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Excess carrier lifetime of 3C—-SiC grown on a Si substrate by chemical vapor deposition is measured
at room temperature by the noncontact microwave photoconductivity decay methodla&eX is

used to excite carriers in the SiC layer. The measured decay curves of the excess carrier
concentration have fagt ~3 us) and slow(7 >200 us) components. The origin of the slow decay

is discussed on the basis of the numerical simulation of the recombination process, and the presence
of traps with a very small electron capture cross sectiai ¥ 10~ %! cn¥) is predicted. ©1997
American Institute of Physic§S0003-695(97)01613-9

Cubic SiC (3C-SiC org-SiC) is one of the candidate mainly absorbed by the SiC layer. On the other hand, SiC is
materials for high-temperature and high-power devices, butransparent for the light af=904 nm.
characterization techniques for it have not been established. Figure 2 shows measured decay curves of the excess
For Si, characterization techniques are very well developed;arrier concentrations for SiC/Si. When the LD is used, the
and the material quality is constantly monitored during thedecay curve has a single time constant of abouts2 The
device fabrication process. The lifetime measurement is on@Xcess carriers are excited only in Si in this case, and thus
of the most popular characterization techniques for Si. Thdhis time constant corresponds to effective lifetime in Si. In
excess carrier lifetime is a very important physical parametefontrast, the decay curve has fast and very slow components
and influences performance of most of electronic devices.When the N laser is used. Since such a slow decay is not
The noncontact measurement based on observation of aBpserved for the excitation by the LD, it is attributed to the
sorption or reflection of electromagnetic wave by free carri—recomblnatlon process in SiC. The time constant of the ini-

ers is now adopted in many wafer and device factories. Ir%ial (fash decay is about 3.3s, which is defined as the time

this study, we use the noncontact microwave photoconduc'p terval of the decay from the peak toel/Although we

o .~ measured the decay curve for a time interval up to 4 ms, the
tivity decay (u-PCD) method to measure excess carrier life- time constant of the slow decay is difficult to obtain accu-
time of n-type 3C—-SiC. The results show that the lifetime y

has fast and | ts. To di th - Z’:ltely because the decay is not rigorously exponential. The
as fast and very siow components. 10 diSCUSS the origin o lope of the curve fot>30 us corresponds to a time con-

the slow component, we perform a theoretical calculatiorgtalnt larger than 20@s.

taking into account a recombination center and a trap. When the decay curve for the,Naser shown in Fig. 2
The samples used in this study are unintentionallyyas recorded, the output of the laser was attenuated down to

doped,n-type 3C-SiC grown on p-type (001) Si substrate 4 54 py a filter. In this case, the excitation density is about

(100 Q2 cm) by a chemical vapor depositiofCVD). The 1 106 cm™3 on average within the penetration depth, and

thickness and the carrier concentration of the SiC layer ighys the injection is low level. Figure 3 shows decay curves

4-9 um and 1x 10" cm™®, respectively. The carrier con- gt various excitation levels. The excitation strength is repre-

centration was determined by the Hall measurement. sented as percentage with respect to the initial output of the
Figure 1 shows the schematic illustration of the appara-

tus for theu-PCD measurement. The sample is irradiated by

a pulsed light at room temperature. The microwéh@ GH2 1 Wafer

is incident on the opposite side and penetrates the whole ~

sample. An increase in the microwave reflectance after the c !

pulsed light irradiation is thought to be proportional to the Ridge — A@

excess carrier concentration. The reflectance variation is vaveguide ¥

monitored and recorded by a digital oscilloscope as a func-

tion of time after turn-off of the laser pulse. For the light — -
source, we use both anzﬂaser(wavelengli)m=337 nm andg = %':'i[g;%giégznﬁ]gzgf
a laser diodéLD) (A=904 nm). The pulse width is 1 ns for

the N, laser and 50 ns for the LD. The penetration depth for ’
the N, laser light is about 2.5:um for SiC? and thus it is l

|Detector |—>|Amp. |—>|Oscilloscope I

@Electronic mail: ichimura@elcom.nitech.ac.jp
YDeceased. FIG. 1. Schematic illustration of apparatus for the?CD measurement.
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Lot
» o Okumuraet al. assigned the slow decay to the carrier emis-
sion process from the trajHowever, the following analyses
show that this is in general not the case.

To cause the slow decay, the trap should effectively cap-
ture the minority carrierghole9 but not the majority carriers

0.1 , ' (electron$. If the trap captures both, it will act as a recom-
0 1020 3 40 50 bination center and shorten the lifetime. We carry out simu-
Time( ut s) lation of decay curves considering a single recombination
FIG. 2. Decay curves of excess carrier concentration in 3C—SiC/Si me ?ent?r a.nd a trgp. Figure 4 shows th.e assumed models; the
sured by theu-PCD method. The decay curve has a single time constanap‘a‘p is either(a) in th,e upper half_o(b) in the lower half of
when the laser diode was used for excitation, while it has a fast componefhe band gap, and it can re-emit an electtarholg in the
(r=~3 us) and a slow onér >200 us) under the N laser excitation. former (latter) case. The electron population in the trap level
n; is, in the case of Fig.(4), governed by
laser. As shown in Fig. 3, the slow component becomes rela-
tively smaller with increasing excitation level. dni/dt= 0w pn(Ng—Ny) — €Nt — T puHP N, @)

Okumuraet al. observed a similar slow decay for 3C—
SiC at room temperaturePersistent photoconductivity has
been observed for 6H—SiC but only at low temperatures, an
its origin seems not cledr® In the following, we discuss the
origin of the slow component in the decay curves.

