
(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2001/0015170 A1 

US 20010015170A1 

Kitabatake (43) Pub. Date: Aug. 23, 2001 

(54) SIC DEVICE AND METHOD FOR Apr. 19; 1996 (JP) ............................................. .. 8-98219 
MANUFACTURING THE SAME Nov. 15, 1996 (JP) ........................................... .. 8304383 

(75) Inventor: Mak0t0 Kitabatake; Nara (JP) Publication Classi?cation 

Correspondence Address (51) Int. c1.7 ........................ .. c3013 23/00; c30B 25/00; 
MERCHANT 8‘ GOULD c30B 28/12; c30B 28/14 
P 0 BOX 2903 (52) U S C] 117/95 
MINNEAPOLIS’ MN 55 402_0903 (Us) . . . .............................................................. .. 

(73) Assignee: Matsushita Electric Industrial Co., 
Ltd.; OaZa-Kadoma; Kadoma-shi; Osaka (57) ABSTRACT 
571-8501 (JP) 

(21) APPL NO: 09/753,412 A method for manufacturing a device of silicon carbide 
(SiC) and a single crystal thin ?lm; Which are Wide band gap 

(22) Filed: Jan. 2, 2001 semiconductor materials and can be applied to semiconduc 
tor devices such as high poWer devices; high temperature 

Related U-S- Application Data devices; and environmentally resistant devices; is provided 
_ _ _ _ _ by heating a silicon carbide crystal in an oxygen atmosphere 

(60) Dlvlslon of apphcanon NO’ 08093317112116‘? on Dec‘ to form a silicon (di)oXide thin ?lm on a silicon carbide 
18’ 1997’ HOW Pat‘ NO’ 6’214’107’ Whlch 1S a Com 1 face and etchin the silicon (di)oXide thin ?lm 

tinuation of application No. PCT/JP97/00855; ?led (fzrysta Sur ’ . . on Mar‘ 17 1997' ormed~on the silicon carbide crystal'surface to prepare a 
’ clean SiC surface. The above S1C device comprises a clean 

(30) Foreign Application Priority Data surface having patterned steps and terraces; has a surface 
defect density of 108 cm“2 or less; or has at least a layered 

Apr. 18; 1996 (JP) ............................................. .. 8-96496 structure in Which an n-type silicon Carbide Crystal is formed 
Apr. 19; 1996 (JP) ............................................. .. 8-98218 on an n-type Si substrate surface. 

r’ 
12 

13 

ll 



Patent Application Publication Aug. 23, 2001 Sheet 1 0f 15 US 2001/0015170 A1 



Patent Application Publication Aug. 23, 2001 Sheet 2 0f 15 

FIG 

F/G. 

F/G. 

FIG. 

FIG. 

2A 

2B 

2C 

20 

25 

US 2001/0015170 A1 



Patent Application Publication Aug. 23, 2001 Sheet 3 0f 15 

FIG. 3A 

FIG. 38 

FIG. 3C 

US 2001/0015170 A1 

\ msa 

32 
l / ll 7/1/1135 



Patent Application Publication Aug. 23, 2001 Sheet 4 0f 15 US 2001/0015170 A1 

I 47 46 /43 

45 

V' 

FIG. 4 



Patent Application Publication Aug. 23, 2001 Sheet 5 0f 15 US 2001/0015170 A1 

53 
I Q ‘I 

W52 
'IIIIIIIIIIIII: 5 4 

w 51 

F/G. 5 



Patent Application Publication Aug. 23, 2001 Sheet 6 0f 15 US 2001/0015170 A1 



Patent Application Publication Aug. 23, 2001 Sheet 7 0f 15 US 2001/0015170 A1 

7 1 
/\/ 

////////////////Am7 3 

FIG. 7 



Patent Application Publication Aug. 23, 2001 Sheet 8 0f 15 US 2001/0015170 A1 

83 

llllllllllllllltlllllllllll 
FIG. 8 



Patent Application Publication Aug. 23, 2001 Sheet 9 0f 15 US 2001/0015170 A1 

In I. 



