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Cobalt and cobalt silicide layers were deposited by OMCVD using the Co precursors Co(C~H
5)2,Co2(CO)5, Co(C~H~XCO)2

and CoCF3(CO)4, and the Si precursors SiH4 and Si2H(. Strongly textured (1l1)-f3 Co layers were grown from Co(C6H~)2,
Co(C5H2)(CQ)2 and CoCF~(CO)4at temperatures above 300°Cin H2 at atmospheric pressure. Growth from Co(C~H5)1is
inhibited on Si substrates. For temperatures � 6000 C the Co layers deposited from Co(C6H5)(CO), react with the Si(100)
substrate to form CoSi2(00l) aligned with the substrate orientation. Co2(CO)5 gives amorphous Co between 200 and 300°C.The
upper temperature is set by the occurrence of homogeneous gas-phase reactions at atmospheric reactor pressure. Cobalt silicide
layers can be grown from Co2(CO)8 and (di)silane at temperatures between 200 and 4000 C. The Co/Si ratio in the layers
decreases with increasing temperature and is independent of the gas-phase Co/Si ratio. Stoichiometric CoSi~ is obtained at

3000 C. Both Co(C2H5), and Co(C5H5)(CO)2 react with (di)silane, leading to the incorporation of carbon in the layer. The
Co/Si ratio and the carbon content in the layers are practically independent of the deposition conditions. With CoCF3(CO)4 no
contamination-free silicide could be grown. The carbon incorporation with Co(C5H6)2 and Co(C5H5XCO), can be avoided by a
pulsed growth method in which the Co precursor and the Si precursor are introduced alternately into the reactor. With Co(C5H6),
the growth is then inhibited on Si substrates.

1. Introduction areasat ahigh growth rate, no substratedamage
by energizedatomsand the possibility for selec-

Among the transitionmetal suicidesappliedin tive growth.
microelectronicdevicesas contacts,interconnects The numberof reports on CVD of Co or
or gate electrodes,CoSi2 is of special interest CoSi2 is limited [7—12].This is mainly due to the
becauseof its goodthermal andchemical stability

absenceof volatile halide precursorsto transport
and its low resistivity [1]. CoSi2 has the cubic Co to the reactionzone.Therefore,organometal-
fluorite (CaF2) structurewhich is closely related lies (OM) mustbe usedas precursorsto grow Co
to the diamond structureof silicon. The lattice or CoSi2 with CVD.
mismatchbetweenCoSi2 and Si is only 1.2% at It is theaim of this work to evaluatethe useof
room temperature,which enables the epitaxial Co2(CO)8 and Co(C5H5)2 and oftwo new pre-
growth of CoSi2 onSi andvice versa.This makes cursors, Co(C5H5)(CO)2 and CoCF3(CO)4,for
the systemSi/CoSi2/Si of interestnot only for the depositionof Co andCoSi2 by OMCVD and
the study of metal/semiconductor interactions to studythe influenceof precursorchemistryon
but also for its use in newdevicessuch asthe growth behaviour.
(permeable)metal—basetransistor[2].

Thin films of CoSi2 areusuallygrown by sput-
tering or evaporatingCo on Si, followed by an 2.Cobalt precursors
anneal at temperaturesabove500 ° C (see, e.g.,
refs. [1,3]),molecularbeam epitaxy (MBE) [4] or Suitableprecursorsfor use inOMCVD should
Co implantation [5,61. havea high volatility, preferably a liquid, a low

The depositionof Co and CoSi2 by chemical decompositiontemperature,but well separated
vapour deposition (CVD)offers several advan- from the transport temperatureto preventpre-
tages, such as auniform deposition over large mature decomposition,and a clean decomposi-
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tion chemistry.Furthermorethey shouldbe easily 100°C 80°C 60°C 40°C 20°C
accessible in high purity by chemical synthesis
and be stable on prolonged storage. Based on

F~4Co precursors: cobaltocene(Co(C5H5)2= CoCp2 U)
U,and derivatives thereof) and cobalt carbonyl

