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Claims /

1. A method, comprising: /

- - . » lg‘ .
providing a monocrystalline silicon wafer having a principal surfaceAvhich

7

5 supports a masking layer having windows which expose corresponding régions of
TR -~ ’(;‘{
the silicon wafer; S
forming silicon carbide sced regions on the exposed regions/of the wafer;
7
and /
Vi
growing monocrystalline silicon carbide on the silicon earbide sced regions.
/
10 /
2. A method according to claim 1, wherein providing the silicon wafer having a
s
principal surface which supports a masking layer comprises:
providing an monocrystalline silicon wafer; /
7
forming a masking layer on the silicon wafer, the masking laver directly
3 : . /
15 overlying the principal layer; /
-~ , A .
providing an erch mask having windgws on the masking layer; and
etching the masking layer through,the windows in the etch mask to reach the
. . . . /
principal surface of the water. /
/f/
20 3. A mcthod according to clain 1 or 2, wherein the masking layer is a layer of
. . . /
dielectric material,
4. A mcthod according to claim 3, whercin the masking layer is a silicon dioxide
# > -
layer.
23
5. A method gtcording to claim 4, wherein forming the silicon dioxide laver is a
thermal oxide lafer.
0. A nycthod according to claim 1 or 2, wherein the masking layer is a layer of

30 semiconductor or conductive material.

A method according to claim 1 or 2, wherein the masking layer is a layer of

olvcrystalline silicon.
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8. A method according to any preceding claim, wherein the masking layer
comprises a bilayer comprising first and second bilayer layers.

9. A layer according to any preceding claim, wherein the masking la):}zr has a

thickness in a range hetween 2,000 and 10,000 A.

. « . . . ,4"
10. A layer according to any preceding claim, wherein the masking layer has a

/

11. A method according to any preceding claim, whcrci;xf the principal surface is
/

thickness in a range between 4,000 and 6,000 A.

-~ . . - - . i~ g . e
a first principle surface and the masking layer is a first masking layer and the silicon
wafer has a second, opposite principal surface which stupports a second masking

layer.

V4

I

. . g - :
12. A method according to claim 11, whergin the first masking laver and the
o 2

g
second masking layer comprise the same n}ﬂterml.
/

4

13. A method according to any préceding claim, wherein forming the silicon
4

carbide seed regions comprises: /

depositing carbon on the époscd regions of the wafer; and

converting the carbon thto silicon carhide.

14. A method accordihg to any preceding claim, wherein growing the silicon

carbide comprises grofing silicon carbide having a thickness of at least 0.5 pm,

optionally at least 1/um, optionally at least 2 um and/or optionally at least 5 pm.

15. A method according to any preceding claim, wherein growing the silicon
carbide laygfs comprises growing silicon carbide having a thickness of no more than
5 um or Ao more than 10 ym.

16./ A method according to any preceding claim, wherein growing the silicon

rbide layers comprises growing 3-step cubic silicon carbide.
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V
A

17. A method according any preceding claim, wherein the wafcr has a diameter

of at least 4 inches (101.6 mm) or 100 mm.

18. A method according to any preceding claim, wherein the wafer has a
thickness of at least 500 pum. ‘
19. A method according to any preceding claim, further corg;‘i’rising:

processing the silicon carbide to form semiconductox;dev.ices.

7
s

£
20. A method according to any preceding claim, further comprising:
cutting the masking layer and the silicon wafeﬁ;et\veen the windows to form'
dies. jf
21. A method according to any preceding ﬁcfaim, wherein the windows have a

first width which is substantially larger thagz"a second width between the windows.

- f‘
/

s
£ .
22. A method according to any preceding claim, wherein the windows have a

width and/or length in a range bet}v’éen 5 mm and 20 mm.
4 . .
23. A method according to/any preceding claim, wherein the windows are

separated by a2 width of lesy‘ﬁmn 1 mm, less than 500 pm or less than 200 um.

/

24. A method according to any preceding claim, wherein the windows are

separated by a \vidgp‘éj‘bf about 100 pm.

/

25. A metl}rii;l of forming a semiconductor die including a method according to
any ptecedipﬁ claim. ‘
/('
/

£

26. A method comprising:
/ forming a semiconductor die according to claim 25; and

packaging the semiconductor die.
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27. A silicon semiconductor structure comprising:
a monocrystalline silicon wafer having a principal surface; and
spaced apart monocrystalline silicon catbide layers disposed directly on the

principal surface of the wafer.

28. A semiconductor structure according to claim 27, whercin each silicon
carbide layer comprises:

a silicon carbide seed region formed directly on the principai_.%lurface of the
¢

silicon wafet; and

g

a monocrystalline silicon carbide Jayer disposed dire‘ctly;’ign the silicon

" carbide seed region. 7

29. A semiconductor structure according to claim 27 or 28, wherein the silicon
carbide layers comprise 3-step cubic silicon carbide. /

30. A semiconductor structure according thiny one of claims 27 to 29, further
compirising: / '

a masking layer supported on the principal surface of the silicon wafer

having windows which cause the monoctystalline silicon carbide layers to be spaced

apatt. ;“j
j{f{
31. A semiconductor structgfi according to any one of claims 27 to 30, further
;
comprising: ff

polycrystalline siﬁcgﬁ carbide layer(s) disposed between the silicon carbide

layers. Ve
I

32. A semicondxctor structure according to claim 31, wherein polycrystalline and
monocrystalline gilicon carbide layers are formed in different regions of a single
& ; .

silicon carbidg'layer.
/

// . . ..
33.  Afsemiconductor device comprising:
‘a monocrystalline silicon substrate having a principal surface and a

petifneter, the silicon substrate comprising an outer, annular region running

SUBSTITUTE SHEET (RULE 26)
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adjacent to the perimeter of the substrate and an inner region disposed ins%ﬁ% the

g

outer region; and - /

a monocrystalline silicon carbide layer disposed directly on the principal
sutface of the substrate on the inner region but not on or over the outer region of

the substrate. ﬂ

34, A semiconductor device according to claim 33, whergiﬁ the silicon carbide

5

layer comprises:

a monocrystalline silicon carbide seed region formed directly on the principal

£

iye ¢
surface of the silicon substrate; and /

a monocrystalline silicon carbide layer dispgééd directly on the silicon

carbide seed region. /
j!j
!{;

35. A semiconductor device according to'claim 33 or 34, wherein the silicon

carbide layer comprises 3-step cubic silicgﬁ carbide.

