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ket development for SiC-devices during the last years can be antributed
in supplying high-quality SiC wafers and corresponding epitaxial layers.
be enhanced and the costs were reduced by enlarging the wafer size as
igress in epitaxial growth of active layvers by using multi-wafer CVD sys-
want to give an overview of CVD multi-wafer systems used for SiC growth
Ve present recent results of 5iC homoepitaxial growth using our multi-wafer
‘This equipment exhibits a capacity of 5x3" wafers per run and can be up-
setup. By optimizing the process conditions epitaxial layers with excellent
homogeneity of doping and thickness have been grown. lssues like repro-
ters and system stability over several runs will be discussed.

Schottky Barrier Diodes (SBD) with blocking voltages from 300 V to
ly available. SBD's with higher blocking voltages and JFET-based switches
duced in the near future. Bipolar diodes, MOSFET's and SI1T's are currently
is trend must be supported by a continuous improvement of the SiC material
8 years the wafer diameter could be enlarged from 35 mm to 3-inch used to-
lems were developed starting with single-wafer research reactors up to high-
machines. Besides material properties like crystal structure, purity and
iphology it becomes more and more necessary to achieve excellent values in
and thickness as well as excellent run-to-run and intra-run reproducibility in
rements of production needs. To realize lower material costs, special atten-
the reduced off-orientation for large area substrates which needs to evaluate
5. Additionally, equipment parameters, which are not directly related to the
layers, are of great interest to utilize a cost-eiTective system for large-scale

of 8iC multi-wafer system development

h of hexagonal SiC is typically performed in high temperature (1500 °C-
5. Mid of the nineties commercial CVD system suppliers started to develop
fer systems. Most of them adapted their reactors used for GaN deposition at
gut 1200 °C to the higher growth temperature necessary for SiC epitaxy. A verti-
d-wall system developed in close collaboration with Emcore Inc. was used by
| at Siemens. This reactor is based on the rapidly rotating TurboDisc® concept.
al. [2] at Daimler Benz as well as A. Burk et al. [3] at Northrop Grumman used
reactors developed in cooperation with Aixtron AG. A horizontal hot-wall re-
igned at Linkéiping University in Sweden in collaboration with ABB AB and
ordina et al. [4] demonstrated that epitaxial lavers with extraordinary high purity
can be grown by hot-wall CVD.
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Fig. 1:  Schematic of the cold=wall multi-  Fig. 2:  Schematic of the cold-wall plan
wafer TurboDisc® reactor, (after R reactor” showing a) susceptar, b

Rupp |31} lites (wafer holders), c) injection

zle, and d) ceiling. (after A. Burk]|

The engoing quality improvement in SiC bulk crystal growth reaching wafer diameters)
inch, enabled a higher degree of material utilization and further cost reduction. This opporur
the demand on cost-efficient realization of epitaxial layers made it reasonable to start the d
ment of CVD multi-wafer svstems for SiC. At the end of the nineties first results on mull
epitaxy were published. Essentially two systems had been established. Firstly, 6x2" reactor
on the rapidly rotating disc concepl by Emcore Inc. were used by Rupp [5] and Karls
{Fig. 1. The wafers are positioned outside the center of rotation close 1o the edge of the st
plate. The susceptor rotates at ~ 500 rpm whereas the substrates are fixed in their position.
type layers on 2" wafers, Rupp et al. reported an inter-wafer homogeneity of doping and th
of £30% and less than £10%, respectively. The run-to-run variation was +10% for both, ik
and doping. Using 35mm wafers, Karlsson et al. referred an intra-wafer uniformity of -
thickness of £10% and £2%, respectively. No data have been published about inter-wafer o
run homogeneity as well as o reproducibility.

Secondly, a horizontal cold-wall planetary reactor” supplied by Aixtron AG was used b
etal. [7] for epitaxial growth of up to 7«27 substrates at the same time (Fig. 2). The planetat
tor” concept was originated by Frijlink et al. [8] for the growth of highly uniform GaAs and
materials. Each wafer carrier — called *satellite’ — rotates about its central axis via gas foil
tion. Additionally, the entire susceptor rotates about its center, This double rotation effectiv
erages depletion effects of reagents in the gas flow direction as well as temperature and g
asymmetries. The use of this reactor type results in superior uniformity values. The intg
thickness and doping uniformities were reported to be +0.5% and +9.8% (sigma/mean),
tively, on 33mm wafers. The average intra-wafer thickness and doping uniformities for 63
with 33 mm diameter in 10 consecutive growth runs were +3.8% and £7.3%, respectively, &
levels of ~1x10"" em™, The average wafer-to-wafer thickness and doping uniformities withi
growth runs were £8.6% and £12 5%, respectively [7]. On 2 wafers with an edge exclusit
mm, the thickness standard deviation was 3% and the doping uniformity was between 7
+10% depending on the doping level,

