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The organometallic chemical vapor deposition of single precursors, [Me2Al(p-NHR)]2 (R=iPr, (Bu), for aluminum nitride 

thin films has been investigated to evaluate their poroperties as potential precursors. In chemical vapor deposition 

processes the gas phase products scattered from a Ni(100) substrate were analyzed by mass spectrometry and the 

deposited films were characterized by X-ray photoelectron spectroscopy (XPS). The optimum temperatures for the 

formation of AIN films liave been found to be between 700 K and 800 K. Carbon contamination of the films seems 

to be attributed mainly to the methyl groups bonded to the aluminum atoms. It is apparent that *Bu group is better 

than jPr group as a substituent on the nitrogen atom of 나le single precursors for the AIN thin film formation.

Introduction

Aluminum nitride (AIN) has received much attention due 

to its current and potential applications as electronic substra

tes, passivation and dielectric layers, high frequency surface 

acoustic wave devices, and op:ical devices.1 Several techni

ques have been employed for the preparation of AIN thin 

films, including conventional crganometallic chemical vapor 

deposition (OMCVD),2 molecular beam epitaxy (MBE),3 and 

single precursor OMCVD.4-6 The single precursor OMCVD 

has been shown to have a number of important advantages 

over the conventional CVD process. The conventional CVD 

process uses, especially in the case of preparing compound 

films, sources that are often very corrosive, toxic and/or py

rophoric thereby necessitating extensive safety measures. In 

comparison, the single precursor OMCVD process uses com

pounds that are relatively nontoxic and not pyrophoric. With 

conventional multiple sources, it is not easy to obtain accu

rate stoichiometry. The use of single precursors makes it 

easy to control the stoichiometiy by designing the molecules 

appropriate for particular deposition composition. Finally, the 

low temperatures (150 °C -600 °C) often involved in single 

precursor OMCVD can reduce interdiffusion of layers and 

dopants.7-10

Cowley et al.n reported on the preparation of epitaxial 

GaAs thin film using the single precursor, [Me2Ga(|i-AstBu2)]2. 

We have employed the structurally similar dimeric amido- 

alane precursors, bis(dimethyl-g-isopropylamido-aluminuni) 

(BDPA)12 and bis(dimethyl-p-^-bntylamido-aluminum) (BDBA)13 

(Figure 1, trans forms) to prepare AIN films. Since the struc

tures of the ligands in these pirecursors may play an impor

tant role in the deposition beliavior, film compositions, and 

reaction mechanisms, it is important to find what kinds of 

substituents bonded to nitrogen and/or aluminum would be 

good for the preparation of high quality films. In this study, 

we investigated two AIN sing.e precursors with R groups 

of *Pr and lBu on the nitrogen atoms. To is이ate the intrinsic 

surface reactions of these precursors from other experimen-

Bis(diietbyH-isopropylaido-aluiinm)

Bis(diiethyH-t-butylajiido-aliiiiDui)
Figure 1. Molecular structures of the precursors used for the 

preparation of AIN films.

tai properties such as gas-phase reactions, a pressure-contro

lled effusive molecular beam of each of the precursors was 

directed onto a Ni(100) single crystal surface in an ultrahigh 

vacuum chamber.14 Gas phase species scattered and therma

lly desorbed from the crystal surface were detected by a 

quadrupole mass analyzer (QMA). XPS was used to analyze 

the deposited films.
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Experimental

Synthesis of the precursors. The precursors BDPA 

and BDBA were prepared by the procedure옹 reported pre

viously.12,13

Thermal Decomposition Studies. The deposition 

experiments were carried out in an ion-pumped UHV cham

ber (P<10-10 Torr) of the ESCALAB MK II (VG Scientific 

Ltd), equipped with XPS, QMA, UPS (ultraviolet photoelec

tron spectroscopy), a duoplasmatron ion gun, a heating-cooling 

sample holder, and a doser. The doser is a 3.2 mm-diameter 

stainless steel tube pumped by a turbomolecular pump. The 

dosing rate of the precursors was regulated by a variable 

leak valve. The precursors and the dosing line were maintain

ed at room temperature during precursor dosing. The head 

gas from precursors was continuously pumped in order to 

minimize the contamination by the decomposed molecules 

in the effluent.

