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Abstract 
Seven distinct sets (n > 12) of state of the art organic photovoltaic devices were prepared by leading research laboratories in 
a collaboration planned at the Third International Summit on Organic Photovoltaic Stability (ISOS-3). All devices were 
shipped to DTU and characterized simultaneously up to 1830 h in accordance with established ISOS-3 protocols under three 
distinct illumination conditions: accelerated full sun simulation; low level indoor fluorescent lighting; and dark storage with 
daily measurement under full sun simulation. Three nominally identical devices were used in each experiment both to 
provide an assessment of the homogeneity of the samples and to distribute samples for a variety of post soaking analytical 
measurements at six distinct laboratories enabling comparison at various stages in the degradation of the devices. 
Characterization included current-voltage curves, light beam induced current (LBIC) imaging, dark lock-in thermography 
(DLIT), photoluminescence (PL), electroluminescence (EL), in situ incident photon-to-electron conversion efficiency 
(IPCE), time of flight secondary ion mass spectrometry (TOF-SIMS), cross sectional electron microscopy (SEM), UV 
visible spectroscopy, fluorescence microscopy, and atomic force microscopy (AFM). Over 100 devices with more than 300 
cells were used in the study. We present here design and fabrication details for the seven device sets, benefits and challenges 
associated with the unprecedented size of the collaboration, characterization protocols, and results both on individual 
devices and uniformity of device sets, aged in the three illumination conditions for over 1500 hours.  
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Figure 1. A series of 
different state of the art 
OPV devices during IV 
characterization under 1 sun 
illumination  



 
 

Figure 2. A plot of photovoltaic conversion efficiency (PCE) over time under 1 sun illumination for a series of 
different state of the art OPV devices. 

 

 
Figure 3. A series of different imaging techniques applied to a single OPV device.  Each technique provides distinct 

but complementary information. 
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was similar. The ISOS protocols define performance at four

times, T0, TS0, T80, and TS80. These times correspond to the

initial manufacture date, the time when a stabilized initial

performance is recorded, and then times when the performance

has dropped to 80% of these values. Since most of the devices

were manufactured and shipped from different sites with

different initial characterization facilities, we cannot confidently

report T0, and T80 as defined. Our study thus reports data in

terms of TS100, TS80, TS50, and TS10, where we have named the

local peak performance time during the early stages of the

measurements as TS100, (rather than TS0) and the other values

are all relative to that performance. In this way all measurements

are suitable for comparison. Three devices of each type were

followed under each condition, until TS80, and a fourth device

was also characterized at TS100. One device of each type was

pulled from the degradation study at roughly TS100, TS80, TS50,

and TS10 to be used in a series of imaging and analytical studies,

which are the subject of future publications.

3. Stability data

3.1 Accelerated full sun degradation test

The degradation was dramatically different for the devices in the

accelerated full sun simulation environment. The PCE over time

is plotted in Fig. 8 for one cell of each device type. This

represents the best performance of the devices of each type, but

the homogeneity of the devices is quite good at this scale. This is

shown in Fig. 9 for the first 400 h of degradation of four RISØ P

devices (a), and for the first 50 h of degradation of six IMEC

devices, including two (labelled E) which were encapsulated. The

NREL, HOLST, and RISØ P devices were removed for further

analysis after reaching TS10. The remaining cells ran over 1800 h

before removal for analysis. The full set of degradation curves

for each of the devices is available in the supplementary data

associated with this article.{
In some cases it was possible to look at devices both with and

without encapsulation, either by removing the encapsulation, or

by having a second set of devices prepared. The process of

removing the encapsulation can damage the device, and degrade

the performance.

We were able to remove encapsulation from the IAPP and

HOLST devices, and a second set of IMEC devices were

prepared with encapsulation. The IAPP devices showed both an

initial drop in performance and degradation over time after

removing the encapsulation, as can be seen in the supplementary

data.{ The HOLST device without encapsulation performed

quite similarly to the encapsulated devices suggesting the

degradation here is not due to atmospheric components. As

seen in the early time data of Fig. 9b, the encapsulated IMEC

cells did not appear to be more stable during the first 50 h, but

do show recovery over longer time scales as can be seen in the

supporting information Figure S1{ where the encapsulated cell

initially drops below the unencapsulated cell, but then shows a

steady rise by almost a factor of two over a thousand hours. This

phenomenon cannot be fully explained, but the samples are

undergoing further analysis, and an experiment with a larger

number of encapsulated samples could establish its relevance and

origin.

3.2 Low level indoor fluorescent light degradation test

Most of the devices performed much better in the low light

study, as can be seen in Fig. 10. The NREL degradation curve is

marred by noise believed to be due to problems with the

contacts. The PCE values were measured using the fluorescent

light and an estimation of 100 W m22, but the spectral response

of the cells is not included. Different cells of each device type

were very consistent, as can be seen in the supplementary data.{

3.3 Dark storage with daily full sun characterization

The trade off between true dark storage with no characterization

and dark storage with periodic illumination for characterization

is difficult. The data from our measurements over 1800 h are

shown in Fig. 11. The complete set of measurements is available

in the supplementary data.{

4. Discussion

4.1 Quantitative measurements

The data shown in Fig. 8–11 and Figures S1-S8 in the

supplementary data{ are the detailed characterization of the

devices, but cannot provide easy reference points for comparison.

Each graph contains the results of thousands of measured data

points, and invariably there are some (y5) glitches in each

dataset where the curves would have isolated nonsensible values.

We have omitted such points from the plots for clarity, but no

smoothing has been applied to the data sets. Table 2 displays the

initial PCE values for the devices at TS100, and the TS80, TS50,

and TS10 values that can be obtained from our data for all the

devices under all three lighting conditions. PCE values are

reported for a device which is in the middle range of a given set,

and T values are taken from a single sample which is typically the

most stable device in each set.

4.2 IAPP degradation

The IAPP devices were remarkably stable in all three illumina-

tion conditions as shown in Figure S2.{ There is no discernable

degradation over 1800 h even when compared with Si photo-

diodes used to monitor the accelerated full sun simulator
Fig. 8 Efficiency of all device types versus time under accelerated full

sun illumination.
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