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Without any assumption of the number of types of impurities, the densities and energy levels of donors in undoped 3C-
SiC grown from Si(CHjs)s are precisely determined by the simple graphical method proposed here, using the temperature
dependence of the majority-carrier concentration obtained by Hall-effect measurements. We detect at least three types of donors
whose energy levels\Ep) are 7-14 meV, 46-54 meV and 97-120 meV as measured from the conduction band, although it was
reported that\ Ep, for nitrogen atoms decreased with an increase in the donor density~fE@rmeV to~15meV. In addition
to the~15meV donor that was reported in undoped 3C-SiC grown from a mixture gfe8itHGHg, at least two donor levels
are detected in undoped epilayers grown frop(@&Hs)s. From the viewpoints of donor density and compensation ratio, the
quality of undoped 3C-SiC grown from SCHjz)s is better than that of undoped 3C-SiC grown from a mixture of,Sikd
CsHs.

KEYWORDS: 3C-SiC, donor level, donor density, determination of donor density and donor level, graphical approach, Si,(CH3)g,
HMDS

) our method, and the two donor levels were 65meV and

1. Introduction 124 meV*? Shallow and deep donors were found to corre-

Silicon carbide (SiC) is a semiconductor with a wide bandpond to N atoms at hexagonal and cubic sites in 4H-SiC,
gap, a high electron mobility, a high electron saturation driftespectively. Furthermore, in p-type Si irradiated with a high
velocity and a high thermal conductivity. It is also chemifluence of 10 MeV protons, this method could determine the
cally and thermally stable and extremely hard. As a resuldensities and energy levels of hole traps induced by irradia-
it is regarded as a promising semiconductor for devices ofien.*? Their energy levels were in good agreement with those
erating at high powers, high frequencies and high temperdetermined by deep level transient spectroscopy (DLTS) in p-
tures. In order to obtain device-quality single crystalline Si@ype Si irradiated with a low fluence, while DLTS could not
on silicon (Si) or SiC substrates, chemical vapor depositiaaiccurately determine the densities and energy levels of hole
(CVD) has been conventionally used. In CVD, a mixture ofraps induced by a high fluence of 10 MeV protons because
silane (SiH), propane (GHg) and hydrogen (b is usually these hole trap densities were close to the acceptor density.
made use of. However, Sjshould be avoided because itis In order to obtain the results more easily and with higher re-
highly flammable. Therefore, we have attempted to use noliability, the function to be evaluated has been impro¥etf)
flammable Si(CHs)s, which is referred to as HMDS, for the In the improved method, the function is defined as:
epitaxial growth of SiC. n(T)? E

Undoped single crystalline cubic SiC (3C-SiC) films were H(T, Eref) = ——=—-€exp <ﬂ) , 1)
heteroepitaxially grown on Si substrates using HMDS. Our (kT)2® kT
undoped 3C-SiC films showed n-type conduction, indicatwhich has a peak at the temperature corresponding to each
ing that some donors were unintentionally doped. Thus, wanergy level, wheré is the Boltzmann constari, is the ab-
have attempted to determine the densities and energy levelsofute temperature arif; is a parameter which can shift the
donors as well as defects using the temperature dependencpedk temperature dfl (T, Eef) within the measurement tem-
the electron concentration(T) obtained by Hall-effect mea- perature range. Therefore, from each peak value and peak
surements. temperature, the density and energy level of the correspond-

