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Abstract

We report on titanium contacts to n-type and p-type Si;_,_,Ge,C, strained heteroepitaxial layers on (100)Si and
material and electrical characterization of n-type and p-type platinum-silicide-germanide contacts to Si,_,_,Ge,C,
strained heteroepitaxial layers on (100)Si. Ti contacts to n-type Si;_._,Ge,C, show rectifying behavior at low
doping levels but become ohmic as layers reach 10'® cm™>. Ti contacts to p-type Sij_—,Ge,C,/Si are ohmic at
doping levels as low as 10" cm™>. Contact resistances for Ti/Si;__,Ge,C, contacts had values ranging from 107!
to 1072 Q cm?.

X-ray diffraction (XRD) studies of rapid thermal anneal (RTA) silicidation of Pt on SiGeC indicate the reaction
proceeds from elemental Pt to Pt,(SiGeC) and ends in the Pt(SiGeC) phase, analogous to Pt/Si silicides. However,
the Pt—silicide—germanide reaction with SiGeC requires higher temperatures than the counterpart Pt reaction with
Si. Pt(SiGeC) contacts to n-type SiGeC layers show rectifying behavior with nonideality factors (n) of 1.02 to 1.05
and constant barrier heights of 0.67 eV independent of composition, indicating that Fermi level pinning relative to
the SiGeC conduction band is occurring. For contact doping levels of 10'® cm™ and above, Pt(SiGeC) contacts to
n-type SiGeC layers are ohmic with constant contact resistance values of 1072 Q cm? Pt(SiGeC) contacts to p-type
Si;_—,Ge,C,/Si were ohmic over the entire doping range studied, with resistances from the 1 Q cm’ range at
intrinsic alloy doping levels, to the 1072 Q cm? range for doping levels of 10'® cm 2.

Using Pt(SiGeC) ohmic contacts to p-type SiGeC, current-voltage measurements of Si,_,_,Ge,C, to (100)Si
heterojunctions are also presented. Heterojunction barrier heights track the variation of the SiGeC energy bandgap
to a factor of 0.84 x . The Si;_,_,Ge,C,/Si heterojunction valence band discontinuity, AE,, decreases 15 meV per
%C incorporated into the strained alloy layer for 0 < y < 0.01 and increases AE, by 2.8 meV per %Ge for
0 < x < 0.11. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

SiGe epitaxial layers on Si substrates (SiGe/Si) show
promise to be a column IV alternative to III-V ma-
terials used in heterojunction and bandgap engineered
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devices. Psuedomorphically grown SiGe/Si layers are
metastable, limiting both the epitaxial layer thickness
and the thermal budget of subsequent fabrication steps
through strain relaxation by the generation of dislo-
cation defects at the SiGe/Si interface [1]. The addition
of C to SiGe epitaxial layers extends the epitaxial layer
stability by using the smaller C atoms to provide stress
compensation in the SiGe layer, but has little effect to
the epitaxial layer bandgap [2]. The resulting SiGeC/Si
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layer allows increased critical thickness over SiGe/Si
layers of similar composition and shows greater endur-
ance for subsequent thermal stresses. Relatively little,
however, is known about SiGeC/Si material and elec-
trical properties at this time.

The study of metal/SiGeC contacts and barrier
heights is one area in which the understanding is still
incomplete. Among the metal/SiGeC contact systems
to have been studied are Al [3], Co [4], Ti [5] and W
[6]. It is reported that Schottky contacts to p-type
SiGeC show compositional dependence in the barrier
height, while Schottky contacts to n-type SiGeC show
no compositional dependence, an indication of Fermi
level pinning [7]. Incorporation of C into the SiGe epi-
taxial layer has been shown in Refs. [3,5] to reduce epi-
taxial layer stress and relaxation during contact
formation.

