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High mobility Si/Si,—: Ge. /Si p-type fnodulation-doped double heterostructures have
been grown by RRH/VLP-CVD (rapid radiant heating/very low pressure-CVD). Hole
Hall mobilities as high as about 300cm?®/V-5(293K) and 7500cm®/V.s(77K) have
been obtained for heterostructures with £ = 0.3. The variation of heole mobility with

temperature and the influence of Ge fraction on hole mobility were investigated.

PACS: 73.40.Lq, 72.80. Cw, 68.55.-a

Iui recent years. the Si/SiGe modulation doped (MD) heterostructures have created a great
deal of interest for fundamental investigations and for high speed device applications (maodu-
lation doped field-effect devices). High clectron mobility n-Si/SiGe MD heterostructure?? and
high hole mobility p:5i/SiGe MD heterostructure®=* have been reported.

In this letter. we report the growth of Si/5i;_;Ger/Si p-type modulation doped double
heterostructures by rapid radiant heating/very low pressure-CVD (RRH/VLP-CVD).® Their
vlectrical properties were measured and analyzed. The variation of hole mobility with terper:
ature and the influence of Ge fraction on hole mobility were investigated.

Si/81,_.Ge,/S1 MD double heterostructures with £ = 0.20, 0.25, 0.30 and 0.35 were grow: on
(100) p~-Si substrates using an RRHE/VLP-CVD system.® The growth temperature was 600°C.
In the heterostructure schematically shown in Fig. 1, p*-Si doping layer of 200 A thickness were
doped with boron to 1-3x10 em™3 and Si;_. Ge, strained layers of 400 A thickness were nof
intentionally doped.

The thickness of undoped Si spacer layers is 150 A. For comparison, uniformly doped { UD!
samples were also grown under the same conditions. The Sig gGeg.s of 2000 A thickness were
doped with boron to 1-3x10' cm~?,

Both the MD and UD samples were measured by conventional Hall-van der Pauw mecthotl.
Hall data obtained at 293 and 77K are listed in the table. From room temperature to lo¥
temperature (77 K). the hole Hall mobilities g, for all the MD samples (No.1-4) increasc
obviously. while for UD samples (No. 5-6), the hole mobilities decreased. It shows clearly that
the holes of MD samples have separated from their parent impurities of doped layer (pT-Sil
transferred to the SiGe channel and formed a two dimensional hole gas (2DHG). Becanse the
band gap offset for the Si/SiGe heterojunctiou presents mainly in the valence band.” liok
potential wells are formed on the SiGe side of the Si/SiGe interface as shown in Fig. 2. Figur
3 shows the hole Hall maobility as a function of temperature for a typical MD heterostructil
(samiple No.2). It can be scen that the hole mobility increased gradually with decreasind
temperature. The rcason of the increase is that. with decreasing temnperaturc. the laftic
scattering reduced and the remote ionized imnpurities scattering decreased obviously.
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Fig. 1. Schemuatic for double modulation-doped Fig. 2. Encrgy band diagram for SifSiy_ . Ce; /S0
higterostructnre, ptype modulation-doped donble Lieterostructures.
Table 1
Sample | | ps(x10%)em™ | i (em® fVes) |
No. | Ge fraction | MD/UD I 203K i TTK E 293K | TTK |
1 | (z=020) {7 MD | 6.6 | P i 240 14700 |
5 | |z=025) | MD 6.7 , 2.3 _ 280 | 6700 :
3 | [z=0.30) I MD 2.2 : 1.2 | 300 | 7500 |
4 | (£=0.35) MD | 6.9 i 2.8 i 240 | 3800 |
. 5 | (z=0.20) UD | 6.5 : 7.3 s 210 | 130 |
L*6 | (z=0 ) | UD | 21x10%cm™® |3.1x10"°cm™? | 38 | 26 |
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Fig. 3. Hole mobilisy as afunction of temperature for  Fig, 4., Hole mobility vs Ge fraction at 293 and 77K
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T the inflnence is small, so .the hole mobility tends to increase. This s in accordance with
the results of theoretical calculations.® At low temperature the hole mobilities increased with
increasing T; this was mduced primarily by the decrease of hole effective mass. However, for
the sample with z =0.35 the mobility decreases slightly (see Fig.3). This is due to the 400 4
thickness of the Sig gs Genas alloy layer which is almost the critical thickness of strained layer.®

This will bring about some misfit dislocations leading to increasing in dislocation scattering.

High sheet carrier concentration and high mobility are essential for MD field effect deviceg,
and the sheet carrier concentration is mainly determined by dopant concentration and the
thickness of spacer layer. In our samples, 2 high dopant concentration (1-3x10'° cm™3) wae
used. Considered that the additional potential field range of ionized impurities should be greate:
than the range of electron wave function (~100 4) and the segregation of boron, the thicknes:
of spacer layer was designed to be 150 A. This thickness made it possible that not only the
coulumb field of ionized impurities in p™-Si layer exerted little influence on the moving holes in
the potential wells of SiGe layer, but also a sufficient number of holes in the p™-5i layer could
transfer to SiGe potential wells. The shect carrier concentrations p; measured for all the MD
samples (listed in the Table 1) are greater than 103 cm~2, indicating a proper design of the
spacer layer thickness.

Moareover, the mobility in 5iGe MD heterostruciures depends strongly upon the lattice in-
tegrity of 5iGe alloy layers and Si/SiGe interfaces. Misfit dislocation, background impurity
scattering and interface roughness scattering will get the mobility reduced, especially at low
temperature.’? The high hole mobilities achieved for our samples both at room and low tem-

peratures are evidences of high guality S5iGe strained layers and Si/SiGe interfaces with no
apparent misfit dislocations.

In conclusien, a Si/Sij.;Ge, /Si p-type MD double heterostructure with high hole mobility
is achieved by RRH/VLP-CVD. The hole Hall mobilities as high as about 300 cm?/Ves (293 K|
and 7500 cm?/V-s (77 K) for z = 0.3 are the highest values reported so far! It was found that the
hole mobility enhances apparently with decreasing temperature and increases with increasiug
Ge fraction,
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