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Results: ZnO characterization 

 Growth of ZnO and SiO2 thin films (~ 250nm) was performed using a 
Magnetron Sputtering deposition system at temperatures  ranging 
from 25oC to 300oC. 

 Electron properties were optimized with respect to growth 
temperature, reactor pressure and DC plasma power (silicon dopant) 

Optical and structural properties of the basic ZnO and SiO2 films were 
measured as well  

Introduction 
 Solar panels are ensembles of solar cells 

that convert solar light into electricity.  
During the operation, the temperature of 
the solar panel can reach as much as 
900C. With each degree centigrade the 
conversion efficiency of the solar 
generator decreases  by 0.46%. Thus, in a 
hot summer day, the power generated 
can decrease by as much as 30%.  

 The metamaterial that we propose is a 
robust, thin film structure that has the 
ability to reflect near infrared heat 
radiation (NIR) with λ>1,127nm while 
transmitting more than 90% of the visible 
light intensity. 

  The ability to reflect NIR and transmit 
selected wavelength rage is obtained 
through the field-enhanced electron 
concentration of moderately doped 
metal oxide thin films.  

 Solar panel’s glass covered with this thin 
film can achieve the radiative cooling of 
the solar cells without interfering with 
the photon conversion into electricity.  

Methods & Materials  

 Sputtering was selected as the deposition 
method due the simplicity and scalability 
of the process and equipment.  

 

 

 

 

 

 Materials for deposition have been 
selected to allow the fabrication of 
conductive and insulating films  that are 
chemically inert and transparent.  

 Zinc (Zn) targets and oxygen are used to 
synthesize ZnO films. ZnO is a wide band 
gap material (Eg = 3.4 eV) and typical 
films exhibit N-type conduction.  The 
conduction is further improved through 
doping with silicon – an efficient double 
donor in ZnO.  

 Insulating and transparent films are 
fabricated using SiO2. The silicon is 
obtained from a B-doped silicon target. 

Conclusions 
 Field effect devices have been fabricated 

and tested. 
 Characterization techniques such as: 4-

point probe measurement, Hall effect 
measurement, Rutherford Backscattering 
(RBS), X-ray diffraction (XRD), Scanning 
Electron Microscopy (SEM), Transmission 
Electron Microscopy (TEM) and 
Secondary Ion Mass Spectroscopy (SIMS) 
have been performed.  

 Electrical and optical characterization 
demonstrate the synthesis of state-of –
the-art materials with properties suitable 
for the fabrication of opto-electronic 
devices. 

 Currently work is being performed for the 
analysis of the electrical properties of the 
device layer stack using Tunneling Atomic 
Force Microscopy (TUNA). 

 The next step of our work concerns the 
optical characterization of the device, 
with applied bias, and will be done on 
optimally insulating structures. 
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Results: SiO2 characterization  
 SiO2 is a wide band gap (9.1 eV) insulator that separates the ZnO 

conductive films. Besides high transparency these layers have to 
exhibit a smooth and continuous – no pit holes – structure.  

Concept 
 Intrinsic optical properties of a material are determined by three basic physical processes : electronic 

transitions , lattice vibrations , and  free-carrier effects. 

 Transparent Conductive metal Oxides (TCO) are typically n-type degenerate semiconductors with 
high transparency (T>85%) in the near ultraviolet and visible part of the solar spectrum. Their optical 
properties are strongly influenced by the density of the free-carriers, and the density of lattice 
defects. The reflectivity threshold approaches shorter wavelengths with increasing electron density. 

 A layered structure that operates in a manner similar to a Field Effect Device is fabricated at the inner 
surface of the glass. ZnO:Si films form transparent electrodes as well as the electron source film in 
the middle. When bias is applied across the outer electrodes the free electrons of the intermediate 
layer are forced into a narrow region by the electric field established between electrodes. Thus the 
electron density can be controllably increased by more than 100 times.   
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 For the fabrication of the FED structure, a shadow-mask is used 
during the growth such that the bottom electrode remains accessible 
for measurements at the end of growth. The structure edges are 
etched with H2O2 to remove the shorting paths. 

 For the initial tests, structures with a thickness that is twice the 
optimal with respect to transmittance were fabricated, to minimize 
the likelihood of electrical shorting through pin holes 

Results: Field Effect Device 

SG54: SiO2/glass  Growth Power: 300 W SG55: SiO2/glass  Growth Power: 200 W 

SiO2 structure 
investigated by 

Scanning Electron 
Microscopy (SEM) 

 
cross-section views  

TEM image indicating 
that the ZnO material 
has an amorphous 
structure 

XRD long-scans indicating that the silicon doping 
induce the formation of ZnO crystal grains, 
departing from the amorphous structure 
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Field-enhanced near-Infrared reflecting device  
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Solar panels are ensembles of solar cells that convert solar light into electricity.  During the 

operation, the temperature of the solar panel can reach as much as 900C. With each degree 

centigrade the conversion efficiency of the solar generator decreases by 0.46%. Thus, in a hot 

summer day, the power generated can decrease by as much as 30%.  

Therefore the development of a versatile and robust, metamaterial that can reflect near 

infrared heat radiation (NIR) in the range 0.7-2.5 µm while transmitting more than 90% of the 

visible light intensity is highly desirable. Metal oxides can be used to manage the light 

reflectance over the long wavelength range. However, to obtain high reflectivity starting at 

shorter wavelengths, the doping concentration of the metal oxide has to be increased above 

the level of 1x1021/cm3. At these concentrations the dopant incorporates not only 

substitutionally but large amounts will also be found interstitially. Interstitial dopants have 

been shown to produce carriers with heavier effective mass, decreased mobility, and deeper 

donor states that significantly decrease the transmittance. Ultimately substitutional dopants 

degrade the crystallinity of the host material, generating compensating defects that limit the 

achievable carrier density.  

The metamaterial that we propose is a robust, thin film structure that has the ability to reflect 

near infrared heat radiation (NIR) with λ>1.1 µm while transmitting more than 90% of the 

visible light intensity.  To circumvent the need for excessive dopant incorporation we have 

designed a structure that alternates insulating and conducting layers of silicon dioxide (SiO2) 

and silicon doped zinc oxide film (ZnO:Si). This structure is deposited by magnetron sputtering 

from Si and ZnO targets at low temperature. The ability to reflect NIR and transmit selected 

wavelength rage is obtained through the field-enhanced electron concentration of the 

moderately doped ZnO thin film at the dielectric/ZnO:Si interface.   

Solar panel’s glass covered with this thin film can achieve the radiative cooling of the solar cells 

without interfering with the conversion into electricity of the photons with wavelengths shorter 

than 1.1 µm.  
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