In many papers$;” under the assumption that only one typéng dopant or trap can be accurately determined.
of donor existed in unintentionally doped 3C-SiC, the density In this study, undoped 3C-SiC is heteroepitaxially grown
and energy level of the donor and the acceptor (or compeon Si using HMDS, and the Hall-effect measurement is car-
sating) density were determined by the curve-fitting methaged out. After the improved method is briefly introduced, the
usingn(T). Moreover, the donor level corresponding to ni-densities and energy levels of several types of donors are de-
trogen (N) was reported to decrease with an increase in ttexmined usingH (T, Eef).
donor density from~50 meV to~15meV as measured from
the bottom of the conduction ban&{). However, no one
knows whether only one type of donor actually exists there. In an n-type semiconductor, we consiaelypes of donors
This is why we have proposed and experimentally tested(density Np; and energy leveAEp; of the i-th donor for
simple method for graphically determining the densities antl < i < n), k types of electron traps (densityyg and en-
energy levels of several types of dopants or traps accuratetygy level AErg of thei-th electron trap for 1< i < k), |
usingn(T).8-13 types of hole traps (densitdry; and energy leveh Eqy; of

In N-doped 4H-SiC epilayers, the densities and enerdghei-th hole trap for 1< i < |), andm types of acceptors
levels of two types of donors could be determined usinffensityNa; and energy leveNE,; of thei-th acceptor for
1 <i < m),where all energy levels\E = Ec— E) are mea-
*Web site: http://www.osakac.ac.jp/labs/matsuura/ sured fromEc. Here,AEpj_1 < AEpi, AEtg_1 < AETH,

2. Theoretical Consideration
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In this paper, the definitions of donors, electron traps, hole — Z Nte + Z Nai KT T
traps and acceptors are as follows. A donor is positively i=1
charged when it emits an electron into the conduction band,  p(T)Ncg Eret — AEF
while an acceptor is negatively charged when it emits a hole + KT ( KT > J
into the valence band. On the other hand, an electron trap |?]
neutral when it emits an electron into the conduction band’ ere
while a hole trap is neutral when it emits a hole into the va- Io(AE) =
lence band. AEF— AE
From the charge neutrality condition, the free electron con- 9o + exp<?)
centratiom(T) in the conduction band is obtained'8s

n k and
n(T) = Z Npi [1— fo (AEpi)] — Z Nrei fo (AEreE)
i—1 i—1 IA(AE) = 9aNco

| m l+ AEF— AE
exp| ———
+ Z Nryi [1— fa (AEm)] — Z Nai fa (AEai) dhexp KT

i=1 i=1

AETHi_1 > AETH andAEA. 1> AEp;. ( k ) Neo (Eref_ AE|:>
TP\

()

Nco

(8)

9)

andlp(AE) andla(AE) are less temperature-dependent than
+p(T), (2)  those in the previous methdt.

wherep(T) is the free hole concentration in the valence band, The function

and fp(AE) and fa(AE) are the Fermi-Dirac distribution N;i exp _ AEi — Erer
functions for donors and acceptors, respectively. These distri- kT kT

bution functions are given BY in the first four terms of the right-hand side in eq. (7) has a
1 peak value ofN; exp(—1)/kTyea at the peak temperature

3)
(AEF—AE) AE; — Eref

(10)

fo(AE) =

14+ —exp

o (11)

KT Tpeak = K s

indicating that the peak value and peak temperature pro-
and vide N; and AE;. As is clear from eq. (11)Es can shift
1 the peak ofH (T, E,e) within the measurement temperature
, (4) range even when none of the peakdafT, 0) appear within
AEr— AE the measurement temperatures. Although each peak tempera-
kT ture of H(T, E,e) is slightly different from the peak tempera-

ture calculated by eq. (11) due to the temperature dependence
fIo(AE;) or Ia(AE;), we can easily determine the accurate
ues ofN; andAE; from each peak value and peak temper-
ature ofH (T, Ef), using a personal computer.

1+gAexp<

whereAEg is the Fermi level Ec — Ef) measured fronkc,
andgp andga are the degeneracy factors of donors and a?/al
ceptors, respectiveh?. 1)

On the other hand)(T) is expressed 49
) 3. Experimental

©®) 3C-SiC films with three thicknesses /81, 16um and
32um) were grown on (100) Si substrates by atmospheric
pressure chemical vapor deposition (AP-CVD). To clean the
Si surface, HCl gas of 63.1 sccm and &f 1.5 slm were intro-
Nc(T) = (KT)**Nco, (6) duced at 1175 for 11 min. Then, in order to carbonize the
Si surface, GHg of 1 sccm and blof 1 slm were introduced at
1350C for 3min. After the temperature was kept at 1350
with H, of 1 slm at an interval of 30 s, HMDS of 0.5 sccm and
H, of 2.5 sIm were introduced at the same temperature. The
growth rate was about 4,8n/h. The growth conditions have
) been reported in detail elsewhéfel?

