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Study on Ge /Si ratio, silicidation, and strain relaxation of high temperature
sputtered Co /Si;_,Ge, structures
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As the transistors continue to scale down, the characteristics of high-temperature-sputtered
Co/Si,_,Ge, junction have received lots of attention because of its potential applications to
heterojunction bipolar transistors. In this study, we have fabricated £gfSg, junction using
room-temperature and high-temperat(re., at 450 °Q sputtered Co on top of strained,giGe, 14

and Sj q/Gey o9 layers prepared by ultrahigh vacuum chemical molecular epitaxy. The relative
composition of Ge in Ge-rich $i ,Ge, precipitate and the solid solution of ternary phase silicide of
Co-Si—Ge system were compared between room-temperature and high-temperature sputtered
samples. We found that the high-temperature-sputtered samples are more effective in inhibiting
lattice relaxation, which would be beneficial for manufacturing metal silicide/&e, structure
devices. Mechanisms were proposed to explain the large difference between the room-temperature
and high-temperature sputtered samples. It is believed that the mixed Co-Si—Ge solution on
high-temperature-sputtered samples is responsible for the different silicidation behavia2000
American Institute of Physic§S0021-897@0)02616-5

I. INTRODUCTION In the past few years, the reaction of a Col/strained
o . _ o Si;_,Ge /Si system has been actively studied:?%2! For
Silicided strained §i.4Ge; junction has attracted lots of the ternary phase diagram of the Co—Si—Ge system, a mis-
attention because of its potential applications to band-gapiple ternary compound, Co(Si,Ge)) (y<0.67), is ob-
engineering by varying the Ge fraction in the SiGe, layer.  served after low-temperature furnace annealing with tem-
Some of its potential applications include serving as the basgerature ranging from 400 to 700 °C, which is based on cubic
of heterojunction bipolar transistdrs and the raised source/ CoSj structuré? However, the crystal structures of CgSi
drain in deep submicron metal-oxide-semiconductor transisg e, cubic Cak structur¢ and CoGe (i.e., orthorhombic
tors. Concurrently, metal silicides have been widely em-strycturg are different, and the reaction between Co and Si is
ployed in ultralarge scale integrated circuits as contacts anghore favored than the Co—Ge one. As a result, only £0Si
gate electrodes. Significant efforts have thus been made iphase is observed at higher annealing temperatt@g0 °C
understanding  the Dha_Slez formations and properties Qdy furnace annealig Concurrently, the surface accumula-
metal/Sj -, Ge, reactions'™*? Among the potential metal sil- tjon of Ge in the form of Ge-rich i ,Ge, precipitates is
icides, cobalt silicide is particularly attractive because of itsy|sg observed??3 However, despite the many literature re-
low resistivity, cubic crystal structure, relatively small lattice ports in Co/Sj_,Ge, layer reaction, the effects of high-
mismatch with S|, and Compatlblllty with Self'aligned sili- temperature Co Sputtering onlsj(G%( |ayer and their rela-
cide(salicide scheme. The cobalt silicide phases, i.e;80  tjve reactions are still lacking.
CosSi, and CoSi are formed in sequence when a Co/Si bi-  |n this article, we have studied the interfacial reaction of
layer structure is annealéd* However, as the linewidth of high-temperature-sputtered Co and strained Sbe, layer
the transistor is scaled down into the deep subhalf-microgith different Ge mole fractions. The phase formation at
regime, it becomes very difficult to fabricate cobalt silicide yarious rapid thermal annealingRTA) temperatures and
film with low resistance due to agglomeration of Co8nd  their structure characteristics were compared with the room-
the formation temperature increase of Goiase. Signifi-  temperature-sputtered Co/straineg $Ge, layer. A system-
cant efforts have been made to improve Co/Si silicidationgtic and simple model was proposed to explain the observed

including using high temperature sputteriid? HF gas  phenomena. These results would be helpful for SBe,
pretreatment! and  pre-amorphization  implantation Jevices.

