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Introduction
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Why Perovskites?

● Space Solar Cell Industry has developed over the years
● Current state-of-the-art space solar cells

○ Consist of Group III-V Semiconductors 
○ Use advanced multi-junction architectures
○ Power Conversion Efficiency(PCE) 30% - 34% [1]
○ Less than 1 Watt Per Gram [1]

● Perovskites offer key advantages over these benchmarks
○ Special ABX3 Photovoltaic crystal structure
○ Cheaper to manufacture
○ Resistant to some forms of radiation
○ A Base Single Junction has a record PCE of 26.7% [2]
○ Can still improve when in tandem or multi-junction
○ 29.4 Watts Per Gram [2]

United Kingdom XCUBE 1 [1]
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Why Perovskites?
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[5],[6] Images Citation

According to an article by Business 
Insider, it costs 9,000 to 43,000 US Dollars 
to launch a water bottle into space[3]. 
That’s why power to weight is important!
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● Space concerns involve radiation exposure
● Shortwave high energy Gamma rays and X-

rays pass through Perovskite crystal structure 
without being absorbed

● While long-waves radiation do not carry 
enough energy to excite the bandgap 
therefore not absorbed

● UV radiation sits in this 'goldilocks zone' — like 
human skin, perovskites absorb it strongly

● UV Type A is the most damaging which is why 
it's important to study the effects on 
perovskites 

Why UVA Testing? 
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REU Goals

★ Conduct UV-A aging exposure test and characterize samples using 
nanotechnology equipment and tools

★ Attempt exposures of up to 15 kWh/m2 to reach the industry 
standard for Solar Panels IEC 61215

★ Create custom hardware and procedures for repeatable and easier 
studies in the future
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Methods
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Scribing Glass Substrate
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Cleaning Substrate
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UV-Ozone Treatment
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2-Step Spin Coating Process 
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Annealing Perovskite Films
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Checking for Pinholes 
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Equipment for UV Aging
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QUV
Accelerated Weathering Tester

LED UV Curing Lamp 

 Cheap
 No programmability
 No real form of calibration
 Data can not be reproduced reliably

 Expensive 
 Programmable settings
 Reliable calibration
 Aging was conducted at 0.85 W/m2/nm 

at 45o Celsius
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QUV is the Preferred Method
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>
QUV

Accelerated Weathering Tester
LED UV Curing Lamp 

 Cheap
 No programmability
 No real form of calibration
 Data can not be reproduced reliably

 Expensive 
 Programmable settings
 Reliable calibration
 Aging was conducted at 0.85 W/m2/nm 

at 45o Celsius
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Testing from Open Air to N2

 Nitrogen was used to eliminate 
humidity and oxygen present in 
open air

 Humidity and oxygen are the biggest 
factor in Perovskite degradation

[7] Image Citation
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Results
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Perovskite Band Gap
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Electron Excitation From Laser
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• Electrons become 
excited by laser

• Electrons start to 
“jump” band gap 
into higher energy 
bands
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Carrier Generation
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• Electrons leave 
behind 
vacancies 
called “holes”

e- Holes
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Recombination
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• Electrons eventually fall 
back into Valence Band 
in a process called 
“Recombination”
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Recombination
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HEAT

• During Recombination,
free electrons fall back 
into the vacancies, 
releasing energy in 
forms of heat       and 
Photoluminescence(PL)
Light
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Photoluminescence (PL) Spectroscopy
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Photoluminescence (PL) Spectroscopy
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Phase Shifting 
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• Indicates a change in band 
gap meaning material phase 
transformation has occurred

• A transformation is 
undesirable because it can 
shift perovskite material 
away from its photoactive 
phase
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Changes in Intensity
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• A lower intensity indicates 
an increase in defect states

• Energy lost as heat causes 
light intensity to fall, 
meaning the device 
generates less electricity
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NitrogenOxygen

PL Degradation Due to Oxygen  
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Variability on Samples (Film Sample B8) 

28

Top Left Corner Middle Right

In
te

ns
ity

(a
.u

.)

