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1. Introduction
The future integration with MEMS, NEMS and microelectronics, as well as development of novel devices, requires functional materials to be grown in highly ordered and conformal arrays [1-The future integration with MEMS, NEMS and microelectronics, as well as development of novel devices, requires functional materials to be grown in highly ordered and conformal arrays [1-
3]. Intel recently unveiled a new 3D transistor structure (Tri-Gate) [4]. The new 3D structure allows the manufacture of smaller, faster, and lower-voltage chips and puts them into even smaller
devices. Atomic layer deposition (ALD) technology has particularly gained interest in the microelectronics nanotechnology industries because of the unique characteristics that this method
offers: ultrathin films can be deposited on a large substrate area with excellent conformality and a control of thickness and composition at the nanometer level. In this work direct deposition ofoffers: ultrathin films can be deposited on a large substrate area with excellent conformality and a control of thickness and composition at the nanometer level. In this work direct deposition of
oxides (ZnO, Al2O3) and metal (Pt) on to highly ordered anodic aluminium oxide (AAO) template materials and carbon nanotubes (CNT) is demonstrated using Atomic Layer Deposition (ALD).
The deposition of the ALD processes formed uniform and conformal coatings.

2. Experimental set-up
The Oxford Instruments Nanofab TM800Agile and FlexAL® remote plasma ALD system, described in
detail in Ref [5], was used for this work. the photographs of the systems are shown in Fig. 1 and 2. The
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detail in Ref [5], was used for this work. the photographs of the systems are shown in Fig. 1 and 2. The
FlexAL has the following features:

· Remote plasma and thermal ALD capabilities within a single system

· Enabling low temperature ALD processes by using plasma
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· Enabling low temperature ALD processes by using plasma

· Maximum flexibility in the choice of materials and precursors

· Ability to handle small wafer pieces up to 200 mm wafers

· Built-in ports for in-situ diagnostics e.g. ellipsometry, RGA, etc
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· Built-in ports for in-situ diagnostics e.g. ellipsometry, RGA, etc

Figure 1 (left), photograph of the 
Nanofab 800Agile system for growth 
of carbon nanotubes (CNT).

3.2 Measurement of ALD layers 0.60

Figure 6 growth rate and RI of ZnO vs DEZ. Dose-time
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Figure 7 growth rate of Al2O3 vs TMA. Dose-time

of carbon nanotubes (CNT).
3.2 Measurement of ALD layers 
on AAO and CNT
Spectroscopic Ellipsometry, SEM, EDS and
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Pt plasma -ALD layer on Si at 300 ?;?;?;?; C

Figure 2 (right), photograph of the 
FlexAL® system for ALD-Al2O3, ZnO and 

Platinum films

Spectroscopic Ellipsometry, SEM, EDS and
electrical measurements were performed to
characterize the ALD films. SEM (Z1-4) and
EDS cross section scanning (not shown here)
investigations show that the thermal ALD ZnO
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2.1 Anodic Aluminium Oxide (AAO) templates

Platinum films investigations show that the thermal ALD ZnO
layers are conformal and uniform in AAO.
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2.1 Anodic Aluminium Oxide (AAO) templates
AAO templates (see Figure 3) possess very regular and highly anisotropic porous structures with pore
diameters ranging from below 10 to 200nm, pore length from 1 to 50µm, and pore densities in the Figure 8 growth rate of plasma ALD Pt films/Si vs dose-time
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diameters ranging from below 10 to 200nm, pore length from 1 to 50µm, and pore densities in the
range of 109-1011 cm-2. The pores have been found to be uniform and nearly parallel, making the AAO
ideal templates for the deposition of nanometer-scale tubes/fibres.

Anodization was conducted under constant cell potential in aqueous solution as electrolyte. Al serving

Figure 8 growth rate of plasma ALD Pt films/Si vs dose-time

3.2-1 Thermal ALD ZnO in AAO template
AAO 70nm pore -diameter, 70 µm; ~23nm ZnO deposition; ~24nm gap left.

Z-4Z-3

as anode and exposed to the acid in a thermally isolated electrochemical cell (See Figure 3 left).
AAO 70nm pore -diameter, 70 µm; ~23nm ZnO deposition; ~24nm gap left.

Z-1 Z-2

Figure 9 SEM of top-view of ZnO coated AAO (Z-1, left) and Cross section of ZnO-AAO (Z2-Z4, right). 
The thermal ALD ZnO layers are conformal and uniform in AAO.

