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Brief Description

• Growth of metallic nanoparticles and semiconductor 

nanocrystals.

• Coupling of metallic nanoparticles and optical 

nanoantennas to devices.

• Uncooled Photodetectors based on nanomaterials.

• Performance of photodetectors and photovoltaic 

devices under the influence of plasmonic effect and 

anti-reflection coating.



Justifications

• Search for far-infrared (long wavelength) photodetectors that 

can operate at room temperature with high detectivity

(D* >1012 cm.Hz1/2/W ).

• Coupling of dissimilar materials to produce a new materials 

with enhanced properties.

• Coupling optical nanoantennas and metasurfaces to generate 

plasmonic effects, which in turn enhance the performance of the 

devices.

• Apply the new approaches to enhance the performance of solar 

cells



Objectives

• Establish a collaborative research between GJU and 

University of Arkansas.

• Investigate the effect of optical nanoantennas on the 

performance of uncooled infrared photodetectors.

• Apply the new approaches to solar cells including 

plasmonic effect and antireflection coatings.



Scope of work/Duration

Estimated Budget

Scope of work:  The scope is grow semiconductor 

nanocrystals and metallic nanoparticles to fabricate 

photodetectors and photovoltaic devices then couple 

these devices to optical nanoantennas and anti-

relfection coating for the purpose of enhancing the 

performance of the devices.

Duration:  24 months

Estimated Budget : JD 180,000



Methodology of Implementation

● Growth of semiconductor nanocrystals, such as PbSe, CdSe, 

InP, core/shell nanocrystls, and metallic nanoparticles.

● Fabricate infrared photodetectors and photovoltaic devices

● Deposit optical nanoantennas and metasurfaces on top of the 

devices to investigate plasmonic effect on the performance 

of the devices.

● Couple anti-reflection coating layers, grown by sol-gel 

method, to the devices to minimize the photons reflection 

from the surface of the devices.

● Investigate the above approaches to implement them for 

mass production of solar cells and panels. 



Expected output

● Creation of easy to follow approaches to enhance the 

performance of infrared photodetectors and photovoltaic 

devices by utilizing sol gel, and colloidal growth methods.

● Implementation of the new approaches for industrial mass 

production of solar cells. 

● Production of uncooled infrared photodetectors with 

enhance performance.

● Exchange of students and expertise between scientists and 

engineers in both Jordan and United State.

● Promote basic research activities in Jordan



Impact

• Technology transfer and the know how to universities 

in Jordan.

• Student training and exchanging in both Jordan and 

USA

• May have an impact on the solar energy industry in 

Jordan and enhance performance on the solar cells.

• May have impact on local and national economy. 



Sustainability

• It is expected that this project will lead to the writing of 

other proposals in the field of detectors and solar energy 

such that the research in nanotechnology will be sustained 

for many years to come.

• This project will generate research interests in related fields, 

such as biosensors and MEMs sensors.

• A small business company may be established to transfer the 

technology from basic research to application and 

development that could impact the local economy.



Action Plan

Material growth: The following materials growth will be used:

• MBE growth for wafers including quantum structures and dots.

• Colloidal growth of semiconductor nanocrystals and metallic 

nanoparticles.

• Electron beam lithography to design optical nanoantennas and 

metasurfaces (resonators)

• Sol-gel methods to grow nanorods and nanotubes for 

antireflection coating layers.

Device Fabrication:  Photodetectors, photovoltaic 

devices (solar cells), and sensors will be fabricated using 

the standard chemical wet etching photolithograph as 

well as dry etching ICP-RIE methods.
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Anti-reflection Coating of Solar Cells

ZnO nanorods



• Sol-gel technique is employed to synthesize metal oxide antireflection coating.

• Hydrolysis of metal precursors is carried out to form the sol gel.
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Where do we go from here?

• Apply the plasmonic and anti-reflection approaches to 

solar cells to enhance their performance.

• Utilize the nanomaterials to fabricate sensors, such as 

electrochemical sensors and biosensors.

• Utilize the nanomaterials to fabricate large area and 

high brightness LEDs for flat panel displays.



• Powering an LED Using 
GaAs pn junction solar 
cell.  

• Total area of the nine 
devices is 0.81 cm2.

• One sun AM1.5 solar 
simulator
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Biosensors:  Glucose sensor based on ZnO Nanorods



Electrochemical sensors: Glucose 

sensor  based on  ZnO Nanorods

ZnO/ITO/Glass
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Zero bias voltage

QDLED biased with 10 V

Light off      light  on
CdSe/ZnS core/Shell 

nanocrystals

NiO hole transport layer (~60 nm)

ZnO electron transport layer (~60 nm)

CdSe/ZnS QD layer (~ 20 nm)

Al/Ag cathode metal (50 nm)

FTO coated glass anode 

Schematic of a colloidal Quantum dot LED (QDLED) 

device structure with charge transport layers.
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