Some limited work has been done to understand the
phase formation of metal/silicide-germanides in
SiGeC. The phase formation of Co and Ti silicide—ger-
manides on SiGeC epilayers has been shown to pro-
ceed through phase sequences identical with Si and
SiGe, but at lower reaction rates [4,5]. Similar to sili-
cide—germanide formation in SiGe, Ge has been shown
to segregate from the silicide-germanide during for-
mation, accumulating on the epilayer side of the inter-
face. Both Donaton and Eyal report that C also
segregates from the silicide-germanide to the silicide—
germanide/epilayer interface during formation at tem-
peratures in the 600°C range, perhaps causing reduced
reaction rates in the silicide—germanide by impeding
diffusion of reactants. For higher reaction tempera-
tures on the order of 900°C, Donaton reports that C
reincorporates back into the Co silicide—germanide
during growth. Eyal et al. [5], showed the introduction
of C into SiGe layers causes a marked decrease in
strain relaxation in SiGe occurring during the Ti sili-
cide—germanide reaction, indicating that SiGeC may
prove to be a material which has advantages over SiGe
for contacts using Ti. Further investigation of the Ti/
SiGeC contact system is therefore an important step to
developing Si and SiGeC compatible processes, since
Ti/Si contacts play such a large part in today’s Si inte-
grated circuit process technologies.

Pt silicide—germanides are also investigated since Pt—
silicide is widely used as a low-resistance contact to Si.
Furthermore, Pt-silicide—germanide contacts to SiGe
have application to IR detectors [13,14] and other
devices. We report here the results of phase mor-
phology and electrical characterizations of Pt silicide—
germanide contacts to Si,_,_,Ge,C,, Si;_,Ge, and Si
layers. Special attention is made to the characterization
of Pt silicide—germanide contacts to p-type SiGeC as a
method of studying SiGeC bandgap variation using
the Pt material system. This compliments work done
on the W material system by [6].

2. Experiment

Strained Si;_,_,Ge,C, epitaxial layers (x ranging
from 0 to 0.29 and y ranging from 0 to 0.03) were
grown on Si(100) wafers using dichlorosilane, germane
and cyclopropane as precursors for atmospheric-press-
ure CVD at temperatures ranging from 625 to 675°C.
SiGeC layers were doped n-type using phosphine or
doped p-type using diborane, resulting in doping levels
ranging from 10'° to 10'® cm ™ as measured by spread-
ing resistance profiling (SRP). Using Rutherford back-
scattering spectrometry (RBS) measurements, these
epilayers have been analyzed to determine alloy com-
position and crystallinity, which are used in comparing
the material and device characteristics of the Pt sili-
cide—germanide/SiGeC and Ti/SiGeC contacts.

Pt silicide—germanide contacts were prepared in the
following manner. After an organic clean step, each
sample was patterned for Pt liftoff using standard
photolithographic techniques. Elemental Pt was then
deposited to a thickness of 100 nm onto the SiGeC
epilayer surface using electron-beam evaporation at
107% Torr. Liftoff and cleaning followed deposition.
The samples were heated to silicide reaction tempera-
tures using rapid thermal anneal (RTA) or standard
furnace anneal steps. RTA was at 30 mTorr in N,
ambient. Reaction time and temperature were set by
using X-ray diffraction (XRD) to determine when sili-
cide phases were completely reacted. Furnace reacted
samples were annealed in atmospheric pressure N, for
30 min at temperatures ranging from 400 to 800°C. At
this point, the Pt silicide-germanides were character-
ized using XRD, four point probe resistance measure-
ment, and optical microscope inspection to determine
the material qualities discussed in this work. Following
formation of the Pt silicide—germanides, a 150 nm-
thick oxide layer was deposited using low-temperature
methods (electron beam SiO, evaporation or reactive
RF Si sputtering) to insulate between the bondpad
metallization and epilayers. After contact hole for-
mation, liftoff photolithography and electron beam de-
position of a 10 nm Ti diffusion barrier and a 500 nm
Al layer completed the metallization. A contact anneal
was done for 30 min at 400-425°C in a N, ambient.
Finally, the oxide on the reverse of the wafer was
removed. After photoresist removal, the Schottky
diodes were measured for electrical characteristics.
This process sequence results in 500- and 250-um
radius Pt silicide—germanide/SiGeC Schottky contacts
(areas of 7.85 x 107 and 1.96 x 103 cm?, respect-
ively).