Patent Application Publication Aug. 23, 2001 Sheet 10 0f 15 US 2001/0015170 A1 

:20038 g 

Si(OO1)[110] off 

F/G. I014 WW I 
I 
l 
I 
l 
I 
I 
| 
l 
I 
| 
l 
l 
I 
l 
l 
l 
l 
I 
I 
I 
l 
I 

just Si (001) 

FIG. [08 

100e H 



Patent Application Publication Aug. 23, 2001 Sheet 11 0f 15 US 2001/0015170 A1 

H3 

H2 

H1 

F/G. ll 



Patent Application Publication Aug. 23, 2001 Sheet 12 0f 15 US 2001/0015170 A1 

128 
i 121 

122 

1 127 ." 

FIG. 12 



Patent Application Publication Aug. 23, 2001 Sheet 13 0f 15 US 2001/0015170 A1 

I(mA) 
A 

100* 

>VW) 

FIG. 13 



Patent Application Publication Aug. 23, 2001 Sheet 14 0f 15 US 2001/0015170 A1 

7\\\ \ \ 1-149 

{1141 
"1142 

///// ///’\l47 

FIG. 24 



Patent Application Publication Aug. 23, 2001 Sheet 15 0f 15 US 2001/0015170 A1 

I(mA) 
A 

100' 

50~ 

1 l1 - *> v<v> 

"l0 "'5 5 I0 

.50. 

400* 

FIG. I5 



US 2001/0015170 A1 

SIC DEVICE AND METHOD FOR 
MANUFACTURING THE SAME 

TECHNICAL FIELD 

[0001] The present invention relates to a method for 
manufacturing a single crystal thin ?lm of silicon carbide 
(SiC) that is a Wide band gap semiconductor material and 
can be applied to semiconductor devices such as high poWer 
devices, high temperature devices, and environmentally 
resistant devices. More particularly, the present invention 
relates to a method for forming a single-phase 3C-SiC single 
crystal thin ?lm having a feW crystal defects by heteroepi 
taxial groWth on the Si Wafer substrate surface. 

[0002] The method for treating the surface of SiC accord 
ing to the present invention relates to a method for forming 
an insulating ?lm and a method for forming a clean surface 
in forming an electronic device such as a semiconductor 
device or a sensor using silicon carbide (SiC), a method for 
forming a surface structure having a trench structure or the 
like, and a SiC device having the formed loW defect surface. 

[0003] The SiC device of the present invention can be 
used for a semiconductor electronic device such as a poWer 
device or a sensor using SiC formed on a Si substrate or 

6H(4H)-SiC Wafers. 

BACKGROUND 

[0004] In order to form a silicon carbide semiconductor 
device With good reproducibility, it is required that a SiC 
clean surface is formed ?rst and then an insulating ?lm, an 
electrode, or the like is formed on the clean surface. There 
fore, the structure of the SiC clean surface and a method for 
forming the SiC clean surface must be established. HoWever, 
this method has not been reported. It is knoWn that When SiC 
is heated to a very high temperature of 1300° C. or higher 
under high vacuum, Si desorbs from the surface and the 
surface is covered With excessive carbon. The carbon has 
been turned into graphite, and if junction interface formation 
or epitaxial groWth is carried out using this surface, an 
impurity level is formed at the interface. Also, the tempera 
ture of 1300° C. is too high and is a problem from the 
vieWpoint of the processing. Therefore, an improvement in 
the method for forming a clean surface at loW temperature 
has been required. 

