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Solid-phase reaction, Schottky barrier heights and contact resistivities at the interface of
Ti/Sip G & »/Si(100) systems have been investigated. At annealing temperatures below 300 °C, Ti
atoms preferentially react with Si atoms. Ge atoms start to react with Ti above 400 °C and
C54-Ti(Si,_,Gg,), with a fraction ofy=0.12 is formed by annealing at 650 °C. The annealing
behavior of Schottky barrier heights suggests that the Ge composition of SiGe layers at the interface
is Si-rich, which is consistent with the results on the interfacial reaction. Forrbathdp-SiGe, the
Schottky barrier heights lower than those of Ti/Si(186 obtained at 650 °C, which is considered

to be related to the reaction product such as C5&5ifi,Gg)),. The contact resistivities smaller
than those expected from the Schottky barrier heights are obtainpd {8iGe at 580 °C. The sheet
resistance of Ti/QigGe&) »/Si(100) and Ti/Ge(100)systems decreases at annealing temperatures
above 550 °C and the values are as small as that of C54,-Ti8i 1998 American Vacuum Society.
[S0734-211X(98)00405-3]

[. INTRODUCTION as As and P. These facts suggest that the development of

. _new contact materials is indispensable for future ULSI tech-
Due to a decrease in contact hole areas, the current driv-

. . . ) . : nologies.
ing capability of minute metal—oxide—semiconductor field- Erom the above-mentioned viewnboint. we have tried to
effect transistorMOSFETSs)is dominated by the parasitic point,

series resistance of ohmic contacts with scaling-down of de->¢ Si-xG& layers as intermediate layers between metals

. -9 . . .
vice dimensions. Therefore, formation of ohmic contacts TJT_dSISI sutbsttrate%t. The fe;pphcatlon 0; SiL)EG(%( layers to.
with low resistivities and high reliability is one of the key contact systems Ofiers many acvantages s'u.cmlas.
issues in ultralarge scale integrat@dl Sl) circuit technolo- good compatibility with Si processe€?) controllability of
gies. In the generation of 0.m rule devices, a contact the band gap(s_’) heteroep!taX|aI grqwth on @00) sub-
resistivity lower than 108 © cm? would be necessary to strates, and4) different doping behavior from Si. The band
maintain the performance. gap of Sj_,Ge varies from 1.12 to 0.66 eV by increasing the

We have investigated solid-phase reactions, crystallo©€ fractionx. The conduction band edges of Si angd 3G,

graphic structures and electrical characteristics at the inte@€ @lmost aligned and the band offset is mainly formed at

. . . 0 .
faces between various metals and Si(160bstrates and re- (he valence band edge at the SiGe/Si mterfacel. This
ported the low contact resistivities on the order of 10 fact indicates that the Schottky barrier heights of metal/

Q cn? for Zr/ and Hfin* —Si(100) contacté3 However, n-Si; _,Ge, systems are almost the same as those of metal/
there are some limitations, such as the band gap, the electréhSi and, while the narrow band gap 0} S;Ge results in a
affinity and the solid solubility of impurity atoms in Si, for Significant lowering of Schottky barrier heights = for
achieving much lower contact resistivities for*- and P-Sh-xGé&. However, only a few experimental results on
p*-Si. In particular, in complimentary metal—oxide— electrical properties and interfacial reaction of metal/

semiconducto(CMOS) devices, it is essentially difficult to Sii—xG& contacts have been reported. As for impurity dop-
lower the contact resistivities fan*- and p*-Si simulta-  ing, Tokumitsd* discussed the maximum doping concentra-
neously by using a contact material. Since the sum ofion for various semiconductors and suggested thatpthe
Schottky barrier heights fon*- and p™-Si is equal to the type impurity doping in Ge has an advantage overrtigpe
band gap of Si, a material with a low contact resistivity for doping from the viewpoint of the correlation between Fermi-
one type of Si is disadvantageous for the other type. In adlevel pinning energies. A different doping behavior from Si
dition, the maximum concentration of impurities that can besubstrates can also be expected in the case;0f,Sg, .
accommodated in Si at a given process temperature also lim- In the present article, we report the interfacial reaction
its the minimum contact resistivity. The solid solubility of B and electrical properties of Ti/Si,Ge,/Si(100) contacts.
atoms in Si is lower than those pftype impurity atoms such The results obtained in this work will also be useful for con-

tact formation in the case of Si,Ge, heterostructure de-
2Electronic mail: zaima@alice.xtal.nagoya-u.ac.jp vices.
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Il. EXPERIMENT = Py = @
The substrates used weme andp-Si(100) with resistiv- ‘} > ‘:_z

ities of 1-3 and 0.5-0.7) cm, respectively. 3iGe, , lay- H i i

ers were epitaxially grown on the substrates at a growth tem- ESL> j.% ESL>

perature of 460 °C by molecular beam epitakyIBE),
whose base pressure was less tharl0 1° Torr. Si and Ge

