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Abstract: 50mm SiC films with high electrical uniformity are grown on Si( 111) by a newly developed vertical low -

pressure chemical vapor deposition (LPCVD) reactor. Both in-situ n—and p-type doping of 3C-8iC are achieved by

intentional introduction of ammonia and boron into the precursor gases. The dependence of growth rate and surface

morphology on the C/Si ratio and optimized growth conditions is obtained. The best electrical uniformity of 50mm

3C-SiC films obtained by non—contact sheet resistance measurement is £2. 58% . GaN films are grown atop the as—

grown 3C-8iC/Si( 111) layers using molecular beam epitaxy (MBE). The data of both X-ray diffraction and low

temperature photoluminescence of GaN/3C-SiC/Si( 111) show that 3CSiC is an appropriate substrate or buffer

laver for the growth of [ll-nitrides on Si substrates with no cracks.
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1 Introduction

It has been shown that [lI-nitrides are impor—
tant materials for optoelectronic devices, such as
blue and ultraviolet (UV) light emitting diodes
(LEDs), laser diodes(LDs), and high temperature/
high frequency transistors'"?'. Much effort has
been made to the growth of Ill-nitrides on sapphire
substrates because of their commercial availability
and excellent surface preparation”'. However, the
large lattice mismatch and the difference in thermal
expansion coefficients of GaN and sapphire cause
large stress in GaN films during growth and a

threading dislocation ( TD) density as high as
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10"em”™ . On the other hand, difficulties arise in
cleavage and formation of back contacts in this ma-
terial system. Silicon carbide( SiC) is one of the
most suitable materials for the substrate of [Il-ni-
tride semiconductors, since lattice mismatch be-
tween SiC and [ll-nitrides in perpendicular direc-
tion to [ 0001] is much smaller (3% ) than that be-
tween sapphire and Il-nitrides'”. Further, SiC has
a higher thermal conductivity (4. 9W/cm * K) suit-
ed for efficient heat radiation. Among over 250 dif-
ferent SiC polytypes. only 3C-8iC with cubic crys—
tal structure can be grown on conducting Si sub-
strates'™”’, which has the potential to solve the dif—
ficulties mentioned above. In this paver. SiC films

have been grown on Si( 111) for its applications to
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the substrates of Ill-nitride semiconductors by a
newly developed vertical LPCVD. The growth
rate, surface morphology, interface property be-
tween SiC and Si( 111), both in-situ n—and p-type
doping as well as the electrical uniformity have
been investigated systematically. The growth of
GaN films on as—grown 3C-8iC/Si( 111) has been
performed using MBE method. T he data of both X-
ray diffraction and low temperature photolumi-
nescence show that 3C-SiC is an appropriate sub-
strate or buffer layer for the growth of [I-nitrides

on Si substrates.

2 Experiment

A vertical LPCVD quartz reaction chamber
heated inductively has been developed and em-
ployed to get 50mm 3C-8iC/Si with high electrical
and thickness uniformity. As shown in Fig. 1, it has
two water—cooled stainless steel flanges at the ends
of quartz tube. A high-purity SiC-coated graphite
susceptor with a solenoid coil RF heating provides
a temperature up to 1400°C. The temperature mea—
sured by a pyrometer through the quartz side is the
record of the susceptor temperature. The precursor
gases can be introduced through a flat plate with a

number of small holes.
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Fig. 1 Schematic diagram of the vertical LPCVD

reaction chamber

The heteroepitaxial growth of 3C-SiC on
50mm Si (111)

substrates with resistivity of

10~ 12 @ * ¢cm has been performed by LPCVD at a
pressure of around 1.3 X 10'Pa. Prior to the
growth, the Si substrates are subjected to a pre-
growth etching in hydrogen with a flow rate of
3000scem at about 1100°C for 10min. The diagram
of growth process is shown in Fig. 2. SiH4, C2H4,
and Pd-cell purified H: are used as precursor gases.
The typical flow rates of SiHa4, C2Hs, and H2 are
0.5~ 5scem, 0.25~ lscem, and 3000scem, respec—
tively. For intentional doping of 3C-SiC, NHs
(0~ 0. 16scem) . and B2Hs (0~ 3. 5scem) are used

as the n—and p-type dopants, respectively.
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Fig. 2 Growth process diagram of 3CS8iC grown on

Si(111) substrates

The GaN samples are grown on as—grown 3C-
SiC/Si(111) using a homemade M BE system. Prior
to initiation of GaN growth, an AIN buffer layer
(about 100nm thick) is grown at 500~ 600°C. T his
is followed by the growth of GaN epilayers. The
thickness of the unintentionally doped GaN epilay-
ers is about 700nm.

