from 1.1 to 3.2 seem. As 
shown in Fig. 1 (a), the film deposition rate increased with 
an increase in disilane flow rate. The film refractive index 
also increased from 1.86 (film 1) to 2.42 (film 4). This was 
due to a depletion of nitrogen-containing species in the 
vicinity of the substrate with a higher disilane flow. A high 
deposition rate of - 1700 Aimin was obtained for a disi- 
lane flow rate of 3.2 seem. XPS sputter depth profiling of 
film 4 indicated that this film was silicon rich with a bulk 
Si/N ratio of 1.8. The sensitivity factors provided by the 
XPS spectrometer software were used for elemental anal- 
ysis without further calibration. There was no detectable 
amount of oxygen in the film bulk. The composition of film 
2 was closer to stoichiometric S&N,, with a bulk Si/N ratio 
of 0.95. Figure 1 (b) shows the transmission FTIR spectra 
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TABLE I. Deposition parameters for SiN,H, thin films. 

Parameter 

Reactor pressure 
Substrate temperature 
Filament temperature 
Ammonia flow rate 
Carrier gas flow rate: 

Hydrogen 
Argon 

Disilane flow rate 

Set point(s) 

0.5 Torr 
375 “C 

15c0-1850”c 
80 seem 

O-230 seem 
O-142 seem 
1.1-3.2 seem 

of these films. The band assignments for amorphous silicon 
nitride thin films have been obtained from work by 
Narikawa et al.13 It may be noted that as the refractive 
index increases, i.e., silicon content in the films increases, 
absorption in the N-H stretching mode (-3350 cm-‘) 
decreases and the SGH stretching mode ( -2150 cm-‘) 
increases. Also the shoulder in Si-N asymmetric stretching 
peak ( - 840 cm- ’ > obtained due to N-H bending ( - 1175 
cm-‘) decreases from film 1 to film 4. This indicates that 
as the films become silicon rich, the population of hydro- 
gen terminated dangling bonds shifts from nitrogen to sil- 
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FIG. 1. (a) Effect of disilane flow rate: filament temperature= 1700 “C, 
H1 carrier flow rate=230 seem, ammonia flow rate=80 seem, and sub- 
strate temperature=375 ‘C. (b) Transmission FlTR spectra of films 1-4 
shown in Fig. 1 (a). The N-H and Si-H stretching modes have been ex- 
panded for clarity. 
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FIG. 2. Effect of filament temperature: disilane flow rate= 1.6 seem, H, 
carrier flow rate=230 seem, ammonia flow rate=80 seem, and substrate 
temperature= 375 ‘C. 

icon. The Si-N symmetric stretching mode is observed at 
490 cm-‘. The total bonded hydrogen content in these 
films was determined to be low and was less than 6x lO*l 
atoms/cm2. This is a definite improvement over conven- 
tional low-temperature deposition methods such as plasma 
CVD.* 

In the second set of experiments, filament temperature 
was varied between 1500 and 1850 “C for a disilane flow 
rate of 1.6 seem and hydrogen flow rate of 230 seem. The 
results of these experiments are shown in Fig. 2. An in- 
crease in filament temperature would produce more of the 
nitrogen-precursor species, possibly NH radicals, in the 
reactor ambient and would therefore increase the film dep- 
osition rate, as was seen in these experiments. On the other 
hand, the film refractive index decreased due to a combi- 
nation of two effects: increased amount of activated nitro- 
gen species and a limited supply of disilane. Figure 3 shows 
the results of XPS sputter depth profile for film 6. This film 
exhibited high purity and very low oxygen content in the 
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FIG. 3. XPS sputter depth profile of film 6: refractive index=2.0, fila- 
ment temperature= 1600 “C, disilane Bow rate= 1.6 seem. 
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FIG. 4. Effect of argon dilution of hydrogen carrier gas: total carrier gas 
Row rate= 142 seem, filament temperature= 1700 C, and disilane flow 
rate= 1.1 seem. 

film bulk. Oxygen is detected only in the top 15.0 nm of the 
film which indicates that this oxygen came from air expo- 
sure following deposition and not from the residual oxygen 
that may have been present in the reactor during deposi- 
tion. XPS profiles for other films show similar results in- 
dicating that the films deposited by our HFCVD method 
are of high density and have low permeability for oxygen. 

Finally, the composition of disilane carrier gas was 
varied to study its effect on film deposition rates. The total 
carrier gas flow rate was 142 seem, disilane flow rate was 
1.1 seem and the filament temperature was held at 1700 “C. 
As shown in Fig. 4, the film deposition rate decreases with 
successive increase in argon fraction of the carrier gas. 
Also the refractive index of films 8-10 increased indicating 
a decrease in nitrogen-containing species with increased 
argon dilution of carrier gas. The decomposition of ammo- 
nia on a hot platinum filament ( > 1000 “C) has been stud- 
ied with laser-induced fluorescence by Selwyn and Linr4 
under pressure conditions similar to those used in this 
study. Their results indicated that the rate of NH radical 
production by catalytic action of the filament increased 
with increasing filament temperature, and also with addi- 
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tion of hydrogen to the gas mixture. The addition of hy- 
drogen is believed to enhance the desorption rate of NH 
radicals from the filament surface. In this study, argon 
dilution of the hydrogen carrier gas may have caused a 
decrease in NH radical desorption rate leading to a de- 
creased film deposition rate. 

In conclusion, we have demonstrated that the hot fil- 
ament assisted chemical vapor deposition method can be 
extended to the deposition of high purity and high density 
silicon nitride thin films from disilane at high deposition 
rates. The deposition rates obtained here were higher than 
the rates of 1006 &min previously reported by another 
group using similar deposition method.8 The films exhib- 
ited low levels of hydrogen incorporation at a low substrate 
temperature of 375 “C. This simple method affords great 
versatility in deposition of high quality thin films with var- 
ied properties. It can easily be extended to other nitride 
thin films. 
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