0

5
were evaporated by electron beam gUEsyuns). Sb and Ga g _ 0°G e aleq
were also doped during the growth using Knudsen cells to E 5
form n- and p-Siy sG&y» layers. The doping concentration 5 e
was examined by Hall measurements. After thggSi,» 8 ! 450°C annealed |
growth, the substrates were dipped into a dilute HF solution = § =
(HF:H,0=1:50) and rinsed in de-ionize@®l!) water before = §

-—Ti

setting in a metal film deposition chamber with a base pres- L
sure below 510 1% Torr. By this treatment, the SiGe sur- ,Mmmm
face was considered to be passivated by H atoms, since no ot

trace of oxygen adsorption was detected by x-ray photoelec- 20 (deg)
tron spectroscopyXPS). Ti films were deposited on the 9-

SiGe surfaces by E-guns. Crystallographic structures were A= B S SRS~ S Sy Xt
examined by a thin film x-ray diffractio®XRD) apparatus 8, s ‘s“:N § s g
using a CuK a source and chemical compositions were mea- = | & ‘tZ?' ¢ B § @
sured by XPS using an A« source and Auger photoelec- = E‘ Er, E E E E
tron spectroscopyAES). 2| ° ‘g ° gl° ©
K] S |

In order to form Schottky diodes, the andp-Siy G , s "‘; ;é‘ | i_& |
layers with a thickness of 100 nm were grownrerandp- Si %‘ 5;: ij: 1 \ij 1
substrates, respectively. The pseudomorphic growth of s gel|l & I8
SipsGey» layers on Si(100)substrates was confirmed by E ; g g g
XRD. The doping concentrations of andp-Siy Ge, , lay- © = " -
ers were X 10' and 1x 10 cm 3, respectively. Ohmic b= T T I 50—
contacts with Si substrates were formed on the backside of 20 (deg.)

substrates by Al electrodes on heavily doped diffusion lay-

ers. The Ti film thickness of samples used in electrical meaFic. 1. XRD spectra of 50-nm-thick Ti/giGe, »/Si(100): (a) as-deposited
surements was 150—200 nm. Current—voltageM) charac- and annealed at 450 Cand 550 C ahglannealed at 650 C.
teristics of Schottky diodes were measured in the

temperature range of 777300 K. The value of Schottky bar—SinCe the solid-phase reaction between Ti and e, is
rier heights was determined from the temperature depen- idered ke ol bel o ioned
dence of thd —V characteristics considered to take place even below 400 °C as me_nt|on_e
o S ) below, an amorphous layer would also be formed in this
Specific contact resistivity was also measured by a four- - .

) . > system. Distinct peaks can be observed by annealing at
terminal Kelvin method? In order to form measurement de- o i , .
vices,n"- andp™-Si diffused layers were formed q» and 550°C. At 500°C, we confirmed the formation of

o b AYer: m C49-TiSp and TiGe; in Ti/Si and Ti/Ge systems by XRD,
n-Si substrates by thermal diffusion of P and B atoms at ivel hich | ) ith ous]

1000 °C, the surface concentrations of which wepe10?° respecltLve y, which Is consistent with previously .repor'ted
and 2x 1’020 cm ™, respectively. Thar*- andp”-Siy Ge, results.” In the spectrum at 550 °C, however, the diffraction
layers were grO\;vn on tha*- .and p*-Si diffusec(i) 8Iayeis peaks from TGe; are hardly present in the case of
through SiQ masks, respectively. The dopin concentrations, 5085 2/Si systems and the main peaks can be assigned
9 , fesp y. bing as the diffraction peaks originating from C49—TiSThis

