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 Introduction

The aim of this paper is to present the development of novel 
solar cells which employ alkali metals as key photoactive 
material to directly convert photons of light into electricity. 

Alkali metals possess the unique property among all the 
other elements in the periodic table of being able to be 
ionized by photons of visible light, which is the reason why 
they are the key component in photocathode-photomultiplier 
technology for high efficiency light detection.
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 Introduction

There has been an active search for cost effective 
photovoltaic devices since the development of the 
first Silicon solar cell in the 1950s.
 In conventional solar cells, electron-hole pairs are 

created by light absorption in a semiconductor, with 
charge separation and collection accomplished under
the influence of the internal electric field of a p-n 
junction.
 Here we propose a novel photovoltaic device 

structure in which photon absorption instead occurs
in an ultrathin alkali metal layer (photocathode) and 
where photoexcited electrons travel through a tunnel 
junction to reach a high work function metal layer 
(anode) and thus induce a photocurrent output.

Arnaldo Galbiati, admin@solaris-photonics.com
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The proposed devices will make use of:

 1) an ultra thin (<30 nm)  highly photoemissive alkali layer       
    (Photocathode) for electron emission under light.

 2} an ultra thin layer (<5 nm) of semiconducting or insulating  
     material (Tunnel Junction) for charge separation.

 3) a metal electrode with a high work function to collect the     
     photoemitted electrons (Anode).

 When the light will strike at the detector it will liberate 
electrons from the photocathode which will be 
instantaneously driven (due to the internal electric field 
created by the difference in the work functions) towards the 
positive electrode contact and induce an electric current in 
the device. 
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 Internal Photoelectric Effect: p-n junction

Arnaldo Galbiati, admin@solaris-photonics.com

http://upload.wikimedia.org/wikipedia/commons/d/d6/Pn-junction-equilibrium.png

http://en.wikiversity.org/wiki/File:Photoelectric-E.PNG

Silicon Band-Gap: 1.1 eV
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 Photoelectric Effect: External

 Arnaldo Galbiati, admin@solaris-photonics.com

Albert Einstein , "On a Heuristic Viewpoint Concerning the Production and 
Transformation of Light",Annalen der Physik 17, (1905) pp. 132–148

 It is possible to 
remove electrons from 
any surface if photons 
have energy higher 
than the work function 
of the material:

½mv2 = hν ν ν ν - W
W=Work Function
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Parent Technology (1): Vacuum Alkali Photocathodes 

Employed as high sensitivity light detectors are able to 
directly convert visible light into electrical current with the 
highest quantum efficiency per volume of any material.

Arnaldo Galbiati, admin@solaris-photonics.com
Elster and Geitel, “On the discharge of negative electric bodies by sun and daylight”, Ann.

Physik, Vol. 38, pp. 497-514, 1889
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 Photocathode Layer Quantum Efficiency
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Electron Emission from Photocathode

The three main processes of the photocathode are [Spicer]:

1. absorption of a photon and transfer of energy to an electron     
    within the photoemissive material

2. migration of that electron to the surface

3. escape of the electron from the surface of the photocathode

 The energy that can be transferred from the photon to an 
electron in the first step is given by the quantum energy of the 
photon hv. 

 In step 2, some of the energy is lost through electron-electron 
interaction in the migration process. 

• In step 3, there must be sufficient energy left for the electron to 
overcome the inherent potential barrier (the work function) that 
exists at the interface between the material and vacuum.  

Arnaldo Galbiati, admin@solaris-photonics.com

Spicer, Modern Theory and Applications of Photocathodes, SPIE 

1993 InternationalSymposium, San Diego 1993, 
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Parent Technology (2): Schottky Photodiode 

The Schottky barrier photodiode is formed at a junction 
between a thin (< 20 nm) transparent and conducting gold 
metallic layer and a semiconductor. [see Wilson and Hawkes, 
p. 334].

