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Magnetron-Plasma CVD System and lts Application t0 Aluminum Film Deposition
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1. INTRODUCTION

Plasma-enhanced chemical vapor deposition of
various f i'lms has been extensi vely studied for
application to LSI fabrication. Recent[.y, several
investigations of the effects of applying a

magnetic f ie'l d to the region of the pl asma

deposition reaction have been reported 1)-4)as

same as reported in the reactive ion etching.5)
The d'i sad v antages of poor qua I i ty and I ow

deposition rate were improved by using a

magnetica'l 'ly enhanced plasma reaction. In this
system, however, the plasma reaction cou'ld not be

confined to the surface region of the substrate.
0n the other hand, as the dimensions of LSIs

decrease, the problems in a'l uminum multi-'level
metalization become more serious. Various CVD

systems such as photo-chem,i ca'l 6), therma'l 7)-10),

and p'lasmal 1) nave been proposed to improve the
step coverage and other aspects. The aluminum
fi lms deposited by these systems, however, are not
practica'l yet. Surface roughness and resistivity
are stil 1 problems in thermal and plasma CVD,

respecti ve1y.

The authors have developed a new deposition
system, magnetron plasma CVD (MPCVD), for
practical use of metal organic CVD Al films. This
paper outl ines the MPCVD system and its
application to AI film deposition. In this system
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using a planer magnetron, it has been found that
the plasma chemica'l reaction is confined within a

surface region by an app'lied magnetic fie'ld.
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Fig. 1. Schematic diagram of MPCVD systen

2. MPCVD SYSTEM

Figure 1 is a schematic diagram of the MPCVD

system with load-lock capability. Plasma enhanced

deposition has been carried out in this paral'le'l
p'l ate, 25 cm in diameter, reactor with a pair of
rectangu'lar bar magnets. RF power from 400 to 900

l^I at 13,56 MHz was app1ied to the upper electrode
with the source gas nozzle. The magnetic field
from the turnable-mounted permanent magnets
located under the reactor was applied to the Si
wafer through the heater. The strength of the

The authors have developed a new deposit'ion system, magnetron-plasma
CVD (MPCVD), al lowing the practica'l app'l ication of meta'l organic CVD of
Al fi'l ms. t^Jith this system, it has been found that the plasma chemical
reaction is c'onfined to the surface region of the substrate by an applied
planar magnetic fie'l d. A hil lock-free A1 fi'l m with a resistivity of 3.8
x10-6 ohm-cm and other properties suitable to VLSI was obtained.
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magnetic field is varied from 20 to 800 Gauss by

moving the magnets up and down, The locus of
magnetic field l'ines para'l lel of the substrate
surface is a c'losed path. It is be'l ieved that
there will be less oxygen contamination from the
chamber wal'1, a'l 'lowing densified Al fi'lms to be

obtained, because the strong plasma reg'ion is
loca'l ized at the surface by a powerful magnetic
fi el d.

3. DEP0SITION of Al FILM

The A'l f i 'lms were depos i ted on 4 i nch
diameter Si wafers using trimethyl aluminum (TMA).

The TMA storage cyl 'inder was kept at 5oC. TMA

mixed with hydrogen gas was supplied to the
reactor via the upper electrode nozzle. The

carrier H2 gas of TMA and dilute H2 gas flow rates
were main'ly. 16 sccm and 1.5 slm, respectively.
The substrate temperature was from 50 to 100oC and

the pressure was 2.3 Torr.

There are the fol lowing optimum conditions of
plasma reaction. Figure 2 shows that the
deposition rates of Al fi lms depend on the RF

power density. There is a peak of depos'ition rate
at RF power density of about 1.4 Wfcn?, however

the resistivities of these deposited films do not

show the same power dependency. The optimum power

density for both deposit'ion rate and resistivity
is 1.0 W/"^2. RF power is the most severe factor
which influences not only the depos'ition rate but

also the resistivity and uniformity. As shown in
Figure 3, under an RF power density of '1,0 W/cn?,
keeping other conditions constant, the deposition
rate increases with increasing the carrier gas

flow. Then, at a carrier gas f'low above about 15

sccm, the deposition rate decreases at the center
of the Si wafer. The un'iformity of film thickness
observed at excess source gas conditions is the
same as found at a lower RF power conditons. It
may be considered that at the center of a wafer,
the p'lasma reaction is not magnetical Iy enhanced

