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200

~N

providing an engineered substrate including

a polycrystalline ceramic core;

a barrier layer encapsulating the polycrystalline ceramic
core;

a bonding layer coupled to the barrier layer; and

s 202

a substantiaily single crystalline silicon layer coupled to

the bonding layer

¥

forming a first epitaxial N-type gallium nitride layer
coupled to the substantially single crystalline sificon . 204
layer

¥

forming a second epitaxial N-type gallium nitride layer
coupled to the front surface of the first epitaxial N-type L~__, 206
gallium nitride layer

¥

forming a Schottky contact coupled to the second

epitaxial N-type gallium nitride layer N 208

¥

forming a metal plating coupled to the Schottky contact |~__ 210

removing the engineered substrate to expose the back

surface of the first epitaxial N-type gallium nitride layer | ™ 212

4

forming an ohmic contact on the surface of the first  {~__, 214
epitaxial N-type gallium nitride layer

FIG. 2
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500
\ providing an engineered substrate including:
a polycrystalline ceramic core;
a barrier layer encapsulating the polycrystalline ceramic core;
a bonding laver coupled to the barrier layer; and s 502

a substantially single crystalline silicon layer coupled to the
bonding layer

v

forming a buffer layer coupled to the substantially single
crystalline silicon layer

s 504

forming a first epitaxial N-type gallium nitride layer coupled

to the buffer layer s 506

forming a second epitaxial N-type gallium nitride layer
coupled to the front surface of the first epitaxial N-type ~_~ 508
gallium nitride layer

forming a first P-type gallium vitride region and a second P-
type gallium nitride region within the second epitaxial N-type
gallium nitride layer

e D10

forming an epitaxial alumimum gallium nitride layer coupled to
the channel region of the second epitaxial N-type gallium |7 ™" 012
nitride layer
forming a gate dielectric layer coupled to the epitaxial
aluminum gallium nitride layer

e 514

forming a gate contact coupled to the gate dielectric dielectric
laver
forming a first source contact coupled to the first P-type
gallium nitride region and a second source contact coupled to s 518
the second P-type gallium nitride region

¥

E removing the engineered subsirate b~ 520

e 215

removing the buffer layer to expose the back surface of the
first epitaxial N-type gallium nitride layer s D22

forming a drain contact coupled to the back surface of the first
epitaxial N-type callium nitride layer

FiG. §

e D24




WO 2018/125723 PCT/US2017/067686

6/12

Gate (862)

850 - Gate dielectric (660)
Source {672} {} (574)
MAIGaN fid 6301

T 1 e P GaN (644)

N Drift A__ 630
Trench (646) 1t N GaN 71520
buffer layer ™ 510

P GaN (642)7

QST

Y

e 602

FIG. 6A

Gate (662) ) ]
0« Gate dielectric (660)
5%71 /} o Source (674)
LAIGaN 830-1
oA prhr . P GeN (644)

N Drift s, 030
N GaN T 620
610 f\j:; buffer layer ;% Remove

Source (672)e

P GaN (642)7™

FiG. 6B

Gate  Gate dielectric

WA(}“

Source (672

Source (674)

AlGaN 530-1
) g ZIZ Zee P GaN (644)

N+ GaN 4N 620

- Drain contact (680)
682

Drain

FiG. 6C



WO 2018/125723 PCT/US2017/067686
7/12

700 \

Drain elecirode
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1210
Providing a polycrystalline ceramic core /

'

Encapsulate the polycrystalline ceramic core f 1212
in a first adhesion shell

'

Encapsulate the first adhesion shell in a / 1214
conductive shell

Jy

Encapsulate the conductive shell in a second / 1216
adhesion shell

'

Encapsulate the second adhesion shell in a / 1218
barrier shell

,

1220
Join a bonding laver to the support structure /

'

Join a substantially single crystal layer to the / 1222
bonding layer

FiG. 12



