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Donor and acceptor concentration dependence of the electron Hall mobility
and the Hall scattering factor in  n-type 4H— and 6H-SIC
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Theoretical calculation of the electron Hall mobility and the Hall scattering factor in 4H— and
6H-SIC is performed based on the low-field transport model. Our mobility calculation as a function
of temperature, net-doping concentratigiNg]-[Na]), and compensation ratig Na]/[Np]),
whereNp andN, are the donofnitrogen and acceptor concentrations, respectively, provides the
theoretical values of the electron Hall mobility expected for the high quality SiC crystal. The results
can be used for the evaluation of the crystalline quality of a given SiC sample. We also present the
ratio of the Hall and drift mobility, i.e., the Hall scattering factor, which is needed to make a bridge
between the experimentally measured Hall mobility and the theoretically calculated drift mobility
using, for example, Monte Carlo simulation. Our calculations of both the electron Hall mobility and
the Hall scattering factor are in very good agreement with the experimental result200D
American Institute of Physics[DOI: 10.1063/1.1366660

I. INTRODUCTION field.12~** The Hall scattering factor is also affected by the
anisotropy in the electron effective mass tensors. In order to
The worldwide interest in silicon carbide for electronic provide a prescription to the problem of the anisotropy of the
device applications is now greater than ever because of thgeciron Hall mobility in 4H— and 6H—SiC, we have recently

recent progress in the crystal growth technology. Two of théo o rteq the theory in which we present analytical expres-

most popular polytypes, 4H- and 6H-SIC, have been studs, o ¢ the electron Hall mobility in the three distinct Hall

ied intensively in the past decades due to their exce"enrtneasurement configurations as shown in Figs) IBIc,

roperties such as high electric break down field, high ther: . . ;
pmalpconductivity, andgllarge saturation electron drift vglocity.JLC]’ 1(b) [,BL C_’ jLcl, and Xc) [BL,C’ J,”C]’ whereB, j, and
These properties lead to much better device performancgare the directions of the magnetic field, current flow, and
than silicon for high-voltage power applications and for XIS of the hexagonal unit cell, respectivélyin Ref. 11, we
high-temperature operatiohs. have demonstrated that the strong anisotropy of the electron

In contrast to the recent intensive growth and charactertall mobility for both 4H— and 6H-SiC polytypes is solely

ization studies on 4H— and 6H-SiC, theoretical studies olominated by the anisotropy of the effective electron mass
electron transport have been rather limitet® Except for  tensors.
Ref. 13 that has treated the transport properties of 4H-SiC In this article, we describe theoretical expressions of the
taking into account the effect of the externally applied mag-electron Hall mobility and the Hall scattering factor, and
netic field, most of the transport studies have been based aRen calculate the electron Hall mobility in nitrogen doped
Monte Carlo simulation in which the effect of the externally p.type 4H— and 6H-SiC as a function of temperature, net-
applied magnetic field cannot be included, i.e., they haVQjoping concentration[Np]-[NA]), and compensation ratio

E.rlq\/ideg.t?]e, dri;t mob(;li;y. Onhthe ()lfhef’; hand, the Hall mo- 1n /[N, ]). The theoretically calculated electron mobility
llity, which is obtained from the Hall effect measurement, IScan be used as a standard measure for the evaluation of the

the one most often determined experimentally. Thus, quanti(—:r stalline perfection since structural defects such as points
tative knowledge of the ratio of the electron Hall and drift Y P b

mobility, i.e., the Hall scattering factor, is necessary to Com_defects, dislocations, stacking faults, and micropipes lead to

pare experimental results with Monte Carlo calculation® further lowering of the mobility. If one compares the val-
directly3~’ The key for understanding of the electron trans-Ues of the experimentally obtained mobility with our theoret-
port in 4H— and 6H-SiC is their strong anisotropy of theical calculation, one can qualitatively estimate the quality of
conduction band structure. The electron Hall mobility inthe SiC sample. We also calculate the ratio of the Hall and
4H- and 6H-SIC are described by a strong function of thelrift mobility, i.e., the Hall scattering factor in 4H— and 6H—
directions of the externally applied electric and magneticSiC, which is essential for the precise interpretation of Hall
effect measurements. This work focuses on the Hall mea-
apresent address: Department of Physics and Measurement Technologitirfement configuratiofiBlic, jLc] as shown in Fig. ()
Linkoping University, S-58183 Linkping, Sweden; Electronic mail:  since most of the Hall measurements on the device quality

