N

N

CVD CARBONYL THIN FILMS OF TUNGSTEN
AND MOLYBDENUM AND THEIR SILICIDES - A
GOOD ALTERNATIVE TO CVD FLUORIDE
TUNGSTEN TECHNOLOGY
K. Gesheva, V. Abrosimova, G. Beshkov

» To cite this version:

K. Gesheva, V. Abrosimova, G. Beshkov. CVD CARBONYL THIN FILMS OF TUNGSTEN AND
MOLYBDENUM AND THEIR SILICIDES - A GOOD ALTERNATIVE TO CVD FLUORIDE
TUNGSTEN TECHNOLOGY. Journal de Physique IV Proceedings, 1991, 02 (C2), pp.C2-865-C2-
871. 10.1051/jp4:19912103 . jpa-00249781

HAL Id: jpa-00249781
https://hal.science/jpa-00249781v1
Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/jpa-00249781v1
https://hal.archives-ouvertes.fr

JOURNAL DE PHYSIQUE IV C2-865
Colloque C2, suppl. au Journal de Physique II, Vol 1, septembre 1991

CVD CARBONYL THIN FILMS OF TUNGSTEN .AND MOLYBDENUM AND THEIR
SILICIDES - A GOOD ALTERNATIVE TO CVD FLUORIDE TUNGSTEN TECHNOLOGY

* % k

K.A. GESHEVA®, V. ABROSIMOVA*" and G.D. BESHKOV

*Central laboratory of Solar Energy and New Energy

Sources, Bulgarian Academy of Sciences, 1784 Sofia, Bulgaria

** Institute of Physical Problems in Microelectronics
Technologies, Academy of Sciences of USSR, 142432 Chernogolovska
Moscow, USSR

***Institute of solid State Physics, Bulgarian Academy of
Sciences, 1748 Sofia, Bulgaria

Abstract - By thermal decomposition of W(C0)s and Mo(CO)g at temperatures
below 400°C and atmospheric pressure thin films on Si wafers were grown.
This technology ia shown to -be an alternative to the fluotide one which uses
WFg as a source material. Low resistivities together with a lack of errosion
of Si substrate are possible. As-deposited films contain considerable amount
of carbon and oxygen. By proper thermal annealing in Hp atmosphere as well
as by rapid thermal annealing in vacuum optimum conditions were found to
obtain low resistive metal and metal silicides films. Auger electron spectro-
scopy and XRD-studies were used to show the connection between the chemical
composition and structure of the two kinds of films on the one hand and their
resistivities on the other.

1. - Introduction

The many advantages of CVD-tungsten films, most notably low resistivity, easy deposi-
tion, the ability to cover surfaces in a comformal way, high electromigration resis-
tance, make them a key candidate as a material which is good for contacts, inter-
connections and multilevel metallization. Until now, so called fluoride CVD-tungsten
technology has been used for deposition of W~thin films for microelectronics.
Hydrogen reduction of WFg leads to deposition of films with thicknesses over a large
range. Recent results however showed some Timitations of this technology / 1/ .
Because WFg reacts very strongly with silicon a considerable damage of the silicon
wafer surface appears. An inter layer of silicides is usually necessary for deposi-
tion in order to compensate some of the negative sides of this technology. In spite
of these disadvantages fluoride CVD-technology has been recently commercialized and
it is considered that W-films application in VLSI devices is imminent.

We present in this paper a study of CVD-W and CVD-Mo films, the two based on another
technological process; namely thermal decomposition of their corresponding carbonyls
in an inert atmosphere. The absence od a corrosive gas in the processing gives the
possibility of avoiding surface damage without using an intermediate silicide layer.
From the literature this process is recommended as an alternative to the fluoride
technology / 1 /.

We have used in these experiments our experience of these materials with respect to
solar energy applications / 2 - 4 / . We have studied so called black Mo and black W
solar selective coatings which are actually composite structures - an oxide matrix
with pure metal particles embedded in it. The basic difference between the black
materials CVD process and the one studied in this paper is that now we do not inten-
tionally involve an oxygen bleeding. We merely thermally decompose W(CO)g and Mo(CO)g
in an Ar atmosphere.
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2. - Deposition and measuring techniques.