+_ +_Qj 9 8
of n3 and p*-Sly Gey layers were X 10°° and 5<10° feature is considered not only to be due to the small Ge

cm'*, respectively. composition but also to result from the reactivity difference
of Ti atoms with Si and Ge atoms, as discussed below.
lll. EXPERIMENTAL RESULTS At an annealing temperature of 650 °C, it should be noted
A Interfacial reaction that all peaks are obsferved between the d'iffrgction angles
' expected from C54-Tigiand C54-TiGg as indicated by

Figure 1 shows XRD spectra taken from 50-nm-thickarrows in Fig. 1(b). This result indicates that a new reaction
Ti/Sip §G&) »/Si(100)samples annealed &) 450 and 550 °C  product is formed by the reaction between Ti anggSi, ,
and (b) 650 °C. Diffraction peaks from Ti crystallites are films. Boutareket all® have reported that C54—TiSand
observed for as-deposited samples and these peaks disapp€&r—TiGe are completely miscible and that the lattice con-
at an annealing temperature of 450 °C. In the case o$tant has a linear relationship with the Ge concentration.
metal/Si systems, the formation of amorphous silicide layerJable | indicates the lattice spacings of C54-Fiaind
has been widely reported at temperatures below 50t °C. C54—TiGe and for different crystallographic planes and the
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TaBLE |. Lattice spacings of C54—Tigiand and C54—TiGgefor different TasLe Il. Measured binding energy shifts of XPS peaks in
crystallographic planes and the experimental values estimated from Fidli/Si, :G&, 5/Si(100)and Ti/Ge(100systems.
2(b). The Ge fractions of Ti($i,Gg)), evaluated from the experimental

results are also listed. Peak As-deposited 300 C 400 C 500 C
Lattice spacingA) N Si2p —-02eV  —0.2eV —04eV —04eV

TilSip sG&s Ge 2 N@ N# -0.7 -0.7

hkl C54-TiS, Cb4-TiGe  Experimental  Ge fractiory Ti2p 0 +0.2 +0.6 +1.0

moomowm o o v W os o7

: ) ) ) Ti/Ge(100
022 2.087 2.187 2.100 0.130 (100) Ti2p 0 0 106 111
313 1.828 1.904 1.836 0.101 i i

aN: not observed.

corresponc}ing experimental_ yalues estjmateq from R@'l Si 2p peak can be observed even for as-deposited samples,
R'ep'resentlng the composition of .thIS solid solution aSthe Ge D peak appears above 400 °C. In as-deposited and
Ti(Si;-,Gg)),, the average Ge fractioy, can be evaluated 34 o gnnealed samples, a chemical shift of 5bg — 0.2

to be 0.12 from this result. Thus it can be concluded tha%v occurs from the binding energy for bulk Si. At 400 and

T?(S_il—yGey)? with a Ge fraction ofy=_ 0.12 is formed at the 5ng °C, the chemical shifts of Sp2and Ge » are—0.4 and
Ti/Sip gG&, , interface due to annealing at 650 °C. This fact_ol7 eV from the energy position for bulk Si and Ge, re-
also suggests that Ge atoms are swept up into the SiGe Iay§|5ectively

at the interface. The production of Ge-rich, SiGe, layers
at the interface is thought to be likely, since the heat oft

formatpn Iln TiSj and TiGg is ~57.0 and—47.5 kJ/mof, of XPS peaks in Ti/Ge(1003ystems for various annealing
respectively, temperatures are summarized in Table Il, together with the

In order to clarify the interfacial reaction between Ti and oo its of TilSi §Gey 5/Si(100). The Ge @ signal is not ob-
Sh«Ge, XPS measurements were performed using 3.5g 64 pelow 300 °C, which is the same as the case of

nm-thick Ti/S} 5_Geb 5/Si(100)samples. I_:ig_ure 2 shqws XPS TilSiy <Gey 5/Si. The Ge P peak appears at a binding energy
spectra of(a) Si 2p and (b) Ge 2 on Ti/SisGes/Si(100)  |5yer hy —0.9 eV than the bulk Ge peak after annealing at
samples annealed at various temperatures. Although thg00 °C and the chemical shift is 0.7 eV at 500 °C. The

Ti 2p peak shifts toward the higher binding energy with an
increase in annealing temperature and the chemical shift is

The behavior of the Ge®peak in Fig. 2b) is similar to
hat in the case of Ti/G&00) systems. The chemical shifts