It is known that certain minority carrier traps can in-
crease apparent lifetime. The number of excess carrier,
which survive long is limited by the number of the traps.
Thus the slow component due to trap should be relativel
small under strong excitation. Therefore, the results in Fig.
indicate that the slow component is in fact due to some trap

pr > B> P
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» > >

where o,(0,) is the capture cross section for electrons
gﬂoles), vy, the thermal velocity of carrierg, the emission
oefficient, ny the trap concentration, and and p are
the carrier concentrationse, is related too, and the
energy level E.—E; by the equation e,=o,vN;
X exp{—(E.—E)/KT}, wherek is the Boltzmann constant,
¢ the effective density of states of the conduction band, and
T the temperaturé.Similar equations were written for the
ecombination center, the conduction band, and the valence
and, and these four differential equations were solved si-
Smultaneously by numerical integration.
There are several unknown parameters in the equations,
1y and we set their values based on the following consideration.
i . The initial excess carrier concentration is set 110" cm™3
as expected from the excitation intensity in most cases, but
higher excitation is also examined. All the capture cross sec-
tions of the recombination center and the trap are initially
assumed to be>t 10”1 cn?, which is a typical valugabout
the size of an atoinfor levels without capture barriers, and
the electron capture cross section of the teapis varied.
The concentration of the recombination centers is fixed at
5x 10 cm 3 so that the rate of the recombination due to
the center corresponds to the time constant of the fast com-
ponent(about 3us). The level E.—E,; or E;—E,) and the
il L concentration ify) of the trap are varied.
— First, we discuss the case Figayt Figure 5 shows cal-
— culated decay curves of excess carriers for various values of
o,. The trap level and concentration are assumed to be 1.0
eV and 5< 10" cm™ 3, respectively. As shown there, a slow
component appears whenr, is very small 1
X102t cnP). It is due to excess electrons which are not
FIG. 3. Excess carrier decay curves of 3C—-SiC/Si for various excitationcaptured l,)y the traps. Figure 6 shows the calculgted decay
strengths. The Nlaser is used for excitation, and the intensity on the sampleCUTV€S With the trap level as a parameter, is set
surface was varied from 100% to 4.5% of the initial output using filters. 10~ 22 cm?. The bold lines correspond to the model Figa)4
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FIG. 5. Decay curves calculated with the electron captu_re cross section cEIG. 6. Calculated decay curves for various values of the trap level. The
the trapo,, as a parameter. The trap level and concentration are 1.0 eV an‘;%Odel Fig. 4a) is assumed for the bold lines and the model Fitp) 4or the

5 —3 :
5x10°% cm?, respectively. thin lines. o, is 1X10722 cn? andng 5X 105 cm™3.

emission from the trap, their assumption is valid only in a

and the thin lines the model Fig(k). In the case of Fig. ecial case, i.e., the model Fight E,—E,~0.4 eV
1 . " t v . .

s
4(a), the shape of the decay curve does not depend on th Comparing the experimental and theoretical results, we

trap level significantly unless the level is less than about O'Jcan draw the following conclusions about the traps in our
eV. WhenE.—E;=<0.1 eV, some of the traps are occupied 3C—-SiC films:

by a hole under the equilibrium and thus cannot capture an

excess hole. Then, the slow component diminishes. (1) The traps have a very small capture cross section for
From simulations with various sets of parameters, we  €lectrons €1x10 2! cn?).

obtain the following additional results for the case of Fig.(2) The trap concentration will be of the order of 1

4(a): X 10%° ecm™ 2.

. . (3) The trap level is either in the upper-half or in the lower-

(1) When ny is decreased, the slow component begins to half of the band gap. The trap level will be deeper than

appear at a smalldnormalized excess carrier concen- 0.1 eV in the former case and deeper than 0.4 eV in the
tration; the relative amount of the slow component is latter case

almost proportional ta.

(2) In the simulation for various excitation strengths, the  However, it should be noted that the experimental decay
normalized decay curves exhibit the same tendency agurves are seen to consist of more than two exponential de-
Fig. 3, i.e., the slow component becomes relatively smalcays. This may indicate that although we consider a single
under strong excitation. trap and a recombination center in the analysis, there are

more defect levels which influence the recombination pro-

tess. For more rigorous discussion, the deep-level transient

4o The oty ifernce i, ta e 13D Jvel 1001 DspecroscopyDLTS) sty s now n prcgress,and e re-
v o _sults will be reported in future publications.
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