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Modulation doped pseudomorphicgiGe, 13 Strained quantum wells were grown on bonded
silicon-on-insulator(SOIl) substrates. Comparison with similar structures grown on bulk0Si

wafers shows that the SOl material has higher mobility at low temperatures with a maximum value
of 16 810 cm?/V s for 2.05< 10! cm™? carries at 298 mK. Effective masses obtained from the
temperature dependence of Shubnikov—de Haas oscillations have a val0e26£0.02 mg
compared tq0.23+0.02 m, for quantum wells on $100) while the cyclotron resonance effective
masses obtained at higher magnetic fields without consideration for nonparabolicity effects have
values between 0.25 and 0.28,. Ratios of the transport and quantum lifetime$7,=2.13
+0.10, were obtained for the SOI material that are, we believe, the highest reported for any
pseudomorphic SiGe modulation doped structure and demonstrates that there is less interface
roughness or charge scattering in the SOl material than in metal—oxide—semiconductor field effect
transistors or other pseudomorphic SiGe modulation doped quantum well499® American
Institute of Physicg.S0003-695(96)04044-3

Numerous studied have appeared in the literature lookter, the quality of the 2DHG without any substrate biasing
ing at pseudomorphic SiGe quantum wells, modulatiorwill be investigated.
doped to form two-dimensional hole gas@PHGS9, in the The starting substrate was a commercially bought
hope of increasing the mobility and decreasing the effectivdonded SOl wafer from SiBOND. The bulk SOl wafer was a
mass of holes on silicon substratehe work has been 100-mm-diam Si100 p* 0.001 Q cm wafer with a 200
driven by the hope of increasing the performance of thexm SiQ; layer and a 50 nm 20) cm top Si cap. The wafer
p-channel silicon field effect transisto(SET9 which limit ~ was RCA cleaned before being loaded into a Vacuum Gen-
the performance of complementary metal—oxide—erators VO0S molecular beam epitaxy system. The sample
semiconductoCMOS) circuits. While the increase in mo- Was then heated to 860 °C before growing a 200 nm undoped
bility at room temperature has been small, the low temperaSi buffer followed by a 25 nm gp/Ge 13 strained quantum
ture mobility in these structures can be significantlyWell. A 20 nm undoped Si spacer was grown as the sample
increaseflallowing quantum effects and devices to be inves-Was cooled to 750 °C and then a 50 nm boron doped Si
tigated. (No=2x10" cm3) layer and 30 nm undoped Si cap were

Silicon on insulatofSOI) substrates have been shown to 9"0WN. _ . _
be beneficial to the performance of CMOS circuits both at _Samples of the material were etched into Hall bars using
room temperature and at low temperatit&¥hen growing 2 CHR/H, reactive ion etch before thermally evaporating
strained SiGe layers, however, the increased defect densify (1% S) and alloying through annealing to form ohmic
of the SOI substrates may be detrimental to the epitaxiafontacts. Figure 1 shows the mobility and sheet carrier den-

growth and promote strain relaxation. Characterization of

SiGe layers grown on separation by implanted oxygen 20000 2000
(SIMOX) substrates for optoelectronic applicatibasid for 10000 | 1000_5
increased mobility SiGe channptMOS have already been w 2
publishec® In the present work, modulation doped 2DHGs «E 100 i
grown on bonded SOI have been grown and electrically i ‘2
characterized. The material was designed to ultimately allow = 1000 ¢ <
the substrate to be used as a backgate, controlling the Fermi g 10 é
energy and carrier density in the quantum well by the appli- 2
cation of an appropriate voltage to the substrate. In this let- 100 ) ‘ %

L 1
0.1 1 10 100 300

dE|ectronic mail: dp109@cam.ac.uk
YAlso at Cavendish Laboratory, University of Cambridge, Madingley Road,FIG. 1. The mobility(solid line) and sheet hole densitglashed lingas a
Cambridge CB3 OHE, UK. function of temperature.
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N L FIG. 3. The reduction of the amplitude of the Shubnikov—de Haas oscilla-
FIG. 2. The longitudinal and transverse resistivity of the 2DHG SOl waferﬁOnS as the temperature was increased is demonstrated by plotting three

asa fungt'ion of transverse r_nagnetig field. The temperature was 298 mK angterent temperatures. The small change in hole density with temperature
the mobility and sheet carrier density measured were 16 8F\csnand can be observed by the movement of each peak to higtes the tempera-
2.05x< 10 cn?/V s, respectively. ture increases.