A Ni(100) single crystal (elliptical shape of about 0.5 cm2 

in area and 2 mm thick) was used as the substrate. The 

reason we chose Ni(100) substrate was to have a good con

trol of temperature variation when employing resistive heat

ing.15 The nickel crystal could be heated resistively up to 

1400 K, and cooled down to 120 K using liquid nitrogen. 

An Alumel-Chromel thermocouple (0.25 mm in diameter) 

spot welded onto the side of the crystal was used to monitor 

the nickel crystal temperature. The nickel crystal was clean

ed by repeated cycles of argon-ion sputtering (3 kV, 1 pA/cm2) 

and annealing (600 K-1200 K). After each cleaning, the clean

liness of the crystal surface was confirmed by XPS and UPS.

Upon setting the crystal temperature at various values be

tween 300 K and 970 K, 900 L of AIN precursors were sent 

to the nickel substrate using the doser under steady state 

flow condition. The deposited films on the nickel substrate 

were characterized by XPS. The X-ray source was Al Kai,2 

(1486.6 eV), and the power was maintained at 300 W (15 

kV, 20 mA). In taking photoelectron spectra, the spherical 

sector analyzer was operated in the constant analyzer energy 

mode with 20 eV pass energy, 0.1 eV step size, and 100 

ms dwell time. Data acquisition and analysis were carried 

out by a PDP-11 Micro/RSX computer from Digital Equip

ment Corporation. The spectra of N Is, Al 2pt and C 15 

were synthesized using the method of least squares. Ni 2腿 
peak was chosen for the substrate signal.

In the mass analysis experiments, the effusive beam of 

the precursors was directed onto the nickel surface from 

a 5 mm distance at an angle of 30° from the surface normal, 

and was scattered into the mass analyzer located 2 cm above 

the crystal and a little off-axis from the line-of-sight direc

tion. The dosing rate of the precursors, according to the 

method of Henn et a/.16 was 3.92 X1015 molecules/s. The tem

perature of the nickel substrate was linearly ramped at 2 

K/s.

Results and Discussion

X-ray Photoelectron Spectroscopy. After each dose 

of the precursors onto the clean Ni(100) surface at 300 K- 

970 K, the deposited films were analyzed by XPS. Figure 

2a shows the atomic concentrations of the films deposited 

at various temperatures using BDPA. The results were re-
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Figure 2. The atomic concentrations of the films deposited by 

single precursors at various temperatures (a: using BDPA, b: 

using BDBA).

producible through several runs. The atomic concentrations 

were calculated from the peak areas of the elements concern

ed. The substrate signal was included in the calculation as 

if it comes from the films, but this does not affect the general 

trends of the deposition behavior. At about 770 K, the nickel, 

aluminum, and carbon concentrations increase noticeably and 

the nickel signal decreases below 20 %, which indicates a 

large increase of the deposition rate at this temperature. 

The deposited films contained relatively large amounts of 

aluminum and carbon compared to nitrogen, and the concen

tration of carbon is found to increase with temperature. The 

slight increase in the nickel signal abcze 900 K is probably 

because the deposition area at this high temperature is smal

ler than the viewing area of XPS. Figure 2b shows the tem

perature profile of the films deposited using BDPA. The de

position rate increases at around 720 K which is about 50 

K lower than when BDPA was used. The films deposited 

from BDBA contain a little more nitrogen and less carbon 

나lan those obtained from BDPA above 720 K. The amount 

of carbon retained in the film does not increase noticeably 

above 830 K. In both cases of BDPA and BDBA, there appear 

signals of oxygen that were not observed on the substrate 

surface initially. It turns out that the precursors are rather 

air and moisture sensitive and form even aluminum oxide 

films if the vacuum condition is poor. Residual amount of 

oxygen containing species in the gas phase of the vacuum 

chamber is thought to be responsible for the appearance of 

the oxygen signals. The O Is signals, however, decrease gra

dually in intensity with temperature.
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Hgure 3. N Is photoelectron spectra of the film deposited from 

BDPA at various temperatures.
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Figure 4. N Is photoelectron spectra of the film deposited from 

BDBA at various temperatures.

