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Local oxidation of 4H-SiC using an atomic force microscopy
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Abstract : The Jocal oxidation using an atomic force microscopy (AFM) is useful for Si-based fabrication of nanoscale

structures and devices. SiC is a wide band-gap material that has advantages such as high-power, high-temperature and

high-frequency in applications, and among several SiC polytypes, 4H-SiC is the most attractive polytype due to the high
electron mobility. However, the AFM local oxidation of 4H-SiC for fabrication is still difficult, mainly due to the

physical hardness and chemical inactivity of SiC. In this paper, we investigated the local oxidation of 4H-SiC surface using
an AFM. We fabricated oxide patterns using a contact mode AFM with a Pt/Ir-coated Si tip (N-type, 0.01~0.025 Scm) at room
temperature, and the relative humidity ranged from 40 to 50%. The height of the fabricated oxide pattern {1~3 nm) on SiC is
similar to that of typically obtained on Si (10°~10"7 cm™). We perform the 2-D simulation to further analyze the electric field

between the tip and the surface. Whereas the simulated electric field on Si surface is constant (5 x 107 V/m), the electric field on

SiC surface increases with increasing the doping concentration from ~10" to ~10" cm”. We demonstrated that a specific electric

field (4 x 10’ V/m) and a doping concentration (~10"” cm™) is sufficient to switch on/off the growth of the local oxide on SiC.
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FIG. 1. The 3-D Schematic of oxide patterns on a p-type
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4H-SiC using an atomic force microscopy at different
voltages (5, 7, 9V).

02 12 AFM LOZE M58t p-type 4H-SIC (Z =
T ~7x10%m?) EH A0 HUS BIABIGAH U

L IHEES &4 AZ! topography2 3-D OIOIXIOICH JH&
H=R2H 5,7, 9v =22 M0 LS A6 THES
S AMGI2ACE SVE @J}"Eﬂg A2, 2 lnm 0122} &3 TY
B =0l oIa & 20I& X2 7vE QI8 PR
A3 IHE =0l 2 20mOIYD 9VE QUDI8 AR, &

nm =018 &3 THEIOl MEEQUCEH 1Tt MOl B3}
%4‘—§ ASHINEISl =010 BIt8lg 2 = ULL 320l
BIHH ANE EHn HEYHY 2

HAOL BIGHH =0, &AL Botore AH
SAOIOIA XXtel BEE2E80l ot 92 o

318tBI20| SYHECD (SiC+ 2H,0 — Si0; + 4H™+ C*™).
35

 p-type(7.6 x 10"%cm™)
: A p-type(33 x10"em?)
' B p-type(9.2 x 10%cm?)
' B p-type(1.8 x 10%cm?)

w
(=]
:

*  a <

QDJL L

: : 7
05
00 !

05 L~

T T T T T T T
1x10°2x10°3x10" 4x10"°6x10"°6x10"°7 10"
Doping Concentration (fcm™)

Oxide height (nm)

A\

08 2. 10°~10%em?Y EEEEE 2= SicHl &
2 MAE &3 eSS =018 LEt e =,
FIG. 2. The experimental values of the oxide height on the
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SiC surfaces in the range of doping concentration from

~10" em™ to ~10'¢ em™.
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FIG. 3. The simulated electric field distribution on the p-type

surface in the range of doping concentration (~10' ~10"®

cm"3).
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