
Coating of ultra-high aspect ratio substrates
utilizing new stop-flow ALD reactor

Emma Salmi (PhD), Markus Bosund, Mikko Söderlund (Dr. Tech.)







Outline

• Introduction

• Results

– In-house built test structure

– Lateral high aspect ratio (LHAR) structure

– Al2O3 on nanotubular TiO2

• Conclusions

11/23/2016© Beneq 2016 4



Introduction – Motivation 

• Conformal thin films in 
high aspect ratio (AR) 
structures

→ Atomic layer deposition

• Increasing demands

– Higher AR

– More challenging 
materials

→ New technical solutions 
needed
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𝐻 = 1.4 × 10−5

𝑆𝑆𝑖𝐶𝑙4 = 10−8

𝐻 = 1.4 × 10−5

𝑆𝑇𝑀𝐴 = 1 × 10−3

• Reaction controlled 

– Precursors diffuse along the 
length of the tube prior to reaction

• Diffusion controlled

– Reactive sites fill approximately in 
order from the entrance

Introduction – Theory 
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Introduction – Theory 

• When the system is diffusion controlled

– Exposure required to conformally coat a HAR surface
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𝑃𝑡 = 2.3 × 10−7𝑚1/2Γ
𝐿

𝑑
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Introduction – Methods
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Constant flow Reduced flow Stop-flow

Precursor consumption High Intermediate Low

Conformality in 
ultra-high AR

Challenging Enabled Enabled

Conformality with low 
sticking coefficient 
precursors

Challenging Enabled Enabled

Control of allowed 
diffusion time

Challenging
Prolonged, with risk

of back diffusion
Full

Pressure Constant Increasing Adjustable

• Comparison of methods used for conformal deposition onto HAR 
structures



Introduction – The Beneq solution

• Beneq HAR module
– Available for existing and 

new TFS 200 systems

– Isothermal conditions
• Minimum risk of

– Condensation

– Powder

– Leaking valves

– Temperature specs up to 
300 °C 
• Near future upgrade for 

450 °C

– Diffusion (/reaction) time 
not restricted
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Results – In-house built test structure
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Results – LHAR structure

• Al2O3

– Growth up to 3000 µm length

→Aspect ratio 1:3000
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1:51:2.5



Results – LHAR structure 

• TiO2

– Growth up to 2000 µm length

→Aspect ratio 1:2000
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1:5



Results –Al2O3 on nanotubular TiO2
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Bottom diameter 

170.7 ± 27.8 nm

Aspect ratio 1:1088

Thickness

• Middle 38.8 ± 4.0 nm

• Bottom 39.8 ± 5.7 nm

Near top

Bottom

J. Prikryl et al. AVS-ALD 2016, 19.7.2016, Ireland 



Bottom diameter 

76.9 ± 5.2 nm

Aspect ratio 1:1105

Thickness

• Middle 34.2 ± 3.6 nm

• Bottom 35.5 ± 2.5 nm
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Middle

Results –Al2O3 on nanotubular TiO2

J. Prikryl et al. AVS-ALD 2016, 19.7.2016, Ireland 



Conclusions

• Stop-flow
– Conformal ALD enabled 

into ultra-high AR 
structures

– Problems with continuos 
flow and reduced flow 
solved

• Beneq HAR module 
available for existing and 
new TFS 200 systems
– Isothermal conditions

– Temp up to 300 °C

– Proven performance to AR 
1:3000 
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