[0005] Also, in order to form a more ef?cient electronic 
device, it is sometimes required to form structural patterns 
of steps and terraces such as a trench structure on the SiC 
surface. HoWever, a method for forming the trench structure 
or the like into the SiC surface, With good reproducibility, 
good control, and loW defect, has not been established. A 
surface having structural patterns, formed by reactive ion 
etching With a HCl gas or an O2+CF4 gas, ion milling With 
an inert gas, HF plasma etching, laser etching using excimer 
lasers, or mechanical cutting or grinding With a diamond 
saW, has defects of about 109 cm'2 or more, causing a 
problem When forming electronic devices. 

[0006] Conventionally, 6H-type and 4H-type SiC single 
crystal substrates (Wafers) have been commercially avail 
able. On the other hand, 3C-SiC, Which has the highest drift 
speed, can only be formed as a heteroepitaxially groWn 
crystal on the Si substrate. When groWing silicon carbide 
(3C-SiC) on the Si substrate surface, carbon and/or hydro 
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gen gases are ?rst supplied to the Si surface to be carboniZed 
by heating, and then carbon and silicon are supplied to 
heteroepitaxially groW silicon carbide. In the silicon carbide 
thin ?lm formed by this conventional technique, the forma 
tion of high density lattice defects, tWins, pits, or the like 
occurs at the SiC/Si interface, causing a problem When the 
silicon carbide is applied to forming an electronic device. 
Furthermore, single crystal grains With tWo types of phases 
groW on the Si substrate, and an anti phase boundary (APB) 
is formed at the interface of the tWo types of the crystal 
grains having a different phase from each other, so that a 
number of defects are introduced. 

[0007] Conventionally, an insulating ?lm for electronic 
devices comprises a silicon (di)oxide thin ?lm formed by 
subjecting SiC itself to an oxidation treatment. For example, 
by subjecting a 6H-SiC(0001)Si face to Wet oxidation at 
1100° C. for 1 hour, a thin silicon (di)oxide thin ?lm having 
a thickness of about 30 nm (300 angstroms) is formed. 
HoWever, the oxidation speed of 30 nm (300 angstroms)/ 
hour is much loWer than 700 nm (7000 angstroms)/hour for 
a normal Si process and is not practical. Also, the silicon 
(di)oxide SiO2 is formed by oxidiZing silicon carbide con 
taining Si atoms and C atoms in a ratio of 1:1, so that the 
silicon (di)oxide contains surplus carbon atoms and has a 
loW electrical insulating property. Furthermore, When mea 
suring the refractive index and the thickness using an 
ellipsometer, the refractive index is about 1.2 to 1.3, smaller 
than 1.4 to 1.5 for intrinsic silicon (di)oxide. This shoWs that 
the silicon (di)oxide contains a portion different from the 
intrinsic SiO2 or that the SiO2/SiC interface is not abrupt and 
contains other substances, causing a problem When it is used 
as the insulating ?lm for an electronic device that requires a 
clean interface. 

[0008] With respect to single crystal substrates such as 6H 
and 4H of SiC, the silicon carbide crystals are very hard. 
Therefore, it has been knoWn conventionally that When a 
single crystal is cut and polished during the processing for 
Wafers, a number of defects are introduced especially to the 
surface. In the surface treatment for these substrates, clean 
ing With an agent such as RCA cleaning has conventionally 
been carried out. HoWever, the defects present near the 
silicon carbide surface cannot be removed by cleaning With 
an agent such as the conventional RCA cleaning. Therefore, 
When an electronic device is formed, the mobility, the 
reproducibility, the breakdoWn voltage and the like degrade. 

