EasyChair Preprint
Ne 14947

j‘" 220

Improved Angle Tolerance in 4H-SiC Trench
Filling Epitaxy Using Chlorinated Chemistry

Rydhem Grover, Kelly Turner, Gerard Colston,
Arne Benjamin Renz, Marina Antoniou, Peter Gammon,
Phil Mawby and Vishal Shah

EasyChair preprints are intended for rapid
dissemination of research results and are
integrated with the rest of EasyChair.

September 19, 2024



Improved Angle Tolerance in 4H-SiC Trench Filling Epitaxy using
Chlorinated Chemistry

Rydhem Grover'?, Kelly Turnert?, Gerard Colston'¢, Arne B. Renz'¢, Marina
Antoniou®¢, Peter Gammon®f, Philip. A. Mawby9, Vishal A. Shah®"

1School of Engineering, University of Warwick, Coventry, CV4 7AL, United Kingdom

arydhem.grover@warwick.ac.uk, Pkelly.turner@warwick.ac.uk, g.colston.1@warwick.ac.uk,
darne.renz@warwick.ac.uk, ®marina.antoniou@warwick.ac.uk, ‘p.m.gammon@warwick.ac.uk,
9p.a.mawby@warwick.ac.uk, "vishal.shah@warwick.ac.uk

Keywords: trench filling epitaxy, 4H-SiC, superjunction, chemical vapor deposition

Abstract. Trench filling epitaxy on 4H-SiC using trichlorosilane (HSiCls) and hydrogen chloride
(HCI) has shown to improve the tolerance to trench angle misalignment relative to the [1120]
substrate direction in deeper trenches than previously reported. Extraction of growth rates from
cross-sectional SEM shows that epilayer growth on the mesa corner facet is the most sensitive to
trench misalignment, suggesting that HCI may mediate the facet growth rate within +1.5° from
[1120] to maintain symmetric growth.

Introduction

Trench filling epitaxy (TFE) is a practicable approach to produce high-voltage, energy efficient
superjunction power electronic devices from silicon carbide [1, 2]. For superjunction fabrication, TFE
involves etching uniformly spaced trenches into an n-doped 4H-SiC substrate and homoepitaxially
refilling the trenches with p-doped material to produce a lateral stack a p-n junctions with a
charge-balanced depletion region. To achieve this balance, trenches must be filled without the
formation of voids to ensure an even doping distribution [3]. However, typical TFE by chemical
vapor deposition (CVD) from silane and propane under hydrogen dilution, leads to faster SiC
deposition at mesa tops than inside the trenches, which causes trenches to seal before filling can be
completed [4-6]. The direction of epilayer growth near the mesa top is also shown to be sensitive to
slight misalignment of the trench angle to the [1120] direction in 4H-SiC (Fig. 1), which also can
lead to premature trench closure by inclination the growth angle [7].
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Fig. 1 Schematic diagram of inclined epilayer growth on mesas due to trench/ substrate
misalignment with and without HCI during CVD.
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Efforts to mediate the growth rate at the mesa top and improve trench filling rate and quality have
focused on the use of halogenated agents, typically HCI or chlorinated precursors [8-11]. It is known
that chloride compounds can improve the SiC growth rate on planar substrates, which is suggested to
be caused by removal of condensed Si in the boundary layer and by the formation of surface-active
intermediates, such as SiClz, SiH and SiCl [12-13]. In trench filling, HCI also has the benefit of acting
as a spatially selective etchant, favoring etching near the mesa tops rather than inside the trenches,
which can prevent trench-sealing overgrowth. Recently, it is also shown that HCI can improve the
processing window for TFE by increasing the tolerance for trench angle misalignment to the substrate
[14]. In this report, the relationship between misalignment angle, epilayer growth rate and the role of
HCI are considered.

Experimental

Commercial n+ doped (0.02 Q cm) 4H-SiC(0001) substrates off-cut by 4° in [1120] were coated
with a 500 nm layer of SiO2 by low-pressure chemical vapor deposition (LP-CVD) at 500 °C via
tetraethyl orthosilicate (TEOS). The trench pattern was then applied to the wafer by photolithography
using AZ5214E photoresist and subsequent sputtering of a 900 nm thick Ni layer at ~0.7 A s from
an Ar plasma at 140 W RF power with a 30 sccm Ar injection rate. After the photoresist and excess
Ni was removed by solvent lift-off in acetone/ isopropanol, trenches were etched to 5 um and 10 pum
depth by ICP-RIE in an SFe/ Ar plasma at respective RF and LF powers of 60 W and 1000 W. To
prepare the trenches for epitaxy, the remaining Ni and oxide layers were removed by a full RCA
clean.

