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ABSTRACT 

Solar panel design is a key element of CubeSat architecture due to the limited amount of external area available in 

the CubeSat form factor. The Electron Losses and Fields Investigation (ELFIN) spacecraft is a spin stabilized 3U 

CubeSat focused on studying the nature of relativistic particle precipitation in the magnetosphere. The spacecraft has 

significant requirements placed on its magnetic cleanliness which stem from a high precision fluxgate 

magnetometer. In house development of solar panels is underway after a review of COTS (Commercial Off The 

Shelf) panels indicated that they were not designed with magnetic cleanliness in mind. The key features of  ELFIN’s 

solar panels include optimization of trace routing in order to minimize current loops, geometric symmetries in cell 

placement to create opposing current loops, and a parallel bus architecture. Additional features that are not necessary 

for magnetic cleanliness but help to meet mission power and longevity requirements include protection diodes, 

EMIC shielding and thermal dissipation features. The trade space of SpectroLab UTJ and TASC solar cells is also 

examined in regards to their longevity, mechanical assembly difficulties, and magnetic considerations. 

INTRODUCTION 

Solar panel design for CubeSats is heavily driven by the 

reduced acreage available for exterior components and 

for power generation. ELFIN (Electron Losses and 

Fields Investigation), a participant in the 8th iteration of 

the Air Force Research Lab’s University Nanosat 

Program, is focused on studying the mechanisms 

surrounding relativistic particle precipitation in the 

magnetosphere. The spin-stabilized CubeSat’s payload 

consists of a Fluxgate Magnetometer (FGM) and two 

Energetic Particle Detectors (EPD). Due to the form 

factor of the CubeSat, the short length of the 

magnetometer boom, and the sensitivity of the FGM, 

magnetic cleanliness is a critical design criterion for all 

subsystems and components. To accommodate this, 

ELFIN is designed to be as magnetically clean as 

possible in both AC and DC modes. This involves using 

as few magnetic materials as possible and minimizing 

current loops. 

Due to solar panels function as the primary power 

generator for the spacecraft, they are automatically 

placed under intense magnetic scrutiny, since 

significant power implies significant current. Several 

COTS systems were considered for possible use; while 

they could satisfy the power and longevity requirements 

and provide some level of heritage, no currently 

available COTS system has been designed for magnetic 

cleanliness. 

There are a number of additional features that must be 

present in the ELFIN panels to meet the magnetic 

cleanliness requirements. PCB traces have been routed 

to minimize the current loops created by the cells and 

busses. The panel has been divided into two parallel 

busses to evenly distribute power flow through the 

different power channels. Both blocking and bypass 

diodes are being considered to address partial 

shadowing concerns, and the panel has also been 

designed to maximize thermal conductivity between the 

cells and the chassis. 

One of the prime trade spaces currently being 

considered is the use of UTJ CICs as opposed to the 

smaller, uncovered TASC cells. This trade remains 

open since both have desirable features; the TASC cells 

can have a superior packing factor when considering 

external components while the UTJs are more durable 

and have flown on many more missions. To counter the 

lack of integrated coverglass on the TASC cells, a 

number of protection schemes are also considered. 



 

Shaffer 2 27
th

 Annual AIAA/USU 

  Conference on Small Satellites 

Two iterations of a prototype panel have been designed 

and fabricated already using the TASC cell layout, with 

assembly and testing now underway. As the TASC cells 

in most cases represent the more complicated design of 

the two they are used as examples in most of the 

following figures, but similar provisions exist for the 

UTJ cells where applicable. 

 

Figure 1: ELFIN Spacecraft 
Note the number of external antennas, attachment points, 

sensors and potential shadows that need to be accounted for in 

the design of the spacecraft. 

BOARD LAYOUT 

Substrate Choice 

Conventional satellites typically use a honeycomb 

substrate in their solar panels due to its high strength-

to-weight ratio and thermal isolation. Not only is this 

impractical on a CubeSat scale, but also inherently 

increases the area of current loops.  This is due to the 

thickness of the honeycomb setting the minimum width 

of the current loop, resulting in a prohibitively large 

current loop. 

Some CubeSats, notably the AeroCubes from the 

Aerospace Corporation, use double sided adhesive to 

attach cells onto an aluminum substrate, with cutouts 

provided for the wiring of individual solar cells
[2]

. 

