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510
Providing a polycrystalline ceramic core /

¥

-
Encapsulate the polycrystalline ceramic core f 512
in a first adhesion shell

'

Encapsulate the first adhesion shellin a f 214
conductive shell

i

Encapsulate the conductive shell in a second / 516
adhesion shell

'

Encapsuiate the second adhesion shellin a f 518
barrier shell

:

520
Join a bonding layer to the support structure f

é

Join a substantially single crystal layer to the / 522
bonding layer

FiG. 5
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610
Providing a polycrystalline ceramic core /

¥

Form an adhesion layer coupled io at least a f 612
portion of the polycrystaliine ceramic core

'

Form a conductive layer coupled to al least a f 614
portion of the first adhesion layer

i

Form a second adhesion layer coupled to at / 616
least a portion of the conductive layer

'

618
Form an encapsulating barrier shell f

:

620
Join a bonding layer to the support structure f

é

Join a substantially single crystal layer to the / 622
bonding layer

FIG. 6
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Form a substrate by:
providing a polycrystalline ceramic core;
encapsulating the polycrystalline ceramic core with a first adhesion shell;
encapsulating the first adhesion shell with a barrier layer;
Form a bonding layer on the barrier layer; and
ioining a substantially single crystal layer to the bonding layer

'

Form a epitaxaal gallium nitride buffer layer on the substrate

'

Form a channel region on the gallium nitride buffer layer by:

Form an epitaxial aluminum gallium nitride barrier layer on the gallium
nitride buffer layer; and

Form an epitaxial gallium nitride cap layer on the aluminum galiium nitride

barrier layer

Form a source contact at the first end of the channel region

i

Form a drain contact at the second end of the channel region

:

Form a gate contact on the gallium nitride cap layer in the central portion of the
channel region

FIG. 10
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1200

Form a substrate by:

providing a polycrystalline ceramic core;

encapsulating the polycrystalline ceramic core with a first adhesion shell;
encapsulating the first adhesion shell with a barrier laver;

Form a bonding layer on the barrier layer; and

joining a substantially single crystal layer to the bonding layer

!

Form a epitaxial gallium nitride buffer layer on the substrate

:

Form a channel region on the gallium nitride buffer layer by Form an epitaxial
atluminum gallium nitride barrier layer on the galiium nitride buifer layer

!

Form a recess in the aluminum gallium nitride barrier layer in the central portion
of the channel region

:

Form an insulating layer in the recess

:

Form a source contact at the first end of the channel! region

v

Form a drain contact at the second end of the channel region

;

Form a gate contact on the insulating layer in the recess

FIG. 12
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1400

Form a substrate by:
providing a polycrystalline ceramic core;
encapsulating the polycrystalline ceramic core with a first adhesion shell;
encapsulating the first adhesion shell with a barrier layer,
Form a bonding layer on the barrier layer, and
joining a substantially single crystal layer to the bonding layer

v

Form a buffer layer on the single crystal silicon layer

Y

Form a semi-insulating layer on the buffer layer

Y

Form a first epitaxial N-type gallium nitride layer on the semi-insulating layer

Y

Form a second epitaxial N-type gallium nitride layer on the first epitaxial N-type
gallium nitride layer

Y

Form an epitaxial P-type gallium nilride layer on the second epitaxial N-type
gallium nitride laver

v

Remove a portion of the second epitaxial N-type gallium nitride layer and a
portion of the epitaxial P-type gallium nitride layer to expose a portion of the
first epitaxial N-type gailium nitride layer

v

Form an anode contact on a remaining portion of the epitavaal P-type gallium
nitride layer

Y

Form a cathode contact on the exposed portion of the first epitaxial N-type
gallium nitride layer

o 1426

FIG. 14
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1600

Form a substrate by:
providing a polycrystalline ceramic core,;
encapsulating the polycrystalline ceramic core with a first adhesion sheli;
encapsulating the first adhesion shell with a barner layer;
Form a bonding layer on the barrier layer; and
joining a substantially single crystal layer 1o the bonding layer

v

Form a buffer laver on the single crystal silicon layer

Y

Form a semi-insulating layer on the buffer layer

Y

Form a first epitaxial N-type gallium nitride layer on the semi-insulating layer

Y

Form a second epitaxial N-type gallium nitride layer on the first epitaxial N-type
gallium nitride layer

v

Form an epitaxial P-type gallium nitride layer on the second epitaxial N-type
gallium nitride layer

Y

Remove the substrate, the buffer layer, and the semi-insulating layer {0 expose
the bottom surface of the first N-type gallium nitride layer

Y

Form an anode contact on the epitaxial P-type gallium nitride layer

Y

Form a cathode contact on the bottom surface of the first epitaxial N-type
gallium nitride layer

FIG. 16
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