Npi ol — AEpi — Erer lo(AEn) Carrier concentrations of the films were measured by the
—~ KT kT b o van der Pauw method at temperatures between 85K and

=t 500K, at a magnetic field of 5 kG and a current of 1 mA. Each

L Z Nrgi <_ AETg — E,ef) lo(AEre) 3C-SiC film was cut into pieces of & 5mn¥?, and Si sub-

AEr
N(T) = Nc(T) EXP<—F

with the effective density of statddc(T) in the conduction
band, which is given by

whereNgo = 2(2rm*/h?)15Mc, my is the electron effec-
tive massh is the Planck constant arld¢ is the number of
equivalent minima in the conduction band.

Substituting eq. (2) for one of th&T) in eq. (1) and sub-
stituting eq. (5) for the other(T) give

H (Ta Eref) =

KT strates were removed by chemical etching. In order to form
ohmic contacts, Al of about 0.5 mm diameter was deposited
on four corners of the film.

N1hi AEmyi — E
+ZﬂeXp<—THkI4Tm> IA(AETH)

4. Results

M N AEp; — Epef The obtained epilayers had a smooth surface, and were
ex (— KT ) la(AEAi) light yellow and transparent. According to the observations
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by atomic force microscopy (AFM), the thicker the epilayer, 200
the broader the antiphase domains (APDs) and also the lower

the concentration of the antiphase boundaries (APBs). Reflec-

tion high-energy electron diffraction (RHEED) analyses with

an acceleration voltage of 75 kV indicated that the grown lay- © "
ers were single crystals of 3C-SiC and that the (100) plane of < 500}
3C-SiC was parallel to the substrate surface. Moreover, the“Eo L
intensity of the spot related to 3C-SiC twins decreased with : 400
an increase in thickness, and the spot completely disappearece

in the 32um-thick film. From the results of X-ray diffrac- S

tion (XRD), the full-width at half maximum (FWHM) of the £ 300
(200) peak for 3C-SiC was found to decrease with an increase © I
in epilayer thickness. Details of the crystallinity have beenre- § 200 -
ported elsewher&: 19

Elect

Thickness of 3C-SiC film

Figure 1 shows the temperature dependence of the electron 100k f : 186“Tn _
concentration for three thicknesses (open circlgsmg solid | o j 32 Em i
triangles: 16:m, open squares: 32m). All the epilayers 0 | L , | , | , |
show n-type conduction. The valuesm(T) for the 8.um- 100 200 300 400 500
thick 3C-SiC are close to those for the LBa-thick 3C-SiC, Temperature (K)

while the values of\(T) for the thickest 3C-SiC are much
less than those for the thinner 3C-SiC films.

Figure 2 shows the temperature dependence of the electron
mobility (w,) for three thicknesses (open circlesu®, solid

Fig. 2. Temperature dependence of electron mobility.