hisaomi@ifm.liu.se . . . .
bElectronic mail: kitoh@appi.keio.ac.jp 4H- and 6H-SIC thin films are performed in this manner.
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C . TABLE |. Effective masses of 4H— and 6H-SiC.
B i J
j y B B 4H-SiC[my] 6H-SiC[mo]

z my,_r(m3) 0.57 0.75

m L (m3) 0.28 0.24

= 5 = Y m¥,_ (M%) 0.31 1.83
a C

X

FIG. 1. Schematic diagram of the three distinct Hall measurement configu- .
rations: (a) [Blic,jLc], (b) [BLc,jLc], and(c) [BLc,lIc] and the coordi- dal and parabolic constant energy surfaces centered exactly

nate system we employed for a given sample. at M points in the first Brillouin zone for both 4H- and

6H-SIC, respectively. The effective masses aldvigl’,

M-K, andM-L directions in the reciprocal space of the hex-
1. METHOD AND MODEL agonal unit cell are listed in Table't.In order to obtain the

conductivity tensor for a given SiC sample, we derive an

The purpose of this section is to provide explicit andexpression of the conductivity tensor including the magnetic

easy to use analytical expressions of both the electron Hafleld for one ellipsoid from the Boltzmann transport equation
mobility and the Hall scattering factor for the three distinctusing the relaxation time approximation and Maxwellian ap-
Hall measurement configurations as shown in Fig. 1. Thigproximation. Then, we place three ellipsoids in proper posi-
section provides a summery of our model since the detailetions in the reciprocal space by 120° rotation arounddahe
procedure for the electron Hall mobility calculation has beenaxis, and add the contributions from each of the three ellip-
described already in Ref. 11. It should be noted that we haveoids. This procedure leads to the total conductivity tensor
performed further simplification of the model described infor a given SiC sample.

Ref. 11, which will be explained later in this section. The electric current density vectdrin the presence of
Our model is based on the conduction band structuréhe magnetic field and the electric fieldE for a given SiC
determined recently by first-principles calculations andsample is described by the product of the conductivity tensor

experiments*~2°We assume that there are six semiellipsoi-o by E:

o1t oy —(opt 0B, (013t 0) By E,
J=0E=3 (01 031)B; o1t o5 — (013t 029)By || Ey |, 1)
— (031t 03) By (031+ 03)By 203, E,
|
where, is related tox by Eg. (5). The subscripts,j=1,2,3 corre-
w 32 _ spond to the directions for one ellipsoidal constant energy
- nri JoT(X)X 7T exp X)dX: nri (2a)  surface taken along thiel-I", M-K, andM-L directions, re-
Tjj q * (0,312 —x)d q * <T>1 . . .
m  [pXTeexp(—x)dx m spectively. The subscriptsy,z correspond to the coordinate

- D o
o jﬁfz(x)xwexp(—x)dx system shown in Fig. In’ is the electron concentration in

ol =qn’ —— — each ellipsoid, wherenf ¢ is the density of states effective
mimp o joxTeexp(—x)dx mass E. is the energy level of the conduction band minima,
92 andEg is Fermi level.
=qn'—— (72, (2b) From this conductivity tensor, we can derive the math-
m;m; ematical expressions of the Hall coefficient, the electron Hall
and, mobility, and the Hall scattering factor for the three distinct
. 32 Hall measurement configurations as shown in Fige) 1
(mdskBT) E o E/T 5 [BIc, jLcl, 1b) [BLc, jLc], and 10) [BLc, jic. The elec-
n/: o expl — _ , 1 ’ N ) 1 ! 1 - .
2mh? A~ (Ec—Ep)/keT} ® tron conductivity and the electron drift mobility, that are per-
pendicular and parallel to the axis, respectively, are also
m.s. = (mym3m3)*s, @ Gerived.
€ The electron conductivityr, and oy, that are perpen-
=T ) dicular and parallel to the axis, respectively, are given by
B

g is the electron chargég is the Boltzmann constant, is

the temperaturenf;_, , 5 is theith or jth component of the 3 1 1

effective mass, and(x) is the electron momentum relax- o == (o)+ oéz)=(3n’)9(—*+ —*)q(7>, (63
ation time for an electron having the kinetic enekgyvhich 2 2 m;
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(7) factor. The following five scattering mechanisms are consid-

(6b) ered for the calculation of relaxation times: acoustic phonon

deformation potential scattering, polar optical phonon scat-

The electron drift mobilityup )y and up(y, that are  tering, intervalley phonon deformation potential scattering,
perpendicular and parallel to the axis, respectively, are neutral impurity scattering, and ionized impurity scattering.

