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Claims

Process for the production of a layer structure of a nitride semiconductor

component on a silicon surface, including the steps:

- provision of a substrate that has a silicon surface;

- deposition of an aluminium-containing nitride nucleation layer on the
silicon surface of the substrate;

- optional: deposition of an aluminium-containing nitride buffer layer on
the nitride nucleation layer;

- deposition of a masking layer on the nitride nucleation layer or, where
present, on the first nitride buffer layer;

- deposition of a gallium-containing first nitride semiconductor layer on
the masking layer,

wherein the masking layer is deposited in such a way that, in the

deposition step of the first nitride semiconductor layer, initially separate

crystallites grow that coalesce above a coalescence layer thickness and

occupy an average surface area of-at-least between 0.16 yum? and 0.36

um? per crystallite in a layer plane of the coalesced nitride semiconductor

layer that is perpendicular to the growth direction,
the masking layer is deposited in a layer thickness that permits that the

first nitride semiconductor layer initially arowing in the form of growth

islands can, from a distance of on average at least 800 nm from the

masking laver, form a laver area that is af least 80% closed,

and
the masking layer is deposited with a coverage of underlying nitride

nucleation laver, or if present. of the first nitride buffer laver, of at least

95%.
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Process according to-ene-ef claims- Claim 1-t6-3; in which the masking

layer consisting of silicon nitride is deposited-frera-silicon-ritride.

Process according to-ene-ef-the-preceding-clairas_Claim 1 or 2, in which

the duration of the deposition of the masking layer is chosen so that in the
deposition step of the first nitride semiconductor layer a concomitant
measurement of the reflection intensity of the growth surface at a light
wavelength of ca. 600 nm shows an oscillating intensity behaviour with
increasing oscillation amplitude, which after at least 5 oscillation cycles

reaches a maximum value that then remains-reughly constant.

Process according to one of-the-preceding-claims_Claims 1 to 3, in which
the deposition of the nitride nucleation layer takes place on a (111) silicon

surface.

Process according to one of-the-preceding-slaims_Claims 1 to 4, in which
the first nitride semiconductor layer is deposited in a layer thickness of

between 800 nm and 1600 nm.

Process according to-elaim-7_Claim 5, in which an aluminium-containing
nitride intermediate layer is deposited on the first nitride semiconductor
layer and in which a gallium-containing, further—seecond nitride

semiconductor layer is deposited on the last layer.

Process according to-ckaim-8_Claim 6, in which the sequence of steps of
the deposition of-an_the aluminium-containing nitride intermediate layer
and-a_the gallium-containing further nitride semiconductor layer-are_is

carried out repeatedly.
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Process according to-slaim_Claim 8-6_or-8 7, in which a multi-quantum-
well structure consisting of nitride semiconductor material is deposited on

the further nitride semiconductor layer.

Process according to-elaim-46_Claim 8, characterised by the deposition of
at least one further masking layer consisting of silicon nitride immediately
before the deposition of those of the further nitride semiconductor layers

on which the multi-quantum-well structure is deposited.

Process according to-ere-of-the-preceding-elaims_Claim 1 or 2, in which

an n-doping is introduced into the first and, if present, those further nitride
semiconductor layers that are deposited before the multi-quantum-well

structure.

Process according to—ene-—ef-the—preseding—elaims_Claim 1 or 2,
comprising—the—follewing—steps:_a production of a p-doped, gallium-

containing nitride semiconductor cover layer on the multi-quantum-well

structure.

Process according to-ene-of-the-preceding-etairms_Claim 1 or 2, in which

the step of providing a substrate includes the provision of a silicon

substrate, the thickness of which is at least-Dy - Dgan™, wherein Dgan

denotes the layer thickness of the nitride semiconductor layer to be
deposited on the substrate or, if more than one nitride semiconductor
layer is to be deposited, denotes the sum of the layer thicknesses of the
nitride semiconductor layers to be deposited on the substrate and of the
existing nitride intermediate layer, and wherein x in the case where a
doped silicon substrate is used is 110 and in the case where an undoped

substrate is used is 200.
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4813. Process according to-elaim-14_Claim 12, in which the step of providing a
substrate includes the provision of a silicon substrate, the thickness of

which is additionally greater than or equal to %@9—%7}@5;;]\7-%7-;

100* /Dy * v

Substrate diameter in cm . :
where-y-= y = substrate diameter incm /3.5.

3.5

4614. Process for the production of a nitride semiconductor component,
comprising the steps:
- production of a layer structure of a nitride semiconductor component
on a silicon surface according to one of the preceding claims;
-~ bonding of the layer structure to a carrier in such a way that the
growth upper side of the layer structure is facing the carrier;

-~ either complete or partial removal of the substrate;

- production of a contact structure.
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Nitride semiconductor component with

- a gallium-containing first nitride semiconductor layer that has a structure
of coalesced crystallites that occupy an average surface area of-at-least
between 0.16 ym? and 0.36 um? per crystallite in a layer plane

perpendicular to the growth direction,

- an aluminium-containing nitride intermediate layer that adjoins the first
nitride semiconductor layer, and

- a gallium-containing further, second nitride semiconductor layer

adjoining the last layer.

Nitride semiconductor component according to-elaim--28_Claim 15, in
which the crystallites in a layer plane perpendicular to the growth direction

have an average size of at least 400 x 400 nm?,

Nitride semiconductor component according to-ene—ef-slaims—28-t6-30

Claim 15 or 16, in which the first nitride semiconductor layer has a layer

thickness of between 800 nm and 1600 nm.