triangles: 16um, open squares: 32m). Judging from the e 0.3
magnitude ofun, the band conduction of electrons is dom- —_
inant over the measurement temperature range. Therefofé .
n(T) as obtained by Hall-effect measurements is the eIectroED 2r
concentration in the conduction band. S
Figure 3 shows(T) and AEg for the 32um-thick 3C- Z 102
SiC film. Open circles represent the experimeni@), and & | >~
the solid line is then(T) interpolated by the cubic smooth- 2 _ 9,
ing natural spline function. The broken line represefts: § ot
calculated using sir <
Ne(T) o 40.1
AEF=kTIn [ } , (12) S
n(T) s |
whereN¢(T) for 3C-SiC is i T
Nc(T) = 3.0 x 10°T%¥2 cm3, (13) | | | | |
100 200 300 400 500
4 Temperature (K)
! I ! I ! I ! I ! Fig. 3. Temperature dependence of electron concentration and Fermi level.
Open circles represent the experimemtél’), and the solid and broken
& i 1 lines represent the(T) interpolated by the spline function amdEg, re-
€ spectively.
(&)
g 3r 7
= which is calculated using eq. (6); = 0.35mg and M¢c =
g - 1 3_3—5,7)
b= Figure 4 showsH (T, Er) with E.f = —0.002eV cal-
22 ] culated using the solid line in Fig. 3 and eqg. (1). One peak
§ appears around 160K, while one shoulder appears around
S I 7 300K, indicating that at least two types of donors coexist
s . in this 3C-SiC. Since it is difficult to determine whether
5 1 Thickness of 3C-SiC filnT] each peak corresponds to a donor or an electron trap until the
@ o © 8um analysis is finished, we tentatively consider the detected en-
Wt A 216 pm 1 ergy levels as donor levels. The peak temperature in Fig. 4
o :32pum is denoted byTyeaka since from later discussion it will be
0 | 1 | 1 1 | 1

' ' found that there exists another type of donor shallower than
100 200 300 400 500 the donor corresponding to around 160K. The peak value
Temperature (K) H (Tpeakz —0.002) andTyeakzare 20 x 10®cm—°ev-2° and
Fig. 1. Dependence af(T) on the thickness of 3C-SiC film. 159.9 K, respectively.
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When we select 105.1K, the value & is 0.93. Using
a personal computer, we can determih&p, and (Np; —
Ncom)/ Np2 that maximizeZ1(T, —0.002) at Tpeakzand make
Z1(T, —0.002 93% of the maximum value afr in eq.
(18). Using Tpeakz = 1599 K, T = 1051K andR =
0.93, the values ofAEp, and (Np; — Ncom)/Np2 are de-
termined to be 54 meV and 0.44, respectively. The value of
Z1(Tpeakz —0.002) is calculated from eq. (18) using the ob-
tained values. From eq. (17), therefolds; is estimated to
be 81 x 10cm3 using H (Tpeakza —0.002). Since(Np; —
Ncom)/Np2 is 0.44, the value ofNp1 — Neom) is evaluated to
be 35 x 10'%cm3, suggesting that there exist other donors
shallower than this donor.

In the above determination, only the selectiogfis am-
biguous. When we seledlr = 1151K, the value ofR
is 0.95. In this caseAEp, and Np, are determined to be
55meV and & x 10%cm3, respectively. When we se-
lect TR = 95.1K, on the other hand, the value & is
0.90. In this caseAEp, and Np, are determined to be

Fig. 4. H(T, Eref) with Eref = —0.002 eV, which is obtained using eq. (1).53 meV and & x 106 cm3, respectively. Since thég de-

When the absolute values ok Ep; — AEpy) fori # 2 are

pendences oA Ep, and Np, are rather small, the values of
AEp; = 54meV and\p; = 8.1 x 108 cm=3 are considered
to be reliable.

To evaluate the shallow (first) donor atg,m, a function

large, fp(AEp;) >~ 0 and fp(AEpj) ~ 1 fori > 3 around thatis not influenced by the second donor is introduced as

Toeakz Moreover,p(T) ~ 0 and fa(AEa;) =~ 1. Therefore,

eq. (2) can be approximately expressed arcljagkoas
N(T) ~ (Np1 — Neom) + Np2 [1— fo (AEp2)],  (14)
whereNqom is the compensating density and is given by

m k
Necom = Z Nai + Z Nrgi, (15)
i=1 i=1

2
H2(T. Eep = NI exp<@>

«mzs TP kT
N AEp> — E
— k—E)I'Z eXP(—D|2(4TrEf> Ip(AEp2).

