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Effective mobilities in pseudomorphic Si  /SiGe/Si p-channel
metal-oxide-semiconductor field-effect transistors with thin
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The room-temperature effective mobilities of pseudomorphic §ilSie, 36/Si p-metal-oxide-
semiconductor field effect transistors are reported. The peak mobility in the buried SiGe channel
increases with silicon cap thickness. It is argued that, S0interface roughness is a major source

of scattering in these devices, which is attenuated for thicker silicon caps. It is also suggested that
segregated Ge in the silicon cap interferes with the oxidation process, leading to increagi&i SiO
interface roughness in the case of thin silicon caps.2@1 American Institute of Physics.

[DOI: 10.1063/1.1354662

Incorporation of pseudomorphic SiGe layers into Sisectional transmission electron microscogyEM) and
complementary metal-oxide-semiconduct®MOS) tech-  capacitance—voltagéC—V) measurements, to within an ac-
nology has prospects of improving the hole channel mobilitycuracy of 0.2 nm. Devices were fabricated in a standard
to approach that of the bulk silicon electron channel. SIGE&CMOS-type process, but with a reduced thermal budget
metal-oxide-semiconductor  field effect  transistors(maximum 850 °C, 60 )sto maintain the integrity of the
(MOSFETS$ normally require a Si spacer between the SiO SiGe layer. Oxide growth was by dry thermal oxidation at
and the SiGe layer to avoid the pile up of unoxidized Ge800 °C. The gate material ia situ boron doped polysilicon
behind the oxide frontsnow plow effect which leads to a and source and drain contacts are conventional high doped
degradation of the oxide/semiconductor interface quality. BF, (5x10'°cm 2, 50 ke\) implants. Two different-type
The maximum benefit from incorporation of SiGe in CMOS substrate  doping concentrationsNg(,) were used,
may expected to occur when the alloy layer is placed as closgx 10" cm 2 (batch A and 5x 10'°cm ™2 (batch B, to in-
as possible to the oxide. Unfortunately, as Ge content oyestigate punchthrough and drain induced barrier lowering
alloy growth temperature increases, strain-driven long rangeffects which occur at short device channel lengths. A nomi-
roughening of the upper Si/SiGe heterointerface may dccurna”y undoped 100 nm Si buffer layer was grown on the
which sets a limit on the Si cap thickness. Previously, whersypstrate, followed by a $iGe, 56 layer of thickness 10 nm.
this type of material was oxidized to retain a 2.5 nm Sia range of values of the Si capping layer were chosen such
capping layer, there was a severe degradation in mobility that the final values after process cleans and oxidation would
with the observation of oxide pinholes. be between 2 and 8 nm.

Here, we report electrical measurements on pseudomor- To determine the effective carrier mobilityyey, We
phic  Si/ShesGe 36/Si  p-metal-oxide-semiconductor(p-  have used a modified “spli&—V" techniqué® on large area
MOS) devices fabricated from solid source molecular beanFgTs of length= 300 um and width= 50 um. Figures 1
epitaxial(SS-MBB material grown using a low growth tem- ang 2 show plots ofsey as a function of total carrier sheet
perature(450 °O, postgrowth anneal800 °O technique:  gensity () for devices fabricated in batches A and B, re-
The pseudomorphic $i,Gey 36 layers have interfacBsvith-  gpectively. The crosses on the plots for W02, W03, and W10
out the strain-induced interface roughness that is associat@gljicate points where marked decreases in effective mobility
with higher temperature growth and thus these structures aig.cur as the total carrier density increases. Simulations indi-
well suited for incorporation into SiGe/MOS technology. cate that these points are where parasitic conduction at the
The final Si capping layer thicknesses obtained after oxidag;j/s;o, interface begins to affect the transport characteristics
tion were measured by a combination of x ray, Crossyf the device. It should be noted that for both W01 and W09
(nominal 2 nm Si cap and the Si contro{fW06), we do not
3Electronic mail: phseg@warwick.ac.uk observe any such change in slopkut«/dNy) in the range of
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FIG. 1. Batch(A), effective mobility vs carrier sheet density for devices A (nm)
with a 2x 10 cm™2 substrate doping punchthrough stopper. The observed
onset of conduction at the SjC5i interface is marked by a crogs). FIG. 3. Calculated rms interface roughness scattering potent\d) flue to

rms thickness fluctuations), at the SiQ/Si interface and at the upper

. . . . . i/SiGe interface for values of different Si capping layer thickness. Solid
measured data, and this is consistent with our simulation ihes: 2 nm Si cap; dashed lines: 5 nm Si cap; dot—dashed lines: 8 nm Si