given by The scattering rate for acoustic phonon deformation po-

- 101 tential scattering,! is given by'~%
Mp)= ( CI<T> (7a)
(3n’ )q 2 _1(X) ‘/_(kBde . )2/3Dac 1/2 an
- -
o o) (7b) * whpvs

MD(H):W— mE
3 whereD .. is the acoustic deformation potentialis the den-
The Hall coefficientRyq), Ry, and Ry for the  sity, andu, is the sound velocity in a particular semiconduc-
three Hall measurement configurations shown in Figa) 1 tor.

[Blic, jLc], 1b) [BLc, jLc], and Xc) [BLc, jlic], respec- The scattering rate for polar optical phonon scattering
tively, are given by Toop IS given by?h?224
3 ! ’
5(01,t059) 1 4mim} 2
Ru@= 32 /12 '21 2 (3n)q (m¥ Jimz 2§T>> Tood X) = Qwplrsl 1)
(7 (o1t 02)) 1tm) PO A kseqh\2xKkg T/M? ¢
S0yt o) 1 (P X| n(wp)(1+hw,/xkgT) Y2
RO S ot F o) (X 20k (310G (72 (80
2R T2z s +{N(wp) + 1}RE(1—frw, /xkgT) Y2
3 ! !
2(0151+ 033 1 () ho,nN(w,)
Ruo= = — —>. (80 Bt g PR 12
"0 Glolst o) (3x 20y (30)A (7 xigr o (eT/he)
The electron Hall mobiIity,uH(a)., H(b) » and wy g for . hoy{n(w,)+1}
the three Hall measurement configurations shown in Figs. + T xkeT

1(a) [Bllc, jLc], 1(b) [BLc, jLc], and Xc) [BLc, jlic], re-
spectively, are given by

o X sinh [ Re(xkg T/ w,—1)Y2]|, (12
2
#H@ = Ru@L =9 my+m3 (7)’ ©a wheren(w) = 1{expfolksT)—1} is the Bose—Einstein dis-
q 11() f[ribution function,Ks is_the static_ relative _diele_ctric c_onstant
:U‘H(b):RH(b)O'J_ZZ[m +— [ 9b) ina sgmmonduc_:ton;m is the c_)ptlcal re_Iatlve_dleIectrlc con-
1 2 stant in a semiconductok, is the dielectric constant in
1 () vacuum, and*uu.p is the polar optical phonon energy. _
'“H(C):RH(@U“:qm_gW' (90 The scattering rate for intervalley phonon deformation

potential scattering.,> is given by?225
The Hall scattering factory s, '), andry g for the

three Hall measurements configurations shown in Figs. 1 . zZD2,m% 32 o
[Blic, jLc], 1(b) [BLc, jLc], and Xc) [BLc, jlic], respec- Ting (X)_—‘[Wﬁ " p[ (@in) (XKg T+ @)
int

tively, are given by

MHa amymz (7% (108
MD(1) (ml +m2)2 )%’ wheref w;, is the energy of the intervalley phonoB;, is

the intervalley phonon deformation potential, aids the

+{n(wim)+1}RquBT_ﬁwint)l/2]a (13

M@=

rH(b):M: @ (10b) number of final equivalent valleys available for intervalley
mo) (7) scatteringZ=4 is assumed for both 4H— and 6H—St.
2 The scattering rate for neutral impurity scatterirgy, is
'y 2HE _ <—>2 (100  given byt?226
O oy (1)
Equations(6)—(10) are functions of the effective masses “10) = 80 ks€oNned T)7i> (14)
and the average momentum relaxation time. Since the effec- Tned X) = mj ¢ 29° ’

tive mass tensors have already been obtained by the recent

first-principles calculations and the experimelt£® we  wheren,o(T) is the concentration of neutral impurities.
need to determine the values 6f) and (7%) in order to The scattering rate for ionized impurity scatterifgt is
calculate the electron Hall mobility and the Hall scatteringgiven by*2%%7
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2 r 5 Tt 717751 T T T T 1