-0.4 eV ! @ very close to that in Ti/QisGes/Si. In the case of Ti/
_ M Si(100) systems, on the other hand, the silicidation causes
2 | - a00°C the Sid and Ti 2 peaks to shift by—0.4 and+0.3 eV
5 Wﬂ;\/\\‘w from bulk Si and metallic Ti"*8respectively. Therefore, the
ﬁ | x3 300°C relatively large chemical shifts of Gg2and Ti 2 are con-
> 0.2eV 3 5 . sidered to be due to the bonding between Ti and Ge atoms.
G L 25 dspositd These results clearly indicate that Ti atoms preferentially re-
£ | substrate act with Si atoms below 300 °C and the reaction with Ge
-, ., 988ev. atoms starts above 400 °C. This finding is consistent with the
95 96 97 98 99 100 101 102 results of XRD measurements as mentioned above.
Binding energy (eV) The depth profiles of Ti, Si, and Ge atoms measured by
AES are shown in Fig. 3 for 50-nm-thick TifyGey o/
L S '(B) Si(100)annealed at 400 °C. It is noted that the composition
' 0.7eV ratio of Ge and Si atoms increases at the Ti§Si,
0 M interface. This result also supports the fact that the Ge-rich
€ M Si;_,Ge, layer is formed by the reactivity difference be-
g b tween Si and Ge atoms with Ti atoms at the interface.
L O S
F (
a ' X5 as-eposited B. Electrical characteristics
[]
E M The Schottky barrier heights of Ti(iGe, »/Si(100)and
o 1287ev Ti/Si(100) diodes are shown in Fig. 4 as a function of an-
1214 1216 1218 1220 1222 1224 nealing temperature. The Schottky barrier heights of

Binding energy (eV) Ti/n-SiygGey, diodes are almost identical to those of
Fic. 2. XPS spectra ofa) Si2p and (b) Ge2p peaks of 3.5-nm-thick Ti/n-Si(100) below 300 °C and decrease by annealing above

TilSiy {Gey/Si(100)before and after annealing at temperatures from 300 o490 °C. In the case of Tp-Si; ¢Ge, , diodes, on the other
500 C. hand, the Schottky barrier heights lower than that of

JVSTPa§i€04Ieﬁtto7cs and Nanometer Structures
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a ‘\_ OkLL : b E
w | c ; Ti/Sio.sGeo.o/Si(100) E - Ti/Sig gGeg o/Si E
<t i annealed at 400°C o e

AP | Toohes 1, I "

as-deposited 200 300 400 500 600 700
Annealing temperature (°C)

0 20 40 60 80 100 120 140
Sputtering time (min)
Fic. 5. Sum of Schottky barrier heights nf andp-type diodes obtained in

Fig. 7, as a function of annealing temperature. The energy band gap of Si
and pseudomorphic §iGe, , are also indicated.

Fic. 3. AES depth profiles of Ti, Si and Ge atoms for 5.0-nm-thick
Ti/Sip §G& »/Si(100) annealed at 400 C.

Ti/ p-Si(100) are obtained at temperatures below 300 °C and ] _ _
then the values are increased above 450 °C. In the case 8f Ge-rich layers estimated from AES measurements is 0.3—
pseudomorphig- Si, G&, , layers used in this experiment, 0.4 for as-deposited and 400 C-anr)ealed samples. The mea-
the Schottky barrier height can be expected to be lower byured values of(¢sq+ ¢gp) are relatively close to the band
about 0.1 eV than that for metai/Si, since the band gap, ~ 9aP of Si_,Ge with x=0.3-0.4,E;=0.9-0.85 eV. These
is about 1.0 eV for a Ge fraction &f=0.21° The lowering of facts suggest that the Schottky barrier height is affected by
Schottky barrier heights at temperatures below 300 °C i§he chemical composmon_ of Ge-rich layers formed at the
more than the expected value of about 0.1 eV. The sum gpterface. The other possible reason for the measured low
the Schottky barrier heights of- andp-type diodesq(¢g, Parmier heights and low value ofg(¢g,+ ¢gp) for
+ ¢gp), is shown in Fig. 5. The sum of Schottky barrier Ti/ p- Sip §G&y » annealed below 300 °C is an influence of de-
heights for Ti/S{100) has an almost constant value below fects existing at the interface. Indeed, the ideality factors of
600 °C although the value is slightly lower than the band gap!  P-Sh ¢G& > diodes below 300 °C are about 1.3. However,
of Si. In the case of Ti/$igGe, , the sum is about 0.9 eV and after anneallmg at temperatures above 4Q0 _°C, the |_deaI|ty
gradually decreases with increasing annealing temperaturefactors are improved to below 1.2. For iSio G, , di-