Near top Near bottom

Figure 3 schematic of electrochemical cell 
and AAO template

Figure 4 SEM of top-view and cross-section of an AAO 
template (ISSP)

The thermal ALD ZnO layers are conformal and uniform in AAO.

3.2-2 Plasma ALD Pt on CNT
Figure 10 (left), SEM and EDS (inset) 

2.2 Carbon Nanotubes (CNT) 
PECVD tool (Nanofab 800Agile system, see Fig.1)

Figure 10 (left), SEM and EDS (inset) 
of CNT with diameter of 45nm and 
AR=40 grown by the 
Nanofab 800Agile

PECVD tool (Nanofab 800Agile system, see Fig.1)
was used for the synthesis of carbon nanotubes. This
work has shown that aligned carbon nanotubes have
been formed with the plasma generated from radio
frequency.

Figure 11 (right), SEM and EDS 
(inset) of CNT coated with 25nm 

plasma ALD-Pt layers, which shows to 
deposit films on to CNTs without the 
need for any pre-deposition surface CNT Pt/CNT

frequency.

3.2-3 Formation of Al 2O3/Pt nanotubes by removing CNT

need for any pre-deposition surface 
functionalization.

Figure 5 SEM of carbon nanotubes (CNT), using C2H2
and NH3 mixtures as the precursor. The plasma 

generated from RF generator.

3.2-3 Formation of Al 2O3/Pt nanotubes by removing CNT

Figure 12 (top), SEM and EDS of CNT coated with 5nm Al O Figure 13 SEM and EDS of the coated CNT after 700oC 

3. Experimental Results and Discussion
The oxides (ZnO, Al2O3) and a metal (Pt) films were grown by both thermal and remote plasma ALD

Figure 12 (top), SEM and EDS of CNT coated with 5nm Al2O3
and 20nm Pt layers by ALD.

Figure 13 SEM and EDS of the coated CNT after 700oC 
oxidation, which shows that most of CNTs have been removed 
and formed Al2O3/Pt nanotubes.

3.1 Growth rates and refractive index of ALD films used

2 3
using DEZ, TMA and MeCpPtMe3 as the metal precursors, respectively. The ALD films with a
thickness range from 10 to 20nm have been deposited onto AAO templates and CNT.

4. Summary 
Direct deposition of oxides (ZnO, Al2O3) and metal (Pt) on to highly ordered anodic aluminium oxide
(AAO) template materials and carbon nanotubes (CNT) is demonstrated using ALD processes.

3.1 Growth rates and refractive index of ALD films used
The growth rate of 1.90 Å/cycle for thermal ALD ZnO with refractive index of 1.938 was obtained at
150oC (Fig. 6). The growth rate of 1.02 Å/cycle for plasma ALD Al2O3 was obtained at 200oC (Fig. 7).
Platinum films were grown using plasma-ALD at 300oC. The growth rates of 0.43-0.45 Å/cycle were (AAO) template materials and carbon nanotubes (CNT) is demonstrated using ALD processes.

1) Thermal ALD was employed to deposit ZnO onto AAO templates. SEM and EDS data show that the 
thermal ALD ZnO layers are conformal and uniform in AAO.

2) Remote plasma enhanced ALD was employed to directly deposit on carbon nanotubes. The 

Platinum films were grown using plasma-ALD at 300oC. The growth rates of 0.43-0.45 Å/cycle were
obtained (Fig. 8), which is comparable to that of thermal ALD. Based on the growth rate data,
thickness of the deposited ALD layers onto AAO and CNT can be estimated.

2) Remote plasma enhanced ALD was employed to directly deposit on carbon nanotubes. The 
deposition of Al2O3 and Pt with uniform and conformal coating indicated:

(a) The plasma ALD technique appears to have enough activation energy to deposit films on to 
CNTs without the need for any pre-deposition surface functionalization.
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The effect of high-temperature oxidation of CNT coated with Al2O3 and Pt by the ALD process was 
also investigated. The results show that the formation of Al2O3 and Pt nanotube whereas 

EDS showed that very little carbon was detected, implying that CNT can be a good sacrificial  
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EDS showed that very little carbon was detected, implying that CNT can be a good sacrificial  
template. In general, the combination of ALD techniques and template-based synthesis can be used 
with potential applications for the semiconductor and nanotechnology industry. 
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