(Co2(CO)8and derivativesthereof).
o 10CoCp2 is asolidat room temperaturewhich is
CUthese criteria,we examinedtwo basic classesof ~ \~CP(CO)2easyto handle andpurify. It has avapourpres- >

sure (fig. 1) of 57 mTorr at 50 ° C, which is high
enoughfor use inOMCVD. If desirable,it canbe
in the Cpgroup by a methylgroup [13,141.
further increasedby substitutinga hydrogen atom 100 . C02(CO)s

The Co—Cp bondsin CoCp2 arethrough thed
electronsof Co and the ‘n- electronsof the Cp CP2

rings. Becausethesebonds areweakerthan the
bondsin the Cpring itself, the decompositionor 10-1

reduction of CoCp2 will primarily involve the 2.5 2.7 2.9 3 1 3.3 3.5

breaking of the Co—Cp bonds. The formal va- ~000/T (K

lency of Co in CoCp2 is+ 2. Therefore,a clean Fig. 1. Vapour pressures as a function of temperature for

depositionof Co from CoCp2 shouldbe donein a CoCp2 [12], Co2(CO)8 118], CoCp(CO)2 (taken from the boil-
ing point data as a function of distillation pressure 119]) and

reducing(H2) atmosphere(eq. (1), n = 1, 3, 5): CoCF3(CO)4 (determined by the vapour transport method

112]).Co(C5H5)2(g)+n H2(g)

—s Co(s) + 2 C5H5~~(g). (1)
(CO)2 and 200°Cfor CoCF3(CO)4)arehigher

For n = 0 this reaction representsthe thermal thanthoseof theother carbonylcompoundsused
decompositionin an inert gas.A thermodynamic for OMCVD: 50°C for Co2(CO)8, —26°C(=

evaluationof this equation(also for FeCp2 and melting point) for CoH(CO)4 [9] and 10 ° C for
NiCp2) has beengiven in a previousreport[121. CoSiH5(CO)4[10,111.Therefore,the risk of pre-

Dicobalt octacarbonyl(Co2(CO)8) is a solid maturedecompositionof theseprecursors before
with a vapour pressureof 60 mTorr at room reachingthe substrateis smaller.
temperature(fig. 1). The formal valencyof Co in The valency of Co in CoCp(CO)2 and
this molecule is 0. Therefore,the depositionof CoCF3(CO)4is + 1. Therefore,a cleandeposition
Co from Co2(CO)8 isby pyrolysis, as expressedin of Co from theseprecursors shouldbe conducted
eq. (2): in a reducing atmosphere.

Co2(CO)8(g)—s2Co(s)+8C0(g), (2)

and no extra reductantis needed.It has been 3. Experimental
usedfor the depositionof Co [7—9]andCoSi2 [91.

To our knowledge, no OMCVD using The depositionswereperformedin a horizon-
CoCp(CO)2or CoCF3(CO)4 hasbeendescribed. tal water-cooled quartz reactor(inner diameter
Both compoundsare liquids with high vapour 50 mm). Substrates(maximumsize 16 >< 60 mm

2)
pressuresat room temperature(0.5 Torr for wereplacedon an inductively heatedrectangular
CoCp(CO)

2and even 15 Torr for CoCF3(CO)4, graphitesusceptor coatedwith SiC. Carriergases
fig. 1), which obviates the need for heating the were Pd-diffusedH2 and Ti-getteredHe. If not
bubbler and transport lines. Moreover,the de- statedotherwise, the experimentswere con-
composition temperatures(‘-S 140 ° C for CoCp ducted at atmospheric pressurewith a total flow
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of 4 SLM (linear gasvelocity 10cms’)or at a Under theseconditionsC-free (AES)Co can be
reducedpressureof 50 Torr with 1.8 SLM total deposited.The growth rate is first order in the
flow (‘-j 70 cm s_i). The Co precursorsCoCp2, partial pressureof CoCp2 in the reactor~
Co2(CO)8 and CoCp(CO)2 (Strem Chemicals) and practically independentof temperature(06
were usedwithout further purification. CoCF3 A/s for p~0~,2= 40 mTorr), indicative of a
(CO)4 wassynthesizedby combiningandadapting mass-transport-limitedreaction. The crystal
threepublishedprocedures[15—171and purified structureof the deposit,as revealedfrom XRD,
by destilation. is in all casesstrongly(111) textured/3-Co. When