The surface morphology of both 3C-SiC and
GaN films are investigated using Nomarski optical
microscope. The electrical properties are character—
ized using Hall effect measurement and Napson
NC-40 non-contact sheet resistance measurement.
The growth rate of 3C-SiC films are determined by
observing the cross sectional interface through No-
marski optical microscope. The N doping is charac-
terized using secondary ion mass spectroscopy
(SIMS). Optical properties of GaN samples are in-
vestigated by low temperature (ranging from 10 to

270K) photoluminescence (PL) technique.
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3 Results and discussion

A critical requirement of epitaxy is to produce
specular layers. It is shown that the C/Si ratio
(atomic ratio of C and Si in supplied source gases)
in SiC growth is an important factor to get a mir—
rordike surface'™, especially for the growth of IlI-
V nitrides on asgrown 3C8iC surface. The sur—
face morphology of 3C-SiC has been investigated
with respect to the C/Si ratio by keeping the SiH4
gas flow rate a constant, and to the SiHs gas flow
rate maintaining the C/Si ratio a constant at 6. The
mirror-ike surfaces without any features are ob-
tained for C/Si ratio in the range from 3 to 20.
However, rough surfaces with high-density growth
pits are observed for C/Si ratio of less than 3. The
moderate value of C/Si ratio to get a mirrordike
surface is around 6, which is greater than that re-
ported in Ref. [ 1]. The reason is mainly that the
C:Ha has a lower cracking temperature, while CaHs
used in Ref.[ 1] has a higher one. At the optimized
growth temperature of 3C-SiC, higher C:Hs gas
flow rate is needed to stoichiometric 3C-SiC film.

Figures 3(a) and (b) show the dependence of
growth rate on C/Si ratio and SiHs gas flow rate,
respectively. Figure 3(a) shows that the growth
rate maintained approximately constant with in-
creasing the C/Si ratio from 2 to 20 while keeping
SiHs flow rate constant as 0. 5scem. Under the opti-
mized condition, the growth rate of 3C-SiC is near—
ly proportional to the SiHs flow rate with a con-

stant C/Si ratio of 6. This result indicates that the

Table 1

sheel resistance measurement system (unit: Q/sq)

growth rate is limited by SiHs flow rate. The opti-

mized growth rate ranges from 0.8 to 3um/h.
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Fig. 3  Growth rate of 3C-8iC on Si as a function of

(a) C/Si ratio with a constant SiHs flow rate of
0. Sscem and (b) SiHa flow rate under a constant C/

Si ratio of 6

Table 1 shows the sheet resistance distribu-
tion of four doped and undoped 3C-SiC/Si sam-
ples. As shown in the right of Table 1, number 1,
2.3.4,and 5 represent the different position on the
50mm 3C-SiC/Si wafer. No. 1 is the center. Other
four numbers represent four different positions
with each 15mm away from the center. The 1. Oum
thick undoped, N and B doped 3C-SiC layers have a
sheet resistance variation of less than +£5%. The
best uniformity achieved is about =+ 2.48%. But
the major challenge is to grow 3C-SiC with good u-
niformity in both thickness and doping. Because the
developed LPCVD system is single wafer reactor,
the run-to-run reproducibility is still to be investi-

gated.

Sheet resistance distribution of four 3C-8iC/Si samples obtained using Napson NC-40 non-contact

Sample No. 1 2 3 4 5 | Average | e

1. N=doped 212.9 218 216.6 2241 218.5 218.0 +2.48
2. B-doped 118 117.5 109. 6 105. 8 110.9 112. 4 +5.4
3. Undoped 151.4 154.6 154.8 159.3 166. 6 157.3 +4, 83
4. Undoped 177.5 168. 5 178.7 182.3 182.0 177.8 +3. 88
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Figure 4 shows (a) the nitrogen concentration
depth profile and (b) the schematic diagram of
NH; flow rate with the growth time. The inset
shows the atomic concentration depth profile of Si,
C, and N. During the growth, the NH: flow rate
was increased from 0. Olscem to the maximum val-
ue of 0.16scem and then decreased to 0.0lscem
with each step grown for Smin except 10min for
the highest NHs flow rate of 0. 16scem, while the
SiHs and C:Hs flow