Figure 3 and Figure 4 show the changes in the N Is spec

tra of 나｝e films deposited from BDPA and BDBA, respecti

vely, at various deposition temperatures. In Figure 3, the 

N Is peak initially shows up at 396.8 eV due to the commen

cement of BDPA deposition, end the peak 아lifts 0.3 eV to 

the left and its half-width is riarrowed at 770 K, where the 

deposition rate increases appreciably. The peak with the lo

wer binding energy is probably due to the nitrogen interac

ting with the nickel substrate, which forms in the initial stage
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Hgure 5. Curve-fitted N Is, Al 2p, and C Is photoelectron spec

tra of the film deposited from BDPA at 770 K.

of deposition. The shift of the N Is peak from 396.8 eV to 

397.1 eV is thought to be due to the deposition of a true 

aluminum nitride layer. Therefore the effective deposition 

temperature of BDPA is around 770 K. In the case of BDBA 

(Figure 4), the N Is peak shifts from 396.8 eV to 397.1 eV 

with its half-width narrowing, and the increase in peak inten

sity occurs at about 720 K which is again 50 K lower than 

with BDPA.

Figure 5 shows synthesized N Is, Al 2p, and C Is spectra 

of the film deposited at 770 K using BDPA. In the N Is 

region, the main peak appears at 397.1 eV due to AIN17 with 

a small peak at 398.8 eV indicating the presence of amines.18 

The Al 2p region is separated into two prominent peaks with 

two minor peaks. The one with higher binding energy (74.2 

eV) is due to AIN17 and the one with lower binding energy 

(73.4 eV) seems to come from methyl aluminum19 and alumi

num carbide.20 These two types of carbon have been known 

to have almost identical binding energies and so are not 

separable in the spectrum.20 The two minor peaks at 75.6 

eV and 72.3 eV are presumably due to the formation of alu

minum oxide and metallic aluminum,20 respectively. There 

are four peaks in the C Is region corresponding to carbon 

associated with oxygen (286.5 eV),20 the bulk carbon (284.5 

eV)?8 methyl carbon bonded to aluminum (283.4 eV),19 and
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Figure 6. Temperature profiles of the scattered species when 

BDPA is dosed onto the nickel single crystal.

Temperature (K)
Figure 7. Temperature profiles of the scattered species when 

BDBA is dosed onto the nickel single crystal.

aluminum carbide (281.7 eV).20 Since the peak at 283.4 eV 

has the highest intensity, we believe that the excess carbon 

mainly results from the methyl groups that were originally 

bonded to the aluminum atoms. The synthesized N Is, Al 

2p, and C Is spectra of the films deposited from BDBA at 

720 K show quite similar features to those of BDPA at 770 

K. Bent et al.u reported that surface methyl groups were 

responsible for the carbon incorporation at temperatures 

higher than 600 K in the study of thermal decomposition 

of triisobutylaluminum to deposit aluminum film. Recent 

studies of adsorption and subsequent thermal decomposition 

of alkyl halides have shown that CH* (r=l-3) species are 

identified and stable on the nickel surface.21 Our XPS analy

sis is also consistent with these results in that methyl groups 

on aluminum atoms may subsequently decompose at higher 

temperatures and remain on the substrate as CH* species, 

which results in higher carbon contamination in the films.

Mass analysis. In this mass analysis experiment, parent 

precursors in the gas phase, species scattered and thermally 

desorbed from the nickel substrate, and their cracking frag

ments all appeared in the mass spectra. The analysis of all 

the species in the mass spectra was too complicated to han

dle, so we concentrated on the peaks that showed appreciable 

changes in the intensities when scattering was perform

ed. Figure 6 is the temperature profile of the intensities 

of the species derived from scattered BDPA, thermally decom

posed fragments, and mass cracking fragments (in the resi

dual gas analyzer) while BDPA is being directed onto the 

Ni(100) surface. The nickel temperature was ramped linearly 

at 2 K/s. In a separate experiment we observed that the 

parent molecular ions of BDPA and BDBA do not have the 

highest intensities upon fragmentation in the gas phase. Ins

tead, the species formed by loss of a methyl group from 

the parent molecules dominate the fragmentation patterns. 

