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 Total produced energy = Energy from the front + Energy 
from the back

 Bifaciality (%) = 
𝐵𝑎𝑐𝑘 𝑠𝑖𝑑𝑒 𝑑𝑒𝑣𝑖𝑐𝑒 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒

𝐹𝑟𝑜𝑛𝑡 𝑠𝑖𝑑𝑒 𝑑𝑒𝑣𝑖𝑐𝑒 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒
x 100%

https://www.lg.com/global/business/about/press-releas
https://www.wevolver.com/article/solar-energy-efficiency-dominant-bifacial-solar-panel-technologies

• Bifacial PV module designs offer an excellent route to increased energy yield per unit area 
over traditional monofacial devices, reducing $/kWh costs and accelerating solar PV 
adoption.

• Successful interface passivation at c-Si contacts has enable excellent bifacial performance for 
silicon-based PV modules.

• Cadmium telluride (CdTe) PV modules make up ~6-8% of the global market for modules.

• Poor electronic and chemical passivation at the back contact of thin film solar cells have thus 
far prohibited commercially viable bifacial CIGS and CdTe PV modules.

• CdTe employs a p-type polycrystalline absorber, and the product of electron density and 
interface recombination velocity yields high recombination current density (and 
accompanying losses) at the back contact.

• We review recent progress towards improved experimental and computational 
understanding and control of the CdTe back contact properties using viable transparent 
interface materials.

• We have studied CdCl2-treated CdTe devices subjected to low-temperature annealing 
following deposition of copper and aluminum nitrate solutions intended to form CuxAlOy as 
a p-type buffer layer.

• Backside illuminated devices show high current density and high fill factor, with 
performance that persists even for thicker absorber layers – an indication that a fully-
depleted device is not required for efficient charge collection. Our modeling results indicate 
the presence of a back surface field, and that the back surface recombination velocity 
(BSRV) remains high.

• Devices with 8% back-illuminated efficiency and >60% bifaciality have been demonstrated, 
but significant additional progress is needed to demonstrate state-of-the-art devices with 
beneficial energy yield. Future bifacial performance gains rely on improved understanding 
and control of the back contact interface, remediating defects to reduce BSRV and 
engineering band-bending to propel electrons away from the back contact region.

Introduction

 3.3 µm CdTe is deposited by VTD method by Williard and Kesley
solar group

 2.0  µm  and 1.0  µm thick CdTe is deposited by sputtering 

 250 nm ITO and 45 nm Au deposited for bifacial and monofacial 
configuration respectively

Spin Coater
Annealing at 220 °C 
for 6 mins

50 µl CuxAlOy 

Spin Coating on 
CdCl2 activated 
CdTe 

Cu(NO3)2 .3H2O 

+
Al(NO3)3 .9H2O

+
2- methoxy ethanol      
(solvent)

Fabrication of CuxAlOy Back Buffer Layer 

 Bifacial PV will make up ~40%  of the market by 2030

• Found good bifacial performance on CdS/CdTe (sputtered, VTD)

• CdS/CdTe/CuAlOx/Au reported at PVSC Calgary 2020  improved FF, PCE

• CdS/CdTe/CuAlOx/ITO – more filling of EQE, CdTe thickness-independence (PCE 5.6% -
6.7%)

• Other “quasi-delafossites” (CuCrOx, CuGaOx, and Cu-free oxides) show very good or 
interesting back-illuminated performance

Subedi, Phillips, et al., Nano Energy (2021), https://doi.org/10.1016/j.nanoen.2021.105827.

Bifacial CdTe results using CuAlOx

• Back surface typically receives 8-15% additional insolation
(incident sunshine energy), averaged over all weather.

• Values can be much higher w/ snow cover on the ground.

• With grass, fractional gain is higher on cloudy days.

Back of Module Irradiance (Grass)

• CdCl2 heat treatment is a standard process for CdTe PV, and can leave residual 
platelets as shown in the SEM above.

• Platelets grow out of GBs  suggests excess material inter-grain near the back 
surface (images from Subedi, Phillips, et al -- Nano Energy (2021)).

• Enhanced surface area at the back contact enable more fixed charge, larger electron-
reflecting E-field?

Mechanism for improved back-

illuminated performance?
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J-V and EQE data of bifacial CdTe/CdS solar cells illuminated 
from front and back sides: reference corresponds to the device 
Cu-doped and with ITO contact [27], and CuCrOx refers to the 
device with buffer and ITO back contact. (a) J-V characteristics, 
and (b) EQE. Solid and dotted lines correspond to back and 
front illumination respectively. 

Performance with CuCrOx

Current vs. Voltage characterization

• Under simulated sunlight (AM1.5, or AM0)

• Efficiency =  = Pout/Pincident

•  = JSC  VOC  FF, at 100 mW/cm2 (for AM1.5)

•  = 26 mA/cm2  0.85 V  0.78 = 17.2%  (CdTe)

•  is efficiency; JSC is the current density at short 

circuit; VOC is the voltage at open circuit;  FF (0 to 1) 

measures ‘squareness’ of J-V curve.

Solar cell efficiency tables (Version 46), June 2015 – Prog. 
in Photovoltaics Research and Applications 23(7):805

External Quantum Efficiency (EQE)

• Ratio of collected electrons (s-1) to incident 

photons (s-1) vs. wavelength:

𝐸𝑄𝐸 𝜆 =
𝐽𝑆𝐶/1.6𝑥10

−19𝐶

𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑝ℎ𝑜𝑡𝑜𝑛 𝑓𝑙𝑢𝑥

• High energy cut-off:  parasitic absorption

• Low-energy cut-off:  band gap 

PV Device (Solar Cell) - Characterization

• Very promising recent results with thin oxide layers

• Bifacial CdTe will eventually increase low-carbon kWh by 
~10%  huge implications for solar PV economic and 
generation

Conclusions and Next Steps
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