(20)

Figure 5 shows the experimentdR(T, —0.01) estimated us-
ing eq. (20). In the figure, two peaks appear.

since the energy levels detected here are tentatively considket us determine the density and energy level of the
ered as donor levels. As a resii(T, Ey) is approximately first donor. The values ofpeaki and H2(Tpeaks —0.01) are

expressed as

kT kT

Eet — AE
Xp( refkT F

1 AEp, — E
H (T, Erer) ~ Npy - —exp( L) Io(AEpy)

Nco

Nb1 — Neom) © —
+( D1 com) KT
(16)

In order to reduce the number of three unknown parameters> 7+ .

[AEp2, Np2 and (Np1 — Neom)] to two [AEp, and (Np; —
Ncom)/Np2], a function is introduced as

H (T Eref)

ZI(T, Eren) = T (17)
D2
1 AEDZ - Eref
~ — —— ) Ip(AE
KT exp( KT > p(AEpy)
ND1 - Ncom NCO Eref
N kT em(ﬁ) - 19

To determine the two values &fEp, and(Np; — Neom) /Np2

using eg. (18), two temperature values are required. In ad-
dition to Tpeaka therefore Tr is introduced as the lower tem-

perature at which the ratid1(T, Erer)/ Z1(Tpeaka Erer) has a
value ofR (i.e., 0< R < 1), where

_ Z1(T, Erer) _ H (T, Erer)
Zl(TpeakZ Eref) H (Tpeakz Eref) )

114.5K and & x 10" cm®eV—2%, respectively. Around

Tpeak]:

—~

crif e

H2(T, -0.01) (x16’

5 | s | s | s | s |
100 200 300 400 500

Temperature (K)

(19) Fig. 5. H2(T, Eref) with Eref = —0.01 €V, which is obtained using eq.

(20).



Jpn. J. Appl. Phys. Vol. 39 (2000) Pt. 1, No. 9A HAMSUURA et al. 5073

N
H2(T, Erer) ~ —2 exp

AEp1 — E the other donors.
- (_ D1 ref) |D(AE1)

KT In order to verify the obtained values that are listed in
N E E (21) Table I, we simulaten(T) using the obtained values. The
- Ncomﬂ exp(g) ) temperature dependence®Er is recalculated using the ob-
kT kT tained values and the following two equations:
The value ofR is 0.86 whenTg; = 827K. In the same _
manner as that for the second donor determinati®Ep; N(T) = Not [1 - fo(AEpy)] + Noz [1— fo(AEp)]

and Ngom/Np1 are determined to be 14 meV and 0.12, re- + Np3 [1 — fo(AEps)] — Neom (24)
spectively. ThenNp; and Ngorm are determined to be. 4 x
10 cm=23 and 57 x 10 cm~3, respectively. and
To evaluate the deep (third) donor, a function that is not
rsfluenced by the first or second donorMgonm is introduced n(T) = Ne(T) exp(— AkEF) . (25)
n(T)? Eret Then,n(T), which is shown by the solid line in Fig. 7, is sim-
H3(T, Erer) = (kT)25 (ﬁ) ulated using the calculatetlEg and eq. (25). In the figure, the

open circles represent the experimem@ ). The simulated

_ Nou e (_ M) Io(AEp;) n(T) is quantitatively in good agreement with the experimen-
KT KT taln(T), indicating that the values obtained BT, Eqe) are
Np2 AEpy — Ere reliable.
kT ex (_ T) Io(AEp2) In the same way, the densities and energy levels of donors
for the 8.um-thick and 16sm-thick 3C-SiC are determined.
+ Ncom% exr(M) ) (22) Theresultsarelisted in Table I. In the8n-thick 3C-SiC, the
kT kT fourth donor A Eps = 156 meV andNps = 4.6 x 101 cm3)

Figure 6 shows the experimenté 3(T, 0) estimated us-
ing eg. (22). In the figure, one peak appears. The values
of H3(Tpeaks 0) and Tpeakz are 56 x 10*’cmeV=2% and  Table I. Densities and energy levels of donors in 3C-SiC grown from

