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Defects in Si/SiGe heterostructures and electrical behavior thereof have been studied.
Misfit dislocations were observed in the epitaxial layers using cross-sectional transmission
electron microscopy. These defects cause anomalies in the electrical behavior. It has been
shown that, in spite of anomalies, the electrical measurements provide useful and reliable
information on the structures.

UccnenoBaus! nedeKTsl B rerepocTpyKkrypax Si/SiGe um ux sieKTpuyecKue XapaKTepucTu-
Ku. B smmTakcuanmbHBIX CJIOSX METOLOM IIPOCBEUYMBAIOIIEH BJIEKTPOHHON MUKPOCKOIHUU IIO-
NepevYHbIX CEeYEeHUH OOHAPYIKEHBI AUCIOKAIIUU HECOOTBETCTBUA. OTU AedeKTHl BBI3BIBAIOT
aHOMAJINY B 9JIEKTPUUECKUX XapaKTepucTturax. IlokasaHo, 4To, HECMOTDS HA 3TU aHOMAaJUU,
JJIEKTPpUYECKNEe M3MepPeHUs 00eCIeurBaiOT MOJIE3HYI0 M HANEKHYI MHOOPMALUMIO O CTPYKTYypax.

In this work, the electrical behaviour of
Al/n-SiGe/n-Si  heterojunctions prepared
using two different surface treatments have
been studied as a function of temperature.
Due to the different surface treatments, one
type of the structures exhibit a low Schot -
tky barrier height while the other type, a
relatively high one. Although anomalous
temperature dependences of the electrical
behaviour have been obtained, the prepared
Schottky junctions with significantly differ -
ent barrier heights have proved a very use-
ful tool for studying the effect of disloca-
tions formed during the epitaxial growth.
In spite of anomalies, useful information
and reliable parameters have been obtained
from the electrical measurements.

The SiGe layers were grown by MBE
with solid phase Si and gas phase GeH,
sources on n'Si substrates [1, 2]. The sub-
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strate temperature was 700°C, the sublima-
tion temperature of Si 1320°C, the GeH,
pressure in the reactor chamber 0.5 mTorr
[1]. The growth rate was 10-15 nm/min.
First, a 0.8 pm thick Si buffer layer was
grown. Two wafers were studied with Ge
content in the SiGe layer of 0.11 and 0.20,
respectively. The SiGe layer thickness was
about 200 and 240 nm, respectively, with a
free electron concentration of 31015 cm™3.
The wafers were cut into two parts and Al
Schottky junctions were formed on the the
wafer front sides using two different sur-
face treatments prior to Al evaporation.
These treatments were applied to Si in our
earlier work [3]. The "HF" treatment which
is standard in our Si technology consisted
of two steps: 1) Cleaning in 1:1 solution of
H,SO,4 and H,0O, for 30 min. 2) Etching in
1:40 solution of HF and H,O for 1 min. The
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Fig. 1. The misfit dislocation network obtained by XTEM measurements for two different areas of
the studied heterostructures: left, 5.0 pm by 4.5 pm; right, 1.7 pm by 1.5 pm.

"H,SO,4 + HyO,"  treatment consisted of
steps 1) and 2) of the standard HF treat-
ment, and as a third step, step 1) was re-
peated for 15 min. After the actual surface
treatment, Al was evaporated onto the front
side for Schottky junctions to be studied.
For the backside ohmic contacts, also Al was
used after H,SO, + H,0O, treatment. This
treatment yields a very good ohmic contact
to n-Si [3]. Square diodes of 0.64 mm?2 size
were formed on the front side of the wafers
by standard photolithography.

The defect structure in SiGe/Si heteros-
tructures was investigated by cross-sec-
tional transmission electron microscopy
(XTEM). The electrical characteristics were
studied by d.c. current-voltage (I-V) meas-
urements, and capacitance voltage (C-V) and
conductance-voltage (G-V) measurements at
a frequency of 1 MHz in the temperature
range of 80-320 K in darkness. The I-V
characteristics were interpreted according
to thermionic emission theory.

An extended misfit dislocation network
has been detected at the SiGe/Si interfaces
by XTEM measurements as shown in Fig. 1.

For the HF treatment, a Schottky barrier
height of 0.73+0.03 eV has been obtained
which is close to 0.76 eV value obtained for
n-Si [3]. The barrier height obtained for the
H,SO, + Hy,O, treatment was 0.46+0.04 eV,
which is much higher than that for n-Si
(less than 0.15 eV [3]).

The electrical behaviour exhibit various
anomalies. The forward I-V characteristics
show excess currents, but below room tem -
perature only, as shown in Fig. 2 which pre-
sents typical forward I-V characteristics of
junctions on wafer with Ge content of 0.20
prepared using both surface treatments. For
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Fig. 2. Typical forward I-V characteristics as
a function of temperature for junctions on
wafer with Ge content of 0.20 prepared with
HF (dotted lines) and H,SO, + H,O, (solid
lines) treatment.

the wafer with Ge content of 0.11, similar
characteristics were obtained [2]. The for-
ward excess currents for both wafers de-
pend strongly on temperature, so those
were attributed to the thermionic-field
emission connected with the electric field
enhancement near dislocations [4]. Crystal
defects usually yield excess or leakage cur -
rents [5], as it was also obtained recently
for InP [6, 7] and AlAs/GaAs [8] Schottky
and InAs/GaAs quantum well structures [8].

