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Hot filament enhanced chemical vapor deposition of aluminum nitride thin films from 
trimethylaluminum and ammonia has been investigated for deposition temperatures ranging 
from 584 to 732 K. The use of a hot filament resulted in an approximate two orders 
of magnitude increase in the deposition rate compared to a similar, uncatalyzed growth. The 
film deposition rate and refractive index did not depend on the substrate temperature. X- 
ray photoelectron spectroscopy and Fourier-transform infrared spectroscopy indicated that the 
films were high purity aluminum nitride, with negligible carbon and oxygen 
contamination. 

Aluminum nitride (AlN) is a potential dielectric and 
passivation material for compound semiconductor technol- 
OgY, ‘-4 and also has been investigated for thermal and op- 
tical applications due to its large band gap, good thermal 
stability, and high thermal conductivity. Low temperature 
growth of aluminum nitride has been achieved by sputter- 
ing, plasma-enhanced chemical vapor deposition, and 
chemical vapor deposition (CVD) from conventional re- 
actants as well as novel precursors.67 Recent work has 
shown that AlN films with negligible carbon and oxygen 
contamination could be deposited from the low tempera- 
ture, low pressure reaction of trimethylaluminum (TMA) 
and ammonia.’ The films deposited at low temperatures 
exhibited low refractive indices and low densities com- 
pared to films deposited at higher temperatures, however. 

Hot filaments have been shown by a number of inves- 
tigators to be effective in catalyzing the deposition of dia- 
mond,a-I0 and recently have been used to enhance the dep- 
osition rate of silicon nitride from monomethylamine.” 
The purpose of this work was to determine if a hot filament 
could catalyze the growth of aluminum nitride from tri- 
methylaluminum and ammonia at low temperatures, and 
to characterize the resultant film properties. 

The aluminum nitride films were deposited onto (100) 
silicon substrates in a cold wall stainless steel chamber. 
Substrates were pressed by molybdenum clamps against a 
stainless steel susceptor heated by cartridge heaters. A 
sheathed type K thermocouple was used to monitor the 
susceptor temperature. The susceptor temperature was cal- 
ibrated under reaction conditions with a type C thermo- 
couple clamped to the surface of the substrate. 93 cm of 
0.25 mm O.D. tungsten wire was wrapped around two 
quartz rods four centimeters from the wafer surface. A 
conventional organometallic liquid delivery system me- 
tered and controlled the trimethylaluminum flow rate. 
Gases could be introduced into the reactor in either of two 
delivery lines, one of which could be moved to various 
points within the chamber, as shown in Fig. 1. The tung- 
sten filament temperature was monitored with a pyrome- 
ter. Reported filament temperatures are uncorrected for 
emissivity and the window material. The deposition pa- 
rameters used for film growth are given in Table I. Film 

thicknesses were measured by an ellipsometer at 632.8 nm, 
and represent an average of 15 points over a 2 in. substrate. 

Very little or no growth of aluminum nitride occurred 
when the tungsten wire was situated between the adjust- 
able organometallic inlet ring and the substrate. Substan- 
tial growth was noted on the surface of the inlet ring, 
however. Rapid growth of film on the substrate was 
achieved by placing the inlet ring between the hot tungsten 
filament and the substrate. The deposition rates and refrac- 
tive indices of the aluminum nitride films as a function of 
temperature are listed in Table I. The growth rates and 
refractive indices were insensitive to the wafer tempera- 
ture. Additional experiments indicated that the film 
growth rate was proportional to the TMA flow rate, which 
suggests that the catalyzed deposition process is reactant 
transport limited. 

The decomposition of ammonia on hot platinum fila- 
ments has been studied previously.‘2 NH radicals in the gas 
phase were detected by laser-induced fluorescence for plat- 
inum filament temperatures in excess of 1200 K. The rate 
of NH radical production increased with increasing fila- 
ment temperature, and also with the addition of hydrogen 
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FIG. 1. Schematic of the chemical vapor deposition reactor. 
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TABLE I. Deposition parameters, growth rates, and refractive indices for AIN films, (s = standard deviation). 