(BF,, As, Si, N,) onto the unreacted Co/Si lay¥¥!® These
techniques have been shown to be effective in alleviating the
linewidth effects and agglomeration of Cg$iims. Il. EXPERIMENTS

Strained single-crystal §i,Ge, thin films with x
aAuthor to whom correspondence should be addressed; electronic maif 0-14 and 0.09 were grown by an ultrahigh vacuum chemi-
cyc@cc.nctu.edu.tw cal molecular epitaxyUHVCME) systen?* The UHVCME
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TABLE I. The Si,_, G, growth condition and Co sputtering temperature gpproximately 200 °C. Detailed growth conditions and the

for all Co/Si_, Ge, samples. abbreviations for the obtained samples were shown in Table
Ge fraction in  Si:Ge gas flow Substrate temp during Co l. Next, a 30'n_m'thiCk TiN capping Iayer wag deposit.e-d- on
Sample Si,_, Geg layer  rate(sccm sputtering(°C) top of the Co film to prevent Co oxidation during the silicid-
: ation procesé®>?® The Co/Sj_,Ge, reaction was then per-
AH 0.09 1:1.5 450 ) 4 o .
BH 0.14 13 450 formed in a RTA system equipped with high-intensity halo-
AR 0.09 1:15 200 gen tungsten lamps. The RTA treatment was carried out in a
BR 0.14 1:3 200 nitrogen ambient for 30 s with different RTA temperatures.

The resultant average silicide film thicknesses were 430 A
for the 500°C anneal, 510 A for 700°C, and 850 A for

system included a loading chamber, a water-cooled stainlesgfoo C, respectively. After the S|I|C|d_at|on Process, T'N cap-
ng layer and the unreacted Co film were selectively re-

steel growth chamber, separate nozzles for process ase?é, L .
9 P 2z P g oved by wet etching in 44$0,:1H,0, (30%) solution for

and a computer-controlled gas switching box. The growt . .
chamber was pumped with a 1080per secondl/s) turbo- min. The sheet resistance was subsequently measured by a
conventional four-point probe measurement system, while

molecular pump to a base pressure of 20~ °Torr. N-type the ph ruct f th ted thin fil full
6 in. (100 silicon wafers with 10—1%) cm were used as the € phase structures ot the reacte I Tims were careiully
amined by high-energy glancing-angle x-ray diffraction,

starting substrates. Wafers were first subjected to a pre-cleeﬁ%<

process with hydrogen passivation technique. After the pre-_'g|h resolution x-ray diffraction and standard x-ray diffrac-
nfion. Surface roughness was examined by scanning electron

cleaning step, the wafers were loaded into the loading cham-", : o :
ber. Then, they were immediately transferred to the growtﬁmcroscopy. Finally, the compositional properties were char-

chamber for epitaxial growth. A base pressure of 1acter|zed by Auger electron spectroscqpES).
x 10 ° Torr was routinely obtained within 1 min after the

wafer transfer process. Next, wafers were heated to the fingl] RESULTS AND DISCUSSIONS

deposition temperature of 550 °C at a ramp rate-@60 °C/

min. For growing Si_,Ge, layer, pure SHs and GeH were A. Phase formation and its compositional change in

introduced into the growth chamber. The chamber pressur%IIICIOIe layer

was maintained below:t 102 Torr during epitaxial growth The phase formation together with its crystal orienta-
by the turbo-molecular pump. The as-grown SiGe, epi-  tions after silicidation for both high-temperature and room-
taxial layer thickness was 100 nm. temperature sputtered Co samples omnyg&e) 14 and

Wafers with grown Si_,Ge, layer were then cleaned by Sip ¢:G& g9 layers were monitored by x-ray diffraction
a standard clean procedure, and dipped in HBH:50) for  (XRD) in the 6-260 geometry and glancing-angle x-ray mea-
30 s to remove the native oxide. Co film was then depositedurements. The results are summarized in Table Il. Only very
by ion beam sputtering at a base pressure ®f18” ° Torr. weak patterns are observed in the standard XRD spectra for
The sputtering rate of Co film was 2 nm/s. The substratethe BH sampldi.e., Sp gGe&, 14 With 450 °C sputtering tem-
were maintained at 450 °C during sputtering for the high-perature after annealing for 30 s at temperatures ranging
temperature-sputtered samples. While for the roomfrom 500 to 700 °C. To further investigate the phase forma-
temperature-sputtered samples, no deliberate substrate hetbn of the high-temperature sputtered samples, the glancing-
ing was applied, and the substrate temperature was raised émgle x-ray system was employed. The results are shown in

TABLE Il. Summary of silicide phase measured by standard XRD and high-energy glancing angle XRD
systems at various temperatures for BR, BH, and AH samples.

