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Abstract

High-dose Al implants in nrtype epitaxial layers have been successfully annealed at 1600°C without any
evidence of step bunching. Anneals were conducted in a silane ambient and at a process pressure of 150
Torr. Silane, 3% premixed in 97% UHP Ar, was further diluted in a6 m Ar carrier gas and introduced
into a CVD reactor where the sample was heated via RF induction. A 30 minute anneal was performed
followed by a purge in Ar at which time the RF power was switched off. The samples were then studied
via plan view secondary electron microscopy (SEM) and atomic force microscopy (AFM). The resulting
surface morphology was step-free and flat.

1. Introduction

The mechanical strength of Silicon Carbide does not permit introduction of dopants by diffusion,
as dopant diffusion in SIC is slow and requires very high temperatures [1]. Thus ion implantation of
dopants in SIC has been demonstrated to be ideally suitable because of the possibility to accurately
control the dopant concentration and the thickness of the implanted region without any chemical or
thermodynamic constraints [2]. However implantation causes significant lattice damage and most of the
implanted ions reside at the interstitial sites resulting in poor electrical activity [3]. The damage can
range from point defects caused by single atom displacements at low ion doses to amorphization at high
dose rates. Thermal annealing normally performed after ion implantation processing serves the dua
purpose of removing defects and activating dopants, but may result in surface damage due to the high
temperatures needed in SIC [refs).

For the electrical activation of ptype implanted dopant temperature in excess of 1600°C are
required [2]. One possible consequence of such a high temperature annealing of SiC is the step bunching
issue that concerns the surface morphology of the sample [1,4]. At such elevated temperatures the SIC
crystal surface may decompose due to selective out-diffusion of Si from the SIC lattice leading to severe
degradation in surface morphology which is well known [5]. Hence some means to permit high
temperature annealing of SIC implants while suppressing the out-diffusion of Si from the surface is
required. Several approaches have been performed in thisfield but with limited success [5, 6].

In this paper preliminary implant anneals performed using silane overpressure in a CVD reactor
are presented and are compared with Ar only anneals. Variations in surface morphology caused by high-
temperature post-annealing have been observed using the atomic force microscopy AFM and the
secondary electron microscopy SEM. The electrical properties of the implanted regions are currently
under investigation and will be presented at a later date [7].
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2. Experimental M ethod

In this study, a 4H-SIC (0001) Si face Cree epiwafer with an 8° miss-cut towards the [11-20]
direction and a low-doped (Np — Na ~3 ? 10*° cm®) epitaxia layer was used. A 1.7 MV Tandetron
accelerator was used to implant Al*. An energy absorber layer was necessary to implant athin SiC layer
next to the sample surface. The implanted profile, as determined by SRIM [8], had a box shape with an
ion concentration of 8 ? 10'° cm® and an implant depth of 0.16 ?m from an integrated dose of 1.75 ?
10%° cm®. In spite of this high fluence value, the crystal damage was weak because the implantation
temperature was equal to 400 °C. The ion beam impinged on the 4H-SIC crystal at 15° with respect to
the <0001> axis while remaining within a plane at 12° from the {11-20} crystal plane. Taking into
account the presence of the energy absorber layer this beam to crystal orientation guarantees random
implantation geometry. After the implantation process the wafer was diced into pieces so that various
sections of the wafer could be processed under differing annealing conditions.

A Silane based CVD reactor suitable for performing high-temperature anneals in a silicon rich
ambient was used for all the annealing experiments. Samples were placed on a SIC coated graphite
susceptor and a RF induction coil was used to heat these susceptors. Annealing temperatures in excess
of 2000°C are possible in this kind of arrangement.
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Figure 1. Implant annealing process schedule for a LPCVD reactor, indicating gas flow timing
versus sample temperature.

The basic principle behind the silane overpressure model is that when implanted SIC wafer is
annealed at high temperatures (? 1600 °C), Si atoms on the surface of the wafer may be exchanged with
S atoms provided by the silane gas in the vapor phase. This is believed to prevent the selective out-
diffusion of Si from the SIC lattice at the surface. However this technique is effective only if the Si
overpressure is below the level where S droplets can form (i.e., gas-phase nucleation of Si which isthen
adsorbed onto the SIC surface). Earlier work presented by Saddow et. a. discusses implant annealing
process under atmospheric corditions in a similar CVD system [9]. It is important to anneal under low
pressure conditions as many SiC reactors operate at low pressure and this would permit a silane
overpressure process to be most rapidly utilized by these systems. But most importantly, the shift in gas
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phase equilibrium that occurs at low pressures helps to suppress Si cluster formation in the gas phase
during sample annealing. Hence a serious defect in SIC, S droplets, can be avoided during implant
annealing if the process is transferred to |ow-pressure process conditions. The process schedule that was
developed during this work is as shown in Figure 1.

