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High-purity and high-quality 4H-SiC grown at high speed by chimney-type
vertical hot-wall chemical vapor deposition
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4H-SIC layers have been homoepitaxially grown at a high growth rate ph28 by chimney-type
vertical hot-wall chemical vapor deposition at 1700 °C. Through photoluminescence measurement,
the intrinsic defect, so-calldd; peak, was found to be reduced under a C-rich condition. In the deep
level transient spectroscopy measurement,Zheenter was also found to be suppressed under a
C-rich condition. For a 75:m-thick epilayer, the net donor concentration was reduced to as low as
5% 10" cm™3. In low-temperature photoluminescence, free exciton peaks are dominant, indicating
high purity of the epilayer. ©2002 American Institute of Physic§DOI: 10.1063/1.1456968

Silicon carbide(SiC) is a strong candidate for low-loss were placed in a SiC-coated graphite susceptor, heated by
high-power devices, high-temperature and high-frequencyadio-frequency induction. The C/Si ratios were varied in the
devices, owing to its superior characteristics such as highange from 0.6 to 0.8 with a fixed SjHlow rate of 16.3
breakdown field strength, high thermal conductivity, andsccm at a reactor pressure of 100 Torr. A typical flow rate of
high saturation drift velocity.While SiC growth technology H, was 3—5 sim. No intentionah situ etching by H or HCI
has made tremendous progress and SiC devices showing bgtior to CVD was employed.
ter performance than conventional Si or GaAs counterparts ~ Epilayers were characterized by a Nomarski microscope,
have been reported, there exist various problems in thatomic force microscopy, x-ray diffraction, photolumines-
growth technology to realize SiC devices utilizing its out- cence(PL), and deep level transient spectroscdpLTS).
standing properties completely. The thickness of the epitaxial layers was measured on as-

In general, homoepitaxial growth is carried out by cleaved cross sections using a scanning electron microscope
chemical vapor depositiofCVD) at around 1500-1600°C (SEM), and thereby the growth rate was obtained. The net
utilizing step-controlled epitaxd.Although the SiC growth donor concentration was determlned py capacitance—voltage
technology has made significant progress, the quality of Si¢C—V) measurements on a Ni/4H-SIC Schottky structure
epilayer is required to be improved for real deviéésvore- ~ With @ frequency of 1 kHz—1 MHz. DLTS spectra were ac-
over, a higher growth rate is desirable for high-power de_quwed on Ni/4H-SiC Schottky diodes with 1.5—4.0 mm di-

vices, considering that the typical growth rate at aroun meter. The reverse bias and pulse voltage applied during the
1500L1600 °C is 2—um/h2® DLTS measurements were5 and 5 V with a frequency of 1

In the last several years, a few attempts of high_MHz, respectively. The 325 nm radiation from a He—Cd la-

temperature growth have been reported, which offers a greg{ar was used as an excitation source in the PL measurements.

potential for the growth of high-purity thick epitaxial layers Table | summarizes the major properties of three epilay-

with a high growth rate. For example, high growth rates fromErS grown fo 1 h with respective C/Si ratios of 0.6, 0.7, and
10 to 25 um/h have been achieved using vertical hot-wallo's' The H flow rate was fixed at 3 sim. High growth rates

CVD configurationg” One challenge in fast epitaxial from 22 to 25um/h were obtained. A mirror-like surface

. . . . orphology without wavy pits and triangular defects was
grezvl\;t?eigllarcg”teo drfﬁg ,C?::ntreez:g:‘lc\)lﬁlr?/ dh;ihtrcl;_nlcizt;i“; : Ofr(Tbserved by Nomarski microscopy, and atomic force micros-

_ copy showed a relatively smooth surface with a small rough-
photoluminescence measurements.

In this letter. th thors d be th itaxial wih ess(rmg) of around 0.2 nm in the area of2 um?. Even
n this fetter, the authors describe the epitaxial gro %n the area of 1& 10 um?, the roughness was small, 0.5-0.6
4H-SiC at 1700°C in an originally designed vertical hot-

) L nm. The reason for a relatively large roughness of 0.947 nm
wall chmmey-type CVD reactor and the characten;aﬂon Offor the epilayer grown with a C/Si ratio of 0.8 may come
these epilayers. The authors found that the formation of the. o 4 accidental failure in setting the substrate on the sus-
D, and theZ, center§ could be suppressed in growth underceptor. The full width at half maximunfFWHM) obtained

a C-rich condition, and realized successful fast epitaxial
growth of high-purity and high-quality 4H-SiC without the TABLE I. Major properties of epilayers grown with C/Si ratios of 0.6, 0.7,
L, peak. and 0.8.

The epitaxial growth was performed ontype 8° off-

axis 4H-SiQ0001) by vertical hot-wall chimney-type CVD g’s:lv(tﬁ'g; (lsn'f;gccm) 220'6 250'7 250'8

. . ° M

in a SiH,—C;Hg—H, system at 1700°&° The substrates rms (nm) (2X 2 wm?) 0.249 0.200 0.947
Ng—N, (cm™3) 4x10% 2X10% 1x10%
Z, center(cm ) 5% 1013 1x 108 6% 1012

¥Electronic mail: k-fuji@matsunami.kuee.kyoto-u.ac.jp

0003-6951/2002/80(9)/1586/3/$19.00 1586 © 2002 American Institute of Physics

Downloaded 24 Dec 2006 to 130.54.130.229. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp



Appl. Phys. Lett., Vol. 80, No. 9, 4 March 2002 Fujihira, Kimoto, and Matsunami 1587

x10"¥opp—T———T—————7T 1
Ny-N,=5x10"2cm™®

- 18K Qo

lro s

Ll cisic07 MU k

B a— .A J\ILI\"\K/JL- 0 L + 1

C/Si=0.6
—f —— I ! !