375.3K, respectively. Around@peaxs HMDS.
Npz AEps — Eres Thickness gm) 8 16 32
H 3(T, Eref) — W exp <_T) |D(A ED3)~ AEp1 (MeV) 10 7 14
(23) Nbz1 (x 106 cm=3) 11 8.1 4.7
; AEp (meV, 46 46 54
Using H S(Tpeakg 0) and Tpeaxs the values OEA EDlsand Nps NDZD(2><( 106 ():m‘3) 17 20 8.1
are determined to be 120 meV and X 10" cm~3, respec- AEps (meV) 107 97 120
tively. _ N Noa (x 1016 cmi3) 11 13 10
In Fig. 6, in addition to the peak at 375.3K, one shoulderAED4 (meV) 156 _a) _a)
appears around 470K, suggesting that a deeper (fourth) donqy,, (» 106 cm-3) 46 _a) _a)
may exist. Unfortunately, it is difficult to determine the den- n,, (x10cm3) 13 0.99 057

sity and energy level of the fourth donor using this methOud) Density s too small to determine.

because its density may be much lower than the densities of

6 T | T I T I T I T I | j j j j I j ! ! ! I ! ! ]
- 32um | 32um
5 | i ~—
- € -
c> I | =)
v L | .g ] N
T ] g107 | 7
S i ]
& 3 — 3] L i
3 s [ o ]
R 1 o | — : Simulated result
S AEL= 14 meV
S 2r 1 = L Np; =4.7x16° cn?
=L ] 3 AEp= 54 meV
& [ L Np, = 8.1x18° cn? _
T 1L - AEp=120 meV
Nps =1.0x167 cnm?®
- . Ny =5.7x16° cn?
1016 M L L L PR L
L | L L | L | L | 0 5 10
0 100 200 300 400 500 1000/T (KY)

Temperature (K)
Fig. 7. Comparison of simulated(T) with experimentaln(T) for the
Fig. 6. H3(T, Eref) with Eref = 0V, which is obtained using eq. (22). 32-um-thick 3C-SiC.
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is detected. In all the cases, the simulatgd) is quantita- al.?? and Kaplanet al?Y insisted thatAEp for N was
tively in good agreement with the experiment&l' ). There- ~54meV. Moreover, Freitagt al?? concluded that the
fore, the obtained results are considered to be reliable. ~15meV donor which dominated the electrical properties of
The density of the first donor clearly decreases with an im-type films could not be ascribed to isolated, substitutional
crease in thickness. The density of the second donor in the If N is associated with the-15meV donor, it can only
32-um-thick film is about one-half of those in the thinnerbe in inhomogeneities in the films where N is incorporated
films. On the other hand, the density of the third donor iat much higher concentrations or indirectly in the formation
independent of film thickness. It is only in thei8n-thick of other defects such as defect-impurity complexes or non-
film that the density and energy level of the fourth donor castoichiometric defects. Deast al?? reported that in small
be determined. The value df;,m, Which represents the sum high-purity crystalsA Ep for N was~54 meV. On the other
of acceptor densities as well as the densities of electron trapand, Choyke and Patri€k suggested thah Ep for N was
deeper than the energy level detected here, clearly decreas&8 meV.

with an increase in thickness. Also from PL measurements, Padlasov and MoKRov

) _ found that doping of 3C-SiC with P gave rise to a donor center
5. Discussion with AEp =~ 95 meV.
5.1 Donors or electron traps From Fourier-transform infrared (FT-IR) spectroscopy in

Equation (24) is derived under the assumption that the d8C-SiC, Mooreet al?® reported that the binding energy of the
tected energy levels are donor levels. On the other handgitound state for N was 54.2 meV and that the binding energies
happens that one energy level is an electron trap level. Fof some excited states for N were 15.2meV, 10.4 meV and
example, the third energy level is assumed to be attributed 700 meV.
an electron trap, and the density and energy level are denotedrrom Hall-effect measurementa,Ep and Np in 3C-SiC
by Nte1 and AE+gy, respectively. In this case, eq. (2) can bevere determined under the assumption of only one type of
expressed as donor in the following reports. Aivazowet al?® reported that

