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Fig. 1: IPCE scheme: a) Power measurements, b) solar cell current measurements

ABSTRACT

Here is reported the analysis of the external quantum efficiency (EQE or IPCE) and, its correlation with the power conversion efficiency (PCE) of organic
photovoltaic (OPV) cells, as a function of the active layer thickness. OPVs cells configuration was ITO/PEDOT:PSS/Active layer/PFN/Field’s Metal (FM). The
active layer was PTB7-Th:PC71BM blend. Active film thickness range was 40-165 nm. Internal quantum efficiency (IQE) was also estimated.

RESULTS

CONCLUSIONS

Active thin film variation and analysis of OPV cells through

External Quantum Efficiency (EQE) technique
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𝑰𝑸𝑬 =
𝑛(𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝑒−)

𝑛(𝑎𝑏𝑠. 𝑝ℎ𝑜𝑡𝑜𝑛𝑠 𝑖𝑛 𝑎𝑐𝑡. 𝑙𝑎𝑦𝑒𝑟)
=
𝐸𝑄𝐸

𝑄

𝑸 =
𝑛(𝑎𝑏𝑠. 𝑝ℎ𝑜𝑡𝑜𝑛𝑠 𝑖𝑛 𝑎𝑐𝑡. 𝑙𝑎𝑦𝑒𝑟)
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=
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𝐼𝑄𝐸

𝜼𝑬𝑸𝑬 = 𝜂𝐴 × 𝜂𝐼𝑄𝐸 = 𝜂𝐴 × 𝜂𝐶𝐺× 𝜂𝐶𝑇× 𝜂𝐶𝐸

External Quantum Efficiency (EQE): Measure of how efficiently the device
converts the incident light into electrical energy at a given wavelength.

𝜼𝑨: the exciton generation efficiency (Q), 𝜼𝑪𝑮: is the CC photo-generation efficiency,
𝜼𝑪𝑻: is the CC transport efficiency, 𝜼𝑪𝑬 : is the subsequent charge extraction
efficiency across the interface to the external circuitry.

PTB7 vs PTB7-Th

Tab. 1: Comparative of PTB7 and PTB7-Th 
[7,8]

It was observed a significant reduction of IQE with the increasing of the
active layer thickness (above 120 nm). It could mean that there exist more
non-geminate recombination losses. On the other hand, when the active
layer thickness have a significant decrease (under 70 nm) PCE is reduced
too because not enough charge carriers are generated. There exist a
good agreement of the Jsc measured from the J-V curves and the
estimated from EQE measurements.
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Thickness (nm) Jsc (𝒎𝑨/𝒄𝒎𝟐) J-V curve Jsc (𝒎𝑨/𝒄𝒎𝟐) IPCE

165 -11.62 -11.66

142 -12.72 -11.30

103 -13.29 -11.86

98 -11.40 -10.85

75 -10.56 -10.69

Tab. 2: Jsc estimated from IPCE

Photocurrent estimation from IPCE and comparison with those measured

from the J-V plots:

PTB7 PTB7-th

PCE(%) 9.2 10.3

Band gap (eV) 1.8 1.58

H. Mobility (𝒄𝒎𝟐𝑽−𝟏𝒔−𝟏) 1𝑥10−3 2.8𝑥10−3

Fig. 3: Best efficiencies obtained with
PTB7 and PTB7-Th

Field’s Metal (FM): 
Eutectic alloy, composed by 

32.5% Bi, 51% In and 
16.5% Sn, that melt at 65°C.

Fig. 2: (Left) Chemical structure of (a) PTB7 and 
(b) PTB7-Th, (Right) Scheme of OPV’s

Fig. 4: Absorption spectra of PTB7 and PTB7-Th films
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ITO/PEDOT:PSS/PTB7-Th:C71/PFN/FM

Fig. 6: (a) IPCE and (b) IQE curves of solar cells with different active layer thicknesses

Fig. 5: (a) J-V curves of solar cells with different active layer thicknesses, (b) Active layers absorbance
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