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Effects of electron mass anisotropy on Hall factors in 6H-SIC

G. D. Chen, J. Y. Lin, and H. X. Jiang
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(Received 6 July 1995; accepted for publication 21 December)1995

The room temperature Hall factors in 6H-SiC have been measured under different magnetic fields.
It is found that the Hall coefficierfR, increases with magnetic field, implying a Hall factor of less

than one at zero magnetic field. This behavior has been accounted for by a model based on electron
mass anisotropy in 6H-SiC. The Hall factor results show that in 6H-SIC the mass alorg the
direction is a factor of 5 larger than that in the transverse direction and that the electron—phonon
scattering time is aobut 1 ps at room temperature, which is consistent with a recent optically
detected resonance spectroscopy measurement. Our results indicate that the Hall measurement can
be utilized as an effective and simple method for studying scattering mechanisms as well as for
determining anisotropic transport properties in SiC and that a correction of the Hall factor is
necessary in order to determine the carrier concentration and mobility accuratdl99&®
American Institute of Physic§S0003-695(96)00610-X]

Renewed attention has been given to SiC semicondudn argon ambient for about 5 min. Indium thin films wer then
tors recently because of their promising applications for dedeposited on the top of Pd contacts following by a subse-
vices operating under hostile conditions such as high temquent thermal annealing at 450 °C in argon for about 30 min.
peratures, high frequencies, and high polv&espite the Gold leads were then attached to the contacts by indium
many research programs conducted on this material, margolder for electrical measurements. Ohmic behavior between
questions remain unanswered, one of which is the Hall factodll four contacts was observed. The Hall coefficient, resistiv-
in SiC. Hall measurements are the most common and diredy, and the electron concentration and mobility were mea-
methods used to study the electrical properties of semicorsured by the standard van der Pauw method. The van der
ductors, including carrier concentrations and mobilifies. Pauw data were corrected for the finite size contact and the
However, in order to evaluate the impurity concentrationsgeometrical factotf). When the applied magnetic fields were
and ionization energies from the Hall data in a correct way, i0out 0.2 T, the values dfwere larger than 0.90 and the
is necessary to include a correction of the Hall factor. difference inR, andR, never exceeded 10%, whefRg and

The Hall factor depends on the magnetic field, the freeRZ are the resistances measured in two different configura-

electron or hole concentration, the scattering mechanism, arfipns- However, it was very difficult to obtam_ rellable_ res_ults
elow 0.2 T. Thec-axis of the sample was in the direction

the band structure of the semiconductor under investigatior. llel o th tic field
The knowledge of the Hall factor is therefore an importantpara\l/v(fa h(; eeg]ezgin?ég tlr?e .HaII coefficieRt. at different
issue. Because the Hall factors are unknown in SiC, they are v u ICIERf; '

. ; ; magnetic fields and found that the valuedpfincrease with
often set to unity for convenience. Unfortunately, this as-. . L . N
S . . : increasing magnetic field as depicted in Fig. 1. In order to
sumption is strictly valid only for degenerate semiconductors , . -
AN ~obtain the Hall factory, we have to know the Hall coefficient

or when the magnetic field is high enough that the magnetic

. . . . at the magnetic field—«~, Ry(B—x), which can be ob-
motion dominates the scattering. In most cases, this assumpe. o by extrapolating the plot &, versus 182 linearly to
tion is not justified. In this letter, we report the results of theB_>OO 3 The obtained value d’RH(BH—m) from Fig. 1 is 10.9

first measurements on the Hall factors in 6H-SIiC materials al3/C. The Hall factory is related to the Hall coefficient by
room temperature. We also show from these measurements

that when the geometrical factor is carefully taken into ac- y=€enRy, (1)
count important physical quantities including the mass aniso;

) > h >“wheren is the electron concentration.should be indepen-
tropic parameter and the scattering times can be obtainegbnt of magnetic field in the region of the measurements.