A11 the samples under this study are deposited in horizontal CVD-reactor. The subli-
mator is immersed in a silicon oil bath, whose temperature is maintained with an
accuracy of +1°C. The gas lines in the CVD system are PFA - Gatek type teflon tubes
and fittings wrapped in heating tapes to keep the temperature of the vapour on the
way to the reactor chamber equal or higher than the sublimator temperature. Silicon
wafers with diameters of 50,8 mm and thickness of (330 $15) um and o = (42,5362)2.cm
were placed on a graphite susceptor and inductively heated by a high-frequency
generator. Substrate temperature is measured by a Pt - Pt/Rh thermocouple, held in a
channel in the susceptor. A thermoregulator, periodically switching off one of the
three phases of the generator supply gives the possibility for the substrate tempera-
ture to be controlled with an accuracy of + 10°C.

The source materials are of the type "for synthesis" purity ( 98 %,). The gases used
are Ar ( 99,95 % ) and Hy , used in the annealing process ( 99,99 % ). A1l of them
are additionally cleaned, using standard purifying and drying systems.

Thermal decomposition of W(C0)g and Mo(CO)g in an Ar atmosphere leads to a deposition
of thin films on a heated substrate. The overall reactions can be written / 5 / :

W(CO)g —~ W + 6 (CO) ;
Mo(CO)g — Mo + 6 (CO) .

The deposition temperature for the_two materials were in the range ( 300 - 400 )°C.
The deposition rates were about 2 R/sec, the total gas flow - about 1500 cc/min.

The resistivity of the films was controlled by four-point probe techniques, using an
automatic device FPP-100. Thickness of the films was measured by Talystep profilo-
meter. Auger electron spectrometry and X-ray diffractometry were used for the compo-
sition and structure study.

3. - Results and discussions.

Decomposition of W(CO)g and Mo(CO)g below 400°C is incomplete and considerable amount
of carbon and oxygen are usually found in the films besides the basic element W or Mo.
If the process is carried out at a temperature above 400°C, powdery non-adherent
films are deposited / 5 / . So, our samples were deposited below 400°C and carbides
or oxycarbides rather than pure metal films were found to be deposited. As Auger
analysis results show on Fig. 1 {(a) and (b), about 30 % C and 20 % F are embedded in
the film. For the Mo samples the oxygen content is higher than carbon content. It is
seen, that fiims are homogeneous in composition through the film thickness, since
atomic concentration versus sputtering time lines are almost flat through the depth
of the films.
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Fig. 1. Auger electron spectrometry analysis of as-deposited
carbonyl CVD-W film (a) and CVD-Mo film {b), obtained by thermal
decomposition of W(CO)g and Mo(CO)g at 340° - 400°C.

Auger lines shapes and the known reactivity, especially for molybdenum with respect
to oxygen and carbon, indicate that carbon and oxygen are probably bonded in the Mo
lattice rather than being present in the film as molecular CO. In order to confirm
this we studied the crystal phase structure of the films by X-ray diffractometry,
using a copper tube and a proportional counter. Results for XRD spectra are presented
on Fig. 2. - for as-deposited W (a) and Mo (b) films.

The observed maxima in (a) correspond to a crystalline phase with d-spacing of: 2,37;
2,05; 1,46 which are lines of modified W2(CO) phase, for which the theoretical data
are respectively 2,44; 2,125 1,49, In the case of as-deposited Mo film we see a weak
diffraction pattern of probably a crystal phase of MoC with disttored d-spacing of
2,34; 2,25; 2,10, compared to the theoretical data: 2,44; 2,29; 2,12, Further we
obtained different sets of samples from W and Mo with different thicknesses in order
to study the influence of the post deposition annealing on the electrical resistance
of the films. The measured sheet resistance of as-deposited W and Mo films for
different thicknesses ia of the order of 25 to 250 /u . In order to decrease the
resistance of these films we performed a post deposition annealing, using our CVD
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Fig. 2. XRD ~ analysis of as-deposited carbonyl
CVD-W (a) and CVD-Mo (b). Cu K radiation.

system reactor and the same way of heating, merely increasing the generator power and
reaction temperature close to 800°C. In fact we did a solid phase reduction of as-
deposited films in Ho atmosphere. An optimized duration of 10 min and the total flow-
rate of 880 cc/min argon and hydrogen were established. Together with the composi-
tional and structural studies we measured the sheet resistance as well as the resis-
tivity of the films in order to find the influence of the annealing process. The
results are shown in Table 1 for two kinds of material ( w and Mo ) and for different
thicknesses of the films.

TABLE 1. Electrical sheet resistance and resistivity of as-deposited and annealed
carbonyl CVD-W and CVD-Mo thin films.