CoCp2 andCo2(CO)8were sublimedat 50 and propercare is takento removenativeoxide from
20°C,respectively,and CoCp(CO)2 and CoCF5 Si by HF dipping and an in-situ prebakein H2,
(CO)4 evaporated(both at 20 ° C) in a ther- no depositionof Co on Si is observed.This re-
mostatedglassvessel(bubbler) with a fixed flow markable selectivity is specific to this type of
of carrier gas.The partial pressureof the precur- precursormolecule[12]. In He no decomposition
sor in the reactorwascalculated fromits vapour of the precursoris observedfor temperaturesup
pressure(fig. 1) at the bubbler temperature,the to 900 ° C.
flow through the bubbler and the total flow Cobalt was alsodepositedfrom Co2(CO)8 on
through the reactor, assumingthat the total gas Si and on Si covered with400 nm Si nitride at
pressurein the bubbler equalsthe reactorpres- temperaturesbetween150 and 400 ° C and with
sure. Silane(100% or 1% in H2, Air Products) Pc02(cO)8 = 35 mTorr. ln H2 and He, identical
and disilane (99,9%,Air Products)were usedas resultswere obtained,both on Si and Si nitride.
Si precursorsfor the growth of cobalt silicide. At 150 ° C the layersareblack, dueto an incom-

Substratesused wereSi(100) and Si covered plete decompositionof the precursorat this tern-
with 400 nm Si1N4 or Si02. These were all perature.At 200 ° C the amorphouslayers are
cleanedin H2S04: H2O2 : H2O = 5: 1: 1, rinsed specularand metallic. The growth rate is -~ 0.5
in dc-ionizedwater(> 18 MQ) andspin-dried. Si A/s. AES sputterdepthprofiling showsno incor-
substrateswere additionally dipped in HF (1%), poration of C and/or 0 at this temperature
rinsed in dc-ionized water and immediately (detection limit 1 at%). Above 200°C the
loaded into the reactor. Substrateswere pre- growth rate decreasesconsiderablywith increas-
bakedin H2 (30 mm at 1000 ° C) to removenative ing temperature.Similar findings have already
oxide and then allowed to cool down to growth been reported for thedeposition of Co from
temperature. Co2(CO)8 atatmosphericpressure[7,8]. We at-

Sampleswerecharacterizedby Augerelectron tribute this to increasinghomogeneousgas-phase
spectroscopy(AES), Rutherford backscattering nucleationof the precursormolecules with in-
spectrometry (RBS), scanning electron mi- creasingtemperature.This nucleationis presum-
croscopy (SEM) and X-ray diffraction (XRD). ably causedby the dimerizationof Co2(CO)8 via
Layerthicknessesweremeasuredfrom SEM, AES the reaction
sputterdepth profiling or step-heightprofilome-
try. Resistivitieswere calculatedfrom the layer 2 Co2(CO)8(g)—s Co~(CO)12(g) + 4 CO(g),
thicknessand the sheetresistivity asdetermined (3)
from 4-pointproberesistantmeasurements.

which is known to occur at temperaturesabove
50 ° C [201.Thesedimersthenpolymerizeto small

4. Resultsanddiscussion particles which precipitate on the reactor wall
[21].

4.1. Cobalt deposition Depositions withCoCp(CO)2were conducted
in H2 and He at temperaturesbetween300 and

Experimentsusing CoCp2 were performedin 600 ° C. In contrastwith CoCp2,the experiments
H2 at temperaturesbetween300 and700°C [12]. in He now leadto deposition.This result implies
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700°C 500°C 300°C
10~ I I I

~ 10~- _____________________________________________
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100 _____

0/ Fig. 3. SEM picture of a Co layer grown from CoCp(CO)
2 on

5i(100)at600°CinH2.

