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Reaction of AI/Mo thin films 
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Intermixing and compound formation by means of annealing have been studied for 
AI/Mo thin films. With annealing at 300 ~ C, only intermixing between aluminium and 
molybdenum films occurs due to mutual diffusion. With annealing at over 350 ~ C, 
AII2Mo and AIMo3 compounds were formed. The electrical resistivity of the film increases 
with intermixing and compound formation. The electrical resistivity increase is propor- 
tional to the annealing time, t v2. In low vacuum annealing, molybdenum oxide film 
forms on aluminium film. It is assumed that molybdenum atoms diffuse through the alu- 
minium film due to their chemical affinity with oxygen in the atmosphere. 

1. Introduction 
Aluminium thin film has been used as electrode 
and wiring materials for ICs, LSIs, planar type 
magnetic sensors, and other thin film devices. 
However, reactions between aluminium thin fihn 
and active layer materials often occur  in such 
devices [1]. For this reason, certain high melting- 
point transition metals have beert used as barrier 
films between aluminium thin films and the active 
materials. Molybdenum thin film is one such 
metal, and is used as a gate metal for silicon tran- 
sistors [2]. In such a case, the molybdenum silicide 
layer prevents any reaction between the aluminium 
electrode and silicon active layer. However, 
A1/MoSi/Si is not stable above temperatures of 
500 ~ C [3], and the details of this phenomenon are 
not clear. Thus, in thsi work, the reaction between 
aluminium and molybdenum thin films has been 
studied with the vie.w of clarifying the reaction 
mechanism. 

2. Experimental details 
Aluminium/molybdenum thin film specimens were 
prepared using a conventional electron beam depo- 
sition system under a vacuum of 2xl0-6torr .  
Source materials were 99.999% pure aluminium 
and 99.99% pure molybdenum. Corning No. 7059 
glass, cloven NaC1, and carbon film vapour- 
deposited onto a mica sheet were used for the sub- 
strate. In the specimen preparation, molybdenum 
film was at first deposited onto substrates and 
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then aluminium film was formed onto the molyb- 
denum film in a continuous manner. 

These specimens were annealed at 250 to 
500~ for 0.5 to 6h under a vacuum of 2 x 10 -6 
tort. To observe the influence of remaining oxygen 
in an annealing atmosphere, some specimens were 
annealed under a 10 -3 to 10 -4 torr vacuum. 

Depth profile measurements were performed 
using an ion analyser, as well as Auger electron 
spectroscopy. Microstructures of the films were 
observed by means of an electron microscope. 

3. Results and discussion 
3.1. Microstructure 
The microstructure of an as-deposited aluminium/ 
molybdenum film is shown in Fig. l a. The large 
aluminium grains indicated by the arrows in the 
figure and molybdenum fine grains were observed. 
From the electron diffraction pattern, it was 
recognized that aluminium and molybdenum did 
not react when as-deposited. Reactions like com- 
pound formation between aluminium and molyb- 
denum were also not observed in the specimen 
after annealing at 300~ Therefore, obvious 
microstructural changes were not observed. How- 
ever, mutual diffusion did occur, as will be 
described in what follows. 

The microstructure of the specimen after 
annealing at 350~ for 3h is shown in Fig. lb. 
Formation of the intermetallic compound AI~2Mo 
[4] was identified from the electron diffraction 

�9 1984 Chapman and Hall Ltd. 1339 



Figure 1 Transmission electron micrographs and electron diffraction patterns for aluminium/molybdenum thin films. 
(a) As-deposited, (b) annealed at 350 ~ C for 3 h, (c) annealed at 450 ~ C for 3 h. 

pattern. After long annealing, though, no other 
intermetallic compounds were detected. 

The microstructure of the specimen after 
annealing at 450~ for 3 h is shown in Fig. lc. 
The microstructure was slightly changed. Molyb- 
denum fine grains disappeared partly, and the 
observed molybdenum grains grew. Intermetallic 
compounds AlazMo and A1M% [4] were detected 
from the electron diffraction. After annealing at 
500 ~ C for 3 h, All=Mo, A1Moa and other electron 
diffraction spots from an unknown compound 
were detected. However, the details could not be 
clarified. 
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3.2. Depth composition profile 
Depth composition profiles for as-deposited and 
annealed aluminium/molybdenum specimens are 
shown in Figs. 2 to 5. The deposited aluminium 
and molybdenum were both 5Onto in thickness. 
Depth profiles of the elements for the as-deposited 
specimen are shown in Fig. 2. From these profiles, 
however, the exact intermixing of the elements 
could not be determined because a profile shift 
occurred in analysing the method itself. It is con- 
sidered, though, that the intermixing is very small, 
because the aluminium deposition temperature 
was sufficiently low (1 O0 ~ C). 
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Figure2 Depth composition profiles for as-deposited 
aluminium/molybdenum thin films. 