sity as a function of temperature as derived from low fieldwith ¢=2#?kgT/hw.. An effective massn* may be ob-
Hall measurements. All measurements used standard fouained by plotting InQ p,,/po) Versus litg/sinhé) and using
terminal ac lock-in techniques with appropriate currents tom* as an adjustable parameter until unity gradient is ob-
prevent electron heating at the lowest temperatures. Thgined.
room temperature values for mobility and carrier density are  Figure 3 shows the Shubnikov—de Haas oscillations for
290 cnf/V s and 1.86< 10" cm ™2 At 1.7 K (300 mK), the  three different temperatures, clearly showing the decrease in
material has a mobility and carrier density of 12 930amplitude of the oscillations as the temperature was raised.
cn?/V's (16810 cni/Vs) and 2.06<10'' cm™® (2.05  Background contributions to the Shubnikov—de Haas oscil-
X 10" cm™®) that compares favorably with an identical |ations were removed by fast Fourier transform techniques
structure grown on a §i00) n~ substrate but without the 30 pefore obtainingn* as a function of magnetic field from the
nm undoped Si cap of 11 700 éM s (12 060 cri/V's) and  data. Figure 4 shows the effective masses obtained using the
2.12<10" cm 2 (2.08x10™ cm ?).” These values are Coleridge formula on data taken at ten different temperatures
substantially better thafto the knowledge of the authgrhe  petween 358 mK and 1.3 K. Using the above mentioned
best p-channel inversion or accumulation layer metal—approximations, the formula is only valid f@<1.5 T. At
oxide—semiconductor FET(MOSFET) values of 2500 |ower magnetic fields, specificallB<1 T, the smaller am-
cn?/Vs at 1.5 K® plitudes of the oscillations produced a smaller signal to noise
Figure 2 shows the Shubnikov—de Haas oscillations angatio and hence the error increased. The region of applicabil-
the quantum Hall effect at 298 mK in the present SOlijty of the theory was therefore small. A mean valug@p7
sample. The carrier density obtained from the Shubnikov—-de-0.02) m, wherem, is the free electron mass was obtained.
Haas oscillations was 2.2&(0.20))( 10" cm™? at 1.7 K, Measurements on §é7GQ)13 modulation doped Samp|e5
the same within experimental error as the density measureg#own on S{100 n~ substrates with identical structures to
from the Hall voltage. In addition, fast Fourier transforms of the present SOI material but without the 30 nm undoped Si
Ryx give a single harmonic demonstrating occupancy of oneap produced am* of (0.23+0.02 m,.
subband in the material and no parallel conduction at low  Dingle plots from different temperaturé&ig. 5 pro-
temperatures. duced common straight lines, confirming the temperature in-

Coleridgeet al” derived a theory to describe the low- dependence of the results. The gradient of the Dingle plots
field amplitudes and phases of the Shubnikov—de Haas os-

cillations. They assumed that the thermal broadening of the

Landau levels can be represented by a Lorentzian with width 0.3 e I —
I' (independent of energy or magnetic fielluch that the i 4
quantum lifetime 028 [ ;'i ]
I & ]
T=£=L E°0.26_- | 7
97T 2mkaTy’ S : % %