Ti contacts to SiGeC were also fabricated. After pat-
terning a metal etch mask over the SiGeC/Si sub-
strates, discrete SiGeC ‘mesa’ structures were formed
by reactive ion etching exposed SiGeC areas away,
leaving two different ‘Greek cross’ resistance test struc-
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tures of 50- and 250-um line widths, respectively and
bar test structures of 100 um line width. After etch
mask removal and a standard RCA clean step, these
structures were covered with an oxide layer at 425°C
and patterned to define the contact holes. Following
an additional clean step, 20 nm elemental Ti was evap-
orated using electron beam deposition at 10™® Torr.
Without disturbing vacuum, 500 nm of Al was depos-
ited over the Ti layer for bondpad metallization. After
metallization liftoff, a contact anneal was done for 30
min at 400-425°C in a N, ambient. The oxide on the
wafer back side was also removed. The Ti/SiGeC con-
tacts have areas of 1.6 x 107> cm?.

Current—voltage measurements followed in a dar-
kened ambient at 25°C on a temperature controlled
wafer probe station using a HP4145 semiconductor
parameter analyzer. Pt silicide—germanide/SiGeC
Schottky diode I~V data was analyzed both graphi-
cally and using curve fitting methods. Both methods
assume the diode operates under the TE (thermionic
emission) Schottky diode model [8] and use the TE
model to calculate Js, ¢, and n. The series resistance,
R, was also incorporated into the curve fitting, but is
typically unnecessary when the data is fitted to low
current values.

Another method used to determine the metal/SiGeC
barrier height also assumes the TE model and is
shown in the following equation [9,10]:

J(Vy) = A x T?exp(—qe, /kT). (1)

Using Eq. (1), the reverse bias current at a fixed bias

of —3 V was used to calculate the contact barrier
height.

3. Results of silicide—germanide formation

Characterization of the phase transformation
sequence of Pt silicide—germanides (these silicide—ger-
manides will hereafter be referred to as Pt.(SiGeC),)
shows it to be similar to that of Pt on Si, although the
formation temperature of Pt.(SiGeC), differs signifi-
cantly from that of Pt Si. Completely reacted
Pt (SiGeC), is uniform in consistency and is similar in
smoothness to the underlying SiGeC layers, having an
average roughness of between 1 and 2 nm. Fig. 1
shows an example of a completely reacted silicide,
which we will later show to be the Pt(SiGeC) phase.
Fig. 2 shows an example of an incompletely-reacted
silicide, which includes elemental Pt, Pt (SiGeC), sili-
cides and the final Pt(SiGeC) phase. This intermediate
phase, rough and granular in appearance, had an aver-
age roughness in excess of 20 nm.

XRD and sheet resistance measurements were used
to characterize the order of phase formation of the
Pt (SiGeC), silicides. Fig. 3 shows XRD spectra of the
Pt, (SiGeC), phase transformation for a 600°C (Set
Point) RTA. Fig. 3(a) shows that after 20 s of RTA
the Pt film showed some evidence of Pty(SiGeC) for-
mation, but still shows a close match to the X-ray
spectrum for Pt. Fig. 3(b) shows the spectrum after 80
s of 600°C RTA showing the reacted layer contains a

PHSiGeC)

Fig. 1. Optical light-field micrograph showing the phase morphology of a completely reacted Pt(SiGeC) silicide (1000x).
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Si1GeC
Epi

Fig. 2. Optical light-field micrograph showing the phase morphology of an incompletely reacted silicide composed of Pt,
Pt, (SiGeC), and Pt(SiGeC) mixed phases (1000x).
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Fig. 3. XRD spectra of Pt, (SiGeC), phase with respect to RTA time. (a) XRD spectra after 20 s/600°C SP RTA showing elemen-

tal Pt, (b) XRD spectra after 80s/600°C SP RTA showing a mixture of Pt, Pty(SiGeC) and Pt(SiGeC), (c) XRD spectra after 160 s/
600°C SP RTA showing completely reacted Pt(SiGeC).
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Fig. 4. Ry vs. 600°C SP RTA anneal time showing
Pt (SiGeC), phase formation beginning with elemental Pt,
continuing to form low resistive Pt,(SiGeC), and completing
with the formation of higher resistance Pt(SiGeC).

