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Project Objective: FY20/21 Results:
Perovskite solar cells (PSCs) show promise for deep space applications due to their radiation hard, light weight, and low cost -Obtained selected cells from The Australian National University (ANU), Caelux, and The Johannes Kepler University Linz (JKU Linz) to be tested
characteristics. The aim of this project is to characterize and analyze various types of PSCs to determine their performance and lifetime for -Completed pre-radiation LILT IV measurements and EQE measurements

potential deep space mission requirements. To do this, we take low intensity, low temperature (LILT) current-voltage (I-V) measurements - LILT IV measurements taken at solar intensities of 1 AU, 5.5 AU, 9.5 AU, 19.2 AU, 30 AU and temperatures of 28°C, 0°C, -50°C, -100°C, -140°C, and -170°C for
and external quantum efficiency (EQE) measurements to obtain the performance of the PSCs across a variety of conditions. Then, the Caelux and JKU Linz cells

PSCs undergo low energy proton radiation and the |-V and EQE measurements are re-taken to determine the effects of radiation mimicking _ N
the environment of space. Based on these results, we aim to identify where PSCs can be utilized or which aspects of PSCs need to be « LILT IV measurements taken at solar intensities of 1 AU, 5.5 AU, 19.2 AU and temperatures of 28°C, 0°C, -50°C, -100°C, -140°C, and -170°C for ANU cells

Improved.  EQE measurements taken on one selected ANU cell
Completed low energy proton radiation at 30 keV and 75 keV for 6, 12, 18, and 24 hour periods at Boeing Radiation Effects Laboratory in Seattle, Washington
Currently in the process of obtaining post-radiation LILT IV and EQE measurements to compare with pre-radiation measurements

Benefits to NASA and JPL (or significance of results):

This work benefits deep space exploration because research into perovskite solar cells (PSCs) will enable ultralight photovoltaic power
systems with a much higher specific power (W/kg). PSCs can deliver the same amount of power while accounting for a smaller fraction of
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G e e e e e Figure 3. Caelux solar cell (CA7) current-voltage (I-V) curve measurements taken under low temperature, low
ory R Y e e e |l intensity (LILT) conditions. The temperatures that were tested are 28°C, 0°C, -50°C, -100°C, -140°C, and -170°C
(only at 30 AU). The light intensities that were tested are based on astronomical units (AU) denoting the
ANU solar cell (ANU10) JKU Linz solar cell (JK2) Caelux solar cell (CA7) distance from the sun. This corresponds to the solar intensity at Earth (1 AU), Jupiter (5.5 AU), Saturn (9.5
20— | ' — 20— | | ] 20— ‘ | TH Glass 22 mm AU), Uranus (19.2 AU), and Neptune (30 AU). As shown, the cell performs well across all light intensities, but
starts to degrade at the extreme lower temperatures of -140°C and -170°C.
. ol N i FTO 90:10 wt% ~SnO,:SnF, 500-550 nm J P
5 | = ssu | = ) NiOx (~20 nm) — x~1 ~20 nm
c 10 *5.5AU & 10 9.5AU c 10 ' 9.5AU
:8 “—19.2AU | -8 *-19.2AU 8 *-19.2AU PTAA (<5 nm) - [C6H4N(C6H2(CH3)3)C6H4]n <5 nm
= : <~30AU | & - 30AU | _
5 51 5 PerOVSkIte CSO_05FA0_9MA0_O5Pb|2_74Br0_26 ~5OO nm
" " PCBM - C72H1402 ~8O nm
-150 -100 -50 0 -150 -100 -50 0 -150 -100 -50 0 BCP _ C H N ~5 nm
Temperature (°C) Temperature (°C) Temperature (°C) 267 720772 Photograph of the perovskite solar cell from the
Gold ~100 nm i i i i
Cell area: 1 cm? Cell area: 0.1 cm? Cell area: 0.13 cm? Australia National University (ANU).

Figure 1. Solar cell efficiency with respect to temperature for three different cell types (ANU, Caelux, JKU Linz) Composition of the perovskite solar cells

and various different light intensities (based on AU). The Caelux cell reaches the highest cell efficiency with a peak
exceeding 24% at -50°C and 5.5 AU. In general, the relationship between efficiency and temperature is not
monotonic, with the peak in efficiency occurring usually around 0°C, -50°C, or -100°C. The efficiency remains
relatively high for most of the temperature and light intensity range, but efficiency drops drastically at extreme

lower temperatures of -140°C and -170°C. *The PI would like to acknowledge the contributions of Samuel Loke (Caltech), Michael Kelzenberg (Caltech), Jun Peng (ANU), Thomas White (ANU), Stepan Demchyshyn and Jing-Shun
Huang (Caelux) for providing perovskite solar cells. The PI would like to acknowledge the contribution of Michael Kelzenberg (Caltech) for his contribution with the radiation testing and
National Aeronautics and Space Administration measurement plate design and fabrication.
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