Nitride semiconductor component according to one of-¢laims-28-t6-34
Claims 15 to 17, that repeatedly contains the layer sequence of
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aluminium-containing nitride intermediate layer and gallium-containing

further nitride semiconductor layer.

Nitride semiconductor component according to-ere—ef-claims—31-or-32
Claim 17 or 18, in which a muiti-quantum-well structure consisting of

nitride semiconductor material is deposited on the further nitride

semiconductor layer.

Nitride semiconductor component according to—elaim—33_Claim 19,
characterised by at least one further masking layer consisting of silicon
nitride immediately adjoining—that—tayer—eof the further nitride
semiconductor layers on which the multi-quantum-well structure is
deposited, but on the side of this further nitride semiconductor layer

facing away from the multi-quantum-well structure.

Nitride semiconductor component according to one of-¢laims-28-t0-34
Claims 15 to 19, in which the first and, where present, those further nitride

semiconductor layers that are arranged on the side of the multi-quantum-
well structure that faces towards the first nitride semiconductor layer, are

n-doped.

Nitride semiconductor component according to one of-elaims-33-to-36
Claims 15 to 21, with a p-doped, gallium-containing nitride semiconductor

cover layer that is arranged on the side of the multi-quantum-well

structure facing away from the first nitride semiconductor layer.

Nitride semiconductor component according to one of-eclaims—28-to-36
Claims 15 to 22, with a carrier that is bonded to the first nitride

semiconductor layer.
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4824. Nitride semiconductor component according to one of-elaims-28-t0-39
Claims 15 to 23, in which an electrically conducting contact layer is

arranged between the carrier and the first nitride semiconductor layer.

i : laver.

4225. Nitride semiconductor component according to—elaim—36_Claim 22, in

which the nitride semiconductor cover layer of the layer structure is

I . A A d
deposited in a thickness of | MOW
2 ! nnitride 4 : nnitride 2
A A drrow
n- -
2‘7’1_&@4& 4”@@5_ 2
where m = 0, 1, 2, 3, ...; 4 is a wavelength of a light emission of the

multi-quantum-well structure during operation of the nitride semiconductor

wavelength 4, and d,,,, denotes the thickness of the multi-quantum-

well structure.
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4426. Nitride semiconductor component according to—elaim—43_Claim 24+ in

which the nitride semiconductor cover layer of the layer structure—is

Y . A d
deposited-in_has a thickness of Mo
2 e 2
. A _dMQW
2"’1!‘1'@7 2
where m = 1, 2, 3, 4, ...; A is a wavelength of a light emission of the

multi-quantum-well structure during operation of the nitride semiconductor
component,—#.iee Nniige 1S the refractive index of the nitride at the

RLKARARAS LS

wavelength A, and d,,, denotes the thickness of the multi-quantum-

well structure.

5 Nitrid , ; ¢ olaime._28 |
: . l o cloetrl '

4627. Carrier wafer with a plurality of nitride semiconductor components
according to one of-claims-28-to-45 Claims 15 to 26.

4128. Carrier wafer according to-elaim-46_Claim 27, in which the plurality of
nitride semiconductor components on the carrier have in totality a lateral

dimension of at least 24 cm.

4829. Nitride semiconductor product with
-~ a substrate that has a silicon surface,
-~ an aluminium-containing nitride nucleation layer adjoining the silicon
surface,
- optional: an aluminium-_containing nitride buffer layer adjoining the
nitride nucleation layer,
- a masking layer on the nitride nucleation layer or, if present, on the

nitride buffer layer, and with
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- a gallium-containing first nitride semiconductor layer arranged
adjoining the masking layer and having a structure of coalesced
crystallites, in which the crystallites above a coalescence layer
thickness and in a layer plane perpendicular to the growth direction
occupy an average surface area-of-at-least between 0.16 ym® and

0.36 um® per crystallite.

Nitride semiconductor product according to-slair-48_Claim 29,-n-which
wherein the growth islands have coalesced in an amount of at least 80%

at a distance of at least 600 nm from the masking layer.

Nitride semiconductor product according to one of-claims—48--and—49
Claims 29 and 30, in which the nitride nucleation layer is an aluminium

nitride layer or an aluminium/gallium nitride layer with an aluminium

proportion of at least 10%.

Nitride semiconductor product according to-elaim-56_Claim 31, in which
the nitride nucleation layer has a layer thickness of between 10 and-468

50 nm.

Nitride semiconductor product according to one of-elaims-48-+46-51 Claims
29 to 32, in which the nitride buffer layer has a layer thickness of at most
400 nm.

Nitride semiconductor product according to one of-elaimms48-t6-62 Claims
29 to 33, in which the substrate in a direction perpendicular to-the g rear
side substrate surface is either free of curvature or has a radius of

curvature of at least 10 m.

Nitride semiconductor product according to one of-elairs-4846-53 Claims
29 to 34, with an aluminium-containing nitride intermediate layer that

adjoins the first nitride semiconductor layer and,
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-\With a gallium-containing further, second nitride semiconductor layer

adjoining the last layer.

5636. Nitride semiconductor product according to one of-elaims-48-t6-58 Claims
29 to 35, in which the substrate has a lateral dimension of at least 24 cm.



