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Electrospray [1][2] is a bottom-up technique used to deposit nanoparticle layers for nanostructure construction [3][4]. Ordered
nanoparticle structures have demonstrated to exhibit interesting metamaterial properties [5][6]. However, the typical area
achievable with current techniques (bellow 1cm2) is still a bottleneck for some applications. The aim of this work is to achieve a
deposit area of up to 25cm2, maintaining the quality of the resulting structure while keeping the required deposit time low. We
present two different approaches for the enlargement of the deposited area. The first approach incorporates a metallic guard ring
on the same plane as the needle nozzle achieving an area of 7.5cm2. The second approach uses four needles and reaches 25cm2.
COMSOL simulation, SEM/FIB characterization and optical reflectance measurements of both set-ups were performed in order to
analyze the quality of the resulting metamaterial.

Improving and scaling-up the area of electrosprayed 
nanoparticles deposit
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Conclusions
We presented two different approaches for the enlargement of the deposited area of polystyrene nanoparticles using Electrospray. One approach was the 
addition of a metallic guard ring situated at the same height as the needle nozzle. The second approach was using a four-needle matrix. SEM/FIM 
characterization showed that both approaches achieved good 3D ordered nanostructures, and optical measurements showed peak reflectance at 700nm 
as expected. Nevertheless, only the four-needle approach allowed to obtain the desired area of 25cm2. The ability to scale-up the area of electrospray 
deposits opens a door for the development of colloidal nanostructures for nanophotonic applications.
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COMSOL simulations
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Optical measurements:

Abstract

• First approach of a needle with a metallic guard ring, the
reflectivity shows a peak of 95.6% at approximately 700nm in two
different points on the sample.

• Second approach, reflectivity also has peaks at 700nm: one
measured on a sample's central point, with a reflectivity of 85.3%
and great concentration of nanoparticles, and a second of 91.4%
and lower concentration.

• This result is consistent with theoretical calculations carried out
using the plane wave expansion method.

SEM/FIB Characterization

Reflectance measurements: 1needle with guard ring (first 
approach), four-needle matrix (second approach) 

Electrospray Set-up: a) one needle with a 
metallic guard ring, b) 4-needle matrix Experimental conditions in the electrosprays depositions

Electric field lines:

• a) One single needle with a metallic guard ring. Analyze of the applied
polarization to the guard ring leads to an optimal applied voltage of -3kV
at the ring, 6kV at the needle, and ground at the substrate.

• b) Four needle matrix. The needles were biased at 6kV and the substrate
at 3kV.

Four needle matrix  
sample’s FIB drilling

Experimental

One single needle with a metallic 
guard ring sample’s surface

a) b)

• a) One needle and a metallic guard ring on the same plane as the needle reached a 
deposited area of 7.5cm2.

• b) Matrix of four-needles instead of one needle and no guard ring, achieving the proposed 
area.

Electrospray 
System

Deposition conditions

Voltage [V]
Flow rate 

[ml/h]
%HR

Distance 
[cm]

Deposition 
time [min]

Drying time 
[min]

Area [cm2]

One needle 
with a  guard 

ring

2850
2 50 6 10 30 7.5

-850

4-needle matrix
10000

4 40 7 15 40 25
-3500