from the magnetic field dependence of the Hall factor. From Eg. (1), we have y(B)/y(B—=)=Ry(B)/Ry
Samples used for this study were nitrogen-dopayipe  (B_.cc). By noting thaty(B—=)=1.2 we obtain the magnetic

bulk 6H-SIiC single crystals obtained from Cree Researchiielq dependence of the Hall factetB) as,

Inc. They were cut from a wafer with carbon terminated

surfaces of about 0:80.6x0.033 cni. Similar results have ¥(B)=Ry(B)/Ry(). @

been obtained for different samples. In this letter, we present By ysing Eq.(2) and the value oRy () as determined

the results only for one representative sample. Ohmic confrom Fig. 1 we have plotted the Hall factor as a function of

tacts for the Hall measurements were achieved by utilizinghe magnetic field, y(B), as shown in Fig. 2. We see that

Pd/In bilayer structuré We first deposited four Pd spots un- ¥(B) is less than unity. However, the Hall factg{B) ap-

der vacuum followed by a rapid thermal annealing at 950 °Gproaches unity aB approaches to infinity. The insert of Fig.

2 shows the magnetic field dependence of the sample resisi-

apermanent address: Department of Applied Physics, Xi'an Jiaotong UnitiVity. A constant value of 8.2107% Q cm in the measured

versity, P. R. China. field region has been obtained, which clearly shows that the
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expression derived for Ge with the closest experimental con-
figuration compared to ours®is

1.1 T T

6H-SiC

_ (K+2)[3K+(K+2)b?]
M= 2K+1)2+ (K+2)%2

()

whereb= aB with a=e7/m,. m; is the electron transverse
mass andr is the electron scattering tim& is the mass
anisotropic parameter and defines the ratio of the mass along
the ¢ direction to that in the transverse direction, i.K.,
=m,;/m,. The parameteK also describes the ansiotropic
electron transport properties. Equati@®) fits our experi-
mental data quite well as shown in Fig. 2, in which the solid
line is the least squares fit of our data by E8), although
the symmetry properties of 6H-SiC are different from those
o 6 5 of Ge. Equation(3) satisfies the conditions tha{~)=1 and

1/B (10 gauss ) that the Hall coefficient must be an even functiorBdf The

fitted values arex=0.41 andK=5.2, respectively. Thus, at

FIG. 1. The plot of Hall coefficienRy, vs 182 The solid line is a linear the limit of B=0, we obtain the Hall factory(0)=3K(K

plot, which has been extrapolated Be-o. +2)/(2K+1)?=0.87.
The above results indicate that in 6H-SiC the electron

) ) ) mass along the direction is 5.2 times larger than that in the
behavior ofy(B) is not an effect due to magnetoresistance,yransverse direction. The result is fully consistent with a re-

but is due to the magnetic field dependence of the Hall faCtOéent opt|ca||y detected Cyc|0tron resonance Spectroscopy
¥. It has been shown that the Hall coefficieRty(B), varies  (ODCR) measuremehtand also with a recent theoretical
with the orientation and magnitude of the magnetic field andprediction® The effective masses as determined by ODCR
the orientation of the applied curreht These variations de- measurements arem,=(0.42+0.02)m, and m=(2.0
pend on both the electron scattering mechanism and the 0.2)m,, where m, is the free electron mass, implying
structure of the conduction band. K=4.8. This value is very close to the mass anisotropy pa-
In the following, we adopt a theory based on the aniso+tameter obtained by our Hall measuremeft«(5.2). There-
tropic electron transport with an energy-independent scattefore, our results have shown that when the finite size contact
ing time developed for the Hall coefficients mtype Ge>  and geometrical factor are carefully taken into account, the
The configurations of our experiment are such that the magHall measurements can indeed be utilized as a simple but
netic field is parallel to the-axis, Blic, and the applied cur- effective method for determining the mass anisotropic pa-

rent density is perpendicular to the magnetic field3j The  rameter in SiC.
In addition to the above results, we have also measured