Wavelength(nm)

Dead Spot 
indicated by flat 
PL Signals.

Healthy 
PL 
Signal



Acknowledgement: This material is based upon work primarily supported by the National Science Foundation  under award No.ECCS-2025490.

PCE Measuring Set-up
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Shining a Light Using a Solar Lamp

● Lab set up for measuring PCE of devices
● Works by shining a Lamp on a device that has 

equivalent solar sun spectrum to  generate 
electricity from a device
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The Keithley 

● Lab set up for measuring PCE of devices
● Works by shining a Lamp on a device that 

has equivalent solar sun spectrum to  
generate electricity from a device

● Probes are used to feed in a voltage signal 
and record the output current using a 
Keithley
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Rotating Platform

● Lab set up for measuring PCE of devices
● Works by shining a light on a device to 

generate electricity

32

● Devices are clamped 
down on a rotating 
platform 
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+

PCE Recording Circuit Diagram

Pixels- Individual 
separate cells on the 
same substrate. 
Usually, Silver is used 
for the top electrode.

Indium Tin Oxide (ITO)-
Bottom Electrode 
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Power Conversion Efficiencies
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Conclusion
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Conclusions

• Perovskite films aged in N2 retained a strong PL signal up to 144 
hours, while open-air aged films lost signal after only 24 hours. This 
confirms that a N2 controlled humidity environment is critical for 
perovskite UV stability.

• Devices tested in N2 lost efficiency mainly in the first days of 
exposure, with a slower or no decline afterward. These initial results 
support continuing UV aging studies.

• These results support perovskite UV stability as one factor for space 
solar power viability, pending further testing to reach the industry 
standard for solar panels, IEC 61215, and exploring additional space 
environment factors.
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Future Work

• Conduct UV aging with more sample groups and include a dark 
aging group and increase the temperature and total irradiance to 
reach industry standard IEC 61215 which requires total spectrum 
UV conditioning of 15 kWh/m2 at 60o Celsius [4].

• Additionally, the lab plans to UV age and characterize the hole 
transport layer below the Perovskite layer. 

• Finally, I plan to create a measuring device to characterize and 
record PCE in real time in preparation for Phoenix College NASA 
Ascend weather balloon flight in the fall.
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Questions?

https://www.linkedin.com/in/jose-t-ocampo/
Connect With Me

https://www.linkedin.com/in/jose-t-ocampo/
https://www.linkedin.com/in/jose-t-ocampo/
https://www.linkedin.com/in/jose-t-ocampo/
https://www.linkedin.com/in/jose-t-ocampo/
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Film VS Device

ITO-Glass
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3D Prints
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Testing Conditions Diagram

• 3D Nitrogen Flow Boxes
• Tested Both Devices and 

Films

• Nitrogen Flow Boxes 
were tested

• Small enough to fit in 
Gloveboxes

• Tested both Devices and 
Films

• Tested Films ONLY • Tested Films only 
• Different lamp used 

outside glovebox
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Photoluminescence spectroscopy

● Main Method to detect change in composition is by using 
Photoluminescence(PL) Spectroscopy 
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Photoluminescence spectroscopy

● Main Method to detect change in composition is by using 
Photoluminescence(PL) Spectroscopy 

● Our substrate contains portions of ITO 
on the surface

● Therefore, it’s important we measure 
non-ITO parts of the films
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Photoluminescence spectroscopy

● Our substrate contains portions of ITO 
on the surface

● Therefore, it’s important we measure 
non-ITO parts of the films

● To solve this a 3d printed mask was 
made and used to measure the same 
areas to maintain consistency

● It also serves as guide for taking readings

● Main Method to detect change in composition is by using 
Photoluminescence(PL) Spectroscopy 
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