[0009] The single-crystal silicon-carbide Wafer siZe is 
about a diameter of 30 mm, Which is too small, Which is a 
problem from a practical vieWpoint. Therefore, SiC formed 
on the Si substrate surface is expected as a Wafer having a 
large area. HoWever, the electric characteristics of the SiC/Si 
layered structure are not clear. Therefore, a vertical type 
semiconductor device in Which current ?oWs through the 
SiC/Si interface has not been implemented, for example; the 
loss caused by the forWard voltage drop, or the like cannot 
be determined. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to provide a 
method for manufacturing a single crystal thin ?lm of silicon 
carbide (SiC) that is a Wide band gap semiconductor mate 
rial and can be applied to semiconductor devices such as 
high poWer devices, high temperature devices, and environ 
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mentally resistant devices. More particularly, it is a ?rst 
object of the present invention to provide a method for 
forming an insulating ?lm, a method for forming a clean 
surface for application of an electronic device such as a 
semiconductor device or a sensor using silicon carbide 
(SiC), a method for forming a surface structure having a 
trench structure or the like, and a SiC device having the 
formed loW defect surface. 

[0011] Next, it is a second object to provide a method for 
forming a single-phase 3C-SiC single crystal thin ?lm 
having feW crystal defects by heteroepitaxial groWth on the 
Si Wafer substrate surface. 

[0012] Furthermore, it is a third object of the present 
invention to provide a semiconductor electronic device such 
as a poWer device or a sensor using SiC formed on a Si 

substrate. 

[0013] In order to achieve the above ?rst objects, a method 
for manufacturing a SiC device according to the present 
invention comprises a process for forming a silicon (di)ox 
ide thin ?lm on a silicon carbide crystal surface by heating 
a silicon carbide crystal in an oxygen atmosphere, and a 
process for etching the silicon (di)oxide thin ?lm formed on 
the silicon carbide crystal surface. 

[0014] In the above method, it is preferred to include a ?rst 
step for implanting ions in at least a part of a surface of a SiC 
silicon carbide crystal to introduce crystal defects near the 
SiC crystal surface, a second step for heating the SiC crystal, 
in Which the ions are implanted and the defects are intro 
duced, in an oxygen atmosphere to form a silicon (di)oxide 
thin ?lm on the SiC crystal surface, and a third step for 
etching the silicon (di)oxide thin ?lm formed on the SiC 
crystal surface. 

[0015] In the above method, it is preferred that the ion 
implanted in the SiC surface in the ?rst step is at least one 
ion selected from the group consisting of oxygen, silicon, 
carbon, an inert gas, nitrogen, and hydrogen. 

[0016] In order to achieve the above second objects, it is 
preferred to include a ?rst step for supplying carbon to a Si 
substrate surface maintained at a loW temperature of about 
600° C. or loWer to form a thin ?lm containing carbon on the 
Si substrate surface, a second step for heating the Si sub 
strate surface to cause a solid phase reaction betWeen the Si 
substrate and the thin ?lm containing carbon to carboniZe 
the Si substrate surface to form silicon carbide, and a third 
step for supplying carbon and silicon after carboniZation to 
groW silicon carbide so as to obtain a silicon carbide crystal 
?lm on the Si substrate. 

[0017] In the above method, it is preferred to include a 
step for cleaning and removing an oxide ?lm from the Si 
substrate surface to make the clean Si surface before sup 
plying carbon. 

[0018] In the above method, it is preferred that When 
silicon and carbon are supplied to the surface of the SiC to 
groW 3C-SiC having a (001) face, an abundance ratio of 
carbon to silicon on the silicon carbide surface is controlled 
under the condition Where silicon atoms are alWays in excess 
of carbon atoms on the surface for groWing silicon carbide. 

[0019] In the above method, it is preferred that When 
silicon and carbon are supplied to the surface of the SiC to 
form 3C-SiC having a (111) face or an ot-SiC thin ?lm 
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having a (0001) face, an abundance ratio of carbon to silicon 
on the silicon carbide surface is controlled under the con 
dition Where carbon atoms are alWays in excess of silicon 
atoms on the SiC groWth surface. 

[0020] In the above method using anisotropic Si substrate, 
it is preferred that a Si substrate surface used for groWing a 
silicon carbide thin-?lm on the Si substrate surface has 
anisotropy and comprises terraces and steps. 