Nion(T)q* [UPIY e
b= ot D914 - T2 B T U
16V2mg ¢ mKs€g Y g‘ 10 : ."Ion--‘a‘------“'."'
X(xkgT) ™2 15 g “Acoustic v PoarOptiel
S, “eeel Interva!ley ‘.\
where, Z 10° L e . KX
y?=8mj  xkg TL3/%2, (16) ;EE
Nion(T) is the concentration of ionized impurities ahg is = 10° .
the screening length. The screening length is calculated using = ® Experiment
the standard Brooks and Herring model. The screening g =Theory
lengthLp is given by 3 10%
=
1/2
_ &"BT) 4H-SiC (a)
D 2
q 101 L a3l 1 1 1 L
(ND—NA—n(T))(NA-i—n(T)) —-1/2 40 60 80100 300 500
x{n(M+ Np ) Temperature [K]

17

In order to calculate the scattering rate for neutral and ion-
ized impurity scattering we need to know the values of
Nned T) and ni,y(T). For a nondegeneratetype semicon-
ductor with parabolic bands, the free electron concentration
n(T) is determined by the charge neutrality equation. The
neutrality equation of the-type 4H— and 6H-SIC is given

by28,29

* Acoustic . \
- Intervalley ‘.‘

', Polar Optical

A ]

Electron Hall Mobility [cm/Vs]

N(h .
n(T)+N= (h) ¢ Experiment
1+(gn(T)/No)exd AE(h)/kgT] =—=Theory
N(k)
T I QTN exd AE(K) TkgT]” D
g ¢ . 6H-SiC (b)
Where, 101 1 r 3 1 a2 al 1 i 1 L1
40 60 80100 300 500
m* _keT 8/2 K
.S.
Nc=2M¢ e (19 Temperature [K]

FIG. 2. Comparison of our Hall mobility calculatiofisolid curve with the
is the effective density of statehl, is the concentration of Hall effect measuremeniilled circles in the configuratior{jL c,Blic] as

; ; ; _ shown in Fig. 1(a) for (a) 4H-SiC and(b) 6H-SiC. The contribution of
acceptorsNy, is the concentration of donomc is the num various scattering mechanisms to the total electron Hall mobility is also

ber of eqUivalent CondUCtiqn ba;nd minintd(h) and N(k) _ shown. Experimental data of 4H-SiC and 6H-SIC are taken from Ref. 30
are the nitrogen concentrations in hexagonal and cubic latticend Ref. 33, respectively.

sites, respectivelyAE(h) andAE(k) are the ionization en-
ergies of the nitrogen donor in hexagonal and cubic latticdration of ionized impurities,(T) and neutral impurities
sites, respectively, anglis the spin degeneracy factor. Based Nion(T) are given bynio(T) =2Na+n(T) andnio,(T) =Np

on the number of hexagonal and cubic sites, the concentra= Na—n(T), respectively.

tion ratiosN(h) andN(k) for 4H— and 6H-SiC are assumed Combining the aforementioned five scattering mecha-
to be 1:1 and 1:2, respectively. For both 4H— and 6H-SiChisms, we obtain the average momentum relaxation time by
Mc=3 andg=2 are employed. Table Il lists the values of

.. . . . . 'II'ABLE Ill. Parameters used for the calculation of the relaxation time.
the ionization energies of the nitrogen donor in hexagona

and cubic lattice sites for 4H— and 6H—-Si&The concen- 4H-SIC  BH-SIC
Static relative dielectric constart, 9.7 9.7
Optical relative dielectric constamt, 6.5 6.5
TABLE Il. lonization energies of the nitrogen donor. gsszgy\fel(g(/:(i:tr;v?)s(lo“ mis) 31]é6YG :;’_2(;6
4H-SiC (meV) 6H—SiO (meV) Acoustic fjeformation potentidD .. (eV) 11.6 11.2
Polor optical phonon energyw, (meV) 120 120
AE(h) 59 85 Intervalley deformation potentidD;(10° eV/cm) 2.3 2.1
AE(k) 102 125 Intervalley phonon energl w;,, (meV) 85 85
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Joc x3’zexp(—x)dx =200K for both 4H— and 6H-SIC cannot be explained by
-1 =1 -1 -1 =1 acoustic phonon scattering only. We assume that the polar
(r)= ° TnEU(X)JrT'O”w(Xg,: Tac (X) ¥ Tpopl X) + Tin (X), optical phonon scattering and intervalley phonon deforma-
[oX™“exp(—x)dx tion potential scattering dominate the mobility in that tem-
(208 perature region. However, it is difficult to make a unique fit
fw x32exp( —x)dx when intervalley scattering is important since the electron
-1 1 1 = = P may be scattered by more than one type of phonons, and
()= 0 [T”e“(X)JFTi"”inZ Tac (X)F oo X) + Tint (X)] _ each phonon has a different deformation potential
[oXx”“exp(—x)dx constant®>3*2The complicated phonon dispersions of 4H—
(20b) and 6H-SIC make this fitting procedure enormously diffi-
The values of the parameters), .., p, vs, Dyg, fiwp, cult. For example, since 6H-SiC has 12 atoms per unit cell,