Therefore we chose m/e=215 (M+ — CH3) peak for the con

firmation of the presence of the parent molecule BDPA in 

all the mas옹 fragmentation analysis. Similarly we chose m 

/e=243 (M+ — CH3) peak for the analysis of BDBA. Because 

a simple p-cleavage of the carbon-carbon bond adjacent to 

nitrogen provides the most intense ion in the spectra of alk

ylamines,22 we chose m/e = 44 (CH3—CH = NH2") for isopro

pylamine (IPA) and m/e—58 ((CH3)2C=NH2+) for fert-buty- 

lamine (TBA). In Figure 6, the intensity of BDPA decreases 

and that of IPA increases above around 770 K which is the 

effective deposition temperature of BDPA. Since the intensi

ties of dimethylaluminum (DMA, m/e = 57) and the monome

ric species (BDPA/2, m/e= 100) decrease in the similar fa

shion to that of the parent molecule, these species may mai

nly come from the fragmentation of the parent molecules 

in the mass analyzer and not appreciably from thermal deco

mposition from the nickel surface. Methane can be formed 

via intramolecular reaction between methyl group and isop

ropyl ligand or hydrogen on nitrogen atom, and via intermo- 

lecular reaction between methyl radicals and hydrogen atoms 

on the surface.23 The intensity of CH4 (m/e = 16) slowly inc

reases with temperature. Because IPA is easily removed 

from the nickel surface but DMA isn't according to its low 

intensity in the mass analysis, it is thought that the deposi

ted film has excess aluminum compared to nitrogen. The 

slow evolution of CH4 implies that methyl aluminum species 

on the surface remain and subsequently decompose at higher 

temperatures, and explains why the film has large carbon 

incropor 가 ion.

Figure 7 shows the intensities of the species derived from 

BDBA with increasing temperature. Here the temperature 

at which the intensity of the precursor BDBA starts to dec

rease shows up somewhat lower (a few tens of Kelvin) than 

in the case of BDPA in Figure 6, which is consistent with 

the previous result in Figure 2. The noticeable differences 

in the mass spectrometric analysis of BDBA from BDPA are 

the slower decrease of DMA intensity, the faster increase 

of CH4 intensity, and the faster decrease of the monomeric 

species (BDBA/2, m/e = 114). More subtle is the behavior 

of the amine fragment,左乃-butylamine (TBA), which shows 

highest intensity in the gas phase mass spectrum at m/e —58. 

The intensity of TBA remains almost constant beyond 720 

K (up to around 780 K) which is the effective deposition 

temperature for BDBA. However, it is not the case with IPA 

which is the amine fragment from BDPA, and its intensity 

begins to increase around the effective deposition tempera

ture (770 K) of BDPA as shown in Figure 6.

TBA can contribute to the intensity of DMA by losing 
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a hydrogen,22 but it does not seem to account for the whole 

intensity profile of DMA. It is not quite possible for us to 

speculate on the detailed surface chemistry based on the 

relative intensity variations of individual CH4, DMA, and 

BDBA/2 species, but it is thought that their combined effects 

might result in the somewhat higher nitrogen content in the 

film by BDBA than that formed by using BDPA. The fast 

increase in the intensity of CH4 (m/e = 16) above 800 K exp

lains why there is no further increase of the carbon retained 

in the films that are deposited above this temperature (Fig

ure 2b).

In this investigation, qualitative comparisons were made 

between two kinds of precursors having different R groups 

on the nitrogen atoms to understand the effects of R groups 

on the film formation with these precursors. For both precur

sors, the carbon retained in the deposited films seems to 

come mainly from the methyl groups bonded to aluminum 

atoms. The change of 'Pr group to lBu group is found to 

have three apparent beneficial effects on the deposition of 

the films. First, the effective deposition temperature for 

BDBA is 50 K lower than that for BDPA. Second, the film 

deposited using BDBA has less carbon incorporation compar

ed to BDPA above 800 K. Third, lBu group seems to be 

a better substituent to retain the Al-N bonding in the CVD 

process than 'Pr group, resulting in generally higher nitrogen 

content in the film deposited from BDBA than from BDPA.
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