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Why use GaN? Exceptional Performance for Multiple Applications UCSB
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mm-Wave Applications
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GaN: Proven Material for Solid-State RF Power Generation

UCSB
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W-Band (75-110 GHz) GaN Power Density

W-Band GaN Power Density
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N-Polar GaN: Record 8 W/mm P, at 94 GHz

W-Band GaN Power Density
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GaN HEMT: Polarization Doping
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N-Polar vs. Ga-Polar GaN: Inverted Polarization Fields
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The N-Polar GaN Deep Recess HEMT Structure UCSB
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N-Polar Deep Recess Design: The GaN Cap UCSB
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GaN Cap Advantage #1: Access Region Conductivity
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mm-Wave Challenge: Controlling DC-RF Dispersion
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Traditional Solutions to Dispersion
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GaN Cap Advantage #2: Dispersion Control
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Dispersion Control with N-Polar Deep Recess Structure
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N-Polar GaN Deep Recess Device Overview

Physical Parameters
Wg =2x37.5um  tg e 12 NM
Lo=75nm Lgg=75nm Lgp=250nm

460 mS\/mm /ID = 1.8 A/mm

| R (A 710.6 6Vto0Ve
—~ PV 1 @ D201V AVe
E Lo S E -
< 3 <1
- 023 &% 4
e = O Regrown

n+ AlGaN Cap
— 1 GaN Channel 2pes

0O 2 4 6 8
Ron = 0.4 O-mm Vs (V)

AlGaN Backbarrier

Isolation
Isolation |

GaN Buffer

SiC Substrate

Off-State Breakdown: 38 V

UC Santa Barbara = ECE Dept. = Mishra Group



Large Signal Device Evaluation: 94GHz Load Pull
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N-Polar GaN: Record W-Band Performance

Closed Symbols: N-Polar (This Work) Open Symbols: Ga-Polar GaN
' ® 87 GHz

30| 83%‘3 This Work |

I

o [ ]

A

A T,
AN A

10| 86 GHz
A

0 94-96GHz unless otherwise labeled

0 2 4 6 8
Associated P (W/mm)

N-Polar offers greater current Record-high combination
density giving higher P, of PAE and Power Density

Romanczyk et al., IEEE Trans. Electron Devices. Jan. 2018

UC Santa Barbara = ECE Dept. = Mishra Group



Constant 8 W/ mm: 10 — 94 GHz
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Ka-Band Performance (30GHz)
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Ka-Band Load Pull of GaN Devices
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Summary

— N-polar Deep Recess HEMT Advantage

* Inverted polarization fields enable the Deep Recess HEMT design
v' Enhanced Access Region Conductivity
v" Control of DC-RF Dispersion

— Large-Signal Performance

- Frequency-Independent P,

 94GHz:
v Record 8 W/mm P_ ,: 4x improvement over traditional Ga-Polar GaN HEMTs

out*

v" Recond 28.8% Peak PAE

 30GHz:
v" Record High GaN PAE: 59.8%

v" Record high combinations of PAE and P
v' 11 dB OIP,/Pp¢

out

UC Santa Barbara = ECE Dept. = Mishra Group



