
Bulgarian Journal of Physics 19, Nos 1/2 (1992) i8-81 

RAPID THERMAL ANNEALING OF CVD­
MOLYBDENUM THIN FILMS 

K.A. Gesheva, 
Central Laboratory for Solar Energy and New Energy Sources, 
Bulgarian Academy of Sciences, 72, T::arigrrHls/.:o sh.ose, Sofia 17841 

Bulgaria 

V. Abrosimova 
Instiltite of 1'tch.nological Problems i11 Microelectronics, 
14 24.92 Chernogo/o11/.:a, Jtfos/.:o w area, R 1tssia11 Federation 

Received 2 September 1991 

Abstract. ~lolyb<lenum t.hin films deposited in silicon by thermal decom­
posit.ion of ~lo( Co )6 at at.mosph<·ric pressure have additionally undergone 
a rapid thermal annealing ( RTA) in argon at.mosphere. Their surface re­
sist.auce and specific resistivity have been studied in dependence of the 
annealing temperature. 

Pc3JOMc. To11i-;11e c11011 H3 Mon11GJ1e11a. 110;1y•11111ble 111eTOJlOlll TepMK­
qeci-;oro ocaif\JlCllH11 K3 ra3ouol11j1a:11.i ~fo(Co)c nocne nony'ICHKH 6blnH 
llOJlUepr11yTbl 6blCTpOMY TepM11•1eCKOMY OTif\11fY D aprOHODOJ:i aTMOCCpc­
pe H 61.ino HCCRCJlOOa110 ero DJll1Jl11He Ha noucpXllOCTJIOe If y JlCRhJIOe 
conpOTHIJJ1Clll1t' o6pa3UOD. 

1. Iutroductiou 

Intensive st.udies of Vlb group transit.ion metals as prospective materials for met­
alization in microelectronics t.echnology have been done iu the last 15 yea.rs. Tung­
sten thin film t.echnology based on hydrogen reduct.ion of WF6 have been largely 
investigat.ed with respect. to its advaut.ages, most. notably selectivity of deposit.ion, 
conformal coverage, low resistivity and high elert.romigration resistance, as it is 
reported by Green [1]. r\ part of the results show some of the limitations of CVD­
fluoride technology. llerause, \\'F6 as a source material, reacts very aggressively 
wit.h Si, the growth of C\' 0-\V films can be accomplished by excessive erosion of Si, 
encrichment and "worm-hole" format.ion . Oft.en I.his dekrioration can be avoided 
by int.erlayers surh as silirides what makes the t.cchnology more expensive and not 
flexible. 
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In some of our previous studies, GeshC'va et. al. [2] reported for W films, de­
posited by pyrolytical decomposition of W(C0)6 and fort.her annealed iu hydrogen 
atmosphere. Studying t.he Si surface, t.he aut.hors found no deteriorations. 

In the present study we used Mo(Co)6 as a source material. The basic reaction, 
which take place, is as follows: 

Joo•c 
l\fo(C0)6 - l\lo + 6CO. 

Ar 
(1) 

The process of pyrolytical deco111posit.io11 of l\lo(C0)6 in presence of oxygen has 
been intensively studied with respect to their applicat.ion a<; solar selective surfaces. 
Chain et al. [3,4] have used in their study st.ainless st.el'! substrates and further their 
films have been partially annealed in H:i atmosphere in order to obtain composite 
st.ruct.ure, namely oxide mat.rix in which pure mC'tal particles are embech-Jcd. Going 
t.o fully annealing Garver [5] obtains highly rt'Oective l\lo films with low resist.ivities. 
The previous experience we applied to obtain l\lo films on Si substrates and to study 
their properties with respect. to application in microdectronics metalization. 

2. Experimental 

Resistivity study wa<; carried out. using a four-point. probe technics - l\lodel FPP-
100. Auger analyses were performed by Auger electron spectrometry system in 
the lnst.itute of l\ficrnelt•ctronics, Sofia, X-ray diffrartion analyses were made in 
Chernogolovka. 

The RTA was performed in the Institute of'fC'chnological Prob!C'ms in Chemo­
golovka, Moscow area, usiug halogt•n lamps, whid1 hcat I.ht' samples for ()0 s in Ar 
flow atmosphere. 