While this design exhibits excellent thermal dissipation 

and ease of cell attachment, it does result in the wiring 

for each cell being handmade. Hand wiring produces 

inconsistent loops simply through variations in 

assembly, which complicates the magnetic cleanliness 

debate. The aluminum backing also does not scale 

conveniently from the 1U form factor to the 3U, where 

up to 8 UTJ cells could theoretically be placed on a 

panel (though 6 is the practical limit for ELFIN due to a 

number of considerations). If the smaller TASC cells 

are being considered, with anywhere from 60-100 

TASC cells per panel, this problem is exacerbated 

further. 

To avoid these problems, the ELFIN team settled on a 

PCB substrate, which avoids most of these problems. 

PCBs allow the harnesses to be integrated into the 

substrate itself, resulting both in consistently and much 

smaller loop areas. Using PCBs, the loop size can be 

minimized to the distance between board layers, 

approximately 0.010 inches, which greatly improves the 

magnetic cleanliness of the cells. Other components, 

such as ADCS sensors, thermistors, antenna, and 

deployment mechanisms can be more easily integrated 

to the panels. If a copper backplane is included in the 

PCB the panel still maintains its mechanical, thermal 

and EMI properties. FR4 is currently baselined as the 

PCB substrate material, although an upscope to the 

heavier polyimide is being considered to improve 

strength and decrease the differential thermal expansion 

between the substrate, solar cells, and other 

components. 

 

Figure 2: Bare ELFIN PCB 
The ELFIN PCBs allow enable for complex ad consistent routing for 
individual cells, provides component placement, without the need for 

long wires. 

Magnetic Cleanliness Features 

Cell Current Loops 

The PCB traces (harnesses) can be routed to reduce 

current loops; the current in individual cells cannot be 

mitigated in this manner. However, it is possible to 

orient the cells so that the current loops from each cell 

will flow in opposite directions. Each cell (or string of 

cells, as is found on larger spacecraft) has a partner that 

is rotated 180 degrees out of phase, which cancels out 

the majority of the B-field produced by each cell; 

therefore the induced B-field from each cell has no 

effect in the far field. Groups of pairs can also be 

created to even further counter any residual magnetic 



 

Shaffer 3 27
th

 Annual AIAA/USU 

  Conference on Small Satellites 

fields. This does assume that each string is generating 

an identical amount of current, so it is necessary for the 

cells to be screened for matching performance as well 

as be subjected to identical illumination (an important 

consideration when deployables are involved that can 

cause differential shadowing). Additionally, the strings 

should be loaded equally by the downstream EPS 

components. In this respect, the TASC panels show a 

distinct advantage. The small size of each cell pair and 

the greater number of cells leads to a greater probability 

that the depth of shadowing on each element of a cell 

pair is the same, leading to an overall cleaner magnetic 

environment. 

 

Figure 3: TASC Cell Pair 
A pair of TASC cells is shown in the configuration that will allow the 

majority of the magnetic field produced by the cell current loop to be 

canceled out. Photo Credit SpectroLab [1] 

Trace Routing 

On the solar panel, power and return traces are routed 

directly on top of each other on separate board layers 

wherever possible. When the board layout does not 

allow this, traces are routed side by side. In either case, 

the distance between the traces is minimized to .010 

inches. The small loop size leads to the production of 

very small magnetic field vectors. This mimics the 

performance of twisted pair architecture commonly 

used in magnetically clean harnessing elsewhere on the 

spacecraft. This meets the mission requirement of 

producing less than one nanotesla of interference to the 

FGM. 

Dual Bus Architecture 

The solar panels cannot be developed without 

consideration of the power subsystem they interface 

with. ELFIN’s avionics are being developed in 

collaboration with the Aerospace Corporation, and 

when this architecture is expanded to a 3U platform it 

utilizes two EPS boards in parallel, and each board is 

equipped with two 18650 Li-ion batteries. Each power 

board, and in turn each battery, sees similar charge and 

discharge loads because each solar panel is split in half, 

with a bus for each board. Power Loads from the 

spacecraft are also balanced. The batteries and their 

harnesses are routed upside-down with respect to each 

other so that the current in each battery is opposing that 

of its partner, much like the solar cell architecture. This 

means that as the spacecraft spins, the power produced 

by each panel is still evenly distributed to each of the 

power boards and each battery pair. 

 

Figure 4: Dual Bus Architecture 
Note the two major traces running the length of the board, which 

represent the main power flow from the cells. The return trace is 

mounted directly beneath the outward bound trace. 

Diode Provisions 

A significant consideration for any solar panel is the 

fundamental susceptibility of solar cells to damage 

from shadowing and reverse current flow. Even partial 

shadowing, such as the projection of a carpenter tape 

antenna onto a large UTJ cell can damage a cell, 

degrading performance and eventually leading failure. 

Another danger of these types of cells is a cascade 

failure through the string as damaged cells apply a back 

voltage to the entire string and degrade additional cells. 