10~~ ‘ 1.1 1.3 1.5 ‘ 1.7 1.9 The Co films depositedin H2 are rough (fig. 3)

1ooor1~(K~
1) ~ and crystalline. At 400°Cthe layeron Si nitride

Fig. 2. Growth rate of Co from CoCp(CO)
2 (30 mTorr) in H2 is strongly (111) textured/3-Co, similar to the Co

(0) and He (u) at atmospheric reactor pressure and at 50 deposited from CoCp2. On Si(100), additional
Torr in H2 (h). small peaksassociatedwith polycrystalline CoSi

emerge,indicatingthat the Co film startsto react
with the substrateat this temperature.For the

that for CoCp2 the breakingof the first bond layersdepositedat 600°Cthe(111) textureis lost
betweenthe Coatom and oneof the Cp rings and polycrystalline /3-Co is formed. On Si(100)
mustbe the rate-limiting stepfor the decomposi- the only other detectablephaseis CoSi2 (001)
tion. The growth rate at atmospheric pressure (see fig. 4). This growth of CoSi2 (001) aligned
increaseslinearly with PCoCp(CO)2~ Again, it de- with Si(100) is most remarkable,as it isgenerally
creaseswith increasingsubstratetemperature,us- observed that cobalt silicide layers preparedby
ing He as well as H2 ascarrier gasses (fig. 2),due sputteringor evaporatingCo onto Si(100) and
to homogeneousgas-phasenucleation.However,
the uppertemperatureat which depositionis still _____________________________________

.1

possibleat an acceptablegrowth rate is higher • Si
than for Co2(CO)8. CoSi~ 1

IIThe layers deposited in He are smooth and • Co I

amorphous.AES sputterdepth profiling reveals
that they containalmost equal amountsof Co I

and C without any 0, independentof tempera-
ture. The C incorporationmustbe attributedto I

the disproportionationof the Cp radical in the I

absenceof H2. In contrast,no C incorporation I

abovethe Auger detectionlimit is observedin H2 I

•at atmosphericreactor pressure.The Cp group I

now reacts with H2 to form stable and volatile I

hydrocarbonswhich are removed via the gas-
phase: I I I I

30 40 50 60 70 80

Co(C5H5)(CO)2(g)+ ~n H2(g) 20 -~-~

—~ Co(s) + 2 CO(g) + C5H5÷~(g). (4) Fig. 4. XRD spectrum of the layer of fig. 3.
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subsequent annealing lead to polycrystalline at PCOCF
3(CO)4 = 220 mTorr is reachedat 300 ° C.

CoSi2 [22], asopposedto Si(111), for which epi- Thedepositionrate is proportionalto PCOCF3(CO)4•

taxial growth is observed.Evidently, OMCVD From 300°C upwards, the deposition rate de-
offers a way to produce also epitaxial CoSi2 on creases dueto homogeneous gas-phase reactions
Si(100). that causedepletionof the precursorat the sub-

Experiments in H2 at reducedreactor pres- strate. Metallic and specularlayers, free from C,
sure and the same PCOCP(CO), as in the atmo- F and 0 contamination(AES), of (111) textured
sphericpressureexperimentsshow atemperature /3-Co are obtainedat 300 ° C. At lower tempera-
dependenceof the growth rate (fig. 2) which is tures,up to 50 at% F is presentdue to incom-
commonly observedfor CVD growth, i.e. a ther- pletedecompositionof the precursor.
mally activated reaction-limited growth at low At reduced pressure, thedeposition rate is
temperaturesand an almost temperature-inde- much higher (0.4 A/s at 300 ° C and PCOCF1(CO)4

pendentmass-transport-limitedgrowth at higher = 13 mTorr) than at atmospheric pressure.How-
temperatures.The growth rateat 50 Torr is much ever,in contrastwith CoCp(CO)2,the deposition
higher than at atmospheric pressure.For the ratedecreaseswith increasingtemperature. None
lower temperaturesthis growth enhancementis of our low-pressureexperimentsresulted in the
attributedto a suppressionof homogeneousgas- formation of crystalline Co layers. AES shows
phase reactions. At higher temperaturesthis that the layers grownat 300 ° C arecontaminated
enhancementcan be partially explained by an with 20 at% C and 50 at% F, again indicating
increaseddiffusion coefficient of CoCp(CO)2and incomplete decompositionof the precursor. At
a decreasedthicknessof the boundarylayer. higher temperaturesthe main contaminantis C