For direct comparison, a piece of the same implanted sample was annedled in a J.I.P.ELEC™
furnace at 1650°C for 30 min in high purity Ar ambient. Using silane overpressure process, anneals were
performed at two different temperatures, 1600 and 1650°C while every other process parameter was
maintained constant with the am to reduce the number of variables in this first silane overpressure
process performed at low pressure. Silane and argon were the two process gases used, where Ar not only
serves as a dilutant gas but also as a carrier gas to transport silane molecules to the crystal surface
Initially a6 dm UPH Ar flow was established in the reactor. The susceptor was heated to the annealing
temperature using a controlled ramp (the susceptor heats to 1600 °C in approximately 6 minutes). 3%
Silane, premixed in 97% UHP Ar, is then introduced into the reactor once the susceptor temperature
reaches 1490°C. After 30 minutes of annealing in the Silane / Ar ambient the silane flow is turned off
and the temperature lowered to 1400°C. The reactor is then purged with Ar for 1 min at this temperature
after which the RF is turned off. The cool down of the susceptor occurrs under an Ar flow of 10 sim for
30 minutes. Although it is expected that the silane flow would need to increase with increasing
annealing temperature, the silane flow was held constant for both IA experiments reported here — 1600
and 1650 °C. This was done to determine the process stability over a small (50 °C) temperature range
and it was expected that slight step bunching would be observed at the higher 1A temperature due to the
increased vapor pressure of Si in the SiC lattice.In this work surface analysis was performed using an
Hitachi 800 Field Emisson SEM and a Digital Instruments Nanoscope Dimension 3000 AFM run in
tapping mode. For al the SEM images the samples were tilted away from viewer to better revea the
surface features.

Figure 2 shows the SEM micrographs and the AFM data of the sample annealed at 1650°C in Ar
ambient. These results show that the sample surface exhibited severe step bunching.
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Figure2: JI.P.ELEC™ furnace annealing at 1650°C for 30 min in high purity Ar: (a) Plan view SEM
micrograph of surface morphology. The step bunching phenomenon at the sample surface is evident.
(b) AFM data showing the location of the section analysis (see line). RM S roughness ~ 13.76 nm. The
dimension of the scanis 10pum x 10um.
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Figure 3 shows an SEM micrograph (5000X magnification) and AFM data of the sample that
was annealed at 1600°C. No step bunching or any degradation of the surface was observed.
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Figure 3: Silane overpressure annealing at 1600°C fro 30 min: (a) Plan view SEM micrograph of
surface morphology. (b) AFM data showing the location of the section analysis (see line). RMS
roughness ~ 0.38 nm. The dimension of the scan is 10um x 10um.

Figure 4 shows the SEM micrograph and AFM data of a sample that was annealed at 1650°C. A
dlight amount of step bunching was observed, but well below the value seen in the Ar only experiment
(see Fig. 2). Clearly optimization of the silane flow (i.e., partial pressure) as a function of temperature

should provide adequate process stability and experiments are currently underway to verify this
assertion up to 1750 °C.
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Figure 4: Silane overpressure annealing at 1650°C for 30 min: (a) Plan view SEM micrograph of
surface morphology Slight step bunching was noticed in the direction indicated by the line in the

micrograph. (b) AFM data showing the location of the section analysis (see line). RS roughness ~
0.90 nm. The dimension of the scan is 10pum x 10um.



J1.55

3. Conclusion

A lowpressure SIC CVD reactor has been used to successfully anneal Al implanted nrtype SiC
epiwafers at a temperature of 1600 °C using a silane overpressure process. Comparisons of the surface
morphology between samples annealed in an Ar ambient and anneals performed with the silane
overpressure process were made via AFM and SEM. Severe surface degradation was observed in case of
samples annealed under Ar flow. The silane anneals conducted at 1600°C revealed no step bunching
while the anneals performed at 1650°C under non-optimized corditions showed a slight degree of step
bunching. Electrical characterization is being performed and will be reported at alater date.
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