% 024 [ ]
where % is Planck’s constant divided by m2 kg is g i ]
Boltzmann’s constant, andp is the Dingle temperature. 022 | e m* SdH ]
Provided the Fermi leveEg>#%/74,Er>hw, where o, o _m*CR
=eB/m*and the oscillations in the density of states are 02 Lo b b b L L

small, the deviations in the resistivit§p,, from the zero

magnetic field longitudinal resistivitg, are described by B (T)
Apyy 4¢ T 27EE FIG. 4. The effective massé units of free electron massg),) obtained
=— exp — -, from the temperature dependence of the Shubnikov—de Haas oscillations
Po sinh§ WcTq ﬁwc (solid circles and the cyclotron resonan¢epen squargsmeasurements.
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0 temperature of 3.3 K. No accounting of any nonparabolicity
of the valence band was made. The values obtained range
from 0.25 to 0.29m, which generally agree with the
Shubnikov—de Haas values obtained. Until modeling of the
CR results to account for nonparabolicity are completed,
little can be accurately deduced from the magnetic field de-

In ([sinh £/Z][Ap/p 1)

e 358mK pendence of the present CR results.
5| | %643 mK To conclude, pseudomorphic  3iGe, 13 2DHGSs were
01287 mK . , ; =
P : - , . . . grown on bonded SOI material. Comparison with similar
04 06 08 1 12 14 1.6 1.8 2DHGs grown on bulk %100 wafers shows that the SOI

1B (T material has higher mobilities at low temperatures with a
maximum value of 16 810 ¢V s for 2.05< 10" cm 2

carriers at 298 mK. Effective masses obtained from the tem-
perature dependence of Shubnikov—de Haas oscillations

may be written as- 77/ 7u with 7 the transport lifetime, have a value 0f0.27+0.02 m, compared t0(0.23+0.02
allowing the ratio 7/7,=2.13+0.10 to be extracted. In Mo for 2DHGs on Si100 while the CR effective masses
MOSFETSs, the ratio is approximately (Ref. 10 while in ~ obtained at higher magnetic fields without consideration of
high mobility GaAs/AlGaAs or Si/SiGe heterostructures thenonparabolicity effects have values between 0.25 and 0.29
ratio may be 10 or significantly higHérwhen remote ion- Mg. Ratios of7/7,=2.13+0.10 were obtained for the SOI
ized impurity scattering becomes the dominant scatteringDHG, that we believe is the highest reported for any
mechanism. Measurements on ${&, ;3 modulation doped pseudomorphic SiGe 2DHG, and demonstrate that there is
samples with identical structures to the present SOI materidess interface roughness or charge scattering in the SOI ma-
but without the 30 nm undoped Si cap gave ratios ofterial than in MOSFETs or other pseudomorphic SiGe
1.0+0.3/ Gold'? has predicted a ratio of 1 for scattering 2DHG.
by short range interface charge and 0.67 for short range The work in this letter was supported by EPSRC.
interface roughness scatf[ering that explaip the resuItsR' People, J. C. Bean, D. V. Lang, A. M. Sergent, H. L'rster, K. W.
from MOSFETs and previous pseudomorphic ¢35€.13 Wecht, R. T. Lynch, and K. Baldwin, Appl. Phys. Ledt5, 1231(1984).
modulation doped samples. The higher ratio of 2.13 and th&E. Basaran, R. A. Kubiak, T. E. Whall, and E. H. C. Parker, Appl. Phys.
temperature dependence of the mobility suggest that interg'-etéle“' 34F70é1?9?- s, Cristol | M. Hafer. 1P, Colinge. A
face charge and roughness scattering have less prominence i .o erve, and 3. R. Davis, [EEE Trans. Election Devisd007
the SOI 2DHG and remote ionized impurity scattering is (1999.
beginning to be the dominant scattering mechanism. V. P. Kesan, P. G. May, F. K. LeGoues, and S. S. Iyer, J. Cryst. Growth
Cyclotron resonancéCR) measurements using a Fourier 111 936(199D. _ -

. . - D. K. Nayak, J. C. S. Woo, G. K. Yabiku, K. P. MacWilliams, J. S. Park,
transform_ spectrometer with unpolarized rad|e}t|on Were per- ..k . wang, IEEE Electron Device |eftd, 520 (1993.
formed with wedgedabout 3j samples placed in an Oxford ¢p. J. Paul, V. J. Laws, and G. A. C. Jones, J. Vac. Sci. Techndi3B
Instruments 1.5 K cryostat with optical windows. Both the 72234(1995)-
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FIG. 5. Dingle plots for three temperatures.
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