Arnaldo Galbiati, admin@solaris-photonics.com
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Parent Technology (3): 

Metal-Insulator-Metal (MIM) tunnel diodes 

High-performance metal-insulator metal (MIM) diodes control 
quantum mechanical tunneling through an ultrathin dielectric. 
Such diodes are the basis for alternative approaches to 
conventional thin-film transistor technologies for large-area 
information displays, [ 1 , 2 ] various types of hot electron 
transistors, [ 2–6 ] ultrahigh speed discrete or antenna 
coupled detectors, [ 7–14 ] and optical rectennas. [ 15 ]

Arnaldo Galbiati, admin@solaris-photonics.com

  Cowell et al., Advancing MIM Electronics Adv. Mater. 2011, 23, 74–78
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Ohmic Contacts / Volta Effect

High Work Function Metal → Electron Extraction
                              (“Hole Injection”)

 e-
                               e-

Low Work Function Metal  → Electron Injection
                                                  (“Hole Extraction”)
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 Gain Mechanism (1): Impact Ionization
 Avalanche Breakdown
 ZENER DIODE

Avalanche breakdown occurs when the electric field across a 
junction has become so large that an electron can gain enough 
energy to break a bond when it collides with a lattice atom. 
Physically this means that the electron can ionize an atom (promote 

an electron from the valence to the conduction band) and generate 
an electron-hole pair.
The electron-hole pair is now itself accelerated, generating more 

electron-hole pairs in the process.
In a Zener diode the p-n junction is highly doped →  the depletion 

width becomes small → a very high electric field at the junction →
only very small increase in the Voltage → electrons are directly 
removed from their valence bonds. Arnaldo Galbiati, admin@solaris-photonics.com



  

A Novel Ultra Thin Film Photovoltaic Technology with Alkali 
Metal Active Region

_________________________________________
Parent Technology (4): Photoconductors-Photocells
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http://www.radio-electronics.com/info/data/resistor/ldr/light_dependent_resistor.php

http://www.octsensors.com/cds/p6-12.htm
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 Gain Mechanism (2): Photoconductive Gain

A photoconductive detector consists of a sample of 
semiconducting material fitted with two injecting contacts (or 
“ohmic” contacts) at opposite surfaces.
When a voltage is applied, a measurable current flows (the 

equilibrium current) determined by the free carrier 
concentrations.
The free carrier concentration will be increased by irradiating 

the device with light (or any other type of ionizing radiation) 
resulting in an increase in the material conductivity.

The induced photocurrent is ∝ ∝ ∝ ∝ energy deposited.
With true injecting contacts every electron that exit one 

contact is replaced by the injected electron that enters 
through the opposite contact [R.H. Bube, Photoconductivity 
in Solids].

Arnaldo Galbiati, admin@solaris-photonics.com
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 Gain Mechanism (1): Photoconductive Gain

Photocurrent/Photonductive gain is*:

                  carrier mobility x carrier  lifetime x  E-field
 Gain =      ____________________________________

                                Thickness

  Carrier mobility x carrier lifetime = µµµµ ττττ   product

•* [R.H. Bube, Photoconductivity in Solids].
•

Arnaldo Galbiati, admin@solaris-photonics.com
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 Gain Mechanism (1): Photoconductive Gain

For a typical c-Si solar cell the gain is *:

                  1500 cm2 V-1 s-1  x 10-8 s  x  20 V cm-1

 Gain =      _______________________________ = 0.01

                                0.03 cm

  Carrier mobility x carrier lifetime = µµµµ ττττ   product

•* [R.H. Bube, Photoconductivity in Solids].
•
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 Gain Mechanism (1): Photoconductive Gain

For a typical c-Si solar cell the gain in the depletion 
region is *:   G= µµµµ τ Ε τ Ε τ Ε τ Ε W-1

               1500 cm2 V-1 s-1  x 10-8 s  x  7*10+3 V cm-1

 Gain =   __________________________________ = 1050

                                0.001 cm

  Carrier mobility x carrier lifetime = µµµµ ττττ   product
  

* [R.H. Bube, Photoconductivity in Solids].
•
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 Gain Mechanism (1): Photoconductive Gain