3. Results and Discussion 

A set. of samples with thickness (d) in the range 0.02 - 0.15 inn wa~ used. X-ray 
diffract.ion patterns for all of them show that. they are with amorphous structure 
before the HTA treatment.. A 11ger analyses show that besides l\lo, films contain 
a great amount of oxygen and carbon. Carbon may originate from CO groups, 
although CO bond at. the tempt•rat.ure of deposition (30Q-.1Q0°C) seems unlikely 
t.o be brnken. Another source of carbon may he the CVD system which includes a 
vacuum pump. seal co1111Pct.ions and so on. 

Table 1. Sheet. resistance R, aud resist.ivit.y p or as-dcpo,;itcd CVD-carbonyl !\Io films 

No of Thickness Surface resist.au cc Resistivity 
sample d. /1111 R, . n;o p, 11.0.m 

11 0.055 119.8 6.59 
4 0.02 19.27 2.89 

7-1 0.02 14.1.4 2.87 
7-2 n.02 ltlll .O 3.92 
7-3 0.02 160.4 3 •) 
7-4 0.02 164.:1 3.29 
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Table 2. Surface resistance R, an<l resisti,·it.y p of C\'D-carbonyl J\lo films aft.er Rapid 

Thermal :\ 11neali11g 

No of Temperature Duratio11 Atmosphere Surface resistivity Resistivity 

sample T, °C I, s R., 0/0 p, Jln.m 

11 600 60 Ar 70.38 3.87 
11 700 60 Ar 35.18 1.93 
11 800 ()0 Ar 23.41 1.29 
4 600 60 Ar 17.14 2.571 
4 iOO 60 Ar 14.48 2.li2 
4 800 (j(I Ar Y.204 1.381 
4 900 60 Ar 1.40'.? 0.21 
4 1000 60 Ar O.i84 0.117 

7-1 600 60 Ar 1 :is.6 2.77 
7-1 650 (ill Ar 1:!7.6 2.75 
7-1 700 60 Ar 1:rn.2 2.6 
7-1 i50 60 Ar 56.24 1.12 
7-1 800 60 Ar 3Y.4 0.788 
i-2 700 60 Ar 163.2 3.26 
7-3 i50 60 Ar 8:!.86 1.66 
7-4 800 60 Ar 3i.04 0.74 

Hesults for sheet rPsista11c:e ar«> resist t\'lt.y of i\lo films before and aft.er RTA 
treatment are presented in Table 1 and Table 2. As it can be seen from the tables 
films as thin as 200 Ahave «>nough liigh d1'11>.ily t.o expos<:' sheet resistance in the 
range of about. ;3 up to ().(j 11n111. These val11<'s drop down considerably when RTA 
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Fig. 1. Resistivity ver>'us HTA-tcmperat.urc 01 J\[o thin films with different. thicknesses: 

1 - d = 0.055 pm; 2 - cl= 0.15 11m; .J <ll'd 4 - d = U.(12 11111 
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is applied. Results are obvious, looking at. Fig. 1, where temperature dependence of 
resistivity pis presenteJ. As it can be seen, for filrns showing comparatively higher 
resistivity when as-deposited. temperature of 600°(' leads to a great decrea<>in'.~ 
whilt> for as-dq>osit.ecl films with lower r<'sist.i\·ity t.he latest change very slightly 
aft.er RTA for t emperatures up to 650°C. TPmtwrat ures higher than this one i11fiu­
e11ce strongly the i'esistivity of t.lw films. Temperatures over 800°C further decrease 
resistivity, but. they ca nnot fit. to the microclecl ronics technology. The lowest re­
sistivity obtained is 0.117 µfl.m, wlten bulk i\fo has resistivity of 0.056 µfl .m. 

Auger results for chemical composition distribution through the thickness of 
t.he films show t.hat low resist.ivities are not. tied to an excessive purity. Even aft.er 
annealing films still contain so111e quantities of C. I3ecause of the existence of C, 
acting as an inhibit.or for I he grain growth during the thermal annealing, after the 
t.reat.ment films are still wit 11 . mall grain structure. This effect. we have observed 
even in the cas'' wlwn 1wrforrning annealing for longer periods (about 10 min at 
"' 700°C [2] . We also would like t.o note that. no agi11g <.>ffect.s in the films are 
obsnved, mea.sming Rs long after RTA t.reat1ne11t . 

4. Couclusiou 

The obtained ri>:.,ults show that by pyrolytical decomposition of J\fo(C0)6 at at­
mospheric pressure and argon atmosphere, follom'd hy further annealing by RTA, 
it. is possible to deposit very low resisti\'e material for metalization. At. the same 
time. films are with good u11iformity, they adhere well t.o Si substrates and have 
high cJc.nsity in order to possf'ss low resistivitiPs at. sn1all thicknesses. 
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