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Abstract  —  We present a novel photovoltaic cell architecture 

based on the electric field effect that controls carrier 
concentration in semiconductors using screening-engineered 
nanostructured electrodes. The device operates in inversion mode, 
with a top gate that forms a depletion layer and a p-n junction, 
and with nanostructured electrodes that collect the photocurrent 
across the junction. This architecture does not require any doping 
process or a heterojunction, opening an alternative path to 
fabricate cells on hard-to-dope materials such as oxides or 
phosphides. As a proof of concept, we present a field effect solar 
cell made of Si. To demonstrate the potential of this configuration 
for alternative materials, we also present a field-effect solar cell 
made of cuprous oxide, which has a favorable band gap but that 
is difficult to dope. We control the behavior of the devices with 
the gate voltage that forms an inversion layer and hence a 
rectifying p-n junction.  
 
Index Terms — nanostructures, photovoltaic cells, solar energy,  

cuprous oxide, field effect 

I. INTRODUCTION 

One of the main goals of sustainable energy technology is to 
achieve low cost and large scale energy from solar cells. A 
promising route is the use of low cost and earth abundant 
materials besides conventional silicon. Actually, it has been 
claimed that materials such as copper oxides and sulfide, zinc 
phosphide and iron sulfide can potentially produce more 
photovoltaic energy and at lower cost than crystalline silicon 
[1]. However, so far the efficiencies achieved from these 
materials have not matched the performance of Si or GaAs 
solar cells.  
 
Most solar cells are based on p-n either homojunctions or 
heterojunctions. The most common material for homojunctions 
is Si, requiring an implantation process to create a p-n 
junction. In the case of heterojunctions, two materials with 
natural “p” and “n” doping are employed, such as “p” CdTe or 
CIGS and CdS as “n” material. The main limitation for 
homojunctions is the doping implantation process that is well 
controlled only for few semiconductors such as Si or GaAs. 
However, for other materials the doping process is still not 
well controlled. For heterojunctions, the main limitation is the 
quality of the interface between the two materials. Lattice 

mismatch and defects at the junction interface can produce 
recombination sites and affect the performance of the cell. 
 
In this paper we present a novel configuration based on the 
field effect in semiconductors using a gate to control the 
carrier concentration in the semiconductor. This configuration 
does not require any doping implantation process or the 
formation of a semiconductor heterojunction between two 
different materials. This removes two main limitations for 
making solar cells with non-conventional materials from the 
semiconductor industry. We describe the configuration for 
field effect solar cells using a gate and screening-engineered 
nanostructured electrodes to collect the photocurrent [2].We 
also present a proof of principle of this configuration using 
conventional Si. As a new route for abundant materials, we 
present a field effect solar cell using cuprous oxide. 

II. FIELD EFFECT SOLAR CELLS PRINCIPLE 

Field effect solar cells were first demonstrated in 1979 based 
on the field-effect transistor (FET) principle [3]. However, the 
devices had a fast degradation at the insulator [4]. In this work 
we use a novel configuration for field effect solar cells based 
on screening-engineered nanoelectrodes demonstrated by 
Regan et al [2]. The principle of the field effect solar cells is 
shown in Figure 1. In a conventional FET, an inversion carrier 
layer is formed at the semiconductor-insulator interface when 
the gate voltage is above the threshold value. This forms a p-n 
junction and a conduction channel in the semiconductor 
without any doping or heterojunction (Figure 1.a). For a solar 
cell, this principle can be used by adding top and bottom 
electrodes to obtain a current across the junction (Figure 1.b). 
However, a fundamental issue is that the top electrode should 
not screen the gate field. To avoid such screening, we use 
nanostructured electrodes narrower than the depletion width of 
the semiconductor that allow a continuous depletion layer in 
the semiconductor under the nanostructured electrodes (Figure 
1.c). If the electrodes are wider than the depletion width, then 
no inversion layer and hence no p-n junction will be formed 
under the nanostructured electrodes to separate charges.  
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Fig. 1. Field effect solar cell principle (cross sections). a) Field effect 
in a semiconductor device in inversion mode, creating a junction 
under the gate dielectric. b) In a solar cell, top  and bottom electrodes 
are added to extract the photocurrent across the p-n junction. To 
prevent the screening of the field, the nanostructured electrodes 
should not be wider than the depletion width in the semiconductor. c) 
Depleted region under the top electrodes when VG≈Vth. 

III. PROOF OF PRINCIPLE WITH SILICON 

Figure 2 shows the results for a field effect solar cell made out 
of Si as a proof of the concept for solar cells described in Fig 
1. It is based on a p-type Si wafer with NA~1x1016 cm-3 with 
250 nm wide Al nanostructured electrodes. The gate dielectric 
is 150 nm SiO2 and a thin gate electrode of Cr/Au. As shown 
in Fig. 2, as VG increases the photocurrent increases. When VG 
increases, an inverted n- layer is formed under the gate 
dielectric forming a rectifying p-n junction. At VG=3.2 V the 
efficiency is 1.4% with AM 1.5 illumination. 
  

 
Fig. 2. I-V characteristics of a Si field effect solar cell showing the 
rectification due to induced p-n junction as gate voltage is increased 
forming an ‘n’ inversion layer in a ‘p’-silicon chip.  

IV. CUPROUS OXIDE CELLS 

 The same principle was applied for a Cu2O solar cell made by 
reactive sputtering deposition with a copper metallic target 
with an oxygen flow. The fingers are made of Au, the gate 
dielectric is evaporated SiO2 and the gate contact is sputtered 
ITO. Figure 3.a and 3.b show such a device with the 
nanostructured electrodes (nanofingers). The sputtered Cu2O is 
p-type with a hole concentration ~NA~2x1016 cm-3 as measured 
from capacitance/gate voltage measurements. The rectifying 
behavior is shown in Fig 3.c. When VG=0, there is no 
photocurrent due to an ohmic contact between the 
semiconductor and the electrodes. When VG=1.2, an inversion 
layer is formed under the gate dielectric. The n-p junction 
gives a diode behavior and a photocurrent is generated in the 
device under illumination (not solar simulated light). 
 
 
 
 
 
 
 
 
 
     
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Fig. 3. a) Field effect solar cell made with Cu2O with Au 
nanostructured electrodes (nanofingers) and ITO transparent gate. b) 
SEM image of the nanostructured electrodes. c) I-V characteristics of 
the Cu2O field effect cell under illumination showing the transition 
from ohmic to rectifying behavior generating a photocurrent when 
VG is increased.  (Not solar simulated light) 
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V. CONCLUSION 

The results herein presented demonstrate that the field effect 
configuration permits the realization of photovoltaic devices 
without any implantation process and with a single material 
avoiding a heterojunction. This opens a new window to realize 
solar cells with a broad range of materials like copper oxide 
that are hard to dope or hard to synthesize on a different 
material to form heterojuntions. Such type of materials can 
open a route to lower cost and larger scale production of 
photovoltaic energy. Currently we are working with the same 
architecture on other materials such as zinc phosphide and tin 
sulfide that are also earth abundant. 
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