There is clearly a dependence of peak effective mobility ongap.
Si capping layer thickness, with wafer W03, the 8 nm Si
capped sample, exhibiting a maximum factor of 2.44 in-
crease(305 cnf V~1s™%) when compared to the W06 Si

-1s1
standard 125 cnfV s, ence is attributed to the lower dielectric constant in SiO

7
Lagder etal,” Whall and Pf'irke?’ and Keamey and 10 jnterface roughness limited mobiligys is predicted to
Horrell’ have provided strong evidence that interface roughbehave 20

ness rather than alloy scattering plays a dominant role in
limiting the hole mobility in devices of this type. To deter- wir*(AV) P (1)
mine the effect of thickness fluctuations, in the SiG in- with B=2.
sulator and Si cap, we have evaluated the associated fluctua- |, the presence of other scattering mechanisms, e.g.
tions in the electrostatic potenttilat the Si/SiGe interface phonon scattering, the resultant mobility will be expected to
using a self-consistent solution of Poisson’'s and Sthro have ag value of less than 2. However, comparing our ex-
inger's equations. To compare structures with different Sberimental resultgFig. 1) with calculated values afV us-
cap or oxide thicknesses the carrier sheet density in the chan]-g constantA (Fig. 3 and constant effective field of 0.15
nel was kept at a constant value of X.00cm™2 low  pv/em-1 (No=1.5% 102cm ?) we deduce a value of3

. S . "
enough to ensure that the Si cap would not be populated. Thenis high value appears to be associated with the degradation
rms potential quc_tuauo_ru)V_, is plotted a_safunctlon of 'MS of Sio,/Si interface quality with decreasing silicon cap
roughness amplitude in Fig. 3 for typical valtiesof Si/ thickness, due to segregation/diffusion of Ge into the %cap.
SiGe and Si/Si@interface roughness). Itis clear that, for | erface state densitieB;;, for these samples were deduced
the current specifications, the scattering potential is morg.,, quasistaticC—V measurement? and from a compari-
sensitive to fluctuations in oxide rather than Si capping layegq of low frequency and high frequen€y-V datal® Figure
thickness. In this respect, the situation is similar to the scaty ghows plots oD, versus energymeasured from the va-

I

tering of silicon inversion layer electrons by remote metal/|ance pand edge of silicorfor wafer WO1 (batch A. The
oxide interface roughnes$.Typical oxide fluctuations of

Aoyide= 0.2 nm will generate a rms scattering potential of

~1.4 meV. To obtain the same scattering potential, the alloy
thickness fluctuationsAsigd must be 0.4 nm. This differ-
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FIG. 2. Batch(B), effective mobility vs carrier sheet density for devices FIG. 4. Interface trapped charge density distributions vs energy measured
without a punchthrough stopper. The observed onset of conduction at thigom the valence band edge of silicon. Samples shown are W01, 2 nm Si cap

SiO,/Si interface is marked by a cros). (O) and W06, epitaxial Si contrqill).
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TABLE I. Maximum effective mobility,uer(max), vs capping layer thick-  tude,A, of the roughness has been demonstrated for Si MOS

ness,Tc,,. Also shown are the interface trap densiti®g,, measured at 16 ; ;
midgap or at the peak in the energy distributionf, shown in Fig. 3. structures by Koget al, " but the underlying mechanisms

Samples marked 1 are silicon controls. which give rise to this effect are probably different from the
present case.

Wafer Nisub Teap Her(Max) Dy In conclusion, we have shown that, depending on the
No. (em™) (hm  emPVTisT (em*ev oxide and silicon cap thickness, Si3i as opposed to Si/
WO01(a) 2Xx 10" 2 162 3.810% SiGe interface roughness can limit the hole mobility in the
WO02(a) 2x10" 4.5 217 5¢10t strained SiGe channel. It is argued that this interface rough-

WO03(a) 2x 10" 8 305 <2x104

ness scattering is less for devices having thicker silicon caps,
not only because the magnitude of the Coulomb potential
fluctuation in the channel for a given Si{3i interface
WO09(b) ~5x10 2 228 810" roughness is reduced, but because the smaller amplitude of

~ 5 1 . ) Iy
¥VV$2(§L) Ngiigll_r, . iii <15><Xigo the Ge segregation tail at the SiSi boundary leads to a
smoother interface.

TWO06(a) 2x10Y7 24 128 <2x10%

(&)]
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