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Abstract

Nano-Patterning with a focussed ion- or electron beam offers local removal or

deposition of material at the nanometer scale. Deposits normally contain relatively

high amounts of carbon (> 65 AT% C), but by using them as seed for atomic layer

deposition (ALD) high-purity structures can be created (< 5 AT% C). Alternatively

the successive exposure of frozen precursor layers allows the creation of true 3D

structures. The Real Time Monitor (visualizing signals generated by patterning) and

SPI mode (imaging with the SEM during FIB patterning) allow real time process

control. Finally, this maskless technique allows instantaneous changes to the design,

giving a high turnover speed and making it a promising Nano-Prototyping solution.

1 Introduction

For high volume sub-micron patterning in the micro-electronics industry, optical

lithography is the method of choice as it combines good spatial resolution with

excellent process control and processing speed. Direct write E-beam lithography

offers still better spatial resolution but suffers from the fact that patterning of a full

wafer is a sequential and, therefore, rather slow process. Nevertheless, although not a

high volume production alternative, E-beam lithography has been used

advantageously in the development phases of latest CMOS technology in which

critical dimensions are in the order of 20…30 nm.

1.1 Nano-Patterning

In other fields where nano-patterning is also important but not necessarily at a high

throughput, focused electron and ion beam techniques offer a lot of application



Proceedings of the euspen International Conference – Delft - June 2010

potential thanks to a number of unique features and capabilities: firstly, ion and

electrons can be focused into spots of only 1…3 nm, which allows applications with

spatial resolutions in the nanometer range. Secondly, the energetic and focused ions

can be used to locally remove material (FIB milling), or to locally deposit material

(by activating chemical reactions in a precursor gas, referred to as EBID = Electron

Beam Induced Deposition, or IBID = Ion Beam Induced Deposition). Thirdly, as

these techniques are all based on direct beam control no masks are required which

reduces the number of process steps and adds flexibility. Fourthly, the beams can be

used to image the result, allowing control during the process. These capabilities

combined allow developing attractive nano-patterning and nano-prototyping

strategies for Nanotechnology research in a variety of domains.

1.2 DualBeam FIB/SEM

Dual Beam FIB/SEM systems combine a SEM and FIB column in a vacuum chamber

onto which multiple gas inlets are added for in-situ chemistry. With the EBID

processes one can use these dual beam microscopes to in-situ deposit metal films (Pt,

W, Co, Fe, Au, Cu) or insulators (SiO2). As the films are deposited only locally

where the sample has been exposed to the E-beam, no further patterning steps are

required. With the FIB column one can create 3D patterns in the sample substrates or

pattern blanket films produced ex-situ on the sample substrate via methods such as

PVD, LPCVD or MBE.

2 NanoBuilder Automation

Using a FIB/SEM as described above three-dimensional nano-structures like the

examples in Figure 1 can be created. However, multiple steps are needed to create

these and the subsequent patterns must be well aligned. Automation of the application

is needed to be reliably create the desired structure in a reproducible manner. The

NanoBuilder software uses detailed information of each individual layer from CAD

files and offers automated alignment using intelligent alignment routines (e.g. only

exposing a few line scans over sacrificial fiducial markers, rather than exposing the

entire structure).
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3 Purity with ALD

While the above may suggest that a full nano-patterning and nano-prototyping

solution exists, a couple of limitations need to be mentioned as well. A first problem

is related to the EBID processes. As for most metal depositions metal-organic

precursors are used and the chemical reaction takes place at room temperature, the

purity of the as deposited films is often insufficient due to significant inclusions of

carbon in the films. To overcome this problem an innovative approach has been

developed that combines the deposition of a thin EBID based seed layer with a

selective deposition of a high purity film on top of the seed layer by Atomic Layer

Deposition (ALD).

4 Three-dimensional structures with MaxEBID

Another problem arises when structures need to be formed that include voids (e.g.

membranes, open channels) or lateral replacement of materials. As the FIB milling

process is highly anisotropic and development of in-situ isotropic etch chemistries is

not trivial, another innovative approach has been explored. This approach is not based

on milling but on repeatedly freezing a thin film of precursor gas to the sample,

selectively exposing it with electron beam patterning, followed by freezing the next

layer on top of the previous one, etc. At the end the sample is warmed up to evaporate

the non-exposed material, leaving a 3D structure. The thickness of the adsorbed film

depends on the speed of condensation and can be controlled by the flux and inlet time

of the precursor. By choosing a matching electron beam energy the film can be

exposed over its entire thickness, contacting it to the layer below. As the entire

interaction volume is inside the precursor film the exposure rate is orders of

magnitude higher than with normal EBID.

5 To be presented

In this presentation we will explain the mechanisms and the kinetics of the various

deposition methods, describe some of the essential features of new automation

software and present first results obtained with the innovative methods (a) EBID seed

layer + selective ALD film growth and (b) 3D-structuring without the need of

additional patterning steps via cryogenic precursor adsorption + e-beam based local

transformation.
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Figure 1. Nano-fluidics structure with liquid channel and heater.

Figure 2. Nano-photonics structure with centrally an optical “race-track” (left) and

detail showing 380 nm diameter holes with 20 nm placement accuracy (right). The

combination of large scale (>300 µm) and high resolution, high accuracy is a typical

challenge for photonics structures.