Sample
RTA BR BH AH
temp. SigseGenq (200°C) Sig seGeo.q (450°C) Sige1Gengs (450 °C)
500 °C CoSi(210),(310) CoSi(110), (111), (200) The same as BH, except at
CoGe,(204) (210), (211), (310) 800 and 900 °C
600°C CoSi(210),(310) CoSi(110), (111), (200),
(210), (211), (310) ]
700 °C CoSi(210) CoSi(110), (111), (200), C0Si,(400)
(210), (211) -
800 °C CoSin(111),(200), CoSi(210) 5
(220),(400) CoSiy(111), (220) I
900 °C CoSi,(200), (400) CoSi,(111), (220), 5
weak(400); 8
CoGe,(204)

70 71 72 73 74
2 0 (degree)
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porated into the Co reaction during Co sputtering on heated
substrate at 450 °C. For the RTA annealing temperature that
is high enough to form CoSi>500 °Q, the CoSi phase is
much preferred over the CoGe phase for its low heat
formation?” However, for the RTA annealing temperature
that is below the CoSi formation randee., 450 °Q, some
Co—Ge compounée.g., CaGe;,?® CoGa may be generated

in the small grains in the Co—Si—-Ge mixing region. This
could explain the large fraction of CoGe found in the

102

0 e :
25300540 45 %0 25308540 45 400 Co(Si—,Ge)) solid solution for AH and BH samples after

2 6 (Degree) 2 6 (Degree) 500-700 °C annealing. o .

(a) (b) For the samples annealed at 800 and 900 °C, £oSi

phase is formed and Cg$220) is the strongest phase in the

FIG. 1. XRD spectra of C®i;_,Gg,) phase of@) BH sample, andb) BR ~ BH (i.e., SpgdGey14 With 450°C sputtering temperatyre

sample after annealing at different temperatures for 30 s. sample. According to the intensity of the CeoSihase in
XRD spectra, the silicide grains in high-temperature-

. . . sputtered samples grow larger for those annealed at 800 and
Fig. 1(a). The peaks_ correspo_ndmg to CO(S)Ge_y)_ phases 900 °C, compared to those annealed at 500—700 °C. How-
are very weak, albeit all possible cobalt monosilici@®S) ever, from the BH sample shown in Table II, the @30
orientations are depicted. This is drastic_ally different fromphas:e still exists at 800 °C, indicating that c;obalt monosili-
the room-temperature-sputtered counterfiet, BR sample cide has not been entirely converted into cobalt disilicide

for Si with 200°C sputtering temperatyreAs : . .

shownO‘?ﬁ‘G?i'gM 1), the BR sa?ﬂple s%ows 2 strgng peakphase yet. This suggests that Ge atoms in the Co—Si—-Ge
N i . _ mixing region may retard the formation of CgSeven at

corresponding to Co($1,Gg)(210), whereas peaks repre 00 °C, and thus alter the thermal reaction behavior. On the

senting some other orientations are missing altogether. We . . : .
believe this drastic difference is due to the large intermixin ot_her hanod, the CO§.40® phase in the BH"?" Sb.ee5&.14
ith 450 °C sputtering temperatyreample is found to be

layer of Co—Si—Ge caused by high-temperature sputtering o : . . .
Co fim on Si_,Ge layer, leading to small but no very weak, while CoS{400 peak is extremely strong in

orientation-preferred grains for the BH sample. In order totbuorg)l :rij(:é%’(iseb-glgeb-o‘* W'thvﬁg? zgoi%uie:?tgritsm?:ﬁ'
compare the relative composition of CoGe in Cq(§(Ge)) €., SbecC.14 ; putienng
phases, we have employed Vegard's equifidto calculate peraturg¢ samples. No CoSipreferential orientation along
the pha’se shift of Co($i,Ge,)(210) in samples from 500~ the Si substrate is observed in the BH sample. However, for
700 °C. As shown in Fig% 2, the relative ratjodecreases as the samples with smaller Ge mple fr:?\ction in thq,ﬁGa(
RTA temperature increases. It can also be seen from Fig. yer_(e.g., the AH sample the onentauqn behavior of pref- .
that for high-temperature-sputtered samples, a laygsfin- erential C0§(400) phase shows up again as dem'onstrated in
corporated into the Co(&i,Ge) solid solution, compared Tlable Ir: 'Igns g.]a)é b? becgu;e ':he Cprhase és grgwn
to the room-temperature-sputtered counterparts. The comp 10ng the Co—Si—Ge intermixing layer, not t_ e Sl substrate,
sition y for both BH (i.e., Si,sG&, 14 With 450 °C sputtering or h|gh-ten”'nperature—s'puttered samplgs. This may also lead
temperaturpand AH (i.e., Sp ¢,G& oo With 450 °C sputtering tp the .p055|ble fqrrr]natlorz of Co@e_as is found in the BI>H
temperaturesamples is even higher than the initial compo—("e" Sb-SﬁGeO-l“ wit 450 C sputFermg _tempe_rqtt)reamp €
sition x in the starting Si_,Ge, layer. This unexpected phe- shown in Table II. With less Ge in the intermixing layer, the
silicidation process behaves more like a Co film reacting on

nomenon implies that a large portion of Ge would be incor- . X
a pure Si substrate at 800 and 900 °C, so ¢gBiws along
the (400 direction again.
—2 0.60 Figure 3a) shows the sheet resistancgg) of room-