36. A semiconductor device acco;éing to any one of claims 33 to 35, further
[f

C /
comprising: /

a masking layer supported on the principal surface of the silicon substrate on

the outer region but not on the inner region .

i
v
Vi

37. A senﬁconductorid/evicc according to any one of claims 33 to 36, further
comprising: f,f '
polyCrystaﬂir}éﬂ silicon carbide layer disposed on the outer region but not on

the inner region. /
e‘jf

3. A saxyfconductoz device according to claim 37, wherein polycrystalline

monoc:ysgﬁjﬁne silicon catbide layers are formed in different regions of a single

/s
silicon carbide layet.

39./ A semiconductor device according to any one of claims 33 to 38, wherein the

igner region has a width and/or length in a range between 5 mm and 20 mm.
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Claims

1. A method, compzising:

providing a monocrystalline silicon wafer having a principal surface which
supports a masking layer having windows which expose corresponding regions of
the silicon wafer;

forming silicon carbide seed regions on the exposed regions of the wafer;

growing monocrystalline silicon carbide layers on the silicon carbide seed

tegions; and
forming regions of polycrystalline and/or amorphous silicon carbide

between the monocrystalline silicon carbide layers.

2. A method according to claim 1, wherein providing the silicon wafer having a
principal surface which supports 2 masking layer comprises:

providing an monocrystalline silicon wafer;

forming a masking layer on the silicon wafer, the masking layer directly

overlying the principal layer;
providing an etch mask having windows on the masking layer; and

etching the masking layer through the windows in the etch mask to reach the

principal surface of the wafer.

3. A method according to claim 1 or 2, whetein the masking layer is a layer of

dielectric material.

4. A method according to claim 3, whercin the masking layer is a silicon dioxide

layet.

A method according to claim 4, whetein forming the silicon dioxide layer is a

w

thermal oxide layer.

6. A method according to claim 1 or 2, wherein the masking layer is a layer of

semiconductor or conductive iaterial.
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7. A method according to claitn 1 or 2, wherein the masking layer is a layer of

polyerystalline silicon.

8, A method according Lo any preceding claim, wherein the masking layer

comprises a bilayer comprising first and second bilayer layers.

9. A layer according to any preceding claim, whetein the masking layet has a

thickness in a range between 2,000 and 10,000 A.

10. A layer according to any preceding claim, wherein the masking layer has a

thickness in 2 range between 4,000 and 6,000 A.

11. A method according to any preceding claim, wherein the principal surface is
a first principle surface and the masking layer is a first masking layer and the silicon
wafer has a second, opposite principal sutface which supports a second masking

layer.

12. A method according to claim 11, wherein the first masking layer and the

second masking layer comprise the same material.

13. A method according to any preceding claim, wherein forming the silicon

catbide sced regions comprises:
depositing carbon on the exposed tegions of the wafer; and

converting the carbon into silicon carbide.

14, A method according to any preceding claim, wherein growing the silicon
catbide layers comprises growing silicon carbide having a thickness of at least 0.5

pm, optionally at least 1 ptn, optionally at least 2 win and/or optionally at least 5

pm.

15. A merthod according to any preceding claim, wherein growing the silicon
carbide Jayers comprises growing silicon carbide having a thickness of no motre than

5 pm or no more than 10 pm.
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16. A methed according to any preceding claim, wherein growing the silicon

carbide layers comprises growing 3-step cubic silicon carbide.

17. A method accotrding any preceding claim, wherein the wafer has a diameter

of at least 4 inches (101.6 mm) or 100 mm.

18. A method according to any preceding claim, wherein the wafer has a

thickness of at least 500 pm.

19 A method according to any preceding claim, further comprising:

processing the silicon carbide to form semiconductor devices.

20. A silicon semiconductor structure comprising:

a monocrystalline silicon wafer having a principal surface;

monocrystalline silicon carbide layers disposed directly on the principal
surface of the wafer, wherein each monocrystalline silicon carbide layer is spaced
apatt from one another on the principal surface of the wafer; and

polycrystalline and/o1r amorphous silicon catbide layet(s) disposed between

the silicon carbide layers.

21. A semiconductor structure according to claine 20, wherein each silicon

carbide layer comprises:

a silicon carbide seed region formed directly on the principal sutface of the

silicon wafer; and

2 monoctystalline silicon carbide layer disposed directly on the silicon

carbide seed region.

22. A semiconductor structure according to claim 20 or 21, wherein the silicon

carhide layers comprises 3-step cubic sibcon carbide.
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23. A semiconductot structure accotding to any one of claims 20 to 22, further
comprising;:

a masking layer suppotted on the principal surface of the silicon wafer
baving windows which cause the monoctystalline silicon carbide layers to be spaced

apart.

24. A semiconductor structure according to any one of claims 20 to 23, wherein
8 ¥ )
polycrysealline and monocrystalline silicon catbide layers are formed in different

regions of 2 single silicon catbide layer.