mixture of Pty(SiGeC) and Pt(SiGeC) with a slight Pt
signal still present. Fig. 3(c) shows the spectrum after
160 s of 600°C RTA; in this curve the silicide appears
to be completely converted to the Pt(SiGeC) final
phase. Additional annealing shows little change in the
silicide, indicating the Pt(SiGeC) phase is the final
phase. Pt/silicide—germanide in this report was
annealed for at least 320 s of 600°C RTA to ensure
complete phase transformation.

Sheet resistance (R;) measurements were also used to
characterize the Pt,(SiGeC), phase formation. For Pt/
Si layers, Colgan showed R, decreases as Pt,Si for-
mation takes place and increases again as the reaction
completes at the PtSi phase [11]. Fig. 4 shows a graph
of R, vs. 600°C RTA anneal time. Similar to the
results obtained by Colgan, the R, lowers from the in-
itial value of the elemental Pt film as the reaction
begins to form Pt(SiGeC). As the reaction proceeds,
Ry rises, becoming constant as the silicide reaches the
final Pt(SiGeC) phase. This is entirely consistant with
the results of our XRD characterization and shows Pt
silicide-germanide formation on Si;_,_,Ge,C, epitax-
ial layers follows a progression very similar to that for
Pt silicide on Si, with the exception that the SiGeC
composition also modifies the composition of the Pt
silicide—germanide.

Rutherford backscattering spectrometry (RBS)
measurements were also performed on these samples in
order to analyze the Pt silicide—germanides for con-
stituent segregation effects. RBS results show that Ge
segregation from the Pt silicide—germanides does
occur, with excess Ge accumulating at the silicide—ger-
manide/SiGeC interface. These results are in agreement
with those of both Donaton et al. [4] and Eyal et al.
[5], who also report Ge segregation in Co and Ti con-
tacts to SiGeC, respectively. We were unable to verify

the existence of C segregation in Pt silicide—germanides
using RBS.

Both RTA and standard furnace anneals of Pt/
SiGeC required higher reaction temperatures than
necessary for Pt/Si reactions. Standard furnace anneals
of Pt/SiGeC showed initial Pt(SiGeC) phase formation
at temperatures of 600°C, while, for Pt/Si, the silicide
reaction begins at temperatures of about 300°C [11].
Donaton also reported higher temperatures in the for-
mation of Co silicide—germanides on SiGeC [4]; this
effect was attributed to Ge/C accumulation at the sili-
cide—germanide/SiGeC interface (due to segregation
effects) and to C precipitation at the higher tempera-
tures.

4. Electrical characterization results

Several methods have been used to analyze these
Schottky contacts for barrier height (¢y,), reverse-bias
saturation current density (J;), and the diode nonideal-
ity factor (n). Graphical analysis of the current—vol-
tage (I-V') characteristic is used to find J,, from which
the contact barrier height is derived. The barrier height
was also derived using Eq. (1), but this derivation
must be done at low reverse-bias values to ensure the
¢, measurement is not affected by barrier height low-
ering at high reverse bias. Another method for analysis
of the I-V data used mathematical curve-fitting to the
Schottky diode thermionic emission model to extract
the three parameters of interest. One additional
method is used to find the diode nonideality factor, n:
contact I-V data is plotted in I/(1—e(—qV/kT)) versus
V form to obtain a flat curve from which to estimate n
[12]; in order to account for series resistance effects,
this method was used at low bias values.