[0021] In order to achieve the above third objects, it is 
preferred that When silicon and carbon are supplied to the 
SiC surface to groW 3C-SiC having a (001) face, an abun 
dance ratio of carbon to silicon on the silicon carbide surface 
is controlled under the condition Where silicon atoms are 
alWays in excess of carbon atoms on the surface for groWing 
silicon carbide. 

[0022] In the above method, it is preferred to include a ?rst 
step for implanting ions in a surface of a SiC silicon carbide 
crystal to introduce crystal defects in the silicon carbide 
crystal and a second step for heating the silicon carbide 
crystal substrate, in Which the ions are implanted and the 
defects are introduced, in an oxygen atmosphere to form a 
silicon (di)oxide thin ?lm. 

[0023] Next, a ?rst SiC device of the present invention 
comprises a surface having patterned steps and terraces and 
having a surface defect density of 108 cm'2 or less. 

[0024] Next, a second SiC device of the present invention 
comprises at least a layered structure in Which an n-type 
silicon carbide crystal is formed on an n-type Si substrate 
surface. 

BRIEF DESCRIPTION OF DRAWINGS 

[0025] FIGS. 1A-C shoW a method for forming a clean 
surface according to a method for manufacturing a SiC 
device in an example of the present invention. 

[0026] FIGS. 2A-E shoW a method for forming a patterned 
clean surface according to a method for manufacturing a SiC 
device in another example of the present invention. 

[0027] FIGS. 3A-C shoW a conceptual vieW for the pro 
cess of a method for groWing SiC on a Si(001) substrate in 
another example of the present invention. 

[0028] FIG. 4 shoWs a conceptual vieW of the groWth of 
SiC on a Si surface having anisotropy in another example of 
the present invention. 

[0029] FIG. 5 shoWs a method for forming a silicon 
(di)oxide insulating ?lm according to a method for manu 
facturing a SiC device in another example of the present 
invention. 

[0030] FIG. 6 shoWs a method for forming a silicon 
(di)oxide insulating ?lm according to a method for manu 
facturing a SiC device in another example of the present 
invention. 

[0031] FIG. 7 shoWs a basic structure of a silicon carbide 
semiconductor device in another example of the present 
invention. 

[0032] FIG. 8 is a band vieW of a silicon carbide semi 
conductor device in another example of the present inven 
tion. 
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[0033] FIG. 9 is a traced drawing of a scanning electron 
microscope (SEM) photograph of a 3C-SiC(001) surface 
formed by a method for growing SiC in Example 6 of the 
present invention. 

[0034] FIG. 10A shoWs an electron spin resonance (ESR) 
spectrum for a single-phase 3C-SiC single crystal thin ?lm 
formed by the method for groWing SiC in Example 6 of the 
present invention. 

[0035] FIG. 10B shoWs an ESR spectrum for a silicon 
carbide thin ?lm formed by a comparative example (car 
boniZation reaction caused by the reaction betWeen a gas and 
a Si substrate surface). 

[0036] FIG. 11 shoWs a method for forming a silicon 
(di)oxide insulating ?lm according to a method for manu 
facturing a SiC device in Example 8 of the present invention. 

[0037] FIG. 12 shoWs an ohmic characteristic evaluation 
device of a silicon carbide semiconductor device in Example 
10 of the present invention. 

[0038] FIG. 13 shoWs the I-V characteristics of an n-type 
SiC/n-type Si layered structure in Example 10 of the present 
invention. 

[0039] FIG. 14 shoWs the basic structure of a Schottky 
diode in Example 11 of the present invention. 

[0040] FIG. 15 shoWs the current (I)-voltage (V) charac 
teristics of the Schottky diode in Example 11 of the present 
invention. 

DETAILED DESCRIPTION 

[0041] The disclosure of PCT/JP97/00855, ?led Mar. 17, 
1997, is incorporated herein by reference. 