electron mobilityu as a function of temperature in the region
of 10 K<T<550 K as shown in Fig. 3. In the low tempera-
1.0 ' . . ture region,u increases with increasing temperature follow-
6H-SiC e Data ing approximately the relatiop~ T*? which suggests that
T=300 K —— Fitting ionized impurity scattering dominates at low temperatures.
At temperaturesl >150 K, the electron—phonon scattering
predominantly determines the electron mobility. By consid-
ering the electron-acoustic phonon scattefirige mobility
wp as a function of temperature in the region of 156cK
1 <550 K can be written ag.=AT *2 where the constank
depends on the elastic modules, the longitudinal and trans-
verse effective masses, and the deformation potential con-
stant. Intervalley scattering is not considered at these
temperatures because this scattering mechanism dominates
75 L at high temperaturesT>550 K° If one includes both
B (KG) - the electron-acoustic and electron-optical phonon
0.85 : . . scatteringthen the mobility can be written asu
=A'T Y%7 The constanf\’ differs from the constani by
B (KG) including both acoustic and optical phonon scattering. At the
present, the physical parameters descridngndA’ in SiC
FIG. 2. Hall factory of 6H-SiC as a function of the magnetic field measured are not available. We have used both of these equations to

at room temperature. The solid line is a least squares fit by@dThe inset ~ compare with our experimentf_;ll results and found that
is the plot of the sample resistivity as a function of the magnetic field. ~ =A’T~ 17 describes the experimental results better. There-
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FIG. 3. Electron mobilityx as a function of temperature for a nitrogen ) ) o ]
doped 6H-SiC sample. The solid dots are the experimental data and the solfdG. 4. The electron concentratioras a function of the magnetic field with
curve above 150 K is the calculation result usipg=A’T~ %67 with A’ (@) and without(O) the correction of the magnetic field dependence of the

=2.2x1C. Hall factor 1.

fore, the electron—optical phonon scattering is also importanf® determine the carrier concentration and mobility in SiC
at higher temperatures and cannot be neglected. accurately, one has to include the correction of the Hall fac-
The electron—phonon scattering time can also be detefor, which depends strongly on the magnetic field and possi-
mined from the magnetic field dependence of the Hall factoPly on the orientations of the magnetic field and applied
by using the fitted value of(=er/m,=0.41), which is current; and(2) when the geometrical factor is carefully
about 1 ps at room temperature. The electron scattering timdgken into account the Hall measurements can be utilized as
of 75, .= 26 ps andrg.=22 ps at a temperaturd 6 K have @ simple but effective method for studying the scattering
also been determined by the recent ODCR measurerfentgnechanism as well as for determining the anisotropic trans-
The scattering time obtained here is also reasonable, sin@®®rt properties in SiC. The Hall factors at different tempera-
the electron—phonotboth optical and acousfiscattering at  tures and orientations of the magnetic field and the applied
room temperature is a much faster process than that of tHurrent will be investigated and the corresponding math-
ionized impurity scattering at low temperatures. In fact, theematical expressions for the Hall factprsuch as that of Eq.
anisotropy of the electron Hall mobility in nitrogen-doped (3) for 6H-SIiC as well as for other polytypes of SiC, will be
n-type bulk 4H, 6H, and 15R SiC has been studied recentifiétermined in the near future. _ _
by Schadet al* Their results have indicated that the anisot- ~ We acknowledge the technical assistance of A. Dissan-
ropy of the electron Hall mobility is due to an anisotropy in @yake, M. Smith, R. J. Bandaranayake, and J. Z. Li.
the electron effective masses and scattering mechanism. Our
results are in fact consistent with their conclusions.
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mobility measurements. It is known that the ratio of the Hall 5The exact formula for the magnetic field dependence of the Hall factor for
bilit to th d ti bilit s the Hall 6H-SiC is unknown at this stage due to its complicated structure. Equation
maobi |1)2/ A 10 the conduction mobiiityw equals e a (3) is for Ge and Si under configurations such tBas in a(100 direction
factor;“ y=uy/u. On the other hand, the conduction mo-  andj is perpendicular t@.
bility is the one most often calculated by theorists, whereas'N. T. Son, O. Kordina, A. O. Konstantinov, W. M. Chen, E. Sorman, B.

: i Monemar, and E. Janzen, Appl. Phys. Lé8, 3209(1994.
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