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1. Introduction

Much attention has been paid to Si/Si;Gey quantum
well (QW) pMOSFET because of its high hole mobility
and the compatible process with the existing sophisticated
Si technology [1]. The key idea of high mobility QW
pMOSFETs is to exploit the effects of strain and confine-
ment to reduce the carrier effective mass and scattering rate,
resulting in the mobility improvement. Meanwhile, in order
to realize a good gate dielectric/Si interface, a thin Si cap
layer with a thickness of about 3nm is needed to avoid the
hole mobility degradation [2]. Several possible factors,
including the gate dielectric/Si cap stack, strain level and
carriers scattering mechanisms, are being considered to
affect the hole mobility. In terms of the carriers scattering
mechanisms, beside the conventional ones (Coulomb scat-
tering, surface roughness scattering and phonon scattering)
in the MOSFETs devices, the alloy disorder scattering in
Si;xGex could also be another possible issue we have to
take into consideration for QW pMOSFET. However, it is
theoretically contentious that whether the alloy scattering in
Si; xGe, could significantly degrade the carriers mobility
[3-4]. On the other hand, the direct experimental investiga-
tion of the alloy scattering is difficult because of the exis-
tence of other scattering mechanisms. Thus, it is still expe-
rimentally unclear that to what extend does the alloy scat-
ting in the Si;_,Ge, channel remove the gains brought by the
reduced effective mass considering the overall hole mobil-
ity.

In this study, we experimentally investigate the mobili-
ty limited by alloy scattering (uuy) of QW pMOSFETSs
through varying the back-gate bias (V) and low temper-
ature mobility analysis. It is found that the negative
back-gate bias could cause the decrease in the hole mobility
of QW pMOSFET, which is opposite to the case of tradi-
tional SOI MOSFETs [5]. It is experimentally confirmed
that this mobility decrease could be attributable to the alloy
scattering in the Si;_,Ge, channel.

2. Experimental

Figure 1(a) shows the transmission electron microscope
(TEM) image of the sSi/Sips5Gegs/sSOI heterostructure
substrate prepared for the transistor fabrication. A 25nm
thick SiypsGegs layer was grown on a lightly p-doped
bi-axially tensile (¢ =0.8%) strained SOI with a thickness of
12nm. Then the Si cap layer with a thickness of Snm (be-
fore annealing) is deposited on the substrate. The schematic

view of the QW pMOSFETs, fabricated by a standard a
gate-first device process, is shown in Fig. 1(b). Hole mobil-
ity was extracted by the split C-V method under both room
temperature and low temperature, during which various
back-gate biases were applied to modulate the hole distri-
bution in the SiysGey s channel.
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Fig. 1 (a)TEM images of the sSi/SijsGeys/sSOI substrate after
S/D annealing; (b)Schematic view of the sSi/SiysGegs/sSOIL
QW pMOSFET with LaLuO; as gate stacks.

3. Results and discussion
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Fig. 2 (a) Measured split C-V characteristics of QW pMOSFET
at 15K and 300K after correction of the overlap capacitance;
(b) Measured Hole mobility of the QW pMOSFETs at 15K and
300K.

The split C-V curves of the QW pMOSFET present
typical dual channel characteristics [Fig. 2(a)]. When the
gate voltage is about 1V, as shown in the inset of Fig. 2(a),
holes are confined in the SipsGeys QW well formed by the
large valence band offset at the sSi/SiysGey s interface. The
mobility data [Fig. 2(b)] shows that the peak hole mobility
(when the inversion hole density, N, is about 10" cm’z) at
room temperature is much smaller than that at low temper-
ature. Since the Coulomb scattering is relatively weak at
room temperature when N is large and continuous decrease
with the increase in N; because of the screening effect [6],
therefore, it is likely that the obvious peak mobility de-
crease at room temperature, compared with that at low
temperature, is due to the phonon scattering and alloy scat-
tering.
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Fig. 3 Measured split C-V characteristics after overlap capa-

citance correction of QW pMOSFET under various back-gate
biases at (a) 300K and (b) 15K.
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Fig. 4 Simulated hole distribution in the QW pMOSFET when
V¢=1V at 300K under various back-gate biases through Medici.

In order to verify the impact of alloy scattering in the
SiysGey s channel, various back-gate biases were applied to
modulate the holes distribution during the split C-V and
mobility test. Figure 3 shows the split C-V curves under
different back-gate biases at both 300K and 15K. After the
QW channel formed (the first step of the C-V curve), the
capacitance decreases under the negative back-gate bias,
which means that holes populated farther away from the
gate oxide. Also, the simulated results carried out by Medi-
ci (Fig. 4) indicate that the applied negative back-gate bi-
ases would decrease the population of holes close to the
interface of sSi/SiysGey s and increase the holes population
in the SiysGey 5 layer away from the sSi cap.
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Fig. 5 Measured hole mobility of the QW pMOSFET under
various back-gate biases at (a) 300K and (b) 15K.

From the measured hole mobility (Fig. 5), we can see
that both positive and negative back-gate biases could de-
crease the hole mobility in the low field region, which is
different from the case of normal SOI pMOSFETs. In nor-
mal SOI pMOSFETs, the negative back-gate bias increases
the mobility in the low field region because the carriers
distribute further from the gate oxide/channel interface,
resulting in less Coulomb scattering from the interface
states [5]. However, in the QW pMOSFETSs, when the back
gate is negatively biased, more holes distribute in the
SipsGeps layer and that would cause more severe alloy
scattering, which leads to the mobility decrease.
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ferent back-gate biases obtained from the measured hole mo-
bility at 300K and 15K.

Since the mobility begins to decrease when N; is larger
than about 10'? cm™, Coulomb scattering would not be the
major factor because of screening effect in this region [6].
Meanwhile, because the phonon scattering would vanish at
15K [6] and pa0y at 15K is much higher than that at 300K
[4], we could obtain oy iphonon from the measured hole
mobility at 300K and 15K through the relationship shown
in Fig. 6. As shown in Fig. 6, with a zero or negative Vy,,
the alloy scattering is more pronounced than phonon scat-
tering when N, is smaller than 102 cm™ otherwise
UHalloy+phonon UNder negative biases should be higher because
of the higher yhonon in SigsGeos [3]. When Ve is -4V,
Halloy+phonon iNCreases slowly with N due to the decrease in
alloy scattering caused by the holes population closer to the
interface as V, decreases. Both 6y and fpnonon decrease
with the increase in N, and finally fa0y SUIPasses Lphonon 1N
the high N, region.

4. Conclusions

We have extensively investigated the alloy scattering in
the QW pMOSFET with a sSi/SiysGegs/sSOI substrate by
modulating the hole distribution through applying
back-gate biases. The applied negative back-gate bias
would cause the decrease in the hole mobility because of
the enhancement of the alloy scattering in SiysGeqs layer.
Furthermore, the alloy scattering is more pronounced than
phonon scattering when N, is smaller than 10'? cm™ and
inferior to phonon scattering in the high N, region. The re-
sults should be important for further understanding the
scattering mechanisms in Si;.,Ge, QW MOSFETs and en-
hancing the device performances.
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