Trench epitaxy was performed using an LPE ACiS-M8 reduced-pressure (RP)-CVD at 1550 °C and
100 mBar with the susceptor rotating at 60 rpm. Facets at mesa corners were introduced by ramping
the temperature from 1100 °C to the growth temperature under 100 sim H2 flow prior to growth.
Source gases were used at fixed flow rates of 26 sccm (C2H4) and 70 sccm (HSiCl3) with 100 sIm Hz
dilution to grow a 6 um epilayer at ~6.3 um h-*. Growth was completed without HCI and with
500 sccm HCI addition. In all cases, doping markers were added for every 1 um of growth by 30 s
bursts of N2. The samples are characterized by cross-sectional SEM recorded on the (1120) plane by
cleaving through the trench patterns along the (1100) direction.

Results and Discussion

Trench Refill Misaligned to the (1120) Direction. It is previously shown that using a chlorinated
growth process in trench filling epitaxy can significantly improve the tolerance for trench
misalignment to the 4H-SiC (1120) direction [14]. This effect has been replicated here for trenches
of both 5 um and 10 pum depth (4 um pitch), shown by a plot of trench misalignment angle (bmis)
versus epilayer growth angle (Ogrowth) in Fig. 2a. Using n+ doping markers recorded by cross-sectional
SEM of refilled trenches, the angle at which adjacent growing surfaces fuse over time, denoted as
Bgrowth, Shows how far the epilayer growth deviates from vertical as the trench direction is varied about
(1120) (Fig. 2c). Similar to previously reported data, using HSiClz and HCI (500 sccm) in the growth
process allows vertical epilayer growth (~0°) even when the trench angle is misaligned at +1.5°,
indicated by the green shaded section in Fig. 2a. A so far unreported trend emerges when the
misalignment is >4° in magnitude, where Ogrowth begins to straighten by 5-10° from a local maximum
at Omis=x5°. This is visualized in Fig. 2c by arrows marked on cross-sectional SEM images of 10 um
deep filled trenches. Notably, misalignment at negative angles seems to cause a further deviated
growth angle of approximately 5° relative to positive misalignment angles.

Initial growth rates can be extracted by measuring the thickness of the epilayer at the first doping
marker on each trench surface (top, bottom, sidewall and facet shown in Fig. 2c). For the 10 um deep
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Fig. 2 a) Graph of trench misalignment angle versus epilayer growth angle for 5 um and 10 um
deep trenches refilled under 500 sccm of HCI. b) Graph of difference in facet growth rate on each
side of the trench (left axis) and the magnitude of the epilayer growth angle (right axis) versus
trench misalignment angle. c¢) Cross-sectional SEM images recorded on the (1120) plane of 10 pm
deep trenches from 0° to 7° misalignment, showing inclined growth marked by the arrow direction.

trenches, the growth rate on the mesa top and trench bottom are unaffected by 6mis, remaining at
~5 um h'tand ~2.5 um h1, respectively. However, the sidewall growth rate varies from ~2.5 um h!
to ~5.7 um ht and can be asymmetric at each side of the trench, leading to a discrepancy of up to
~1.23 um ht at Omis=-5°. Most significantly, the growth rate on the facet (top corner of the mesa) is
dependent on Omis, varying from ~1.9 um h to ~5.7 um h'! with a difference between left and right
facet growth of up to ~1.23 umh' at Omis=-5°. The difference in facet growth rate for each
misalignment angle is plotted in Fig 1b (left axis) with the magnitude of Ogrowth (right axis) showing
a clear correlation between asymmetric facet growth and deviated overall epilayer growth. Since HCI
has been shown to etch the SiC epilayer near the mesa top and on the facet, it is possible that HCI
improves trench misalignment tolerance through controlling growth at the facet by crystal plane
dependent etching [8, 9]. As misalignment will expose difference facet and sidewall surfaces, their
activity for both growth and etching will likely be asymmetric, accounting for non-vertical epilayer
growth.



Summary

Using a chlorinated gas mixture in trench filling CVD on 4H-SIiC can help to minimize epilayer
growth inclination caused by misalignment of the trench direction to the (1120) substrate direction.
Using HCI in refill epitaxy has broadened the processing window for photolithography processing to
allow a £1.5° error in mask alignment, and this effect seems independent of the trench depth. Based
on the relationship between mesa corner facet growth rate and trench misalignment angle, asymmetric
facet growth accounts for epilayer deviation, indicating that HCI most likely controls growth on the
facets and its activity depends on the stability of the exposed facet.
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