Properties of Schottky contact of Al on SiGe alloys
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Electrical properties of Schottky contacts of Al gqnSi;_,Ge, alloys were investigated. The
Si;_,Ge, strained layers were grown grSi substrates by using rapid thermal process/very low
pressure-chemical vapor deposition. Low reverse currents were obtained. It was found that the
Schottky barrier height of ApP-Si;_,Ge, contacts decreased with increasing Ge fraction. The
decrement is in accordance with the decrement of the band gap of the strging@e3i The Fermi

level at the interface is pinned at about 0.43 eV below the conduction band. The influence of strain
relaxation for SiGe alloy layers and the Si sacrificial cap layers on the properties of Schottky
contacts were also investigated. 96 American Institute of Physid$0003-695(96)04508-2

Metal/SiGe Schottky contacts are essential parts of somments. Thd —V characteristics were analyzed with a thermi-
novel SiGe devices. The studies on this area are therefonic emission modél. Schottky barrier height®g and
very important. In recent years, interfacial reaction and propideality factorn can be extracted from forwaid-V curves’
erties of Schottky contacts for Pt, Pd, Ni, Ti, WtSjGg,  The effective Richardson constant was estimated by using a
have been studieli® Pt/Sji,_,Ge, and Pd/Sj_,Ge, Schottky  linear dependence on the Ge composition.
contacts and their application in long-wavelength infrared  Figure 1 shows the forwart-V characteristics of four
detectors have been reporfeiSchottky barrier height can Si layer capped Al/Si ,Ge, samples withx=0, 0.17, 0.20,
be modulated by selecting Ge fraction, to obtain longer cutand 0.25, respectively, and the reverse/ characteristics of
off wavelength and increase the quantum efficiency of théhe sample wittx=0.20 at room temperature. At 0.4 V re-
detector€:” In older silicon technologies, metal aluminum is verse bias, the reverse current density is as low as 7.0
commonly used to form Schottky diodes due to its low cost, X 10 > Acm 2 The thickness of SiGe layers for the first
simple fabrication technology. However, Al and Si form anthree samples is 180 nm, while for sample No. 4, it is 120
alloy, not a stable silicide like the above-mentioned metals.nm. All of these are smaller than or near-critical thickness,

In this work, Alfp-strained Sj_,Ge, Schottky contacts and the SiGe layers are strain€dhe barrier heighg and
were fabricated and their electrical properties were meaideality factorn calculated from the forwart-V curves are
sured. The effect of the Ge fraction and the strain relaxatiotisted in Table I. The band-gag, of the Si ,Geg, strained
on Schottky barrier heights, and the influence of Si sacrificialayers;® the barrier height difference&®g, the Si_,Ge;
cap layers on the properties of Schottky contacts were invedand-gap differenced\E,, between two adjacent numbered
tigated. samples and the differencég— @z between band gaps and

Si;_,Ge, alloy layers were epitaxially grown optype  barrier heights are also listed in Table I.

(100Si substrates by computer controlled rapid thermal It can be seen from Table | that the Schottky barrier
process/very low pressure-chemical vapor deposifiohiP/  height &g decreases with increasing Ge fractiorand the
VLP-CVD).2 Si buffer layers with a thickness of about 60 decrementd\® are similar toA Egy. All the calculated dif-

nm andp-Si, _,Ge, alloy layers with boron doping concen- ferences betweek, and q®g (position of barrier heights
tration of about  10'® cm™2 were grown at 600 °C and a
rate of 0.1-0.2 nmL. In order to investigate the effect of Ge
fraction x and the thickness of §i,Ge, layers on the prop-
erties of Schottky contacts, values were selected to be 0,
0.17, 0.20, 0.25, and the thickness of SiGe ranged from 50 to
350 nm. Two sets of samples were fabricated with the same

growth conditions to observe the influence of Ge segregation 2
at the Al/SiGe interfaces. The first set had Si cap layers with b
a thickness of about 10 nm grown epitaxially on the 3
Si;_,Ge, layers, while the second set had no Si cap layers. § 107 APPPPPRRE Y

The aluminum was vacuum evaporated and alloyed at a tem-

perature of 430 °C. The area of the diode is K3® 3 A X=0
cm_z_ 10k a X=0.17
The lattice parameter and strain of SiGe layers were s ¢ Xf"'zo
measured by x-ray diffractiofKRD). The Ge fraction, boron W , . . XTO’ 2
doping concentration, and the thickness of the layers were 10 0 0.1 0.2 0.3 0.4
determined by secondary ion mass spectros¢§bylS) and Voltage (V)

Auger electron spectroscogAES).