Sample 

Deposition parameters A B C D 

Temperature (K) 732 646 584 706 
Pressure (Pa ) 66.7 66.7 66.7 113.6 
Flow NH, (seem) 62 62 62 50 
Flow He-bubbler ( seem ) 30 30 30 28 
Flow Hz (seem) 230 230 230 0 
Bubbler temperature (K) 300 300 300 300 
Bubbler (kPa) pressure 53.3 53,3 53.3 38.6 
Flow TMA (talc.) (seem) 1.0 1.0 1.0 I.3 
Deposition rate (nmlmin) 129 116 120 2.7 
s (deposition rate) (nm/min) 6 8 8 0.07 
Refractive index 1.976 1.992 1.986 1.772 
s (refractive index ) 0.018 O.OlQ 0.023 0.005 
W filament temp. (K) 2020 2020 2020 

to the gas mixture. In addition to NH, vibrationally excited 
nitrogen molecules formed by the catalytic decomposition 
of ammonia on platinum have been detected by molecular 
beam mass spectrometry.13 Similar reactive products 
formed by the catalytic decomposition of ammonia on 
tungsten may react with TMA introduced through the gas 
dispersal ring to form active intermediates, and also may 
stimulate the desorption of by-products from the growing 
film surface. The heated tungsten wire enhanced the alu- 
minum nitride growth rate by approximately two orders of 
magnitude, and resulted in a higher film refractive index 
compared to a similar uncatalyzed deposition, film D, as 
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FIG. 2. XPS survey spectra of film C (a) before and (b) after a 30 s, 3 
keV argon ion sputter etch. Note the disappearance of the carbon Is peak 
at 284 eV after the 30 s sputter etch. 

indicated in Table I. The deposition temperatures achieved 
are approximately 300 K below that reported for the hot 
filament CVD of silicon nitride.” 

Figure 2 shows the x-ray photoelectron spectroscopy 
(XPS) surface spectrllm of film C before and after a 30 s, 
3 keV argon ion sputter to remove the surface adventitious 
carbon. The film deposited at 584 K with hot filament 
catalysis contained less than 2% carbon as determined by 
XPS. The small carbon signal could have resulted from 
atomic knock-on caus’zd by the sputtering process. No XPS 
tungsten signal was observed, the sensitivity for detection 
being approximateIy 0.5%. The surface of the film had 
undergone oxidation, similar to that reported for alumi- 
num nitride deposited by other methods,5*7 as well as sili- 
con nitride deposited by thermal CVD.14 The oxygen peak 
underwent rapid attenuation to a negligible level upon fur- 
ther sputtering. The stoichiometry of the sputter profiled 
film was determined by integration of the XPS photoelec- 
tron peak areas with normalization by instrumental atomic 
sensitivity factors, and was found to be A10,52N0,48. 

FIG. 3. SEM cross se&o? of film A illustrating the dense columnar 
growth morphology. 
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FIG. 4. FTIR spectrum of film A illustrating the strong TO vibration 
mode of AIN at 663 cm. ’ Inset shows the weak AIN-N absorption at 
21OOcm. ’ 

The scanning electron microscope (SEM) cross sec- 
tion in Fig. 3 indicates that the aluminum nitride films 
exhibited a somewhat columnar structure with a slightly 
rough surface. The surface roughness for a 600 nm film is 
on the order of 10 nm. 

Figure 4 contains the transmission Fourier-transform 
infrared (FTIR) spectrum for the AlN film deposited at 
732 K. A silicon substrate was used for the background 
subtraction, and a baseline correction was performed on 
the spectrum. The strong absorption centered at 663 wave- 
numbers corresponds to the TO lattice vibration mode of 
A1N.15 A weak absorption band was noted at approxi- 
mately 2100 wavenumbers, and has been assigned to 
AlN-N as reported previously.‘6V’7 No hydrocarbon ab- 
sorption bands were noted, indicating that high purity 
films can be obtained from hot filament enhanced chemical 
vapor deposition. 

In summary, high purity, high refractive index alumi- 

num nitride thin films were deposited by the tungsten wire 
catalyzed, low temperature chemical vapor deposition re- 
action of trimethylaluminum with ammonia. Catalysis of 
the deposition resulted in deposition rates in excess of 100 
nm/min, an approximate two orders of magnitude en- 
hancement in the deposition rate compared to films depos- 
ited under similar conditions without benefit of the hot 
filament. 
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