N(T) = Np1 [1— fo(AEp1)] + Npz [1— fo(AEpy)] T3f(1)|?r:]ei\)/ug':Kchris?(l)?éﬁrE?3,Wsz zsci(r)nlgz:/;n_?grrﬂjelllgagd
— Nre1 fo(AETED) — Nl (26) 10 cm3, respectively. They suggested that this donor was

here N/ ts the density of elect tured battributed to N by means of electron spin resonance (ESR).
WRNETE Neom represents the densily of elections captured by, e other hand, Segait al®® reported that in uninten-

acceptors and electron traps deeper thtyes, and is given tionally doped epilayers grown from a mixture of Qildnd

by CsHg, the values ofA Ep, Np and Neom/Np were~15meV,
m K ~2 x 10®¥cm~2 and>0.9, respectively. Similar results were
Néom= Y _ Nai + Y Nrg. (27)  reportec® &7 However, Sasakeét al? reported thatA Ep
i=1 i=2 was 40-50 meV on the assumption thig, = 0 cni 3.

This equation should coincide with eq. (24), indicating that  Segallet al2 5 concluded that the-15 meV donor resulted

N/ = Neom — Npa (28) from N, and that a high degree of compensation and a large
com concentration induced the reduction of the N donor depth. In
Nrte1 = Np3 (29)  other words,
and AEp(Np) = AEp(0) — NS/ (31)
AEtg1 = AEpgs. (30) with
In the case ofN/,, > 0, there is a possibility that the third AEp(0) ~ 48 meV (32)

level is ascribed to an electron trap. In the cas&lff, < O,

on the other hand, there are two cases. One case is that S¢{pg

donors shallower than Ep; are included and the density of

electrons supplied by the shallower donors is higher than the a~26x10"° meV.cm. (33)
density of electrons captured by acceptors and electron traps.

The other case is that the third energy level is attributed to@" the other hand, Suzukit al? insisted thatAEp for N
donor. was determined to be-35 meV from the study of N-doped

In our caseN.,, < 0. Moreover, to our knowledge, there 3C-SiC, and that the-15meV donors came from nonstoi-

are no reports on donors shallower th&aEp;. Therefore, the Chiometric defects in unintentionally doped films.

third energy level is attributed to a donor. In the same manner, . .

the first and second energy levels are ascribed to donors. -3  Comparison of our results with others _
Therefore, when we determine the densities and energy lev-USiNgH (T, Erer), four types of donors in undoped 3C-SiC

els of donors and electron traps, we can tentatively consid@fown from HMDS were detected. The two types of donors

all energy levels as donor levels. After the determination, wirst and second donors) are considered to correspond to the

can discuss whether each energy level is attributed to a dorigt> MeV donor and the-50 meV donor mentioned above,

or an electron trap. respectively. The origin of the’110 meV donor is uncertain.
Thus, doping of 3C-SiC with P or N is in progress, in order
5.2 Reported donor levels in 3C-SiC to identify this donor. On the other hand, the fourth donor has

From photoluminescence (PL) measurements, Fraitas "0t Peen reported yet.
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Since the crystallinity of our epilayers was enhanced as tH20 meV and 156 meV, while only the15 meV donor was
thickness increased, the density of the first donor is consideported in undoped 3C-SiC grown from a mixture of SiH
ered to be sensitive to the crystallinity of the epilayer. Thiand GHg. From the viewpoints of donor density and com-
coincides with the suggestions of Freittsal?%) and Suzuki pensation ratio, the quality of undoped 3C-SiC grown from
et al? that the~15meV donor is attributed to some defect-HMDS is better than that of undoped 3C-SiC grown from a
impurity complex or some nonstoichiometric defect. mixture of SiH, and GHs.
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