This effect is so pronounced that is has been known to 

rapidly degrade the power system of a spacecraft to the 

point of non-operability in only a few months.  

However, this cascade effect can be mitigated by the 

addition of two types of diodes to the system: blocking 

and bypass diodes.  

 

Figure 5: Diode Placement 
This figure shows the placement of the majority of all the diodes on a 

typical board. Note the sheer number of diodes required to support the 

TASC cell layout. 

Blocking Diodes 
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Blocking diodes are placed on every string, and prevent 

the flow of reverse current through a cell string. This 

can come either from a battery in a direct connection or 

from another string in parallel that is of unequal 

performance or illumination. One of the prime causes 

of partial shadowing damage comes from the flow of 

current backwards through a string. If a cell in that 

string is shadowed, partially or otherwise, then it will 

produce a lower voltage than other, fully illuminated 

strings. This will cause current to flow backward 

through the entire string, damaging all the cells in the 

string. The blocking diodes prevent this voltage 

imbalance from propagating back and damaging the 

cells. ELFIN’s power architecture is a low voltage 

system, and thus individual strings consist of just two 

cells. In the case of the fully populated 3U TASC 

layout, with 80 TASC cells this represents a significant 

layout complication, as the following blocking diode 

schematic shows. 

 

Figure 6: Concept Schematic 
Functional layout of the cell string design envisioned for ELFIN, and 

the requisite blocking diodes. 

Bypass Diodes 

Bypass diodes, in turn, are diodes that are placed anti-

parallel with each individual cell, with the diode 

cathode contacting the cell cathode. This prevents 

current from the string flowing through a cell that is not 

generating a voltage that exceeds the diodes forward 

voltage, thus minimizing possible damage. If some cells 

in a string are generating power while some are not, the 

bypass diodes allow current to be diverted around the 

cell, maintaining function for the string and reducing 

damage to the bypass cell. Our TASC layout consists of 

80 cells per panel, each of which would require its own 

bypass diode, presenting a significant layout 

complication. However, given ELFIN's bus layout of 

only two cells per string; it is our hypothesis that the 

low voltage will not result in a steep decline of 

individual cells. Even in the event of the loss of an 

entire string, it would have very little effect on the 

overall system, and we do not believe that bypass 

diodes are entirely necessary. We are currently 

exploring the benefits of omitting the diodes entirely or 

partially in locations with particular layout difficulties 

are being explored. This will be tested when the entire 

panel is assembled; we have added the necessary 

provisions to the panel to test both configurations and 

tested under a variety of shadowing conditions. In a 

UTJ configuration, with less cells and more significant 

penalties for a string failure, both reduce the layout 

burden and the need for bypass diodes. 

THERMAL CONSIDERATIONS 

Solar panels usually represent the largest external area 

of a CubeSat, making them the primary thermal 

interface with the environment outside the satellite. The 

temperature dependence of solar cell efficiency also 

underscores the need for accurate thermal modeling. 

Cooler cells are much more efficient than warmer cells, 

and the spacecraft interior must also be maintained at a 

consistent and moderate temperature. Generally, it is 

understood that CubeSats run warmer than conventional 

satellites due to their high density electronics, solar 

panel-covered exteriors, and lack of unused surface area 

to act as a radiator. 

As the solar cells themselves are a large part of the 

external area of the spacecraft, changes in their 

characteristics may have a large impact on the 

spacecraft’s features.  SpectroLab UTJ cells come 

equipped with cover glass on the outside surface of the 

cell that is specifically design to reflect UV and IR 

energy that the cells cannot absorb.  This keeps the both 

the cells and the entire spacecraft cooler, resulting in 

increased efficiency to the cells
[8]

.
 

Table 1: Temperature Dependence of Cell Voltage 
[4]

 

Cell Type Temperature 

Coeff 

V @ 

25C 

V @ 60C % 

Drop 

TASC -  6.2 mV/°C 2.19 1.973 9.9 % 

UTJ -  6.5 mV/°C 2.35 2.1225 9.7% 

Overall Thermal Plan 

In expectation of a warm satellite, the ELFIN team has 

created a two thermal zone scheme in order to keep the 

satellite cool. The overall thermal plan is to isolate the 

spacecraft panels, chassis and the stacer support 

structure from the internal components. This will keep 

any thermal swings associated with the spin of the 

spacecraft or with eclipse from affecting the majority of 

the onboard instruments, isolating the effect to the solar 

panels and chassis, which can more easily deal with the 

variations of temperature. 