The electrical prqperties Ofm/'Silfoex SChOttky CON-  [FIG. 1. |-V characteristics for Ap-Si; _,Ge, Schottky contactgx=0,
tacts were characterized by current—voltabe\() measure- 0.17, 0.20, 0.25
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TABLE I. ®g, n, andE, for Al/p-Si;_,Ge, Schottky contacts with differ-

ent Ge fractions. Among them, ttg, is quoted from Ref. 10¢g, n and T T T T 1.2
other values are estimated from theV characteristics of the samples.
Sample  Ge Py AP* E; AES Ey—qdg
No. fraction n V) V) (ev) (eVv) (eV) 41.1
~
1 0 1.20 0.690 1.12 0.430 S =
0.099 0.10 < ~
2 0.17 1.15 0.591 1.02 0.429 £ a
0.016 0.02 3 -0 2
3 0.20 1.14 0.575 1.00 0.425 :E &
0.035 0.04 2 o
4 025 1.24 0.540 0.96 0.420 @
o —o0.9
NPg=Dg(i+1)—Dg(i).
bAEg:Eg(i +1)—Eg, wherei represents the number of samplés,
=1,2,3.
1 1 1 1 0.8
0. 0.2 0.4
relative to the conduction bapdre about 0.43 eV, indicating Ge Fraction X

that the Fermi levels at the AdfSi,_,Ge, interfaces are
pinned at about 0.43 eV below the conduction band.
Figure 2 is an energy band diagram for the pAl/
Si; _,Ge, interface with Fermi level pinned relative to the
conduction band. The band gap of strained_gte, de-
creases with increasing(x,>Xx,). The conduction band off- fully relaxed samples, they®y values estimated from the
set AE; is neglected, because the band-gap offA&, forward |-V curves were 0.575 and 0.63 eV, respectively.
mainly presents the valence band offadE, . The difference is 0.055 eV, close to the 0.07 eV—difference
Figure 3 shows Schottky barrier height and the band gapetween the band gaps of the above-mentioned two SiGe
for strained Si_,Ge, as a function of the Ge fraction. The sampled:'? These results suggest that the barrier height in-
two curves are almost parallel, indicating thatbg and  creases with an increasing relaxation rate of SiGe strained
AE,4 are almost the same and the Fermi level at interface itayers. The Fermi level at the Adfrelaxed Sj_,Gg, inter-
pinned relative to the conduction band. face is still pinned at about 0.43 eV below the conduction
In practical applications, thicker SiGe layers are oftenband.
needed. But, when the SiGe layer are thicker than the critical Liou et al. investigated the interfacial reactions and
thickness, they may be relaxed. In order to investigate th&chottky barriers of Pt and Pd on epitaxial SiGe, alloys,
influence of strain relaxation on the properties of Schottkyand found that during the Pt, Pd—SjGe, reaction, Pt, Pd
barrier, samples with Ge fraction of 0.2 and thickness of 50react preferentially with Si, resulting in Ge segregation and
180, and 350 nm were fabricated. The revdrs¥ curve for  Fermi level pinning: In order to investigate the possible Ge
50 nm thick sample is almost linear and similar to that forsegregation for the direct contact between Al and SiGe, two
Al/p-Si substrate. The reason is that the depletion region hasets of samples were prepared with and without Si cap layers
crossed the 50 nm SiGe layer and reached to the Si substraigh identical Sj {Gg, , layers. Figure @) is the Auger depth
For 180 nm thick(fully strained and 350 nm thickalmost  profile for a Sj ¢Ge, , epitaxial layer with Si cap layer. Due
to the Ge diffusion in the §kGe, , layer, the Si cap layer
became a $i,Geg, layer, andy decreased fronx=0.2 at
about 10 nm tox=0.1 at the surface. Figure(l®) is the
Auger depth profile of Al-Si_,Ge,—~Si,_,Gg, after alloy-
Ec, ing. It shows that the Al alloys preferentially with Si. The Si
in the cap layer is sacrificed to form the Al-Si alloy and the
actual interface nearly reaches thg &e, , layer. Thel -V
B characteristics of these two sets of samples indicate that the
E.-q®s reverse current of the sample without the Si sacrificial cap
layer is half an order of magnitude greater than that with a Si
"I" = sacrificial cap layefat 0.4 V reverse bias, the current density
q®sz s X2 — Ey, is 2.5x10°* A cm™?), and the barrier heighgdg increases
qds; e <X Evi from 0.575 to 0.60 eV. It can be inferred that when the
1_\; / 1 Si; _,Ge, (without the Si cap laygreacts with Al, Si and Al
_L/ /-_[ preferentially react while the Ge segregates and results in
Aqds AE, defects at the interface.

In conclusion, Alp-SiGe Schottky contacts have been
grown successfully by RTP/VLP-CVD. Low reverse currents
FIG. 2. Energy band diagram for Astrained Sji_Ge, interfaces with ~ Were obtained. It was shown that the Schottky barrier height
Fermi level pinned relative to conduction band. of Al/p-Si;_,Ge, can be controlled by Ge fraction The

FIG. 3. Schottky barrier height and band gap for strained &e, as a
function of Ge fraction. The band gap is according to Ref. 10.
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similar to the increment of the band gap caused by strain

relaxation. This indicates that the Fermi level of the relaxed

SiGe layer is still pinned at about 0.43 eV below the conduc-

tion band.

(a) The Si sacrificial cap layer is essential. It provides the Si

._4 Ge for alloying preferentially with Al. With this layer, the Ge

L segregation at the interface can be minimized, and the incre-

ment of reverse current and barrier height will be avoided.
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