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e Introduction

e Growth of Al,Ga, N (X = 0.3) on patterned N-GaN substrates
— Pattern geometry and growth conditions

— Threading dislocation density

e Summary
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Sandia’s AlGaN overgrowth of patterned templates @ ﬁg?.ﬂ'ﬁa.
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AlGaN Growth on Patterned Templates K cross) INIEDE
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Low on-resistance requires vertical geometry diode @ ﬁgﬂoﬁm
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P Contact e Quasi-vertical geometry useful for diode development

P Contact
p-30%AlGaN

p-AlGaN * Growth, process & JTE design

e Quasi-vertical geometry results on high R, due to
current crowding under N-contact

N+ 30%AlGaN (Contact)

N+ Substrate AN * High resistive losses, low currents
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- » Develop vertically conducting AlGaN diodes
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AlGaN on patterned AlGaN regrowth on patterned
n-SiC substrate n-type GaN substrates

i 5 30%-AlGaN 30%-AlGaN
30%-AlGaN (2"9) GaN Pyramids
(11-22) Sidewalls Trenches in GaN

AIN
N-SiC substrate

Sandia approach

Hamamatsu approach

Sandia approach

* Challenges: - Vertical UV-Laser diode demonstrated by

. te_nsile strain fror_n thermal Hamamatsu
mismatch (cracking)
- Requires conductive « AlGaN growth on GaN trenches/pyramids is
not straight forward

nucleation layer (replace AIN)




Sandia |
Al,Ga, N (X =0.3) overgrowth on n-type SiC substrates @ N%%o'ﬁm
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(Hamamatsu)

Epi Structure Defect Reduction Surface Morphology
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AlLGa, N (X =0.3) overgrowth on n-type GaN substrates @ N%%oﬁ‘m
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30%-AlGaN Patterned GaN substrate
* Investigated growth conditions:
Trenches in GaN =» V/III, Temperature,

e Geometry: 1 um (mesa) x 1 um (trench)

e Etch depth: 0.4 to 1.2 um

Growth initiation & AlGaN overgrowth Optical DIC (50x)

* Facet control during growth enables manipulation of
threading dislocations & planar surfaces

mm 7LD Nova NanoSEN ®» Overgrowth on GaN to Xal = 0.45
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Vertical Al, ;Ga,,N PN diode on a conducting GaN substrate @ Sandia |

e Vertical PN in 30%AlGaN

» 30%AlGaN pn diode now grown

PR | on a conducting GaN substrate
p-30%AIGaN _ _

« Drift region: Substrate

Thickness: 5.8 um

N : 2-4 x 1016 cm-3

n-30%AIlGaN *
(overgrowth) + 30%AlGaN overgrowth:

Thickness: 6 um
2-5x 107 cm?3

n-contact N o

p-contact

+ Total epi: 12.4 um

Patterned GaN substrate Little cracking

Smooth morphology
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e Successful overgrowth of Al,Ga, ,N on patterned N-GaN
substrates to X = 0.45

e Overgrowth at higher compositions requires higher growth
temperatures which decompose GaN substrate

e N-type SiC substrates are suitable for higher growth
temperatures but epilayer cracking must be prevented