0. Sscem and 3. 5scem, respectively. In the first and

rates were maintained at

the last Smin, no NHs gas is added to the precursor
gases. The depth profile of the incorporated nitro-
gen concentration is asymmetric and not forming a
staircase as the designed NHs flow rate sequence as
shown in Fig. 4(b). The nitrogen concentration in
the left side is higher than that in the right side.
This can be explained by a memory effect or re-e—
vaporation of N from the heated susceptor and the
remaining NHs in the precursor gases. For the first
and the last two undoped layers, the difference of

nitrogen concentration is also remarkable.
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Fig. 4 SIMS depth profile of a nitrogen doped 3C-SiC
epilayer grown on Si( 111) with different NHs flow rate
The C/Si ratio and the SiHa flow rate were maintained
at 7 and lscem during the growth. (b) Schematic dia-
gram of flow rate of NHs with the growing time The
inset shows the atomic concentration depth profile of

Si, C,and N.

In situ B-doping is also performed using B:Hs
as the p4ype dopant. Hall effect measurement is

employed to characterize the electrical properties.

50mm n-ype Si wafers with a resistivity of 10~

12Q * em” are used as substrates. It is shown that
with decreasing B:Hs flow rate, hole mobility in-
creases from around 58cm”/V * s to 180cm’/V * s,
while the hole concentration decreases from
10”cm™ " to 8~ 9X10"cm™ *. The highest hole con-
centration is about 10”e¢m”™ . For the undoped p-
type 3CSiC, the highest hole mobility is close to
200cm’/V * s at room temperature with a hole con—
centration of approximately 9.2X10"cm™ ",

The GaN films have been grown on as—grown
3C-SiC/Si(111). The cracks are often observed on
GaN grown on bare Si substrates'™'""". However, no
cracks were observed on 3C-5iC because of lattice
constant of GaN being closed to that of 3C-SiC.
Figure 5 shows a typical X—ray diffraction pattern
of GaN/3C-8iC/Si(111). Only GaN(0002) peak at
34.6(FWHM = 0. 189 and its secondary diffrac—
tion (0004) peak at 73.1° are observed. No peaks
corresponding to other planes of GaN are seen.
This result indicates that the GaN films grown on
3CSiC ( 111) substrates are epitaxial and crys—
talline. The rocking curve widths of GaN samples
on three different 3C-SiC/Si substrates with 3C-
SiC thickness of 200, 500, and 1000nm are 0.57°,

1.37° and 1. 6° respectively. These data are close

to those reported in Ref. [ 11].

GaN/3C-SiC = [
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Fig. 5 X-ray diffraction of a GaN film grown on as-
grown 3C-SiC/Si( 111) substrate by MBE The film
thickness is about 750nm ( GaN ( 0002) FWHM =

0. 187 . The inset shows the rocking curve (FWHM =

0.579.
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Figure 6 shows the low temperature ( 10K) PL
spectra of GaN epilayers grown on (a) 3C-SiC/Si
(111) and (b) Si(111) for comparison. T he spectra
for all GaN epilayers on both substrates exhibit
near band-edge luminescence and yellow band lu-
minescence that is commonly observed in GaN pho-
toluminescence spectra' . For the near-band-edge
emission, the 3. 49¢V peak can be attributed to the
M There are also
3.29V, LO:
(phonon replica related peak) at 3.23eV and LO:

donor bound exciton emission
DAP ( donor-acceptor pair) at
peaks at 3.12eV with higher intensity than the
donor bound exciton emission. For the yellow band
emission, the peak energy on 3C-SiC ( centered at
2.25eV) is smaller than that on Si( centered at
2.4eV), while the relative intensity on 3C-SiC is
higher than that on Si. This can be explained by
the contribution of 3C-SiC photoluminescence at

2.29eV at low temperature.

() 225 2.23¢ 1329
f 3.12 3.49
it
ik
g1
20 24 28 3z 36
Photon energy/eV

Fig. 6
epilayers grown on 3C-SiC/Si(111) (a) and Si( 111)
(b)

Low temperature( 10K) PL spectra of GaN

4 Conclusion

50mm SiC films with high electrical uniformi-
ty can be grown reproducibly on Si(111) for their
applications to the substrates of III-V nitride semi-
conductors by a newly developed vertical low —pres—
sure chemical vapor deposition (LPCVD) reactor.
Both in-situ n- and p-type doping of 3C-SiC are
achieved by intentional introduction of ammonia

and boron into the precursor gases. The depen-—

dence of growth rate and surface morphology on
the C/Si ratio and optimized growth conditions are
obtained. The best electrical uniformity of 50mm
3C-8iC films obtained by non-contact sheet resis—
tance measurement is * 2.48% . GaN films have
been grown atop the asgrown 3C-SiC/Si( 111) lay-
ers using molecular beam epitaxy. The data of both
X-ray diffraction and low temperature photolumi-
nescence of GaN/3C-SiC/Si(111) show that 3C-
SiC is an appropriate substrate or a buffer layer for
the growth of Ill-nitrides on Si substrates with no

cracks.
References

[ 1] Pearton S ], Zolper J C,Shul R J. et al. GaN: processing, de—
fects, and devices. ] Appl Phys, 1999, 86: 1

