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the effect of the interface layer cannot be neglected, Eq. (3-22)
becomes

aNpWj = aNIWop + Qu1 + Qgg (3-286)

#* *
qNIWOB + Q[‘I + NSdS . (3_27)

The parameters used in the present simulation are given in
Table 3-2 and almost all the parameters are fixed, since the
purpose in this section is to understand the physical background
of the space-charge density (NI) as well as the bullt-in
potential (VB) obtained from the steady-state HMC method which is
described 1in the former section. The value of ¢ g1 1s also
assumed to be equal to the value of = s2°

3-3-3. Rellability of steady-state HMC method

Figure 3.12(a) shows the simulated high-frequency c-v
characteristics of a highly resistive amorphous/lowly resistive
crystalline heterojunction (with parameters of g'max=1016 cm'3eV_1
and Np=10'° em™®), and Fig. 3.12(b) shows the W;%-V relation
obtained from the C-V curve given in Fig. 3.12(a) by using Eq.
(3-10). According to the steady-state HMC method [Eq. (3-11)1,
the wvalues of N1 and Vg can be graphically obtained from the
slope and the intercept on the abscissa, respectively. The value
of N;y obtained in the reverse-blas region (-6 VsVs-1 V) s
2.5x101° ¢em™3, This value is close to Ni of 2.0x101° cm3
calculated from Eqs. (3-16) and (3-17) using the parameters given
in Table 3-2 (gmax=1016 cm™3ev™1l). The value of Vg, which is
obtained from the intercept of the straight line drawn in the
reverse-bias region (-6 V=V=-1 V) on the abscissa, is 0.21 V.
This wvalue 1s a little lower than the glven value of V§=O.30 v,
because the additional potential uOB/q is necessary to make the
space-charge density constant. Figure 3.13 depicts NI and VB as
a function of Nj. Figure 3.14 shows the dependence of Np and Vg
on Npy. From both figures, Nj represents the midgap-state density
well, although Ny is a little larger than the given value of NE.

The simulated high-frequency C-V characteristics, in which
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TABLE 3-2. Parameters used for simulating high-frequency C-V characteristics.a’b

.Amorphous film

Neutral region Midgap states Interface layer Others
a_ _ *_ 18 -3 *_
Ec-EF=0.73 eV E(-E,=0.85 eV Ng=0-10"° cm Vp=0.3 V
Eq-En8=0.97 eV FEy=0.10 eV d.=0 or 50 A L=1.2 gm
¢ "B ¥ 16_,017 . -3.-1 °© 2
gmax=10 -10~" cm “eV S=0.,785 mm

Np=101%-1017 cn™3

& ¥ 1s calculated from Eq. (3-16) using the given Emax-
Ny and VB obtained from the steady-state HMC method correspond to the
parameters N; and VE for the simulation, respectively.
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Fig.3.12.
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Calculated results without interface layer; (a) calculated C-V
characteristics and {b) voltage dependence of square of depletion
width in crystalline semiconductor.

The values of NI and VB are
obtained from the steady-state HMC method. The solid 1line is

calculated data, and the dashed line is a line extrapolated from high
reverse biases.
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Fig.3.13. Dependencies of Ng and Vg obtained from steady-state HMC method on NI
without interface layer. The values of Ni and VE are parameters for
simulating the high-frequency C-V characteristics.

62



CHAPTER M C-V CHARACTERISTICS

M9 1
'€ | ! R
L ma” 2X10 cm eV -
7—9 N
No

__Ofi:fc

VBZO.-3_V_ ____________ - —>

l L L
0™ 5 10 50 100 °

Ny (x1()1'5 cm_3)

Fig.3.14. Dependencies

of Ny and Vg obtained from steady-state HMC method

on

acceptor density in crystalline semiconductor without interface layer.
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Fig.3.15. Dependencies of Ny and Vg on density of interface layer.
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the interface layer was taken into account, were similar to those
in Fig. 3.12, although the lowest reverse bias, where the
discrepancy from the straight line starts to occur, 1is higher
than the reverse bias (about 0.7 V) calculated without the effect
of the 1nterface layer. Figure 3.15 shows the dependence of NI
and VB on the charge (QSS=N;dS) of the interface 1layer for
gmax=3x1016 em 3ev !  and NA=1O16 em™3. In the region of
N;§;2x1017 cm_3 {(i.e., the Interface-state density Qgg is 1less
than 1011 em™2), the values of N1 and Vg are quite close to the
values of Nz and Vg, respectively, then they increase rapidly
with N; in the case of NE=5.9x1015 em™ 3. These increases result
from Qgg. This critical value of Qgg (or N;) lncreases with an
increase of Nz.

It 1s clear from the above results that if Qgs Is low, the
values of N1 and VB obtained by the steady-state HMC method
represent the real midgap-state density and the real bullt-in
potential, respectively.

3-4. Summary

The high-frequency (e.g., 100-kHz} C-V characteristics of
undoped (1i.e., slightly n-type) a-Si:H/p c¢-5Si heterojunctions
have been studied experlimentally as well as theoretically. These
heterojunétions have been found to form depletion regions in both
sides of a-Si:H and c¢-Si by dc bias voltages, and energy-band
diagrams for those heterojunctions with four different
reslistivities of p ¢-51 have been presented. Since the measuring
frequency 1is much higher than the reciprocal of the dilelectric
relaxation time of the high-resistivity undoped a-Si:H, the
capacitance in the a-Si:H side is determined by the thickness of
the a-Si:H film. That is why the measuring capacitance at the
high frequency becomes a serles of this capacitance in a-Si:H and
the other capacitance which is determined by the width of the
depletion region in c-Si. Moreover, the trapping/detrapping
processes cannot respond to the high-frequency ac voltage, which
easlly enables us to analyze the C-V characteristics. The main
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