Dint,» andfwiy, are listed in Table IIl. Since large discrep- i.€., there could be as many as 36 phonon branches i its
ancies arise in literature concerning the values of the acoustidispersion. Therefore, we employ a simplification for inter-
deformation potentiaD .. and very little is known about the Vvalley scattering. The effect of all intervalley scattering is
scattering mechanisms in high temperature regiomftype  represented by only one phonon having the energy of 85
4H- and 6H-SiG ! our theoretical approach has two ad- meV 2 The intervalley deformation potential constabg;
justable parameterd),. and D;,;. Our knowledge of the for 4H— and 6H-SIC are obtained by a numerical fitting of
deformation potential constants is the least perfect compareitte experimentally obtained mobility data. In the aforemen-
to that of all the other parameters involved in the expressiongoned fitting procedure oD, and D;,;, we should employ

for the transport coefficient. If there is a temperature regiorthe samples with high crystalline quality since crystal defects
in which the acoustic phonon scattering predominate, on&uch as points defects, dislocations, stacking faults, and mi-
can deduce the acoustic deformation potential condbgpt ~ cropipes lead to a further lowering of the mobility and it is,
from the value of the mobility in that temperature regidn. in practice, difficult to calculate the quantitative effect of
The applicability of the assumption of relatively pure acous-these defects.

tic phonon scattering may be judged from the temperature In this work, we assume that the momentum relaxation
dependence of mobility, which should be proportional totime can be described as a function of the kinetic energy of
T-32 TheT *?temperature dependences of mobility have the electron, not the wave number vector, i.e., the only an-
been observed very clearly for both 4H— and 6H-SiC inisotropy of the electron effective mass tensors determines the
Figs. 4a) and 2b), that we believe the acoustic deformation anisotropy of the transport phenomena in 4H- and 6H-SiC.
potentials which we obtained from the fitting procedure areAlthough it is difficult to justify this assumption, this enables
very close to the intrinsic ones. On the other hand, the obus to derive far more explicit and simple expressions to de-

served temperature dependence of mobility abole scribe transport phenomena in 4H- and 6H-SiC. Figure 3
shows the anisotropy of the electron Hall mobility in 6H—

SiC, in which our model precisely reproduces the relative
change in the electron Hall mobility for the three Hall mea-

4
10" g=r—ry v ! T ¥ surements configurations as shown in Figs) IBlic, jL c],
_____i::ﬁgg:g:gg 1(b) [BLc, jLc], and Xc) [BLc, jlic]. Our model reproduces
® === Theory(Fig.1:(c)) the anisotropy of the electron Hall mobility in 4H-SiC as
3 benan @ Experiment(Fig.1:(a)) well. This good agreement with the experimental results
10 “=sJdj, M Experiment(Fig.1:(b))

A Experiment(Fig 1:(0) probably justifies our assumption.

2
10 Ill. RESULTS AND DISCUSSIONS
Figure 2 shows the comparison of our Hall mobility cal-
culations with the Hall effect measurements in the configu-
ration[jL c, Blic] as shown in Fig. (g for (a) 4H— and(b)
6H-SIiC. The 4H-SiC sample is an epitaxially grown thin
film havingNp=3.0x 10®°cm 2 andN,=1.0x 10"*cm 3.4
The 6H-SIC sample is also an epitaxially grown thin film

10

Electron Hall Mobility [cm>/Vs]

80 100 300 500 700 having Np=1.05<x10'®cm3 and N,=1.0x10*cm 3,33
Our calculations for both 4H-SIC and 6H-SIC agree very
Temperature [K] well with the experiments. In the low temperature region

FIG. 3. Electron Hall mobility for the three distinct Hall measurement con- (T<7O.K)' ionized _|mpur|ty scattering and neUI.raI impurity .
figurations as shown in Fig. 1. Experimental data are taken from Ref. 11Scattering become important. The agreement with the experi-
We calculated these mobilities using the same model described in this articihents for both 4H— and 6H-SIC in this temperature region

with the calculatlon parameters used in Ref. 11. Slnge thls_ bulk crystal i§ remarkable, since these two Scattering mechanisms have
expected to contain many crystal defects such as dislocations, we canno . . .
calculate the mobility with the same calculation parameters presented in thid0 adjustable parameters. This confirms the accuracy of our

work. The detailed description on these problems has been given in Ref. 1model. In our calculation, the most dominant scattering
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grown thin film havingNp=9.0x10*cm 2 and N,=5.6