In October 1999, Epigress AB became a member of the Aixtron Group offering the opp
to combine the hot-wall reactor concept with the well-established planetary reactor” with g
rotation, In 2000, our group expanded its epitaxial facilitics by purchasing one of the first plh
hot-wall multi-wafer reactors. In comparison to the cold-wall planetary reactor” described af
important feature of the new reaction chamber is the removable and actively RF-heated |
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o ensure high SiC growth
of the susceptor and the
Iy controlled. The reac-
chamber design for 7x27,
‘configurations. First re- o i i ‘
itup were published at the o e {

ypical results for intra-
pping uniformities were
sigmal‘mean), respectively.
afer thickness and doping

H, + BiH, + C,H,

RF-Coilz

| rotating inductvaly haated |

; Flanetary D

6% and 3.6% (max- o=t

ly, could be achieved. Fig. 3: Schematic of the Epigress Hot-Wall
ning of the new century, SiC Planetary Reactor”.

favorable attributes, com-
osts of growth and high throughput in multi-wafer reactors, accomplished con-
production of SiC devices.

g-art of multi-wafer 5iC CVD

turned out that the vertical cold-wall systems, when compared with plane-
from homogeneity problems on wafers with larger diameter, low growth rates,
tion in the gas phase. Therefore, current results of only two different multi-
are published for epitaxial growth on 3" substrates: a warm-wall planetary sys-
and a hot-wall planetary reactor (SICED GmbH & Co. KG).
canfiguration A. Burk et al. (CREE Ine.) have modified their cold-wall system in a
g is now passively heated to temperatures above silicon’s melting point (1410°C)
silicon supersaturation in the gas phase and the associated growth-rate reduc-
erwise result [10]. Growth rates of 3-7 pm/h were used. The background doping
be shifted from low n- to low p-type by adjusting the C/Si ratio. A. Burk et al.
can grow complex multi-laver device profiles with intentional n-doping from
10" ¢m™, p-type doping from =3x10" em™ to = 1x10°" em™, and abrupt doping
transitions in uninterrupted growth
runs. The achieved uniformity val-
ues arc shown in Table I, Re-

ata of 3" multi-wafer CVD systems

wazlﬁi“'all h;::'all sults of our 5x3" reactor configu-
A Purk B. Thomas ration were published at the
[10] [11] ECSCRM in Bologna last year
(THHIT ) (0001 [11]. The key data are listed in

Table 1, too.

4°5[1120] | 4°[1120
= ] = ] With both reactor types, very

gity [o/mean)

304 294 good layer properties and homo-

[ % 1.6 % geneity  values  have  been

eneity (o/mean) achieved for the SiC epitaxial
78 102 growth on 37 subsirates. Up to

5% 33 % now, only sparse information

was published sboul reproduci-

3% 1.5 % bility of the process and produc-

5% 5% tivity aspects. This will be done

in the next section.
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Reproducibility of SiC growth processes in a multi-wafer CVD reactor

In the epitaxial growth of SiC a lot of factors can influence the reproducibility of the proce
the one hand, there are the process parameters like temperature, pressure, gas flow etc. They
very accurately and reproducibly adjusted by computer control, so that their influen
reproducibility is relatively small. On the other hand, there arc parameters which can |
adjusted as easily, e.g. parasitic growth on reactor walls, cleaning of reactor components, ch
spare parts, cte. (in the following referred to as “indirect” parameters). To minimize the
these factors, a learning curve must be passed through for each new system, For our Tx2
configuration the influence of “indirect” paramcters on the normalized growth rate and ni
incorporation is shown for 43 consecutive growth runs in Fig. 4. Growth parameters wee
constant unless indicated in the figure (change of C/Si ratio). All runs were supposed 1o m
same thickness and doping specifications, Apart from the runs listed in the figure, calibratio
and “dummy™ runs for coating of new reactor parts were accomplished.