ELFIN’s instrument suite is extraordinarily precise, and 

not only needs to be kept at moderate temperatures, but 

it is also important for them to be maintained at a 

consistent temperature. Thermal swings will fatigue 

components, potentially threatening mission life, and 

rapid changes will be difficult to analytically remove as 
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calibration routines are performed on the ground under 

steady state conditions. 

 

Figure 7: ELFIN Thermal Zones 
This shows the distribution of components into the two thermal 

zones. 

Panel Thermal Features 

The overall thermal plan has a number of impacts on 

the solar panel design, such as the need to ensure good 

thermal conductivity between the panel and the chassis. 

The fasteners that mount the panel to the chassis are 

specifically selected to promote electrical and thermal 

conductivity, and these fasteners are connected to an 

interior layer of the PCB structure to indirectly conduct 

heat from the solar cells. The large thermal mass of the 

CubeSat structure will serve as a thermal sink for the 

panels, moderating the effects of their temperature 

swings. In addition to this, the conduction between the 

chassis and the panels will allow cooler panels, most 

notably those not in direct sunlight to dissipate heat of 

the illuminated. This will also help to moderate the 

temperatures of the solar panels, maintaining average 

temperatures across several panels. We are presently 

placing a significant emphasis on modeling this 

strategy, using MATLAB, SolidWorks Simulation, and 

most recently ESATAN-TMS.  This analysis is only 

preliminary, but dramatically shows the possible 

benefits of having highly conductive PCB panels. 

 

 

Figure 8: Predicted Thermal Swings 
The projected differences between a panel set with an without 

conduction through the PCB mesh.  Note the consistency between lit 

and unlit panels in the conduction case. 

Mesh Backplane 

Despite the advantages offered by a layer of coverglass 

on the cells, they are still prone to overheating if there 

is not a thermally conductive path between the solar 

cells and the chassis. Usually a thermally conductive 

epoxy is used to conduct the heat from the cells to the 

panel, and the copper of the PCB pads and traces are 

used to conduct the heat away, before indirectly 

flowing through the substrate material. However, 

ELFIN has included a thermal and EMI ground 

backplane to provide a better conduction path to the 

aluminum chassis. This ground plane is a mesh, or 

cross-hatch, with 50% area coverage in order to save 

mass, but it is projected to have 75% of the conduction 

efficiency when compared to a complete copper sheet 

of the same thickness
[4]

. 
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Figure 9: Mesh Backplane 
Small image showing the spread of the mesh backplane over the 

panel. 

Cell Attachment Materials 

The solar cells are attached to the panels in two key 

ways: the large contact pads on the bottom of the cells 

and the small solder tabs on the top surface. While the 

electrical conductivity comes through a jumper attached 

to the small surface solder tabs, the major mechanical 

attachment properties come from the larger bottom pad. 

To support thermal conduction between the solar cells 

and the mesh backplane of the panel, a number of 

different materials are currently being examined to 

attach the cells to the panel. If a thermally conductive 

epoxy or solder is used, the much larger surface area 

would improve the thermal conduction from the cells 

and decrease their temperature. 

These options would provide superior conduction 

capabilities than conventional silicone epoxy, although 

their mechanical characteristics are far different. In 

particular, solder is typically not allowed to be the 

primary structural attachment, requiring staking by 

means. 

LONGEVITY 

DISCUSSION 

Most CubeSats to date have 

used the SpectroLab UTJ or 

ITJ. This cell comes with a 

thin layer of coverglass and 

encapsulant that protects the 

cell. These cells usually have 

long lifetimes, and on average 

only suffer a derating of only 

seven percent over two years 

at ELFIN’s expected orbital 

parameters
[7]

.  The smaller 

TASC cells are 

intended only for 

terrestrial use and 

lack coverglass or 

encapsulant when purchased. It is for this reason that 

they have been used by a handful of missions, despite 

their low cost, though this is expected to rapidly change 

in the near future. The lack of built in environmental 

protection severely degrades the lifetime of the TASC 

cell, leading to typical EOL power percentages after 

only a few months. The few missions that have decided 

to use TASC cells for their power generation have been 

usually designed for mission lifetimes short enough 

where the TASC degradation will not interfere with the 

mission goals. A notable example is the DANDE 

spacecraft, which uses TASC cells.  Though it has not 

flown yet is has been manifested, and several other 

missions have already proven TASC cells can be used 

on orbit such as CINEMA and AubieSat-1. 

In response to the need for a longer mission life than a 

standard TASC cell could provide, several methods of 

increasing their longevity were proposed and examined, 

including adding after market coverglass to the cells or 

adding only encapsulant.  