For the ultra thin film alkaline solar cell, 

choosing CdS layer (2.2 nm) with µµµµ
e
ττττ

e
 = 5·10-7  cm2 V-1 [1]:   

                      5·10-7  cm2 V-1  x  5·10+6 V cm-1

Gain =   ______________________________ = 10+7

                                2.2·10-7 cm

  Carrier mobility x carrier lifetime = µµµµ ττττ   product
   Electric field = Ε   Ε   Ε   Ε   Thickness= W                    ([2] G= µµµµ

e
τ Ε τ Ε τ Ε τ Ε W-1)

[1] Gu et al. Nano Lett., 2006, 6 (5), pp 948–952     [2] R.H. Bube, Photoconductivity in Solids
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 Gain Mechanism (1): Photoconductive Gain

For the ultra thin film alkaline solar cell, 
choosing a-Si:H layer (2.2 nm) with µτµτµτµτ = 10-7  cm2 V-1 [1]:    

                      1·10-7  cm2 V-1  x  5·10+6 V cm-1

Gain =   ______________________________ = 2·10+6

                                2.2·10-7 cm

  Carrier mobility x carrier lifetime = µµµµ ττττ   product ([2] G= µµµµ
e
τ Ε τ Ε τ Ε τ Ε W-1)

   Electric field = Ε   Ε   Ε   Ε   Thickness= W
[1] H. Okamoto et al,. J. Appl. Phys. 

54

, 3236 (1983)     [2] R.H. Bube, Photoconductivity in Solids

•
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 Alkali Photocathode Layer Quantum Efficiency

/wwwphysics.ucsd.edu/neurophysics/lab/Hamamatsu_R6357_PMT.pdf

Cathode Radiant sensitivity is the 
photoelectric current  from the 
photocathode, divided by the incident 
radiant power at a given wavelength, 
expressed in A/W (amperes per watt)

 The radiant sensitivity at 300 to 700 nm :

                  ~ 70 mA / W
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 Ultra Thin Film Alkaline Solar Cell Efficiency:

 The applied voltage is the difference between the work functions of the 
metal electrode layers: 1 Volt (for W

f
 of K → 2.2 eV and Zn →3.2 eV)

With a tunnel junction thickness is 2.2 nm

 The corresponding electric field  is  5·10+6 V cm-1

 With input photocurrent from the alkali layer:  ~ 70 mA / W

And tunnel junction material with  µτµτµτµτ = 5·10-7  cm2 V-1

The theoretical photoconductive Gain = 10.000.000 = 10+7

Therefore the output current = 7·10+5  A/W

And an efficiency >> 30%
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 Ultra Thin Film Alkaline Solar Cell Efficiency:

Clearly in real devices the enormous amount of current would be destructive

Therefore the gain has to be decreased to a value 10-100 

with a current output of  0.7 A/W to 7 A/W → ~30% to 300% efficiency

(c-Si ~ 0.3 A/W at ~15% efficiency) 

This can be done by reducing the applied voltage →  the difference between 

the work functions of the metal electrode layers.

With a tunnel junction thickness larger than 2.2 nm

 And corresponding electric fields <  5·10+6 V cm-1

 With less input photocurrent from the alkali layer:  < 70 mA / W

And tunnel junction material with  µτµτµτµτ < 5·10-7  cm2 V-1
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 Conclusions:

A novel photovoltaic technology has been 
proposed that can exhibit an efficiency higher 
than 100%.

The new devices stem from current 
technologies and are easy to fabricate and 
cheaper.

This opens the way for a much cheaper type of 
solar cells: the “Alkaline Solar Cells”

THANK YOU
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CIGS Thin Film Solar Cells
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Manufacturing Steps c-Silicon Solar Cells
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Manufacturing Steps Novel “Alkaline Solar Cells”
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 Photocathode Layer Quantum Efficiency
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