X 10%*cm 3,34 For 4H-SiC our calculation, which is essen-
tially the same as the one reported in Ref. 13, agrees very
well with the experiments. As to 6H-SIC, our calculation
reproduces qualitative feature of experimental data very well.
These good agreements with the experimental results indi-
cate that we have constructed a proper scattering model for
4H- and 6H-SiC. The small deviation of the absolute values
between our theory and the experiment for 6H-SIC is likely
due to the anisotropic scattering mechanisms which we ne-
glect in this work. The stronger anisotropy of the electron
effective mass tensor in 6H-SiC, compared to 4H-SiC, may
break slightly our assumption that the scattering mechanisms
in SiC are isotropic.

Figure 5 shows the electron Hall mobility as a function
of the net-doping concentratiofiNp]-[NA]) and the com-
pensation ratio[[N5]/[Np]) at 77 and 300 K with the Hall
measurement configuratidjL c, Bllc] as shown in Fig. ().

The electron Hall mobility depends strongly on the compen-
sation ratio. AtT=77 K, the difference between the curves,
compensation ratie0 and 0.1, is large for both 4H- and
6H-SIC[Figs. 5a) and 5c)] because ionized impurity scat-
tering by compensated donors and compensating acceptors
dominates the total mobility. This difference for 6H-SIC is
larger than for 4H-SiC because the ionization energy of the
nitrogen donors in 6H-SIC is larger than in 4H-SiC. At this
temperature, most of the nitrogen donors in 6H-SIiC are fro-
zen out, while some of the nitrogen donors in 4H-SiC are
still ionized, therefore, if the sample is not compensated at
all, the only neutral impurity scattering dominates the mobil-
ity of 6H-SIC, while the ionized impurity scattering still
contributes to the mobility of 4H-SiC. In Figs(® and 5d),

the electron Hall mobility of different compensation ratios
converge to a constant value when the net-doping concentra-
tion becomes smaller than @m2 because the contribu-
tion of the ionized impurity scattering and the neutral impu-
rity scattering to the total mobility becomes negligibly small.
We believe Figs. 5a)—5(d) serve as a standard measure for

FIG. 4. Comparison of our Hall scattering factor calculati¢sslid curve
with the experimental resuliilled circles in the configuratiorjj L c,Blc]
as shown in Fig. (B) for (a) 4H-SiC andb) 6H-SiC. Experimental date of
4H-SiC and 6H-SIiC are taken from Ref. 34.

the crystalline perfection of SiC samples, and are useful for
crystal growers who want to characterize the quality of SiC
they grow. Using Figs. ®)—5(d) one can determine the
compensation ratio of a given sample from the experimen-
tally measured mobility data if the quality of the sample is
good enough. These date are also essential to perform reli-

mechanism for both 4H— and 6H-SiC changes from acousti@ble device simulations.

phonon scattering to intervalley scattering at the temperature

between 200 and 300 K. The change of slope at this tem-

perature can be seen in the experimental data as well. Noti

that the calculation parameters for both 4H— and 6H—Si(§€/' CONCLUSION

listed in Table Ill are almost identical. This coincidence im- We have performed the theoretical calculation of

plies that the characteristic and totally different transportthe electron Hall mobility in nitrogen doped-type 4H-

properties of 4H— and 6H-SIC are solely dominated by theiand 6H-SIiC as a function of temperature, net-doping con-

effective electron mass tensors. centration [Np]-[Na]), and compensation ratio
Figure 4 shows the comparison of our Hall scattering([NA]/[Np]).**~3" The electron Hall mobility has been cal-

factor calculations with the Hall effect measurements in theculated for two temperature$,=77 and 300 K, covering a

configuration[jL c, Blic] as shown in Fig. (g) for (a) 4AH— wide range of the net-doping concentration

and(b) 6H—SiC. The 4H-SiC sample is an epitaxially grown [ 10— 10'%(cm™2)] and the compensation rati6—0.6. The

thin film having Np=7.0x10"%cm® and N,=1.3 contribution of various scattering mechanisms to the total

X 10"°cm3.3334 The 6H-SiC sample is also an epitaxially electron Hall mobility has been found for both 4H- and
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