Depth composition profiles after annealing 
at 300 ~ C for 3 h are shown in Fig. 3. In this state, 
obvious intermixing was detected in comparison 
with the depth profiles for the as-deposited 
specimen shown in Fig. 2. However, no discon- 
tinuity in the profile was observed. It is therefore 
considered that no intermetallic compound was 
formed with 300~ annealing. This result is in 
good agreement with those from electron micro- 
scopic observation. 

Composition depth profiles for specimens 
annealed at 350~ for 3 h are shown in Fig. 4. 
The profiles showed compositional discontinuities 
in both aluminium and molybdenum. These 
existed in or near the aluminium film side. The 
relative atomic ratio of aluminium/molybdenum 
at this depth was about 10. In this layer, an inter- 
metallic compound, Al12Mo, was formed. In the 
specimen annealed at 450 ~ C for 3 h, two discon- 
tinuities in the composition profiles were observed. 
This is shown in Fig. 5. The exact composition 
ratio for aluminium/molybdenum could not be 
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Figure3 Depth composition profiles for aluminium/ 
molybdenum film annealed at 300 ~ C. 
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Figure4 Depth composition profiles for aluminium/ 
molybdenum film annealed at 350 ~ C. 

determined because the profile was very com- 
plicated. 

From the results of electron diffraction analysis, 
two intermetallic compounds were recognized. 
Therefore, this compositional profile could be 
seen to correspond to that for the compounds 
Al12Mo and A1M%. Electron diffraction from 
AllzMo showed up as dot-like spots. From this 
and the depth profile, it is assumed that the com- 
pound grew like an epitaxial growth on aluminium 
grains. Therefore, it is considered that molyb- 
denum atoms diffused into the aluminium crystal 
lattice. On the other hand, electron diffraction 
from the compound A1Mo3 was ring-like. There- 
fore, this A1M% perhaps formed on the fine 
molybdenum grains. 

3.3 .  Electrical resistivity 
The electrical resistivity of aluminium/molyb- 
denum thin film was measured to achieve a good 
reflection of the microstructural change in the 
film. Normalized electrical resistivities for 
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Figure5 Depth composition profiles for aluminium/ 
molybdenum film annealed at 450 ~ C. 

1341 



2.5 
o 

t~ 
2.0 

O 

>" 1.5 

| 

n- 1.0 
0 

. o 400'C 
t.50 C---. . . . . .~.7" .000~ 

3000C / j :_-__%', . _ _ _ _ - - - - 0 - - o - -  
'~ - -  0- - - " -T "v , I 

1 2 

Annealing time, t 1/2 (hl/Z} 

Figure 6 Electrical resistivity against annealing time for 
aluminium/molybdenum thin films: R0 = as-deposited, 
R = annealed. 

aluminium/motybdenum films having various 
annealing conditions are shown in Fig. 6. The 
resistivity for a specimen annealed a t  250~ did 
not change. When the annealing temperature was 
higher than 300 ~ C, the resistivity increased with 
increasing annealing time. Also, the resistivity 
increased rapidly with increasing annealing tem- 
perature. The increase in electrical resistivity was 
proportional to t ~/2 (t is the annealing time). This 
means that the compound formation process was 
controlled by element diffusion [5]. 

3 .4 .  E f f e c t  o f  a n n e a l i n g  v a c u u m  
The depth composition profile for a specimen 
annealed at 450 ~ C for 3 h in a vacuum of 10-3 tort 
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Figure 7 Depth composition profiles tbr aluminium/ 
molybdenum film annealed at 450~ in a vacuum of 
10- 3 tort. 

is shown in Fig. 7. In this profile, intermixing of  
aluminium and molybdenum was observed. 
Molybdenum, which diffused through the alu- 
minium film, was also measured on the aluminium 
film. The molybdenum layer on the aluminium 
film had a purple-like interference colour. This 
means that the molybdenum was oxidized in an 
annealing atmosphere. In fact; oxygen was detected 
by the depth composition measurement, as Fig. 7 
shows. Therefore, it is assumed that the molyb- 
denum atoms diffused towards the aluminium 
surface due to chemical affinity with oxygen in 
the atmosphere. The molybdenum oxide film did 
not show a clear cyrstal structure on the electron 
diffraction pattern. Consequently, it is considered 
that the oxide film has a glass-like structure. 

4. Conclusion 
The intermixing and compound formation between 
aluminium and molybdenum thin film were recog- 
nized by annealing temperatures above 300 to 
350 ~ C. From the results of  electron diffraction 
and depth, composition profile analyses, the 
relation between the compounds formed and 
annealing temperature was clarified; 
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