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NEW TECHNOLOGY FOR THE FUTURE

Power GaN long term evolution. (Source: Yole)
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HIGH ELECTRON MOBILITY TRANSISTOR (HEMT) 
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CRITICAL BURIED AL2O3/GAN INTERFACE

• Ga oxydation  GaOx

• Defects  dangling bonds, 
vacancies (Ga, N), impurities

• Roughness

 Impact on electrical properties
(VTH, VTH, RON)

Eugénie Martinez – HAXPES 2022 - 06/02/2022 

 The Al2O3/GaN interface quality needs to be improved for good transistors performances
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IMPACT OF PROCESS STEPS
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1. AlGaN/GaN epitaxy
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3. Al2O3 deposition
ALD at 300°C

Silicium 1 mm (111)
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Buffer AlGaN/GaN ~ 3.6µm

Al2O3 (30 nm) (TMA + H2O)

3. Al2O3 deposition
ALD at 300°C

 The AlGaN etching, GaN cleaning, Al2O3 deposition and annealing must be optimized
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LABORATORY HAXPES Cr K
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Analysis of buried interfaces

Dual confocal Al K1 & Cr K1 sources
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INTEREST OF HAXPES FOR GAN
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ANALYSIS OF BURIED INTERFACES
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 Investigate the GaN surface with a 20 nm-thick Al2O3 upper layer
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IMPACT OF AL2O3 THICKNESS ON GAN OXIDATION
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 Increasing area under O profiles with Al2O3 thickness
 Consistent with GaOx increase observed by HAXPES
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 Reduction of  Ga-O bonds at Al2O3/GaN interface until 500°C 
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IMPACT OF POST DEPOSITION ANNEAL (2) 15nm

GaN as-grown / etched

Al2O3 ALD TMA/H2O

N2 (400-600°C)

d~18 nm
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P.M. Deleuze et al., Surf. Sci. Spectra 29, 014003 (2022)
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CORRELATION WITH C(V) MEASUREMENTS

n-GaN (5.1017 cm-3)

Au/Ni Au/NiAu/Ni

30 nm Al2O3 TMA/H2O

Low High

0.0

-4 -3 -2 -1 0 1 2 3 4
0.0

0.2

0.4

0.6

0.8

1.0

Etched GaN

C
m

/C
O

X

Voltage

 w/o PDA
 400°C
 500°C
 600°C

4 6 8 10 12 14 16

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0.22

0.24

0.26

w/o PDA
400°C

500°C

600°C w/o PDA

400°C

500°C

600°C

 As-grown GaN
 Etched GaN


V

F
B
 (

V
)

OH (%)

 Correlation of –OH groups decrease with
hysteresis decrease

Eugénie Martinez – HAXPES 2022 - 06/02/2022 

P. Fernandes et al., Proceedings GaN Marathon (2022)
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CONCLUSIONS

• Gate-first MOSc-HEMT technology is currently optimized for power electronics

• Final devices properties rely on the quality of the Al2O3/GaN interface

• Non destructive HAXPES is particularly interesting:
• Remove Ga LMM Auger lines from N1s
• Get closer to the real buried interface (Al2O3 30 nm)

• HAXPES main results:
• Increase of GaN oxydation with Al2O3 thickness as confirmed by ToF-SIMS
• Reduction of  –OH groups in Al2O3 with increasing PDA temperature

• Strong interest in developping laboratory HAXPES for such devices technology

Eugénie Martinez – HAXPES 2022 - 06/02/2022 
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EXPERIMENTAL SETUP

Tof SIMS Analysis conditions :

Analyze gun : Bi3+ 15 KeV current : 0.6 ± 0,02pA
Sputter gun : Cs 500 eV      current : 24.3 ± 0,2  nA
Sputter area : 300µm           Analysis area : 80µm
Incidence angle : 45°

HAXPES Analysis conditions :

Source energy : Cr Kα 5415 ev
Pass-energy : 55eV
Take-off angle : 42°- 90°
Probe depth : 24nm
Pics studied : Ga2p, N1s, O1s, Al1s

JNSE 2022| SPELTA Tarek| 16-18 Mai 2022
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FIT OF GA2p – ANALYSIS OF REFERENCES
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SOME EXAMPLES OF OTHER SPECTRA
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TEM - GaOx thickness ~ 4nm

Some STEM-EELS results
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At depth=13 nm 
 

 
= 90 At depth=10 nm 

 

 
= 5

From the above depth profiles we can suppose from the Ga2O3 reference sample that :
• Al2O3 10 nm – GaOx 4 nm – GaN interface is poorer of 16O and richer in 69Ga
• Al2O3 10 nm – GaN etched interface is really poor in 16O and richer in 69Ga
• Same observation for the etched sample

ToF-SIMS results
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AR-HAXPES Gallium oxide thickness estimation
Al2O3 H2O 10 nm - GaOx 4 nm - GaN as-epi

∶  𝑠𝑙𝑜𝑝𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑢𝑟𝑣𝑒

t= 𝑠𝑙𝑜𝑝𝑒 ∗  λ ~ 4.6 nm

GaOx thickness assessment by 
HAXPES on Al2O3/GaN structures

Al2O3 10 nm O3/H2O – GaN etched ~ 0.2 nm
Al2O3 10 nm H2O – GaN etched ~ 0.6 nm
Al2O3 10 nm H2O – GaN as-epi ~ 0.8 nm

AR-HAXPES results
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