[t can be scen that e.g. cleaning procedures or changes of reactor parts can influence the
rate up to 10%. It is obvious that the nitrogen incorporation reacts much more sensitive i
growth rate to identical changes. For instance, a cleaning of the reactor ceiling lowers the ni
incorporation by ~15% whereas the growth rate is changed by nn]}' 50%.

prove the reprndumblllt} of the system. Using a well-prepared Sx““ reactor setup 19 n-type
layers have consecutively been grown without an interruption by calibration or “dummy” m
growth parameters, except the growth time, were maintained constant. In Fig. 5 the mini
maximal values of doping and thickness, averaged over 5 wafers per run, are shown. It can|
that the doping increases slightly from run to run by about 1%. This effect is cau
continuous coating of the reactor walls, Therefore, the effective C/Si ratio near the waler
supposed to be influenced by parasitic deposition. lts removal e.g. at the ceiling near the g
after the 8™ run led to a drop of the doping concentration by about 8%. However, because
complexity of the reactor hardware, it is not possible to clean the reactor before each run
well-defined and equal conditions at the beginning of growth. Thus, to counter systematic dei
to achieve a better reproducibility it is necessary to slightly adjust the growth parameters.
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Fig. 4: Influence of “indirect” parameters on nitrogen incorporation and growth-ral
reproducibility (7=2" hot-wall CVD system).
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ping and thickness reproducibility of the 5x3" hot=wall CVD system.

5 was actively influenced by adapting the growth time resulting in an excellent
ity of ~£1.5% (sigma/mean). The run-to-run reproducibility of the doping
corrections of growth parameters within the 19 runs is ~25% for the used 5=3"

ts of the epi process are very closely connected. Besides the more or less
pt to simply increase the wafer capacity per run, additional, not easily
glors are e.p. peripheral times of an epitaxial process, maintenance cycles, and
les. Peripheral times are for instance loading and unloading of the system,
=up and cool-down times, and cleaning time between succeeding runs.
es the time for total cleaning of the reactor and calibrations runs. Reducing the
Fprolonging the maintenance cycle time will immediately increase the productivity
short peripheral times and long maintenance cycles do not always guarantee
. Table 2 shows some key data of our 2" cold- and hot-wall multi-wafer CVD

the cold-wall system exhibits outstanding productivity factors. However, our
still be the layer quality and usability for device production at wafer level. There-

ey data of our 2" cold-wall and hot-wall CVD systems.

2" hot-wall 2" cold-wall
wafers per run 7 6
homogeneity (a/mean)
2% 5%
afer 10 % 10 %
ogeneity (o/mean)
6 % 15 %
3 10 % 10 %
ate (pm/h) 408 o5
al time (h:min) 2:20 1:00
cyele time (h) 10t 15 30w 90
h time)
cm™) _ ltw=10 =
dactor of consumables (per pm) 2.3 1
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fore, an intra-wafer doping homogeneity of 15% (o/mean) is much too high to offer the
manufacturer a usable area of > 939 for each wafer. Reasons of the poorer homogeneity va
cold-wall systems in comparison to hot-wall CVD are published elsewhere [12]. Considel
system in total is therefore very important to draw reliable conclusions. Despite the poores
for peripheral and maintenance time as well as the higher costs for consumables the 7=2"
system exhibits a higher productivity than the 6x2" cold-wall CVD mainly due to the dr
improved doping homogeneity leading to a higher on-wafer vield.

The costs of consumables are mostly determined by the system and can not be influence
much, Main costs aris¢ from reactor spare parts, thus, the lifetime of these parts has a gred
ence. Cheap parts having a short lifetime are normally replaced completely. More expensive
which exhibit medium to long lifetimes, should be constructed in a way that they can be nd
In our case, for the 5x3" setup the costs of consumables per hour of growth could be reduce
factor of two using recveled spare parts,

[n addition, growth on 3™ wafers with less than 8° off-orientation can save costs for the 10§
material {wafer plus epi), since these 3" wafers are cheaper than 8° off-oriented substrates B
of the higher wafer yield per bulk crystal. However, the surface roughness increases fo
on 4% off-oriented wafers indicated by R, and RMS values in comparison to the growth o
orientated substrates. The extended terrace width at the wafer surface caused by the s
orientation results under certain conditions in stronger step formation, which is described
bunching [13]. Even after optimization of process parameters it was not possible 1o get the
results as on 8° off-oriented wafers, but the roughness could be reduced to an RMS value of|
{20x20 pm*)[11]. _

Using one shift conditions (5 working days, 10 h per day) the 5x3" CVD system is able &
ess about 80 epi-wafers per week for e.g. 300 V devices. We can state that summarized o
dreds of production runs, all of them met the specifications for the resulting devices.

Summary

In summary, favorable layer properties realized at single-wafer research reactors could be s
fully transferred to highly productive multi-wafer CVD systems within a very short time scal
represents a significant advance in the economical production of SiC epitaxial materials @
vices. Further improvements in uniformity and run-to-run reproducibility, particularly on 3%
ter substrates, continued the trend of productivity enhancement and cost reduction for SiC ep
materials,
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