Auger measurementsfor the layers grownat (up to 20 at%). The 0 content of the layers is
reducedhydrogenpressureshow that they con- below the AES detection limit at all deposition
tam up to 50 at% C, similar to growth at atmo- temperatures.
spheric pressurein He. The C incorporationis The results for the depositionof Co from the
attributed to the decompositionof CoCp(CO)2 four precursorsare summarizedin table 1.
(eq. (4)),which is no longer by reduction(n � 1)
but by thermal disproportion(n = 0), leading to 4.2. Cobaltsilicide deposition
the unstableCp radical.

For experimentsusing CoCF3(CO)4 atatmo- Cobalt silicide depositions withCoCp2 and
spheric pressurein H2, decompositionstarts at (di)silane wereperformedin H2 andHe between
200 ° C. A maximum depositionrate of 0.03 A/s 500 and900°CwithCo/Si gas-phaseratios rang-

Table 1
Summary of results for the deposition of cobalt

Precursor Atmospheric Reduced Temperature Composition
pressure pressure (°C) (at%)

CoCp2 H2 300—700 � 99% Co °~

H2 300—700 No deposition
He 300—900 No deposition

Co2(CO)5 H2, He 200—400 � 99% Co b)

CoCp(CO)2 H2 300—600 � 99% Co b)

He 300—600 50% Co, 50% C ~
H2 300—600 50% Co, 50% C

CoCF3(CO)4 H2 250—750 � 99% Co b)

H2 250—750 20% C, � 50% F, � 30% Co 5)

°~ The growth is inhibited on Si.
b) The growth rate decreases with increasing temperature due to homogeneous gas-phase reactions.
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ing from 1/40 to 10 [121. In contrastwith the Co 5.0 I

growth, depositionis now alsofoundon Si areas.
Above 600 ° C the growth rate is thermally acti-
vatedwith an apparentactivationenergyof 30 0 40

kcal/mol. It increaseslinearly with Pc0c~.up to
20 mTorr andthen levels off, and is indepen-

dent of (di)silanepartial pressure(i.e. the Co/Si 30

gas-phaseratio).
AES sputterdepth profiling and RBS mea-

surementsreveal that the layerscontain approxi- 2.0

mately 10 at% Co, 60 at% Si and30 at% C (table
2), practically independentof depositioncondi-
tions. From theseobservationsit is concluded 1.0

that the growth proceedsvia an intermediate
reaction product of (di)silane and CoCp2. For
layers grown on Si substratesthereis always a ~•~0 200 300 400 500

thin layer of C-free CoSi2 present at the Si
Temperature (°C)

interface,which is aligned withthe Si(100) lattice
[121 Fig. 5. Si/Co ratio (from AES) as a function of deposition

I. temperature for layers grown from Co2(CO)8 (35 mTorr) and

The C incorporationcan be fully suppressed Si2H6 (140 mTorr) at atmospheric pressure in He.

by a pulsedgrowth methodin which CoCp2 and
SiH4 are alternately introducedinto the reactor 0

to preventthe adversereactionbetweenthe pre- ture, from 0.7 A/s at 200°C to 0.05 A/s at
cursors.The compositionof thedepositat a given 400 ° C. This decreasein depositionrate is not
temperaturecan thenbe controlled by adjusting observedat reducedreactorpressure[9].
the partial pressuresof the precursorsand/or At all temperaturesthe C and 0 content in
the pulse durations.As for the depositionof Co the layers is below the AES detectionlimit (—~ 1
from CoCp2,the growth of cobalt silicide by this at%). The Co/Si ratio in the layers depends
pulsedmethodis selectivefor non-Si substrates. linearly on temperature(fig. 5) and reachesthe