12:; [ % - = ] 055 = temperature and high-temperature sputtered samples at vari-
8 455} — ) 1090 A, ous RTA temperatures. From 500 to 700 °C, sheet resistance
2 32-3 [ ] 8';‘3 @ of the high-temperature-sputtered samples is higher than that
T 4al /_’/_ BRO-0.14) s 8= of the room-temperature-sputtered counterparts. This can be
GBI T Qﬁﬁﬁ:g‘?i om0 = 8 explained by the formation of smaller but orientation-free
@ ZE(, ii:g [ \'\v_ AH(X=0:097 0.25 % g Co(Si—,Gg) _grains in high-temperf_;lture-sputtered samples,
© % 448} 0.20 £ or the formation of possible Co oxide as detected by AES
£ il 0.15 g during the Co sputtering process. For the high-temperature-
© mst 010 £ sputtered samples with higher Ge content, the sheet resis-
23'3 o U g'gg © tance value is higher than that with the lower Ge content. At
’ 500 600 700 ' 800 °C, CoSjphase is formed and the sheet resistances of all
samples fall to a minimum with the exception of the Bi¢.,
RTA temperature (°C) Sig 858 14 With 450 °C sputtering temperatyreample. This

FIG. 2. The diffraction angle of G8i;_,Gg,) phase and the relative Ge is due .tO the presence of th? high'rESiS_tiVity CQQ§G65,)
ratio y after annealing at various temperatures for 30 s. phase in the BH sample, which is consistent with the XRD
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FIG. 3. Sheet resistanc@) as a function of RTA temperature for all
samples, an¢b) as a function of Ge mole fraction for both high-temperature
and room-temperature-sputtered samples after annealing at 900 °C for 30 s.

spectra shown in Table Il. We can therefore conclude that
the CoS;j silicide reaction is retarded with the presence of
many Ge atoms incorporated into the Co—Si—Ge mixed re- @
gion during high-temperature sputtering of Co 0ps35&) 14

layer. The silicidation reaction mechanism in high- FIG. 4. Scanning electron microscopEM) micrographs of the surface
temperature-sputtered samples is based on the mixed Cdnorphology of the (@ high-temperature-sputteredAH), (b) room-
Si—Ge region, which is different from the room-temperature-SMPeralure-SputtereiR) S oGe oo Sample andc) high-temperature-
sputtered BH), (d) room-temperature-sputter¢BR) Sij 5/G&y 15 Sample af-
sputtered samples. For the room-temperature-sputterggh peing annealed at 900 °C for 30 s.

samples, either no mixed region occurs or the mixed region

is simply not wide enough, so the reaction takes place along

the Si_,Ge, substrate. At 900 °C, all the samples are con-temperature-sputtered samples at 900 °C, as was detected by
verted into CoSiphase so the sheet resistance value reache$RD measurements.

its lowest value. Figure(®) shows the sheet resistanegas According to the scanning electron micrograph, shown

a function of Ge mole fraction after annealing at 900 °C byin Fig. 4, for the Co/Sjq:Gey o9 Sample after annealing at
RTA. Generally, due to the large amount of precipitates for900 °C for 30 s the grain size of high temperature sputtered
higher Ge mole fractionx in the Co/Sj_,Ge, reaction (i.e., AH) sample is indeed smaller than the room tempera-
samplesp increases ax increases. However, the, value  ture sputteredAR) one. This result is consistent with our

of the high-temperature-sputtered samples is higher than thakplanation of higher sheet resistivity in the high-

of room-temperature-sputtered counterparts. One reason mégmperature-sputtered sample. As the Ge content increased,
be the smaller Cogigrains for AH (i.e., Spq:Gey g With  the surface became rough in both high-temperature and
450 °C sputtering temperatyrand BH(i.e., Sp gdGey 14 With room-temperature-sputtered samples. However, as for the
450 °C sputtering temperatyreamples, which may also re- Siy sGey 14 Sample, the surface roughness for the high-
duce the probability of agglomeration at 1000 °C, as showriemperature-sputtere(BH) sample became much poorer

