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CdTe solar cells: Record-breaking voltages 

 

Jonathan Poplawsky 

 

The performance of CdTe solar cells – cheaper alternatives to silicon photovoltaics - is 

hampered by their low output voltages, normally well below the theoretical limit. Now, Burst et 

al. report record voltages of over 1 V in single-crystal CdTe heterostructure solar cells, a value 

close to that of the benchmark cell for CdTe, GaAs. 

 

CdTe based photovoltaic technology benefits from cheap production costs and competitive 

efficiency, and should eventually lead to solar electricity that can economically compete with 

fossil fuels and other sources of energy.  However, the overall performance of CdTe solar cells, 

measured in terms of their power conversion efficiency (PCE), remained stagnant for about a 

decade, and only recently it was significantly enhanced to 21.5%
1-4

, which is still only 65% of the 

theoretical limit. Thus, there is still room for improvement.  The PCE is calculated as the product 

of three parameters:	the open-circuit voltage  ("#$), is the short circuit current  (&'$), and the fill 

factor (((). Currently, the  &'$ for CdTe solar cells is close to the theoretical maximum and the 

FF has reached a comparatively high value.  On the other hand, the "#$ is far behind what can 

be physically achieved, stagnating between 0.84 and 0.88 V over the last 20 years for the world 

record cell. It remains the primary factor impeding increased CdTe cell efficiencies.  Now, 

writing in Nature Energy, Wyatt Metzger and colleagues from NREL, the University of 

Tennessee, and Washington State University, have reported CdTe heterostructure solar cells 

that have exceeded the voltage barrier of 1 V, reporting a new record 1.017 V  "#$.
5
 

 

The solar cells reported by Metzger and colleagues have a different design compared to 

typical CdTe cells (Fig 1a).  Usually, CdTe solar cells are produced on a glass substrate with a 

pre-deposited thin transparent conducting surface.  This is one reason these cells are 

inexpensive to produce.  A thin (~100 nm) polycrystalline (poly)-CdS layer is deposited on the 

glass/thin conducting oxide (TCO) stack followed by the deposition of a ~4 µm poly-CdTe layer. 
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Prior to the application of a back contact, CdCl2 is deposited on the back of the cell and 

annealed, a process referred to as the CdCl2 heat-treatment. 
6
  This heat treatment can 

increase the efficiency of poly-CdTe solar cells by more than a factor of 4, and is always used to 

produce a high efficiency solar cell. 
7
  Another important processing step is to diffuse Cu into the 

CdTe absorber layer to dope the material after the application of the back contact. 
8
  The novel 

approach by Metzger and colleagues does not require Cu-doping of Cd sites or the CdCl2 heat-

treatment, providing a major cost advantage in the light of the toxicity and clean up expenses 

associated with CdCl2. Instead, the CdTe is selectively doped with P such that P distributes on 

the Te sites. Also, a single-crystal CdTe absorber that replaces the commonly used poly-layer is 

used.  

The open circuit voltage can generally be improved by increasing both the hole density 

and the minority carrier lifetimes. Increased carrier lifetimes allow for charged particles to travel 

longer distances for longer times before recombining. Carriers that would have traveled through 

the electrical grid and provided power are unable to traverse out of the solar cell when 

recombination occurs.  Therefore, recombination reduces the overall power output, which is 

related to a reduction in "#$. The single crystals used by the researchers showed minority 

carrier lifetimes that are 100 to 1000 times larger than poly-CdTe solar cells, which is an 

indicator of significantly reduced recombination.  They were also grown with an optimized P 

concentration that achieved a hole concentration greater than 10
17 

cm
-3

, which is also 100 

to1000 times larger than in traditional poly-CdTe solar devices.  Both the hole concentration and 

lifetimes of these cells are comparable to those reported for the best performing of single-

junction solar cells, GaAs. 

 

 The device reported by Metzger and colleagues is produced by sputtering a poly-CdS 

layer onto the single-crystal CdTe to form a p-n junction, followed by sputtering of intrinsic ZnO 

and ZnO:Al layers for the front contact, and the application of a back contact (Fig 1b).  

Simulations by Metzger and colleagues show that small recombination values at the lattice-

mismatched CdS/CdTe interface can highly degrade the CdTe device voltage to values less 

than 1 V.  Therefore, the "#$ reported by the researchers indicate that poly-CdS does not create 

sufficient recombination when partnered with CdTe to reduce the device voltage below 1 V. 

 

 The highest PCE reported by Metzger and colleagues is 15.2%, which is a record value 

for single-crystalline CdTe solar cells.  Although poly-CdTe cells have shown much higher 

efficiencies, with a record of 21.5% set by First Solar, 2 devices produced using single-crystal 
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CdTe and group V dopant approaches are in their infancy.  Moreover, poly-CdTe cells have 

gone through decades of renditions without achieving the voltage reported by Metzger and 

colleagues.  Although singles crystalline CdTe absorbers may not be able to compete with poly-

CdTe in terms of production costs, the result is a major breakthrough in thin-film photovoltaics, 

and, with time, the technology and fundamental science used in the design of this solar cell can 

be applied to increase the PCE of CdTe cells beyond 25%. 

 

Jonathan Poplawsky is at Oak Ridge National Laboratory, 1 Bethel Valley Road, PO BOX 2008, 

S6064, Oak Ridge, TN 37831-6064, US. 

e-mail: poplawskyjd@ornl.gov 
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Figure 1: CdTe solar cell device structures. (a) A typical CdTe device structure with a glass/thin 

conducting oxide substrate, ~100 nm CdS layer, ~4 µm poly-CdTe layer, and a back 

contact.  The crystal structure in the inset shows Cu doping of Cd sites.  (b) The CdTe 

device structure produced by Burst et. al.  The CdS and thin conducting oxide layers were 

sputtered onto the single-crystal CdTe.  After annealing, the Cu/Mo back contact was 

applied by magnetron sputtering.  The crystal structure is shown in the CdTe layer with P 

doping of Te sites.  The doping concentrations in (a) and (b) are not to scale. 
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