Cobalt silicide was depositedusing Co2(CO)8 stoichiometric composition just below 300 ° C.
(35 mTorr) and Si2H6 (140 mTorr) at atmo- Theseresultscomparewell with the reducedre-
sphericpressurein He between200 and 400 ° C. actor pressure experiments of Westand Beeson
As for the growth of Co from Co2(C0)3, the using the sameprecursors[9]. Apparently, the
growth rate decreaseswith increasingtempera- compositionnot only is independentof the gas-

Table 2
Summary of results for the deposition of cobalt suicide

Co precursor Si precursor Carrier gas Temperature Composition
(°C) (at%)

CoCp2 SiH4, S12H6 H2, He 500—900 10% Co, 60% Si, 30% C b)

Co2(CO)8 Si2H6 He 200—400 CoSi~,x = f(T), C � 1%, 0 � 1% °~

CoCp(C0)2 SiH4 H2 300—600 30% C, � 30% 0 c)

Sill4 H2 600—700 35% Co, 45% Si, 20% C b)

CoCF3(C0)4 Sill4 H2 300—750 10% C, 20% 0, 2% F C)

SiH4 a) H2 300—750 � 20% 0, � 10% F, 20% C c~

If not stated otherwise, the experiments were performed at atmospheric reactor pressure.
~ At reduced reactor pressure (50 Torr).
b) Contamination free cobalt silicide can be grown by alternate deposition (see text).
c) The growth rate decreases with increasing temperature due to homogeneous gas phase reactions.
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106 similar growth conditions can be explainedfrom
the much higher growth rate using CoCp(CO)2,

io
5 which gives rise to an enhancedtrappingof CO.

/ With increasingtemperaturethe 0 content de-
creases,whereasthe C content remainsalmost

~ io~ constant.Above600°C,the layersdo not contain
any oxygen above the AES detection limit. This

decreasein 0 content is due to a morecomplete1 ~3 breakingof the Co—CO bondsat higher tempera-
(I) tures,togetherwith a decreasinggrowth rate.On

102 . the other hand,the C incorporationat increased
temperatureis caused by the disproportionation

101 of the Cpring upon reactionwith SiH
4, as was

found for the reaction betweenCoCp2 and SiH4
[12].

10 I I I Above 600 ° C, the results resemble thosefor
100 200 300 400 500 CoCp2. The growth rate is independentof the

Temperature (~C — Co/Si gas-phase ratioand increaseswith an ap-
Fig. 6. Specific resistivity of layers grown from Co2(C0)5 (35 parent activation energyof 25 kcal/mol. For
mTorr) and Si2H5 (140 mTorr) at atmospheric pressure in layers deposited on Si(100), XRD reveals the

He: (o) as-deposited; (A) after an anneal of I hat 800°C.
presenceof CoSi7 (00!) as the only crystalline
phase. However, just as for CoCp2, AES mea-

phase ratio, but also of reactor pressure.The surementsshow that this is associatedwith a thin
resistivity of the as-depositedlayers (fig. 6) re- layer of C-free CoSi2 in betweenthe Si substrate
flects the dependenceof composition on sub- and a bulk layer of C-containing material.Obvi-
strate temperature,i.e. theminimal resistivity(130 ously,this C incorporationobservedfor the reac-
p

12 cm) is found at the temperatureat which tions of CoCp
2or CoCp(CO)2with S1H4musthe

almoststoichiometricCoSi2 is deposited(3000C). attributed to the specific nature of the Co—Cp
After an anneal of 1 h at 800 ° C it reduces moiety. From a comparisonof the AES results
further to 40 ~iQ cm, which is 2—3 times the for CoCp2 orCoCp(CO)2(table 2) it is seenthat
minimumvalue reported forthin films of CoSi2. under equal conditionsthe use of CoCp(C0)2