in Fig. 3(@. So while the BR(i.e., S} g§G&y 14 With 200°C  than the sampléBR) with room-temperature-sputtered Co
sputtering temperaturesample exhibits an extremely high film after 30 s annealing at 900 °C. We believe that the rough
resistance due to agglomeration, the Bik€., SpgGey14  surface is due to more G6.142 vs 0.130 in Table ljlatoms

with 450 °C sputtering temperatyreample does not suffer absorbed into the silicide region and mixed compound
from the same high sheet resistance. Another plausible re¢€CoGe,CoSh) formation. In addition, the worst roughness
son may be the high-resistivity Cogéormatiort? in high-  may be the reason that the BH samp#50 °C sputtered
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TABLE lll. Generalized results detected by AES depth profiles for BR and BH samples after annealing at 500,
700°C and 900 °C.

AES result X in unreacted Oxygen Surface Ge Relative Ge fraction in
Sample Si;_ Ge, layer pileup accumulation CoSp, layer 900 °C
Br 500 °C 0.14 Ax= No No
700 °C 0.121 0.019 Yes
900 °C 0.130
500 °C 0.14 Ax= Silicide No
BH 700°C 0.136 0.004 i, Ge, No
900 °C Interface 0.142

Siy.8eG&y 14 film) kept the highest sheet resistance value ategion and the Si composition in ;Si,Ge, precipitates in-

900 °C. For improving surface roughness of the silicide film,crease. Thus the Ge mole fraction decreases as RTA tem-

a pre-amorphization implant should be adopted. perature increases. At 800 and 900 °C, the value of the Ge
fraction in the precipitates is nearly the same for both high-
temperature and room-temperature sputtered samples.

B. Change in Ge mole fraction for Ge-rich Si  ;_,Ge,

precipitate

After high-temperature annealing, possible formation of ) _ _ i
Ge-rich Sj_,Ge, precipitates would distribute along the sil- - Strain relaxation analysis for the underlying
icide grain boundarie®’ Figure 5 shows theé-26 XRD pro- Si1-xGey layer after silicidation
files of Si_,Ge,(400) precipitate for BR(i.e., SpgdGey 14 The high resolution asymmetrig-26 x-ray diffraction
with 200 °C sputtering temperatyrend BH(i.e., ShgGe&y 14  measurement system consisted of a Huber Cu target source
with 450 °C sputtering temperatyreamples annealed at 700 with a S(111) crystal monochromator and a Ragaku scintil-
and 800 °C. It can be seen that as the RTA temperature ifdation Nal detector to detect the diffracted beams. The
creases, the diffraction angle of thg SjGe, value increases. sample was mounted in air at the center of the five-circle
Figure 6 summarizes the diffraction angle and relative Galiffractometer axe’ The results of the high resolution XRD
composition in the Ge-rich $i,Ge, precipitates for all spectra of the unreacted ;SiGe, layer for BH (i.e.,
samples. All precipitates should be relaxed SGe, crystal  Sij gdGe, 14 With 450 °C sputtering temperatyrend BR(i.e.,
grains. At 700 °C, the calculated relative Ge ratios for theSi, Gy 14 With 200 °C sputtering temperatyreamples are
room-temperature-sputtered samples are higher than those stiown in Fig. 7. The $i ,Ge, peaks shift more toward the
the high-temperature-sputtered counterparts. This is becau$é peak at higher annealing temperature, indicating more
there is no Ge accumulation in the silicidation layer for thestrain relaxation in the $i,Ge, layer. Here we assume that
high-temperature-sputtered samples after annealing by RT#e strain relaxation of as-deposited SiGe, layer is zero.
at 700 °C, which should be revealed in AES profiles. WhenThe strain relaxation of the SiGe layer after annealing can be
the RTA temperature increases to 800°C, the entirealculated from the position of SiGe XRD peak. Figure 8
Si;_,Ge, layer is totally consumed, and the silicide layer summarizes the calculated strain relaxation for BH and BR
turns into the CoSiphase simultaneously. More and more Sisamples. The strain relaxation for the BR sample is actually
and Ge segregate out and form more precipitates. From AESiore serious than that of the BH sample, indicating that the
measurements, both the total amount of Si in the silicidehigh-temperature-sputtering technique can inhibit the degree

of lattice strain relaxation during the silicidation process.