4.1. Ti contacts to SiGeC

I-V analysis of Ti contacts to n-type SiGeC layers
shows rectifying behavior at doping levels below 10'7
em ™, but ohmic behavior as the doping reaches 10
em™>. Fig. 5 shows results for Ti contacts to two
SiGeC layers: a 107 n-type doped Sig goGeg 1Co o1 layer
and a 10" n-type doped SiyggsGeo1Coo15 layer, re-
spectively. While the lower doped contacts do not con-
duct until ~0.5 V, the 10'"® cm™ contacts are ohmic.
This indicates n-type doping levels of 10'® cm™ and
above are sufficient to form ohmic Ti contacts to
SiGeC, giving R. in the 1072 Q cm? range; higher
dopant concentrations could be used to obtain lower
R, values. This requirement is consistent with present-
day Si-based processing.

Epilayer composition also affects the required con-
tact doping level to achieve ohmic Ti contacts to n-
type SiGeC. We expect that the increase in Vy;, which
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Fig. 5. I'vs. Vappiiea for Ti/Sig g9Geg.1Co01 contact pairs. Open
circle: 10'7 em™ n-type epilayer doping. Open triangle: 10'
cm > n-type epilayer doping.

accompanies a shrinking epilayer work function,
would result in barrier lowering with further additions
of Ge to the epilayer composition. We have investi-
gated equivalently low-doped epi layers of various
compositions and found rectifying behavior at low
%Ge concentrations (i.e. a higher epilayer bandgap
and work function) and ohmic contacts as the %Ge in
the epilayers is increased (causing lower bandgap and
shrinking work functions). For highly-doped contact
layers, Ti contacts to both 10" cm™ n-type
Sig715Gep27Coo1s epilayers and 10 cm™ n-type
Sip.85Geg.1Co 015 epilayers proved to be ohmic.

Ti contacts to p-type Si;_,_,Ge,C,/Si were ohmic
over the entire doping range we studied. Fig. 6 shows
a plot of the R, vs. epilayer doping for Ti contacts to
both n-type and p-type SiGeC. From this plot, Ti con-
tact resistances to p-type SiGeC are shown to be rela-
tively high with values in the 0.1 Q cm? range. Fig. 6
shows the contact resistance to drop ~2/3 of a decade
for each 10x increase in contact layer doping. From
Fig. 6, it is also seen that Ti contact resistances to n-
type SiGeC epilayers are smaller than those to p-type
SiGeC epilayers for equivalent contact doping levels.

4.2. Pt(SiGeC) contacts to SiGeC

Pt-silicide—germanide contacts to n-type SiGeC
layers were rectifying for contact dopant levels up to
5 x 10" cm™3. Fig. 7 plots log I vs. V for a Pt(SiGeC)
contact to n-type SiGeC, demonstrating the Schottky-
diode behavior for Pt-silicide—germanide contacts to
n-type contacts with relatively low doping levels.
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1E-01 + ©
o
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o
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< Ti/ p-type SiGeC
OTi/ n-type SiGeC
1E-03

1E+14  1E+15 1E+16 1E+17 1E+18 1E+18  1E+20
Na/p (cm-3)

Fig. 6. Contact resistance (R.) vs. contact layer doping for Ti
contacts to n-type and p-type SiGeC. Open diamond: contacts
to p-type. Open square: contacts to n-type.

Forward bias turn-on voltages were approximately
0.45 V with reverse bias breakdown voltages of
roughly —8 V. Graphical methods showed the reverse
bias current density, J;, to be in the 107> A/cm? range.
Nonideality factors (n) for Pt(SiGeC) contacts to n-
type SiGeC ranged from 1.02 to 1.05. The graphical
¢ values (which we believe to be more accurate than
the curve fitting ¢, values for these diodes) are inde-
pendent of composition with an average value of 0.67
eV. This is in agreement with other results for metal/
SiGeC contacts in the literature [6], which suggest
Fermi level pinning relative to the conduction band in
n-type SiGeC/Si removes the compositional depen-
dence of ¢y, for Schottky contacts to n-type SiGeC/Si
layers. Our results are also consistent with Pt silicide
Schottky barrier contacts to n-type SiGe which show
Fermi pinning at values of 0.68 eV [15].