[0042] In the method for manufacturing a silicon carbide 
SiC device according to the present invention, a portion 13 
having a high defect density near the surface 12 of a SiC 
crystal 11 shoWn in FIG. 1A is turned into a silicon (di)oxide 
thin ?lm 14 by a thermal oxidation treatment as shoWn in 
FIG. 1B, and this silicon (di)oxide thin ?lm is removed by 
etching the silicon (di)oxide thin ?lm as shoWn in FIG. 1C 
to remove the portion having a high defect density near the 
silicon carbide surface and then a clean surface 15 of SiC is 
formed. In a conventional etching treatment With a HF group 
acidic solution used in a Si process, etching the surface of 
SiC, even it is defective, is dif?cult. HoWever, in the present 
invention the portion 13 having a high defect density is 
changed into the oxide ?lm ?rst and then the oxide ?lm to 
remove the portion having a high defect density near the 
surface to alloW the surface of the silicon carbide to be 
cleaned. Therefore, a SiC clean surface can be formed using 
the oxidation and etching treatment in the Si process. 

[0043] In the above method, as shoWn in FIG. 2A, 
implanting ions 23 are introduced to a portion 24 having a 
high defect density near the SiC crystal surface 22 at a 
desired position and at a desired depth in a ?rst step. The 
introduced defective portion 24 is deeper than the defect 
layer 25, Which exists from the ?rst, near the SiC surface. In 
a second step of thermal oxidation process, the oxygen is 
supplied into the crystal from the surface through the crystal 
defects introduced by the ion implantation; the area 24, into 
Which the crystal defects are introduced by the ion implan 
tation, is easily oxidiZed; carbon turns into a gas in the form 
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of carbon oxide to be removed, and silicon (di)oxide is 
formed. This silicon (di)oxide thin ?lm is removed by 
etching in a third step, so that a defect layer 25, Which exists 
from the ?rst, near the silicon carbide surface can be 
removed easily. 

[0044] In the above method, it is preferred that the ion 
implanted in the SiC surface in the ?rst step is selected from 
any of oxygen, silicon, carbon, an inert gas, nitrogen, and 
hydrogen, or a mixture thereof, so that the implanted ions 
form silicon (di)oxide or turn into a gas to be removed after 
oxidation. 

[0045] In the above method, it is preferred that the dose of 
the implanted ions is more than 1014 ion/cm2, so that 
suf?cient crystal defects for oxide diffusion into SiC to 
remove carbon and to form silicon (di)oxide, a silicon 
(di)oxide insulating ?lm is formed at high speed, an excess 
substance or structure is not formed at the SiOZ/SiC inter 
face, an abrupt interface is formed, and a cleaner silicon 
carbide surface is formed after oxide ?lm etching. At a dose 
less than this value, the oxidation does not fully proceed, 
defects remain, the interface of silicon (di)oxide/silicon 
carbide is not abrupt, and a clean surface cannot be formed 
aftgr etching. In order to implant ions at a dose more than 
10 ion/cm2, a very long time is required using the normal 
ion current density of a conventional ion implanting appa 
ratus, and therefore the dose is preferably less than this value 
from a practical vieWpoint. In this case, it is con?rmed that 
the most effective and suf?cient defect density for oxidation 
to proceed is obtained at a dose of about 1016 ion/cm2. 

[0046] In the above method, it is preferred that the energy 
for the ion implantation is 1 keV to 10 MeV, so that an oxide 
insulating ?lm is effectively formed and a cleaner silicon 
carbide surface is formed after oxide ?lm etching. At 1 keV 
or less, the penetration depth of the implanted ions in the 
silicon carbide crystal is too small, and therefore the effect 
of ion implantation is small. At 10 MeV or more, the depth 
of penetration is too large, and the ions are implanted in a 
Wide range, so that a very high density dose is required to 
achieve the suf?cient defect density in the silicon carbide 
crystal. Also, the defect density of the surface is maintained 
loW, so that oxidation from the surface proceeds With 
dif?culty, and therefore such an ion implantation energy is 
not practical. 