The growth rate of cobalt silicide from leads to a larger Co/Si r.atio and a smaller C
CoCp(CO)2(30 mTorr) andSiH4 in H2 atatmo- contamination.
sphericreactorpressuredecreasesfrom 5 A/s at For CoCp2 it was shown [121that the C incor-
300 0 C to 0.3 A/s at 600 0 C and is practically poration can be fully suppressedby introducing
independentof The Co/Si ratio in the CoCp2 and SiH4 alternately into the reactor.
layersdecreaseswith increasingtemperaturefrom However, no depositionis then found on Si sub-
4 at 300 0 C to 1 at 600 ° C and is independentof strates.Thisgrowthinhibition is specific to CoCp2
the Co/Si gas-phase ratio.In this low tempera- and is not observedfor CoCp(CO)2.
ture region, the results resemble thosefor Experimentswith a repeated(45 x) sequence
Co2(CO)8 with SiH4, although the growth rates of CoCp(CO)2(1 mm, 100 mTorr) and SiH4 (1
andthe Co/Si ratios arehigher. However,where mm, 1 Torr) wereconductedin H2 (760 Torr) at
it was found that the layers grownfrom Co2(CO)8 600 and650 0 C. Indeed,the layersnow also grow
and SiH4 are free of C and 0, AES now reveals on Si substrates.As expectedfor an independent
that at 300°Cthelayerscontain 30 at% C and growthof Co from CoCp(CO)2andSi from SiH4

30 at% 0. Obviously,CO is incorporatedby an under theseconditions, the Co/Si ratio in the
incomplete decompositionof CoCp(CO)2. The layerdecreaseswith increasingsubstratetemper-
fact that this is not observedfor Co2(CO)8under ature(1/2 at 600°Cand 1/5 at 650°C).How-
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ever, the layers are contaminatedwith ‘~ 5 at% growth and the composition of the deposited
C. This is probably incorporatedby a reaction layers strongly depend on the choice of the
betweentheprecursors,oneof which wasnot yet organometallicCo precursor.
fully removedfrom the reactor. Theseprelimi- All four Coprecursorswe investigated(CoCp2,
nary results indicate thatit shouldbe possibleto Co2(CO)8, CoCp(CO)2andCoCF3(CO)4)can be
grow C-free cobalt silicide on Si substratesif usedto grow contamination-freeCo. However,
proper care is taken to purge the reactor in eachprecursorhasits ownmerits anddrawbacks.
between the precursor pulses. In this pulsed From a technologicalpoint of view the liquids
growth method the composition of the silicide CoCp(CO)2andCoCF3(CO)4arepreferred(high
canbe regulatedat anytemperatureby adjusting vapourpressure).To avoid C incorporation, the
the pulse durations or partial pressuresof the depositionhas to be performedin a reducing 2

precursors. ambient,except in the case of Co2(CO)8.The
For CoCF3(CO)4 thedepositionof cobalt sili- three CO-containingprecursorsall show domi-

cide was investigatedin H2 at atmosphericpres- nant homogeneousgas-phase reactionsat atmo-
sure and at 50 Torr. SiH4 was used as an Si sphericpressure,resulting in a sharpdecreasein
precursor.The Co/Si ratio in the gas-phasewas growth rate with increasinggrowth temperature.
varied from 1/10 to 1/2. The depositionrate is This can be suppressedby growing at reduced
low at atmospheric pressure(0.4 A/s at 300 ° C, pressure.However, for CoCp(CO)2 and CoCF3

PcocF5(cO)4= 310 mTorr and PSIH4 = 2 Torr). Un- (CO)4 this leads to severecontaminationof the
der theseconditionsthe Co/Si ratio in the de- deposit. Thedeposition of Co from CoCp2 is
posit is around 1/2. The amorphouslayers are inhibited on Si substrates.
contaminatedwith C, 0 andF (table2). Increas- Resultschangesignificantly in the presenceof
ing the substratetemperatureleadsto a decrease a Si precursor. Only Co2(CO)8 and (di)silane
of the deposition rate and a decreaseof the yield contamination-freecobalt silicide at atmo-
Co/Si ratio in the deposit. sphericpressure between200 and400 ° C. Unfor-