67.70
2000

0.6
El 69 joss 2
E) —e— BR ©
8 - ~0O— AR 048 E_
£1000 o —v— BH {os8 8
3 b —— AH < 5
o @ ~
o BH 700°C Qest 40235 ¢
@ g G,
BR 800°C & jorg
O.OO w

o bmza 67.71 67 . . ) oA

62 63 64 65 66 67 68 69 700 800 900
20 (Degree) RTA temperatures (°C)

FIG. 5. XRD spectra of Ge-rich 8i,Ge,(400) precipitates for BR and BH FIG. 6. The diffraction angle and calculated Ge mole fractiam Si; _,Ge,
samples after RTA annealing at 700 and 800 °C. precipitates as a function of RTA temperature for all samples.
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[0 10° e 700°C
510‘ g Ge
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1o Si(40 -
(40 0 200 400 600 800 1000 1200
10° | 'siGe(400) 68.2199.12p
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FIG. 7. High resolution XRD spectra of Si,Ge, (400) phase for the un- 0867014 7 ]
derlying Si_,Ge, layer after annealing at different temperatures. - o film 450 C sputtered sample
=5 Co .
3 Si
£ ]
D. Redistribution of Si, Ge, O, and Co in the s 700°C
Co/Si,_,Ge, layer after annealing 2
3
The compositional properties analyzed by AES measure- 8
ments are summarized in Table Ill. A large oxygen pileup is
observed in the BHi.e., Sb.%GQ)_M_VyIt.h 450 °C sputtering 0 100 200 300 400
temperaturesample between the silicided and the unreacted Time (sec)
SigsdG& 14 layer after annealing at 500 and 700 °C. Figure 9 (b)

shows the AES profiles for BR.e., Sp gdGey 14 With 200 °C

sputtering temperatuyeand BH samples after annealing at FiG. 9. AES depth profiles o) BR and(b) BH sample after annealing at

700°C. It can be seen that, contrary to the BH sample, n@00 °C for 30 s.

oxygen pileup is found in the BR sample. This may be due to
the possible reaction between O and*tauring Co sputter-
ing on the hot substrate. In addition, the increasp OffFig.

3) in BH and AH (i.e., Spg:Ge&y g9 With 450 °C sputtering

although only 0.06 mole fraction of Ge is incorporated into
the Co(Sj_,Geg)) reaction, the phenomenon of accumula-

temperaturesamples could possible be due to the formationtion or nonuniform distribution of Ge found in the BR

of Co oxide. Generally, from 500 to 700 °C, the Ge fractionS@mple is not found for the BH sample. We therefore con-
in the underlying Si_,Ge, layer is reduced during clude that the Ge segregation in high-temperature-sputtered
silicidation2 However, the reduction for the BH sample ( Samples is not as significant as in the room-temperature-
—0.004) is extremely small, compared to that for the BRSPuttered counterparts. The Ge-rich; SGe, precipitate
sample &=0.019). This implied that the underlying May be small and uniformly distributed in high-temperature-
Si,_,Ge, junction remains intact even after 700 °C annea“ngsputtered samples. This result is consistent with the precipi-
for the high-temperature-sputtered samples. At 900 °C, Oxytate analysis shown in Fig. 6. At 900 °C, the out-diffusion of
gen out-diffuses and the oxygen content decreases in the sf€ toward the surface region is more apparent in the BH
icide reaction region for the BH sample. On the other handSa@mple, due probably to the formation of CaGas a result,
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reacted Si_,Ge_ layer as a function of RTA temperature.

Strain Relaxation

the Ge fraction in the Cogilayer for the BH sample be-
comes higher than that for the BR sample.

IV. CONCLUSION

The characteristics of high-temperature-sputtered
Co/Si,_,Ge, junctions are reported. The resultant silicide
films demonstrate a smaller but orientation-free
Co(Sh_,Geg)) grains when subjected to a low-temperature
RTA anneal. Ge atoms are found to be incorporated signifi-
cantly into Co(Sj_,Geg)) after annealing at 500-600 °C. Re-
tardation of CoSiphase by Ge is detected after annealing by
RTA at 800 °C, indicating that the mixed Co—Si—Ge region
formed at 450 °C during Co sputtering plays an important
role for the later silicide reaction. This phenomenon also
affects the BH(i.e., SpgdG&, 14 With 450 °C sputtering tem-
perature samples annealed at 800 and 900 °C to form goSi
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