As mentioned above, Ti atoms preferentially react with gjodes, the ideality factors are about 1.1 or less in this anneal-
atoms and a Ge-rich layer tends to form at Tj/SGe, in- ing tgmperature range. _Therefore, the defeqts Wogld paytly
terfaces as a result of solid-phase reaction. The Ge fractiopentribute to the lowering of Schottky barrier heights in

e
~

E Ti/n-Si (a) 1

04 ¢ E
E Tiln-Sio,aGeo 2/ n-Si

0.3 E it 1 ) il I L.
as-deposited 200 300 400 500 600 700
Annealing temperature (°C)

03 E — L 1. d
as-deposited 200 300 400 500 600 700

Annealing temperature (°C)

Ti/ p-Sip §G&y » below 300 °C.
It should be noted in Fig. 4 that the Schottky barrier
heights for botin- andp-Siy §G&, , are lower than those for

affinity of SiysGey, layers!® it can be expected that the
Schottky barrier heights for unstrained and p-Siy sGey»
become low and high as compared with the strained case,
respectively. The experimental results in Fig. 4 seem to be
consistent with the change in band gap and electron affinity

s

;.'f n- andp-Si at annealing temperatures above 460 °C, respec-
206 F 3 tively. At temperatures above 400 °C Ge atoms start to react
g Fo2-——== N 3 with Ti atoms, and the §§Ge, » layer is strain relaxed above
Eost S PSS E 460 °C, which is confirmed by XRD. Since the strain relax-
S F ~e 3 ation brings about an increase in the band gap and electron
=

2

Q

%]

?3 o T ey due to the strain relaxation. However, the values|dfpg,

) 06 b Tilp-Si + ¢gp) remain almost unchanged by annealing at tempera-
2" e, \ E tures above 460 °C. Therefore, the Schottky barrier heights
E o5 b \/§ i at temperatures above 460 °C are thought to be mainly af-
s ¢ . ] fected by the interfacial Ge-rich layer and the reaction prod-
g o4k - TN e o ucF such as C54-T%i; ,Gg)),. From the appllcanon view-

o o~ g '\ ' _ ¢ point, we can c_onclude that thelsg(Ge;(/S|_ §tructur_e is a

& Tilp-SioaGeo.2fp-Si favorable candidate for both™- and p*-Si in achieving

low-resistivity contacts.
The measured and calculated contact resistivitiesfor

andp™-Si, §G&, , are shown in Fig. 6 as a function of doping
concentration. The solid and dashed lines are calculated

Fic. 4. Schottky barrier heights of Ti/§iGe, ,/Si(100)and Ti/Si(100)di-
odes for(a) n- and(b) p-type, as a function of annealing temperature.

J. VacPS‘f'géeS]rBTW Vol. 16, No. 5, Sep/Oct 1998
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25 e A ARRmaY
J y .clpné)le PN C A TifSigsGe,2/Si ]
o~ F ~ q(g=0.6 For n+-type ] F O TifSi ]
oé 100 r ( calculated 1 -~ 20 [ O TilGe .
o i q(e=0.5 eV ®  460°C annealed ] C ]
S N N e  580°C annealed & %‘ - ]
g 10?2y For ptype 1 o 15FN7 .
> N calculated : oo 3 E
- (4]
- 4 o ggg°g annea:eg} £ r .
- 4 °C annealed 1 -~ B 4
g 104f 1 2 10 ) .
- r 2 @ | O --— - —-— O—- ]
e E 8 3 = I ]
£ 106Fqde=04ev 1 2 s5f .
o 4 E = N ]
o r 1 )
10-8E . A | L aaal ) )] M WIS NS FTEE P M
1018 1019 1020 10 as- 200 300 400 500 600 700
Impurity concentration (cm-3) deposited

Annealing temperature (°C)

Fic. 6. Dependence of contact resistivities on substrate doping concentration ) . ) . -
for Ti/Sig gGe& »/Si(100). Solid and dashed lines are the calculated result£!7é7'ls()%eet re5|?tantt:_e of ?O—nm—trlyck ;I'g{&q,_zismloo), Ti/Si(100)nd
based on the impurity band model proposed by BaltenspésgerRef. 19). /Ge(100), as a function of annealing temperature.

