
▪ with optimized ALE parameters all 
four modes showing same high etch 
quality

▪ time reduction of 60 % by employing 
the continuous plasma mode
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Introduction

Atomic Layer Etching (ALE) is supposed to fulfill the prospective 
demands of more precise etching rates and lower damage (i. e. 
roughness). In addition, reducing the cycle time for ALE process 
affecting the raw process time and thereby the processing costs 
and the sustainability.

Experimental details

◼ goal: evaluating the limits of time reduction for ALE of Al0.25Ga0.75N/GaN
heterostructures without compromise etch quality 

◼ comparison of 5 different ALE modes: (1) full-purge, (2) half-purge, 
(3) purge-free, (4) continuous plasma and (5) bias-pulsing

◼ evaluation of the etch results by AFM and XPS measurements

◼ gate recess variation of HEMT devices → shifting threshold voltage towards 
positive values
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(2) half-purge,

EPC 0.2 nm
0.3 nm (RMS)

(3) purge-free, 

EPC 0.2 nm
0.4 nm (RMS)

(4) continuous plasma, 
EPC 0.2 nm 

0.4 nm (RMS)

(5) bias-pulsing, 

EPC 0.3 nm
0.4 nm (RMS)

◼ bias-pulsing mode show slight chlorine contamination

◼ EPC increased for bias-pulsing mode → no self-limitation during the removal step → „quasi“ ALE process 
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◼ modification by separated gas chemistry 

in continuous plasma 

◼ removal of modified layer by accelerated 

low energy Ar ions

◼ modification by unseparated gas chemistry 

in continuous Cl2/BCl3/Ar plasma

◼ removal of modified layer by accelerated 

Ar/Cl2/BCl3 ions using pulsed RF bias 

◼ half-purge: ALE window from 21 - 27 V

◼ 24 V defined as standard recipe bias

◼ Vth shifts towards positive 
gate bias, showing no 
significant increase of 
leakage current and 
constant saturation current

◼ gate recess below 
Schottky contacts of 
HEMTs by using half-
purge ALE mode

▪ “quasi” ALE mode due to the lack of
self-limitation during the removal step

▪ chlorine contamination at the surface

▪ successfully applied half-purge ALE 
process for Gate recess etching of 
AlGaN/GaN HEMT

▪ linear relationship between Vth and 
etch depth of fabricated HEMT 
devices

▪ in a former study we successfully 
shifted the Vth towards positive 
values, achieving an enhanced-
mode HEMT by using a purge-free
ALE mode 1

Summary
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