Pt(SiGeC) contacts to 10'® cm™ n-type doped
SiGeC were ohmic for silicide—germanide contacts.
This indicates n-type doping levels of 10'® cm™ and
above are sufficient to form ohmic Pt contacts to
SiGeC, giving R, in the 1072 Q cm? range. Elemental
Pt contacts to n-type doped SiGeC were also fabri-
cated, but remained rectifying even at doping levels as
high as 10'® ecm™. This is reasonable since the Pt/
SiGeC barrier heights are ~60 mV higher than Pt sili-
cide—germanide contacts to SiGeC if the trend seen by
Pt and PtSi contacts to Si is followed [16]. Similar to
Ti/SiGeC contacts, silicide-germanide contacts to n-
type SiGeC should be doped 10'® cm™ or higher for
ohmic contacts. In addition, the Pt—silicide—germanide
phase must be completely formed in order to achieve
an ohmic contact.
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Fig. 7. Log I vs. V characteristic for Pt(SiGeC) contacts to N* SiGeC/Si.

We have also characterized Pt(SiGeC) contacts to p- rier heights as low as 0.37 eV as calculated using Eq.
type SiGeC and found them to be ohmic in the 10— (1). Fig. 8 displays a plot of R, vs. contact doping for
10'"® cm™ doping range. Contacts with low doping Pt(SiGeC) to p-type SiGeC contacts and for Pt(SiGeC)
levels had barrier heights starting from 0.48 eV, while to n-type SiGeC contacts, respectively. As expected,
higher contact doping levels resulted in measured bar- increasing the contact doping decreases the contact re-
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Fig. 8. Contact resistance (R.) vs. contact layer doping for Pt(SiGeC) contacts to n-type and p-type SiGeC. Open square: contacts
to p-type SiGeC. Open triangle: contacts to n-type SiGeC. Open diamond: contacts to p-type SiGeC.
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Fig. 9. P* Sij_.-,Ge,C, to (100) Si heterojunction measured barrier height vs. calculated epilayer bandgap for x ranging from 0

to 0.29 and y ranging from 0 to 0.03.

sistance. A 10x increase in contact doping level results
in a 3-4x reduction in the contact resistance. Fig. 8
also shows that highly n-type doped Pt(SiGeC) ohmic
contacts have a smaller contact resistance than com-
parably doped Pt(SiGeC) to p-type SiGeC contacts. As
a comparison to Si, these data show that Pt(SiGeC) to
SiGeC contacts will require substantially higher con-
tact doping levels to achieve contact resistance values
equivalent with those for PtSi contacts to Si.

4.3. Bandgap offset in p-type SiGeC

Finally, we describe the use of Pt silicide—germanide
ohmic contacts to p-type SiGeC to characterize the
energy bandgap discontinuity of Sij_,_,Ge,C,
strained-layer heterojunctions on (100)Si. The goal is
to measure the energy bandgap with varying compo-
sition and strain in the SiGeC alloy layer.

Using ohmic Pt(SiGeC) contacts to p-type SiGeC
layers (described above), the /-V characteristics of the
underlying heterojunctions were analyzed to determine
the barrier height and other parameters of each junc-
tion. Heterojunction forward bias turn-on voltages
(defined as the voltage required to reach 5 mA current)
ranged from 0.8 V to 1.6 V depending on the alloy
composition. Graphical measurement showed the
reverse-thermal current density, J;, to be in the 1073
Ajem® range. Heterojunction nonideality factors (n)

were found to vary from 1.10 to 2. If the substrate
series resistance, which ranged from 35 Q to over 100
Q, is accounted for, n improves by ~5%.

From the reverse-bias current density values for
eight Si;_,_,Ge,C,/Si samples with 0 < x < 0.29 and
0 < y < 0.03, the barrier height for each heterojunc-
tion has been calculated. Fig. 9 plots the extracted p-
type SiGeC to (100)Si heterojunction barrier height
(¢op) versus the calculated energy bandgap for each
SiGeC epilayer [17,18]. It is seen that ¢y, reduces at a
rate roughly inverse to the bandgap increase. Using a
least-squares linear fit to the data shows that the aver-
age correlation of ¢y, to the expected strained epilayer
bandgap is 0.84 x . It is uncertain if the miscorrelation
of ¢pp to E, is due to experimental error or because
the total bandgap value for each sample has been cal-
culated rather than measured. (In the calculations we
have made the simplification that any offset of the
SiGeC and Si bandgaps will occur solely in the valence
band, although this is not ascertained to be true).