curves forn*- and p*-type contacts, respectivelyln this same as a previously reported vafdeln the case of
calculation, a simple impurity band model proposed byTi/SiysGe,,/Si, the sheet resistance has a maximum value of
Baltenspergéf has been used, in which hydrogenlike cen-24.3 Q/square at 400 °C and a minimum value of 1.4
ters with a regular impurity distribution and a Gaussian-typef)/square is obtained at 600°C. Above 600 °C,
density-of-states function are assumed. In addition, both th&i(Si, _,Ge)), is formed as the reaction product in
thermionic emission and tunneling processes are also inFi/Siy G, »/Si systems, as shown in Fig(k). This fact in-
cluded as the transport mechanisthsSSince the effect of dicates that C54—TiGes also a low-resistivity phase in ad-
impurity bands is small at the doping concentrations belowdition to C54-TiSj. Indeed, the Ti/Ge system exhibits the
5x10* cm™3, we can expect that the experimental resultssame annealing behavior of sheet resistance as the Ti/Si sys-
are in good agreement with the calculated ones. The medem, as seen in Fig. 7. The sheet resistance of Ti/Ge systems
sured contact resistivities of Tif§iGe, »/Si(100)annealed at is about 11€Q)/square in the annealing temperature range of
460 °C are very close to the calculated values for thet50-550 °C, in which §Ge; is formed, and decreases to 1.8
Schottky barrier height afi- andp-Siy §G&) ». In the 580 °C  (}/square by the formation of C54—-Tigabove 600 °C.
annealed case, however, the contact resistivities forand
p*-Sip sGey, are 1/10-1/100 times as low as the values ex-
pected from the Schottky barrier heights. The contact resisI-V' CONCLUSIONS
tivity is not only ruled by the Schottky barrier height but also  The Schottky barrier heights, contact resistivities and
by the doping concentration in Si substrates. For Ti/Si syssolid-phase reaction at the interface of Tj/s&e, ,/Si(100)
tems, it has been reported that the grain boundary diffusiosystems have been investigated in the annealing temperature
of Ga and Sb atoms in TiSis slow below 600 °G! Since  range from 300 to 700 °C. Silicon atoms preferentially react
the interfacial reaction proceeds at temperatures belowith Ti atoms at annealing temperatures below 300 °C and
600°C, the dopant atoms would accumulate at the interface i6e atoms start to react above 400 °C. The low Schottky
the diffusion of dopant atoms into (Bi, - ,Geg,), layers were  barrier heights are obtained for PiSi; §G&), below 300
sufficiently slow. Thus, one of the possible explanations for’C, whose values are smaller than those expected from the
the decrease in contact resistivity at 580 °C is the segregdse reaction. For botm- and p-type diodes, the Schottky
tion of dopant atoms at the interface. Defects at the interfacbarrier heights lower than those of Ti/Si are obtained at an-
are also considered to be responsible for lowering the contactealing temperatures above 460 °C. The sum of the Schottky
resistivity. Further investigation is necessary to clarify thebarrier heights oh- andp-Ti/Sip gG&y, is smaller than the
behavior of dopant atoms and defects. band gap of SigGe&,, in the whole temperature range. Fur-
The other important factor to be considered for an applithermore, C54-TiSiand C54-TiGg are completely mis-
cation in the case of ULSI contacts is the relationship be<cible and the formation of C54-8i, _,Ge)), with a frac-
tween the sheet resistance and the crystallographic structur@gon of y=0.12 can be confirmed at 650 °C. These results
In the case of TiSj it is known that the high-temperature indicate that the Ge fraction is considered to be increased at
phase of C54-TiSihas a sheet resistance much lower tharthe interface. The contact resistivites fon*- and
the low-temperature phase of C49-Ti% Figure 7 shows p*-Si,sGey, are close to the values expected from the
the sheet resistance of 50-nm-thick Ti/§be,,/Si(100), Ti/  Schottky barrier heights at 460 °C; however, the much lower
Si(100)and Ti/Ge(100)systems, as a function of annealing values are obtained at 580 °C. It is concluded that the SiGe
temperature. The sheet resistance of Ti/Si decreases by anterlayer can be expected upon realizing low resistivity con-
nealing at temperature above 400 °C and has a minimurtacts. C54-Ti(Si_,Gg,), and C54-TiGg have sheet resis-
value of 1.2Q/square above 550 °C, which is almost thetances as low as that of C54—T;Si
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