Supplementary information: Technical description of OSCAR set-up (system design)

1. PCB measurement board layout

Figure S1 shows a close-up photograph of one PCB measurement board used for the OSCAR stratospheric flight. A white Teflon holder was designed to lock the spring contacts in to place. A Teflon lid is placed on top to press the solar cells onto the spring contacts, ensuring connection the measurement circuit, and has the additional benefit of locking the solar cell into place, making it more robust against vibrations (not shown in the figure). On this measurement board, every solar cell device has 16 contact points, which are used for the MAPbI3, PBDTTPD:PC71BM and PCPDTQx(2F):PC71BM devices, as is shown in Figure 1. The measurement boards for F4-ZnPc:C60 and DCV5T:C60 are similarly build with Teflon, but differ in number of contact points due to different layouts. The flexible InfinityPV solar cells were equally locked in with a Teflon holder, but did not have spring contacts as demonstrators already have two connectors for electrodes.

2. Power-to-mass ratio calculation procedure

In order to calculate the power-to-mass ratios, the following procedure is performed. First, the solar cell samples are weighted. For the in-house designed solar cell stacks (MAPbI3, PBDTTPD:PC71BM  and PCPDTQx(2F):PC71BM), the weight averages around 3,265 g. This corresponds to a surface area of 6.25 cm2. Secondly, IV characteristics are measured over an area of 0.03 cm2. The maximum power point (MPP) has a value around 0.208 mW. To calculate the power-to-mass ratio, the mass corresponding with 0.208 mW is estimated by assuming the mass of the 6.25 cm2 is distributed evenly. The mass corresponding with an area of 0.03 cm² (mass 0.03) can be found with the following formula:

Mass 0.03 = 3.265 g * 0.03 cm² / 6.25 cm² = 0.015672 g

Since the MPP is measured based on an area of 0.03 cm², the power-to-mass ratio can be found:

Power-to-mass = 0.208 mW / 0.015672 g = 0.01 W/g
Analogue measurements were performed for the InfinityPV samples. In these cases, the average weight is found to be around 4.353 g (contacts included). The total surface area is around 140 cm², while the estimated value for the active parts is estimated around 70 cm². Performing the analogue procedure as above, power-to-mass ratios around 0.0006 W/g can be found for the InfinityPV solar cells.

3. Electrical measurement methodology

Monitoring of the solar cells performance during the stratospheric balloon flight is achieved by applying a specific set of incremental voltage steps to each cell and measuring their consequential current. By carefully selecting the voltage points within the cells’ working range, a characteristic I-V curve can be fitted from the measurement points. This curve behaves as a dark current elbow shape with a negative-going offset induced by photocurrent. Along this curve one can find the Maximum Power Point (MPP), i.e. the single current-voltage pair for which the output power is highest. Furthermore, by combining the MPP with the solar cell’s open circuit voltage (Voc) and short circuit current (Isc) one can calculate the corresponding power conversion efficiency.

The system applied voltage signals from a fixed range through its Digital-to-Analog Converter (DAC) outputs. By combining these DAC voltages with scaling and offset sub-circuits, voltages were created from within each solar cells specific working range. Measurements of the solar cell’s current response was performed by similar scaling and offset sub-circuits after passing through a current to voltage conversion circuit. The current response range was thereby matched to the Analog-to-Digital Converter (ADC) range of the Arduino Due. The signals were digitized through these ADC’s for processing.

4. Communication gondola – ground station during balloon flight

By combining each frame’s electrical isolation through rubber bumpers with shielding ground planes, a metallic enclosure, isolating DC/DC converters and differential Ethernet communication, all separate panels were made galvanically isolated from the rest and therefore more immune to electrical noise picked up from the environment.

Data was sent down through the – REXUS/BEXUS program supplied – wireless E-Link hardware and followed the User Datagram Protocol for Ethernet. This method is robust in the sense that the sender can send its message without needing response back from the receiver side. Therefore it is protected from malfunctioning in the event of communication interrupts or unplanned power cycling of the measurement setup.

5. Ex-situ pressure tests on PID controller

Each measurement box on a panel includes a thermistor with a PID controller unit to guarantee the temperature inside the measurement box, which is important for guaranteeing the operation of the electronic components inside, used for measurement of the I-V characteristics of the solar cells. Therefore, the influence of the pressure on the thermistor and PID controller needs to be verified in order to safeguard the electronic stability. The measurement box was outfitted with insulation (which will expand and put stress on the box itself) and was placed inside a glass bell which can be pumped down to 5 mbar. The tests showed that 5 hours of a 5 mbar pressure environment did not influence the PID thermal controller performance, proving that the thermal controller should be able to operate under flight conditions, thus safeguarding the operation of the thermistor and PID controller.

6. Ex-situ temperature testing & measurement set-up

In order to test the effect of low temperatures on the measurement box, (Figure S2), the measurement box is placed in the climate chamber without turning on the heating segment (black line). However, this leads to inside temperatures around -28°C, which is too low to ensure the safety of the electronic components. While turning the heating system on (dark grey line), the temperature inside the measurement box can be kept around -20°C. This can be further improved to -14°C by physically connecting the heating element directly to the PCB measuring board (light grey line). The black line with open circles shows the temperature inside the climate chamber but outside of the measurement box. Note that the slope of cooling down is chosen to be steep, as ascension of the balloon happens in less than an hour.

7. Calculation strategy for I-V measurement system error margin

As stated in the text, reference resistors where added to each measuring subcircuit to be able to monitor their performance. Each resistance value was chosen to cover the subcircuits’ designed I-V range as much as possible. The measured resistance value from the custom built system over a full I-V sweep could be derived by means of linear curve fitting to the sweep (seeing a resistive component has a linear I-V sweep). The regression coefficient of this curve (slope) of voltage with respect to current then directly corresponds to the resistance value as determined by the system. Calculating the margin of error is performed in 2 steps. In step 1 the deviation of measured value to known value placed into the system is derived by subtracting the latter from the first. In step 2 this deviation is divided by the known value placed into the system. The measured value in this case was derived from the 5 subsequent I-V sweeps on the reference resistor which are part of figure 5. An average of the 5 calculated regression coefficients was then made for added accuracy. The step 1 deviation and step 2 ratio where then calculated, which corresponds to the error of margin of 9.86% as shown below:
	
	
	reference resistor sweep

	
	
	9u51m54s
	9u51m33s
	9u51m12s
	9u50m51s
	9u50m30s

	measured resistance
	slope (=R)
	67.53611
	67.55951
	67.57614
	67.64575
	67.68152

	
	correl
	0.999986
	0.999984
	0.999984
	0.999985
	0.999986

	
	
	
	
	
	
	

	
	Rmeas
	67.59981
	(average value of 5 subsequent sweeps)

	
	Rreal
	75
	56 ohm ref resistor + 2 times 9.5 ohm MUX

	
	
	
	
	
	
	

	
	abs(deltaR)/Rreal
	0.098669
	
	
	

	
	
	
	9.86%
	error
	
	