We expect, for our device configuration, q,’),,/) should
correspond directly to AE,, the valence band disconti-
nuity. Therefore, we use the Si;_,_,Ge,C,/Si hetero-
junction ¢y, values to estimate the effect C and Ge
composition have on AE,. Fig. 10 (a) shows the effect
to ¢up of adding C to strained epilayers of fixed Ge
concentration (x = 0.11) for y = 0 and y = 0.01, re-
spectively, as measured by RBS. These data indicate
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Fig. 10. ¢y, vs. strained P Sij__,Ge,C, composition. (a) ¢pp vs. %C for 0 < x < 0.11 and for 0 < y < 0.01; curve fit shows
¢uvp is reduced by 15 meV per %C as a result of C incorporation. (b) ¢y, vs. %Ge for y = 0 and for x = 0 to x = 0.11; curve fit

shows ¢y, increases 2.8 meV per %Ge incorporation.

AE, decreases by 15 meV per %C. These results show
less influence due to the inclusion of C when compared
with the data by Chang et al. [19] which showed, as
measured by C—V techniques, a AE, reduction of 20—
26 meV per %C. The discrepancy can be partially
attributed to our use of total C concentration (as
measured by RBS) while Chang et al. quotes results
for substitutional C only. Fig. 10 (b) shows the effect
on AE, of adding Ge to a Si;_,_,Ge,C, strained epi-
layer on (100)Si for y = 0 and 0 < x < 0.11. In this
case, our data indicates AE, to increase 2.8 meV per
%Ge, which is less than the range of 7.5-8.4 meV per
%Ge which some others have published [20,21].
Again, our data reflect the total Ge inclusion as
measured by RBS.

5. Conclusions

We have electrically characterized titanium and
platinum-silicide—germanide contacts to n-type and p-
type Si;_,_,Ge,C, strained epilayers on Si(100). Ti
contacts to n-type SiGeC show rectifying behavior at
low doping values, but become ohmic as doping in the
layers reaches 10'® cm™3, with contact resistances of
1072 Q cm?. Ti contacts to p-type SiGeC are ohmic at
doping levels as low as 10> cm ™, becoming less resis-
tive as contact doping levels are increased.

Electrical characterization of low-doped Pt(SiGeC)
contacts to n-type SiGeC shows rectifying behavior
with nonideality factors of 1.02 < n < 1.05 and con-
stant barrier heights of 0.67 eV independent of compo-
sition, indicating Fermi-level pinning relative to the
SiGeC conduction band is occurring. Pt(SiGeC) con-
tacts to n-type Si;_,_,Ge,C, are ohmic for doping
levels of 10'® cm™ and above, with contact resistance
values of 1072 Q cm? for doping levels of 10'® cm™>.
Pt(SiGeC) contacts to p-type Si;_,_,Ge,C,/Si were
ohmic over the entire doping range studied, with con-
tact resistances ranging from 1 Q cm? for intrinsic
alloys to the 1072 Q cm? for doping at 10'® cm™>.

We also report the material characterization of n-
type and p-type Pt silicide—germanide contacts to
Sij_,,Ge,C, epitaxial layers. We find the silicidation
reaction of SiGeC to proceed from elemental Pt to
Pt,(SiGeC) and to terminate with the Pt(SiGeC) phase.
The Pt silicide—germanide reaction with SiGeC is
shown to require higher temperatures than the analo-
gous Pt reaction with Si.

I-V measurements of the Si;_,_,Ge,C, to (100)Si
heterojunction indicate the heterojunction barrier
height is inversely proportional to the SiGeC bandgap
by a factor of 0.84 x . The Si,_,_,Ge,C, to (100)Si
heterojunction valence band discontinuity, AE,,
decreases 15 meV per %C incorporated into the
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strained alloy layer and increases 2.8 meV per %Ge in-
corporated.
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