[ 2] Ambacher O. Growth and applications of group lll-nitrides. J
Phys D, 1998, 31: 2653

[3] WangJ X, Sun D Z, Wang X L, et al. High—quality GaN
grown by gas=source MBE. ] Cryst Growth, 2001, 227~ 228:
386

| 4] Romano L T, Krusor B S, Molnar R J. Structure of GaN films
grown by hydride vapor phase epitaxy. Appl Phys Lett. 1997,
71: 2283

| 5] Wang D, Hirovama Y, Tamura M, et al. Growth of hexagonal
GaN on Si( 111) coated with a thin flat SiC buffer layer. Appl
Phys Lett, 2000, 77: 1846

[ 6] Sun Guosheng, Wang Lei, Luo Muchang. et al. Improved epi-
taxy of 3C8iC Layers on Si( 100) by new CVD/LPCVD sys—
tem. Chinese Journal of Semiconductors, 2002, 23: 800

[ 7] Sun Guosheng.Sun Yanling. Wang Lei. et al. Heteroepitaxial
growth and heterojunction characteristics of voidsHree n-3C-
SiC on p=8i( 100). Chinese Journal of Semiconductors, 2003,
24: 567

| 8] Shibahara K, Nishino S, Matsunami H. Surface morphology of
cubic SiC( 100) grown on Si( 100) by chemical vapor deposi-
tion. ] Cryst Growth, 1986, 78: 538

[ 91 Akasaka T. Ando S, Nishida T, et al. Selective area metalor—
ganic vapor phase epitaxy of thick crack4ree GaN films on
trenched SiC substrates. Appl Phys Lett, 2001, 79: 1261

[10] Luo M C,Wang X L, Li] M, et al. Growth of crack free galli-
um nitride epilayer on Si( 111} substrates by ammonia M BE.
First Asiadacific Workshop on Widegap Semiconductors,
2003, 268

[11]  Ustin S A, Ho W. Single erystal gallium nitride on silicon us—
ing SiC as an intermediate layer. Mater Res Soc Symp Proc,

1998, 482: 313



1210 S S G S 25 %

[12]  Suski T. Perlin P, Teisseyre H, et al. M echanism of yellow lu- (111) epitaxy grown using Alo.1GaosN/AIN composite nu—
minescence in GaN. Appl Phys Lett, 1995, 67: 2188 cleation layers having different thicknesses of AIN. J Cryst
[13] Jang S H. Lee S J.Seo [ S. et al. Characteristics of GaN/Si Growth, 2002, 241: 289

AATIVERLYE KA 50mm 3C-SiC/Si( 111) #F KA H| &

PVERE  skok2 m R EERE OE S BT EREsE WP
(R R Sk gE T, JEst 100083)

Y2 FIRDE RS 9 8 H AR H CVD(LPCV D) Sic B RS, 54 T 8519 50mm 3C-SiC/Si( 111) 41 &4 L
REWFIET 3CSiC M1 n BRI p IG5 A BOAC, FE99 T A0 S R e i T S0n] B4R b Sl 3 R /S LT
Bl 2 (A o 06 2. R Hall 08 4 oA | Al A ey e el BRI S 7 3200 SIMES, 43 9T T 3C-SiC (1 a2 4 1k L 4 2
PR R 5 2 1 NG 4 Al R MBE A7, ERZE K 50mm 3C-8iC/Si( 111 #JE LT T GaN 19
SREEAAG, JERFIET GaN MBI A5 M R 2 L 45 W] 3C-SiC ALl A TR A S L GaN S EEE
AN A i R ph A

FEER: 3C\iC/Si( 111 #JE; LPCVD: GaN
PACC: 6170T: 7360P: 7855
FESES: TN304.2 4 XEKFRIRTS: A XEHRS: 0253-4177(2004) 10-1205-06

[ ST AL BT TG T HHEE T - G20000683-6) F | S a B A ST A B o i ik HE S 20014 A311090) Bt 1 Tt H
ShEE B, 1963 4 0k, SIRESY G, AT A SGC RN R S A R 25 ST
2004-01-16 HF, 2004-03-26 5 Fid ©2004 1 |[H ey





