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Project Selenium
Aerospace High Altitude Balloon Platform

Demonstrated the first NIST traceable
measurements of solar cells on a small
balloon platform above 30km.
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Project Selenium
High Altitude Balloon Platform

* Calibrated balloon standards are critical to measuring solar cells at
beginning and end of life.

* Increased complexity of new cell technologies require balloon
standards for accurate measurement.

* No balloon flights in the US since 2006
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JPL MkIV Balloon Experiment

2016 Flight Results

* Proof of concept in using COTS microelectronics
to characterize solar cells in the near-space
environment for the purpose of creating
calibration standards.

* Reflection from the balloon increased the cell
current by a few percent, proving out the concept,

but making the data unusable as calibration
standards.




NASA Flight Opportunities Program
Awarded January, 2017

* Funding provided to evaluate commercial small
balloon providers and to continue development of
our payload electronics.

* Goals

Obtain short circuit current with accurate temperature
measurements at float (>30km)

Obtain full IV sweeps at float with temperature, sun
angle, and altitude measurements

Obtain solar spectrum measurements using miniature
spectrometers to evaluate air mass / 0-zone correction
methods

Obtain temperature coefficient measurements using
onboard heaters while at float




JPL MKIV I
September 2017 Flight

* Photo etched aluminum baffles

* Cell Carrier Gen 2

* Mini Spectrometers

* Quad Photodiode Sun Angle Sensors

®* Onboard heaters for cell holders and
spectrometers

* 15 Ah Lithium lon Battery
* GPS Receiver, IMU, Cameras

* Flight campaign cancelled due to
high winds in New Mexico
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Aerospace Measurement Unit
How to get accurate measurements?

* Gold plated surface (much flatter than tin plating on
standard PCB)

* Cell is soldered down using low temperature solder
Sn/Bi/Ag (Tin/Bismuth)

* Integrated heater (Up to 80°C using 5V USB power)

®* Sun-Sensor attachment

— Silicon Quad Photo diode can be mounted above SMU
utilizing same 24 bit ADC

* External FET for loads greater than 10 Watts
* Daisy chainable 4 wire connector

Miniature, low power, laboratory grade measurement system
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AMU
Aerospace Measurement Unit

* 4 Wire Cell Measurement
* Temperature compensated ADC, 24-bit

resolution
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JPL MKIV I
September 2017 Flight
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BlackSky Aerospace Test Flight
August 2018

* 6 Cell Holders
* 2 Spectrometers

* Calibrated Quad Photo
Diode Sun Angle <0.1°

* Hardware and Software Issues of the Aerospace payload led to
minimal data collection from the flight.
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Timeline
JPL BlackJack
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Timeline
BlackSky Aerospace Flight #1 — January, 2019
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Timeline
BlackSky Aerospace Flight #1
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Angstrom Designs Test Flight

March 11, 2019

* 8 Gen 4 Cell Holders
* 2 Spectrometers

* GPS, IMU, Pressure Sensaor,
Calibrated Quad Photo Diode

* Payload fully tested for flight

* No data collected due to battery issues,
platform released at 50k ft. due to safety
mechanism triggering.

— This was a test flight of new hardware for

Angstrom Designs, data collection and
altitude were optional.
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Project Selenium

Payload

09/16 JPL MkIV 12 Cells, No Baffles Proved concept, baffles needed for useable data

Selenium, 8 Cells, 2

09/17 JPL MkIV
Spectrometers

Flight cancelled due to weather

08/18 BlackSky 6 Cells, 2 Spectrometers Hardware issues, no data

21 Cells, Baffles, 2

09/18 JPL MkIV Spectrometers, Heaters

Flight cancelled due to ground station problems

01/19 BlackSky 8 Cells, 2 Spectrometers Successful flight altitude, evaluation of sun tracking

Angstrom
Designs

Hardware malfunction during ascent, no tracking or

03/19 I\

8 Cells, 2 Spectrometers

03/14/19 BlackSky 8 Cells, 2 Spectrometers High Winds, unable to get payload in the air.
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BlackSky Aerospace Flight #2

March 15, 2019

16

Video removed due to
Size constraints. Please
contact
colin.mann@aero.orq If
you would like to obtain
a copy.
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BlackSky Aerospace Flight #2
March 15, 2019

Full IV Sweeps at ~33.6km (110,000 ft)
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BlackSky Aerospace Flight #2

Light I-V Comparison to Laboratory Measurements
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BlackSky Aerospace Flight #2

Light I-V Comparison to Laboratory Measurements

0.08

XTJ Prime (AMU Corrected for Temperature and Earth-Sun Distance)
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Temp (C)

BlackSky Aerospace Flight #2

Light I-V Comparison to Laboratory Measurements

Cell Holder Temperatures

(Platinum RTD) IV Data at Max Altitude (~36.6km)
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BlackSky Aerospace Flight #2

Light I-V Comparison to Laboratory Measurements
Cell Holder Temperatures

(Platinum RTD) IV Data at Max Altitude (~36.6km)
XTJ Prime (AMU Corrected for Temperature and Earth-Sun Distance)
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BlackSky Aerospace Flight #2

Light I-V Comparison to Laboratory Measurements
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Project Selenium
Aerospace Measurement Unit

* “Test as You Fly” Solar Cell
Measurements

* Quick turn-around of laboratory | ==
grade measurements at altitude
allow for experiments previously
not considered.

* Upcoming flight s i
opportunities: '
— MISSE (03/19)

Y — CSUCI Small Balloon Platform
| t—j) AEROSP AGE (University Team)
* Close to being ready to

oy o i A3 provide balloon standards at
' >35km.

* Turn around time between
cell readiness and
calibration data greatly
reduced.
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AlphaSpace MISSE Hardware
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