with the excess source gas, because the mean free
path of the cyc 1 oi da'l moti on e'l ectrons i s
decreased. There is a lower I im'it of the amount

of dilute H2 gas, as'indicated in Figure 4. After
the ratio of HZ/Tl4A exceeds 80, the deposition
rates become constant and the resistivities are
gradua'l 1y reduced.
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Figure 5 shows that the resistivities of Al
fi lms deposited by MPCVD decrease with increasing

horizontal magnetic fie'ld at the wafer surface.
This result shows that the effect of the magnetic

field is as expected. this appears espec'ially
above 200 Gauss. Figure 6 shows an Auger depth
profi'le of a film deposited by MPCVD under an RF

power density of 1.0 Wfcn?, TMA of 15 sccm, a

pressure of 2.3 Torr, and a dilute H2 gas f'low of
more than 1,5 slm. The thickness of the A] fi lm

deposited on a Si substrate is 100 nrn The excess

oxygen and the 5.7 7" uniformly distributed carbon

are observed at the surface I ayer and through the

who'le fi lm, respecti vely.
Genera 1 I y, the fo I I owi ng react'ion can be

considered as hydrogen addition to TMA.

A1(CH3)3 + 3/2HZ -----> Al + 3CH4

In the MPCVD system, it is believed that this
reaction occurs strongly at the Si wafer surface

because the molecules or the atoms of TMA and

hydrogen are more excited by collisions with the

el ectrons with he1 ical or cycl oidal motions. It
is considered that if the comp'lete decomposition

reaction does not occur, the deposited films
include the undecomposed TMA. In these films, the

res'istivity is higher than that of the f i'lm
deposited by comp'lete react'ion. This is why the
resistivities of deposited fi lms decrease with
increas'ing magnetic field as shown in Figure 5.

This was also supported by the results of AES and

SIMS, namely much carbon and hydrogen were

observed in films deposited without a magnetic

f i e'l d reacti on.

4. ANNEALING of DEP0SITED FILM

The resisti vities of MPCVD A'l fi lms can be

further reduced by annealing as shown 'in Figure 7.

After annea'l ing at 600"C, a resisti vity of 3.8

x10-6 ohm-cm was obtained. This is equal to that
of a conventiona'l sputtering deposition. F'igure 8

il'lustrates the same annealing effect for films
deposited by plasma reaction that is not
magnetical ly enhanced. The reduci ng ratios of
resistivity and.thickness before and after
annea'ling are larger than that shown in Figure 7.

This shows that Al film deposited by MPCVD is
denser than that deposited by a reaction which is
not magnetical ly enhanced. The latter may be
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porous or include hydrogen. The measurement

results of AES and SIMS indicate that hydrogen

diffuses out and carbon remains in the fi'lm after
annealing. This also shows that undecomposed TMA

inc'l uded in the f i lm can be dissociated by
anneal i ng.

5. CONCLUSION

Al f i'lms were deposited using TMA by the
MPCVD system in whicn plasma chemica'l reaction was

confined local 1y by a magnetic field. There is
less oxygen contamination from the chamber wa1'1,

and decomposition reaction occurs completely. A

resistivity of 3.8 xl0-6 ohm-cm was obtained after
enough anneaf ing. To be hi 1 Iock-free even after
annealing at 600"C is an excellent property never

before obtained with the conventiona'l A'l fi lm.

MPCVD wil'l be a very interesting deposition method

for VLSI technology and new material fabrication.
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depos'ited by PCVD without magnetic
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As shown in Figures 9(A) and (B), there are
problems of surface roughness and hil'lock growth

in thermal CVD A1 and evaporated Al, respectively.
0n the contrary, the MPCVD Al f i'lm maintained a

smooth surface even after annealing at 600oC, as

shown in the Figure 9(C). This shows that the
migration of Al atoms is suppressed. Although
this mechanism is not yet c1ear, the carbon
contained in the film plays an important role in
the suppression of migration.
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A1(4O5 nm)/SiO2 AT(F;ZO nm)/SiO2 Al(54O nm)/SiO2

As deposited 45OoC, 25 min 6OO.C, 25 min

Thermol CVD Evoporoted MPCVD

Fig. 9. SEM of Al fi'lm surfaces deposited by

(A)therma'l CVD, (B)evaporation, and (C)MPCVD.

Samp'les (B) and (C) were annealed in 4 7"-H2/N2 at

450oC and 600"C, respectively.
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