TUNGSTEN FILMS

Annealed in Hj Rapid thermal annealed films
800°C 1200°C 1300°C
d Rg 0 Rg ) Rs o R R o
i Qfa Q.Ccm /e f.cm R/a f.cm Q/a Q.cm /1 Q.cm
0,6 14,7 8. 8x10-4 0,559 0,34x10-4 - - - - - -
0,3 17,3 5,2x10-4 0,575 0,17x10~4 - - - -
0,21 22,8 4, 8x10’ - - 12,15 2,55x10-4 1 08 0, 173x1o-4 - -
0,16 26  4,3x10-4 - 14 2,3x10°4 1, 015 o, 163x10 -4 . -
0,12 134 16,1x10-% 3,23 0, 39x10~4 - - - -
MOLYBDENUM FILMS
0,3 16,2 4,86x10-%.0,530 0,159x10-4 - - - - = o a
0,19 23,5 4,5x10°% - - 18,5 3, 52x10 4 - - 0,407 0,077x10
0,13 27,5 3,58x10"4 - - 2 0, 726x10- - - 6,35 0,84x10-4
0,12 32,26 3,87x10~% 15,7 1,87x10~% - - - 2,2 0,26x10"%

At present, the conclusions which we make on the basis of the table data are as
follows:

The two kinds of as-deposited films have resistivities of the order of several

hundred microohms per cm. After annealing in Hp atmosphere, the resistivity falls
markedly and in some cases to less than 20 uQ.cm; the lowest for W was 17 uQ.cm and
for Mo - about 16 uf.cm. Going to a higher annealing temperature in vacuum we succeed-
ed in decreasing the resistivity of Mo films to the value of 7,7 ue.cm, compared with
the bulk value for Mo of p = 5,77 uf.cm . We should note that films annealed at

1300°C in vacuum look perfect, compared to ones, heated in Hp. The high sheet resis-
tance and the corresponding resistivity for as-deposited films can be considered
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as a function of two factors: impurities in the grain boundaries and the grain

size / 6,7 /. Qur as-deposited films are small grained, polycrystaliine, with grain
size about 500 R. During the annealing, dependent on 0 and C contents, sometimes
grains can grow considerably. The influence of the impurities in carbonyl films on
structure and electrical properties has been studied in detail / 8 /. Auger analysis
of the annealed films were performed and the results are shown on Fig. 3. - (a) for
tungsten films and (b) for molybdenum ones. Even though most of the carbon and
oxygen leaves the film, from Fig. 3. it is seen that films still contain carbon and
oxygen. This is important since a practical process must tolerate some impurities in
a strongly reactive material, such as W and Mo. It is encouraging that the low resis-
tivity of CVD-W and CVD-Mo films is not affected by excessive purity. Although not
measured, chemical composition of such films may still contain some impuriries, since
a fully annealed Mo film contains 3 % 0 and 1 % C, besides 96 % Mo / 8 / . We see
that in annealed fiims a considerable amount of Si has appeared, obviously comimg
from the Si substrate, during the high temperature annealing. On Fig. 4 (a) and (b)
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Fig. 3. Auger electron spectrometry analysis of annealed at 780°C
carbohyl CVD-W film (a) and carbonyl CVD-Mo film (b) in Hp
atmosphere.
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Fig, 4. XRD - analysis of annealed carbonyl CVD-W (a) and
CVD-Mo (b) films at temperature of 780°C for 10 min.

we have shown the results from XRD analysis of annealed films and we see that
although a great amount of Si is found in the W film, no peaks in the XRD spectrum
other than of pure metallic W are found. At the same time in the case of Mo we see
besides some of the pure Mo lines { 2,23; 1,57; 1,29 ) an other strong peak { 1,34 )
of MosSi ( 2,193 2,005 1,36 ). Probably Mo is easier~to alloy with Si than W. We
tried to study higher temperature annealing for our films and to find the temperature
at which W silicides would appear. Very recent XRD - study of W films, annealed at
1200°C in vacuum for 30 sec showed that at this temperature alloying of W and Si is
possible. This will be a subject for future detail study.

We have also studied by replica electron microscopy techniques the Si surface, on
which carbonyl W film has been deposited and further chemically etched. As the study
showed besides some non-etched points, probably of the W film, no other defects
could be noticed - Fig. 5.

5. - Conclusions

By thermal decomposition of W(C0)g and Mo(CO)g and by further optimum annealing,it is
possible to obtain Tow-resistive materials. One important advantage of the carbonyl
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Fig. 5. EM replica of Si surface, on which W film has been
deposited and further etched. ¥Magnification 100 000 X.

CVD-process is the lack of attack on the Si surface. The fact, that silicides are
formed at annealing temperature may be useful in decreasing the contact resistance
of the metal films to pt and nt of Si. In addition an annealing temperature of less
than 800°C is compatible with microelectronics technology.
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