[0047] In the above method, it is preferred that multiple 
ion implantation is performed at different energies to form a 
deep and uniform implantation layer in the silicon carbide 
crystal, so that oxidation is performed to a deep portion, a 
thick silicon (di)oxide insulating ?lm is formed, and the 
portion near the surface is uniformly removed after etching 
of the silicon (di)oxide ?lm. 

[0048] In the above method, it is preferred that the silicon 
carbide is maintained at 500° C. or loWer during ion implan 
tation, so that crystal defects introduced by ion implantation 
are quenched, stabiliZed, and inhibited from being annealed 
during ion implantation and from being changed into a 
structure having a certain stability; the crystal defects are 
introduced more ef?ciently; the diffusion of oxygen through 
the crystal defects is ef?cient; CO2, a compound of carbon 
and oxygen, is ef?ciently discharged from the crystal to 
decrease the amount of residual carbon after oxidation to 
form a high performance SiOZ/SiC interface and a cleaner 
silicon carbide surface is formed after oxide ?lm etching. It 
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is also con?rmed that in vieW of the problems of the 
apparatus and deterioration in the silicon carbide surface, the 
temperature of the silicon carbide is preferably the liquid 
nitrogen temperature, —195° C., or higher during ion implan 
tation. 

[0049] In the above method, it is preferred that ions are 
implanted in the SiC surface in the ?rst step to form an 
amorphous layer near the SiC surface, and that the SiC 
containing the amorphous layer is oxidiZed in the second 
step. The amorphous layer is easily oxidiZed in the second 
step. 

[0050] A method for forming a clean surface according to 
the method for manufacturing a SiC device according to the 
present invention comprises forming a defect layer by ion 
implantation, oxidiZing it to form a silicon (di)oxide thin 
?lm on the silicon carbide surface, and removing this silicon 
(di)oxide thin ?lm by etching. By forming a silicon (di)oxide 
thin ?lm having a certain thickness and removing the 
portion, the impurities and defects present near the silicon 
carbide surface can be removed to form a clean surface. The 
crystal near the surface can be removed to any desired 
thickness, compared With the conventional surface treat 
ment, and therefore a portion having a high defect density 
can be removed for cleaning. If the portion having a high 
defect density in the surface is thin, the defects near the 
surface also can be removed by forming a silicon (di)oxide 
thin ?lm on the silicon carbide surface by a normal oxidation 
treatment, Without using the method for forming a thick 
silicon (di)oxide thin ?lm utiliZing the above ion implanta 
tion, and etching the silicon (di)oxide thin ?lm. By repeating 
the silicon (di)oxide thin ?lm formation and etching several 
times, a cleaner silicon carbide surface can be formed. 

[0051] In the above method, it is preferred that a part of the 
SiC surface is masked and a portion Where ions are 
implanted is patterned during ion implantation to the SiC 
surface in the ?rst step. This pattern determines the structure 
of the surface after the third step, so that a trench structure 
or the like required for a SiC device can be formed. 