The wafers with Ge content of 0.11 and
0.20 exhibit similar behaviour, the only sig -
nificant difference is observed in the tem -
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Fig. 3. Typical forward and reverse I-V char-
acteristics as a function of temperature for
junctions on wafer with Ge content of 0.11
prepared with HF.

perature dependences of their I-V charac-
terisitics as shown in Fig. 3. The reverse
current through junctions on wafer with Ge
content of 0.11 depends on temperature
very weakly below 220 K. This indicates
that the actual current mechanism at these
temperatures is the field emission as it was
also found recently for n-type InP Schottky
junctions [6, 12].

A strong increase of reverse current is
obtained in junctions with HF treatment on
both wafers for low reverse biases, as shown
in Fig. 3. This strong bias dependence indi -
cates a recharging process within the junc-
tion which affects the barrier height.

The ideality factor and apparent barrier
height obtained from the steep part of the
I-V characteristics depends on the tempera-
ture for both wafers and both surface treat -
ments [2]. This effect can be connected
either with the lateral inhomogeneity of
barrier height or with the predomination of
the current with thermionic field emission
[9, 10]. In the studied structures, both
mechanisms may be valid. Dislocations yield
probably an inhomogenous electric field and
potential barrier height at the interface, on
one hand, and enhanced electric fields can
result in anomalously high level of ther-
mionic-field emission. However, the tem-
perature dependence of ideality factor and
apparent I-V barrier height can be simply
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Fig. 4. The apparent doping profiles for junc-
tions on wafer with Ge content of 0.11 with
Schottky barrier heights of 0.46 eV (solid
lines) and 0.73 eV (dashed lines) (HF and
H,SO,4 + H,O, treatments, respectively), ob-
tained at 80 and 320 K.

connected with the common effect of the
excess current and series resistance on the
slope of the linear regions of semilogarith -
mic I-V characteristics. As the excess cur-
rent is strongly temperature dependent, its
effect on the linear region slope depends on
temperature as well [11] (see Fig. 2).

The C-V barrier heights also increase
with increasing temperature [2] for both
wafers and both surface treatments which is
unusual for n-type Schottky junctions [13].
This feature can be due to the temperature
dependence of interface charge. There is
also a significant difference between the ap -
parent I-V and C-V barrier heights [2]. The
latter is lower, which suggests a large posi -
tive charge near the interface, e.g. a thin
heavily doped ionized n-type layer at the
SiGe surface [10, 14, 15]. The indications
of such a layer were also obtained by evalu -
ation of doping profiles from the C-V meas-
urements presented in Fig. 4.

C-V characteristics exhibit very strong
temperature dependence for the studied
junctions with H,SO4 + H,O, treatment
(low barrier height), as shown in Fig. 5.
There is also an abrupt change of the ca-
pacitance near zero bias, which also indi-
cates a recharging process close to the
Al/SiGe interface. Further on, the C-V char-
acteristics exhibit a switching behaviour
with a hysteresis at moderate forward bi-
ases as well, as also shown in Fig. 5. Junc-
tions with low barrier height exhibit high
conductance at room temperature as well
[2]. The junctions with HF treatment (high
barrier height) do not exhibit high conduc-
tance at any temperature.

The free electron profiles evaluated from
the C-V characteristics of both type of junc-
tions (HF and H,SO,4 + H,0, treatments)
are presented in Fig. 4 for 80 and 320 K.
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Fig. 5. Typical capacitance-voltage characteristics of junctions on wafer with a Ge content of 0.11
prepared with H,SO, + H,O, treatment, as a function of temperature. Note the different capaci-

tance and bias scales for (a) and (b).

The profiles obtained for junctions with
higher barrier height for both temperatures
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BnauB guciaokaiiii y peiakcoBaHux mapax SiGe nHa
eJIEKTPMYHI XapaxkTepucTuku rerepoctpyrryp Si/SiGe

/HK.Xopeam, JI.K.Opnoe, H./.Igina,
€.C.[lemidoe, B.I.Boosin, M.Adam, I.Cabo,
J.[Joxwa, E-M.Ilawaee, IO.M.léanoé, C.H.Axynin

Hocaimkeno medexru y rerepoctpykrypax Si/SiGe ra ix emekTpuyHi xapakKTepucTuru. B
emiTaKCUAJBHUX ITapaxXx METONOM IIPOCBiUyBaJILHOI €JIEKTPOHHOI MiKpPOCKOIIl momepeuHmX
nepepisiB BuaABieHO Amciaoranii HeBixzmoBigHocTi. Ili medexTHM CHPUUYMHAIOTH aHOMAaJii B
eJIeKTPUUYHUX XapaKTepucTukax. IlokasaHo, 1110, He3BaKaluyuW Ha IIi aHOMAJii, eJeKTPUYHi
BUMipIoBaHHA 3a0e3IeUyI0Th KOPUCHY Ta HAAilHy iH(opMAaIlifo IPO CTPYKTYPH.
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