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Experimental acceptor levels AE, in SIC, measured from the valence band E, , are
reported to be deeper than 150 meV. Moreover, the ground and first excited state levels of
acceptors in SiC, calculated by hydrogenic acceptor [AE, =13.6(m /&2r?) eV], are 136
meV and 34 meV, respectively. The experimental AE, is deeper than AE, because of
central cell corrections, while AE, (r >2) are considered to be reasonable, and should
affect the hole concentration p(T) . Using three kinds of distribution functions, we
theoretically and experimentally investigate the influence of the excited stateson p(T).

The proposed distribution function for electrons is expressed as

1
E.. AE, —AE.) { AE, —AE. |
1+4exp — = |-{g,exp — 2 —— |+ exp ———+
p( ij {gl {5 e B ed g
where AE; is the Fermi level measured from E,, g, is the (r—1)-th excited state
degeneracy factor, and n is the highest excited state, which we consider in analysis. Here,

t(AE, ,n.E, )= (1)

the average acceptor level AE, is expressed as AE, =AE, -E, , and E_ is the
ensemble average of the ground and excited state levels,  wr——T——"—————
which increases with T . The Fermi-Dirac distribution ' O Bxpaimertd ditay
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funct!on _corresponds to f(AE,,10) and the conventional A f(AELL0)
functionis f(AE,,n,0). ol ::'_'_fi@ﬁ%\ -

Using p-type 6H-SIC wafer, p(T) was obtained by i : I
Hall-effect measurements. Using Free Carrier Concentration & | @% 1
Spectroscopy (FCCS), AE,, the acceptor density N, and = - X
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the compensating density N_,, were determined, and are = Ei\%%; 1
shown in Table 1. Figure 1 shows the p(T)-1/T curves, - \%;Q 1
and Fig. 2 dzisplays the FCCSS/2 cuve given by | \?Q@ |
H(T,E.4) = p(T)"exp(E,4 /KT)/(KT) ,  Wwhere the i \\@OO
simulation results mean the curves simulated using Table 1. F ,\-\‘\.’I 1

In f(AE,10) , athough the simulated p(T) is in 2 4 6 8 D

agreement with the experimental p(T) , the simulated HglE)qunmdad%i([nresjtsdm
H(T,E,) is not, indicating that the excited states should
affect p(T). In f(AE,,n,0), the density of holes bound to
acceptors increases, which results in the unreasonable high

N,. In our case, there are good coincidences between the
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experimental data and simulation resultsin Fig. 1 aswell asin 3 \

Fig.2,and N, and AE, areconsidered to be reasonable. £ .
In summary, the influence of the excited states on p(T) % \-\
should be considered, and the distribution function used in = 5 .
deep acceptors should be f(AE,,n,E,, ). %
Table 1 Results determined by FCCS g
f(AE, 10) | f(AE,100) | f(AE, 10,E..) |~

N, [cm? 2.95x10" 2.19x10%° 1.91x10"® .

AE, [meV] 182 205 189| @ Teparzture [ A

N, [cm?| 8.35x10" 2.65x10"® 3.37x10° | Fig 2 Bminetd axdsmidionrexitsof HTEQ)
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