At 50 Torr, the depositionrate is remarkably tunately,the composition dependsonly on tem-
higher than at atmospheric pressure.The growth perature and is stoichiometric at ‘~ 300 0 C. A
rateis now 0.1 A/s at 300°C, with PCoCF3(Co)4= postannealis neededto obtain (poly)crystallmne
13 mTorr and PSjH = 130 mTorr. Again, the CoSi2. The specific resistivity is thenminimal (40
growth rate and Co/Si ratio decreasewith in- ~Q cm) at this temperatureandcomposition.
creasingtemperature.At 300°Ca Co/Si ratio of With CoCp2 and CoCp(CO)2,depositionscan
1/2 was obtained,which decreasedto a ratio of be performed at higher temperaturesthan with
1/10 in the rangeof 500 to 6000C. With increas- Co2(CO)8, whichobviates the needfor post-an-
ing temperaturethe 0 contentdecreasesfrom 20 nealing.However,both Cp-containingprecursors
at% at 300 ° C to 5 at% at 650 0 C, while that of F reactwith SiH4 and Si2H6 leadingto dispropor-
decreases from10 at% to 1 at% in that range. tionationof the Cpring and,consequently,to C
The C contentis almostconstantat 20 at%. Pure incorporation.The compositionof the layersde-
cobaltsuicide layerswerenot obtained. pendson the combinationof the precursors and

The resultsfor the depositionof cobaltsilicide is almost independentof processconditions.For
using the four precursors andthe two silicon depositionson Si substratesthereis always athin
precursorsundervarious conditionsare summa- contamination-freelayer presentat the Si inter-
rized in table 2. face, consistingof single-crystallineCoSi2 aligned

with the Si(100) lattice.
No contaminationfree cobalt silicide can be

S. Conclusions grown with CoCF3(CO)4.
The most promisingtechniqueto depositcon-

It is shown that cobalt and cobalt silicide can tamination-freeCoSi2 is a pulsedgrowth method
be grownby OMCVD, but that the kinetics of the in which the Co precursorand the Si precursor
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are introduced alternately into the reactor to [4] J.C. Bean and J.M. Poate, App!. Phys. Letters 37 (1980)

avoid their mutual reaction.In contrastwith the 643.
15] A.E. White, K.T. Short, R.C. Dynes, J.P. Garno and J.M.experimentsin which the precursorsare intro- Gibson, AppI. Phys. Letters 50 (1987) 95.

duced simultaneously, the composition of the [6] All, van Ommen, J.J.M. Ottenheim, A.M.L. Theunissen

layer can now be controlled by adjustingeither and A.G. Mouwen, AppI. Phys. Letters 53 (1988) 669.

the pulsedurationsor the partial pressuresof the [7] ME. Gross and K.J. Schnoes, in: Proc. 10th Intern. Conf.

precursors during these pulses. The ultimate on Chemical Vapor Deposition, Vol. 87-8 (Electrochem.
Soc., Pennington, NJ, 1987) p. 759.

mode for this method is atomic layerdeposition. [8] ME. Gross, K. Schnoes Kranz, D. Brasen and H. Luft-

For the pulsed growth with CoCp2, the deposi- man, J. Vacuum Sci. Technol. B 6 (1988) 1548.

tion is inhibited on Si substrates,similar to what 19] GA. West and K.W. Beeson, App!. Phys. Letters 53

is found for the Co deposition from this precur- (1988) 740.
sor. This selectivity is not observedfor the pulsed [10] B.J. Aylett, Advan. lnorg. Chem. Radiochem. 25 (1982)

1.
growth of cobalt silicidewith CoCp(CO)2. [11] B.J. Aylett and A.A. Tannahill, Vacuum 35 (1985) 435.

[12] G.J.M. Dormans, J. Crystal Growth 108 (1991) 806.
[13] Mi. Benac, A.H. Cowley, R.A. Jones and A.F. Tash,
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