[0052] In the above method, it is preferred that When ions 
are implanted to the SiC surface in the ?rst step, at least one 
of the energy of implanted ions, ion species, and ion density 
is different depending on the place on the SiC surface so that 
patterning is performed. By changing the ion energy or the 
ion species, the depth of the damage layer from the surface 
can be changed, so that terraces, steps and a trench structure 
having any depth can be formed With good reproducibility. 
In other Words, the above method for manufacturing a SiC 
device can be applied for forming a surface structure having 
the shape of a trench structure or the like on the silicon 
carbide surface. In the formation of a silicon (di)oxide ?lm 
in the ?rst and second steps in the surface treatment method 
of the present invention, the depths and amounts of the 
implanted ions and the crystal defects can be patterned 
freely by changing masking or the energy or dose for ion 
implantation. By subjecting this patterned defect portion to 
the oxidation treatment, the patterned oxide ?lm can be 
formed at high speed. As shoWn in FIG. 2B, by forming or 
providing a mask 26 on the surface 22 of the silicon carbide 
substrate 21, the area for ion implantation can be patterned. 
Depending on the place, a defect is introduced deep in a 
portion 28H Where a high energy ion 27H is implanted, and 
a shalloW defect is introduced in a portion 28L Where a loW 
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energy ion 27L is implanted. These defects are subjected to 
the oxidation treatment, so that a patterned silicon (di)oxide 
?lm 29 having any desired thickness in any desired area can 
be formed as shoWn in FIG. 2C. This patterned silicon 
(di)oxide itself can be utiliZed for an electronic device. 
Furthermore, this patterned silicon (di)oxide thin ?lm is 
further removed by etching in the third step, so that a silicon 
carbide surface 22P having the patterned clean surface is 
formed as shoWn in FIG. 2D. This patterned silicon carbide 
clean surface is subjected to the oxidation treatment again, 
so that a thin silicon (di)oxide thin ?lm 29T having a clean 
interface can be formed on the surface (side) of the trench 
structure as shoWn in FIG. 2E. By repeating the above 
oxidation treatment and etching several times, a surface 
structure having any desired shape such as a trench structure 
having a cleaner surface (side) can be formed. 

[0053] The above cleaning is effective not only for a ?at 
surface of SiC but also for a silicon carbide surface on Which 
patterned steps and terraces are formed by normal reactive 
ion etching, ion milling, plasma etching, laser etching, or 
etching by mechanical cutting or grinding. In other Words, 
the defect portion introduced near the surface during the 
etching process used for forming the above pattern is easily 
changed into a silicon (di)oxide thin ?lm by an oxidation 
treatment, so that the defect layer can be removed by etching 
the oxide ?lm. 

[0054] In the above method, it is preferred that the silicon 
carbide surface on Which patterned steps and terraces are 
formed by the etching treatment is heated in an oxygen 
atmosphere to form a silicon (di)oxide thin ?lm and that the 
defects introduced by the etching treatment are removed by 
further etching of the silicon (di)oxide thin ?lm. The defects 
introduced by various etching treatments can be removed to 
form an applicable electronic SiC device. 

[0055] In the above method, it is preferred that the etching 
treatment is performed by at least one type of method among 
reactive ion etching, ion milling, plasma etching, laser 
etching, mechanical cutting and grinding. All the defects 
introduced by the above etching treatment can be removed 
as a silicon (di)oxide ?lm by the above oxidation or the 
oxidation treatment after ion implantation. 

[0056] FIGS. 3A-3C shoW a conceptual vieW for the 
process of a method for groWing SiC according to the 
method for manufacturing a SiC device of the present 
invention. For a ?rst step, substances 33 containing carbon 
are supplied to the surface 32 of a Si substrate 31 in FIG. 3A 
for a ?rst step to form a thin ?lm 34 containing carbon as 
shoWn in FIG. 3B. In the ?rst step, the Si substrate surface 
is maintained at a loW temperature so that the reaction 
betWeen the supplied substances 33 containing carbon and 
the Si substrate surface 32 does not occur, silicon carbide is 
not formed, and the thin ?lm 34 containing carbon is formed 
on the Si substrate surface. Then, the Si substrate surface is 
heated in a second step to proceed a solid phase reaction 
betWeen the thin ?lm 34 containing carbon and the Si 
substrate surface 32. The heating in the second step results 
in the carboniZation of the Si substrate surface 32 and 
formation of the SiC thin ?lm 35 on the Si substrate surface 
32 as shoWn in FIG. 3C. The normal conventional carbon 
iZation treatment, such as a reaction betWeen a gas contain 
ing carbon, for example hydrocarbon, and a Si substrate 
surface starts at the highly reactive sites of the Si substrate 


