28 29 30 3.1 3.2 4 oitdge (V)
photon energy (eV)

PL intensity (a.u.)

o

FIG. 2. C-V characteristic of 4H-SiC epilayer grown with a C/Si ratio of
FIG. 1. PL spectra at 18 K of 4H-SiC epilayers grown for 1 h. 0.7 for 3 h.

by x-ray rocking curves sensitive to a lattice tilt ar_ld c_rystal25 um/h. Although several pits exist, a relatively good mor-
bending was as narrow as 9.7-14 arcsec. Considering thghology was obtained. The net donor concentration was ex-
the resolutlop for the FWHM of S|(0Q0]) perfect crystal is tremely low, estimated to be>510'2 cm~3 (Fig. 2). One of
68 arcsec in the present x-ray rocking curve measuremente reasons for this low doping level is considered to be a
the result indicates a high quality for the epilayer. baking effect. Residual nitrogen in the reactor is removed
The nit d({ngor concentration was estimated to be 4, Zjring a CVD run, and therefore, the incorporation of N
and 1< 10'* cm™ for C/Si ratios of 0.6, 0.7, and 0.8, respec- gradually decreases with increasing growth time. For this
tively_. _The incorporation of N was reduced_under a C_'_”Chepilayer, the DLTS measurement was made on a Schottky
copdmonl,l in agreement with the “site-competition giycture with 4.0 mm diameter. Although the very high re-
epitaxy” = principle. In the DLTS measurement, the déBp  gjstivity due to the low doping concentration leads to the lack
center trap ak.—0.66 eV was detescted.sTlm_ center con-  of reliability in the result, aZ, center concentration of 1
centration was reduced from>x810"* cm™® to as low as 6 1012 ¢y 3 was detected. No clear reason for the lower trap
x 10 cm™” by increasing the C/Si ratio from 0.6 to 0.8. ¢oncentration of this thick epilayer compared to the thin ep-
The ratio ofZ, center concentration to net donor concentrasjayer in Table | has been identified yet. The stress between
tion is not constant for different C/Si ratios, suggestmg NOthe substrate and the epilayer may cause the higher trap con-
relation between th&, center qnd N cqncentratlons. In the centration, and the creation of trap may be suppressed with
DLTS measuréeme_r;ts for an epilayer with a donor concentrapcreasing the thickness of epilayer. More detailed investiga-
tion of 1x 1(3)1 cm = theZ, center concentration was simi- o, js required, but the decrease of trap concentration with
lar (low 10" cm™) to the epilayer shown in Table I. The jncreasing the thickness of the epilayer is advantageous for
epilayer was grown under the same condition as the Sampﬁower devices.
grown with a C/Si ratio of 0.7 in Table I, but the high donor The PL spectrum at 18 K from this sample is represented
concentration was accidentally obtained due to a systen Fig. 3. The epilayer thickness of 7&m is enough for the
problem. This result implies that thg center is not related  |5ser light not to penetrate into the substrate, and so the emis-
to impurities such as N but to C/Si ratios in the CVD growth. gig, is only from the epilayer. The strong free exciton peaks
The previous repotf also describes that there was no corre-( . 1. 1,0,l70) and weakQ, peak are observed. The free
lation between th&, center and doping concentrations, and gy citon peaks are much stronger than@hepeak, indicating
the Z, center is believed to be an intrinsic defect complexipe high purity and high quality of the epilayer. No other
including a Si antisite or C vacancy, not containing speciﬁcpeakS such as B-, Al-, and Ti-related peaks can be seen,
Impurities. suggesting very little contamination of impurities. The

Figure 1 represents the PL spectra at 18 K for the epilyeak which is often observed in epilayers grown at a high
ayers grown with C/Si ratios of 0.6, 0.7, and 0.8 for 1 h.

Because an epilayer of about 2@n is too thin to investigate
the PL from only the epilayer, th®, peak(recombination of . '|LA
excitons bound at N donogrscoming from the substrate, is [ 18K l/__

strong. While the relatively strongy; peak (thought to be
recombination through intrinsic defettsan be observed for
the epilayer grown with a C/Si ratio of 0.6, the, peak
becomes weaker with C/Si0.7, and it can be hardly seen
with C/Si=0.8. The result suggests that the origin of the two-phonon replicas
peak decreases under a C-rich condition. Although the cor- of free exciton peaks
relation between th&; center and thé.; peak is not well [ ™~
understood, the formation of both defects is suppressed un- — ,
der a C-rich condition. 25 3.0
Epitaxial growth was carried outf@ h with a C/Si ratio photon energy (eV)
of 0.7 with a H, flow rate of 5 sIm. The thickness was de- fig. 3. pL spectrum at 18 K of 4H-SiC epilayer grown with a C/Si ratio of

termined to be 75um by SEM, indicating a growth rate of 0.7 for 3 h.
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