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A reliable manufacturing 
solution to enable 

normally-off recessed 
gate GaN MISHEMT by 

atomic layer etch and in-
situ etch depth monitoring



© Oxford Instruments 2022

Agenda

Oxford Instruments Company Overview 

Global Trends & Our Market Focus

Cutting-edge Solutions for GaN Production Fabs  

Summary

+
+
+
+

2



© Oxford Instruments 2022

Research & 
Discovery

Materials & 
Characterisation

Oxford Instruments

8 business units to meet the challenges of the most advanced technologies in the world

Development & 

manufacture of 

high performance 

scientific digital 

cameras and light 

microscopes

Offering a range 

of benchtop 

Nuclear 

Magnetic 

Resonance (NMR) 

instruments

Enabling quantum

technologies, nano

technology research, 

advanced materials 

& nano device 

development

Products and 
solutions that enable 
the fabrication and 
characterisation of 
devices down to the 
atomic scale.

Provides advanced 
solutions that create 
unique environments 
and enable imaging 
and analytical 
measurements 
down to molecular 
and atomic levels.

Leading 

manufacturer of x-

ray tubes, power 

supplies & 

integrated

x-ray sources

Leading provider of 

etch and deposition 

processing solutions 

and recipes

Enabling materials 

characterisation 

and sample 

manipulation at the 

nanometre scale

Leader in 

development & 

manufacture of 

Atomic Force 

Microscopy (AFMs)

Leader in d Raman, 

Atomic Force 

Microscopy, and 

Scanning Near-field

Optical Microscopy
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Oxford Instruments Plasma Technology:
Trusted and reliable partner in the CS community 

Oxford Instruments thrives on 

innovation and provides world-

class plasma processing solutions 

with atomic precision 

Atomic precision at HVM scale Knowledgeable & active member of the CS community

Years of expertise

• 37 years of experience in plasma processing captured in a          

comprehensive database with >6,000 references on various 

materials/technologies

Trusted partner in high-volume manufacturing

• Extensive experience in HVM with >3,000 installed systems 

including leading IDMs and foundries 

Global network 

• Global network for service, application engineering, and parts 

• Worldwide support with locally positioned labs and engineers

Performance mindset

• Committed to ongoing performance, quality, and CoO

improvements 

• Delivered through application labs in UK and Taiwan (ITRI)

Deposition Etching

Plasma processing solutions

Atomfab 

plasma ALD

PlasmaPro 100 

Cobra ICP & ALE
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Significant predicted revenue growth for 

GaN devices in power electronics applications: 
>>$1B by 2030
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Market growth for GaN power devices 

5G 6G

Continued strong growth driven by adoption of 

GaN-based consumer electronics, 
telecoms/datacomms, automotive

2021
$126M

2027
$2B

CAGR
+59%

Source: CAGR for total GaN power device market, Yole Développment, 2022
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GaN Supply Chain Partners

Supply partner –

quality substrates 

and high-quality 

epi materials 

Technology 

acceleration 

partner – getting 

great products to 

market faster

Key capability partner 

– technology 

collaborator for critical 

endpoint depth 

monitor technology

CS Fabs

Industry partner – high 

volume manufacturing 

of innovative GaN 

devices for PE/RF 

applications 

ITRI
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AVs
IoT

Inverters for 
renewables EVs

OUR MARKETS

Power Electronics:                   
GaN, SiC

Opto electronics: 
GaAs, InP & GaN

Display & lighting: 
GaN & GaAs

OUR 

MATERIALS

Normally-off recessed gate MISHEMT:

• Lower leakage current 

• Higher device breakdown 

➢Atomic scale processing solutions enable ease of 
manufacturability of recessed gate MISHEMT

Focus on Power Electronics Solutions 
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Atomic Scale Processes Solutions:
Enabling normally-off recessed gate MISHEMT
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Atomic Layer Etch 

Low damage controlled etch 
of gate region for recessed 

MISHEMT 

Atomic Layer Deposition

Low damage high quality 
GaN pre-treatment & 

passivation by plasma ALD 

Etch

layer 

per cycle

PP100 Cobra
Atomic Layer Etch

Atomfab 
Atomic Layer Deposition 
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ALE with etch depth monitoring

Recessed gate MISHEMT Advanced depth monitoring Solution: ALE & etch depth monitor 

Atomic Layer Etch:                                                                                                           

Delivers low damage, accurate & repeatable etching for enhanced device reliability  

• Needs low damage, low 
etch rate, accurate (±0.5 
nm) control of AlGaN 
thickness

• Solution: Atomic layer etch 
and etch depth monitor  

• Patent-pending etch depth 

monitoring system

• Designed and optimised 

for AlGaN etch thickness 

control

• Fully integrated with ALE 

system hardware and 

software
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AlGaN
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Optimised EPD for GaN HEMT etching 

• Atomic layer etch for low, damage accurate etch control of AlGaN or GaN 

• Optimised patent-pending UV wavelength endpoint control for ±0.5 nm accuracy

Cycle-by-cycle etch monitoring with EPD

Fully-integrated LayTec EPD with Oxford 

Instruments PP100 Cobra ALE system 
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Delivering AlGaN target thickness with EPD

In-situ reflectance end-pointing perfectly correlates with TEM measurements!

TEM 

referencing

of remaining
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8 ALE runs 
with 

different 
target 

thicknesses

Process time (s), after shift to R-minimum=0s

5  n m5  n m

14.86 nm

5  n m5  n m

10.66 nm

5  n m5  n m

4.95 nm

14.9 nm 10.7 nm 5.0 nm 5  n m5  n m

5.49 nm

5  n m5  n m

4.88 nm

5.5 nm 4.9 nm

Fully removed 
AlGaN layer

13



© Oxford Instruments 2022

Normally-off recessed gate GaN MISHEMT

• Control of 1 nm of AlGaN remaining by ALE process with etch depth monitoring 

• +0.7 V of turn-on voltage (normally-off MISHEMT)
• Low on resistance - 1.2 mΩcm2

• 1190V of breakdown voltage

1 nm AlGaN remaining AlGaN/GaN MISHEMT

VTH = + 0.7 V

G

S D
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Plasma ALD in production for GaN HEMTs 

Atomfab qualified to >5k WPM in GaN PE market leader with plasma pre-treatment & Al2O3

Process of record for GaN HEMT device passivation 
USB-C fast

chargers
Atomfab market leader in HVM due to low damage plasma ALD for 
GaN HEMT thin film passivation

Qualified supplier to device manufacturers and foundries with 
dominant market share of consumer GaN PE modules e.g. Samsung, 
Apple, Huawei and Anker

HV/ EV Wireless charging

Energy efficient

white goods 
Power efficiency 
for data centres
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Atomfab: Production-qualified at leading GaN 
power electronics manufacturer  

>4x increase in throughput, & reduction in CoO for ALD passivation of GaN HEMTs 

Chamber clean 
completed
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Recent News

Oxford Instruments partnership with Rohm using ALE for next gen GaN power devices 
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Breaking News: Recessed gate GaN MISHEMT & SiC
Plasma Epi-prep alternative to CMP
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Summary

Trusted industry partner solving key technology challenges on the atomic-scale for next 

generation device fabrication with GaN HEMT collaborators and customers 

OI providing innovative & optimised, production-proven solutions for GaN HEMT manufacturing 

with strong growth predicted in consumer electronics, EV, data and telecoms  

Successfully positioned our products with current device supply chains delivering improved 

yields, throughput and reduced CoO

Plasma processing expertise utilised to maximise device performance through low damage, 

high quality GaN 
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Thank you for your attention
Email: aileen.omahony@oxinst.com