Degradation Vectors 

The analysis of possible protection schemes for cells 

without coverglass began with a study of the ways that 

cells were damaged in the space environment. It was 

determined that the primary environmental factors that 

degrade the energy production capabilities of solar 

panels are Atomic Oxygen / Ozone, High Energy 

Particle Radiation, and the UV Browning of the 

encapsulate. These three effects are usually countered 

by the presence of the coverglass and encapsulate in a 

CIC, but pose a significant threat to the bare cell. 

Atomic Oxygen / Ozone 

Low altitude spacecraft are exposed to significant 

amounts of atomic oxygen and ozone, which both work 

to erode exposed materials. This is especially true of 

exposed metal, and missions have recorded a significant 

damage to exposed components due to these highly 

reactive compounds. The coverglass placed on the solar 

panels works as an effective shield for both the cells 

and the metal interconnects, as the ceramic glass does 

not react as easily with the oxygen particles. 

Beyond solar cells, components are often shielded from 

atomic oxygen and ozone using an RTV encapsulant. 

The encapsulant acts as an ablative, reacting to the 

oxygen before the material being protected. Some of 

these encapsulants are relatively translucent, including 

Dow Corning brand DC-93500, which is used in 

SpectroLab CICs. The ablative properties of this 

material have been extensively studied on the ground 

and in orbit and analytical data on its ability to protect 

materials
6]

.   This information contributed toward the 

  Figure 10: CIC Structure 
The interior structure of a 

SpectroLab CIC, showing both the 
cell specifics and the coverglass 
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devising of the encapsulant only method of shielding, 

and its further testing against the other degradation 

vectors.
 

 

Figure 11: Encapsulant Shielding Properties 
Two Kapton substrates: the one on the left was exposed to atomic 
oxygen; the one on the right was exposed for the same amount of 

time, but covered in DC93500 beforehand. Photo Credit Keinman [6] 

High Energy Particle Radiation 

While the radiation environment in Low Earth Orbit is 

generally considered low compared to geostationary 

and interplanetary crafts, it remains the most significant 

threat to the performance of solar cells on orbit. The 

triple junction germanium substrates contained in 

TASC and UTJ cells are sensitive to high energy 

particle radiation, which causes a slow decline in both 

voltage and current provided by the cells. SpectroLab 

published data sheets do not provide characteristics of 

the degradation due to this radiation, but it is assumed 

that they will be comparable to that of the ITJ, with 

which the TASC cells share technology. Using these 

numbers, it has been shown that the cells will maintain 

nearly normal operating conditions until their 

cumulative radiation dose reaches 1e14 MeV/cm^2, 

retaining 93% of their BOL performance
[5]

.
 

 

Figure 12: UTJ I-V Curve for Various Fluences 

Photo credit SpectroLab[3] 

Given the uncertainties of ELFIN’s actual orbit, which 

is dependent on the particular launch opportunity, an 

average test orbit of 650 km and 97 degree inclination 

was chosen as the baseline. This orbit represents the 

typical possible for CubeSat orbit that satisfies ELFIN’s 

science objectives, and will closely follow the projected 

environment of the satellite. With these orbital 

characteristics, SPENVIS predicts a daily radiation 

dose of 8e11 MeV/cm^2/day
[7]

.  It was determined that 

when a SpectroLab UTJ cell is, including both 

coverglass and encapsulant, the effective radiation flux 

seen by the cell is only 9e9 MeV/cm^2/day
[7]

.  This 

gives the UTJ cells a lifetime of several years before 

they begin to reach the level of total fluences necessary 

for the cells to show damage. 

As a first approximation, the degree of radiation 

shielding offered by a material can be directly related to 

the mass per unit area in the direction of interest. 

Therefore, any material placed in front of the cell with 

the same area density as the CIC would provide similar, 

if not the same, radiation protection with the rest of the 

cell performance a function of the material's 

transparency. It is also possible to scale this effect, so 

that a series of mass per areas can be calculated to find 

the effective radiation dosages with a variety of shields. 

UV Radiation 

In examining the performance of a UTJ CIC, it was 

found that the primary reason was not actual cell 

degradation but was due to the browning of the RTV 

encapsulant. All RTV encapsulants brown with UV 

exposure, and while our literature review indicated that 

DC93500 performs well in this regard, it still degrades 

with time. In a CIC this is moderated by the cerium-

doped cover glass which acts to reflect the majority of 

the UV spectrum responsible for the browning.  

The transmittance drop due to UV radiation in the Dow 

Corning has been experimentally measured by several 

organizations. DC93500 when placed in front of high 

intensity UV light sources
[5,6]

 The two sources of data 

for DC93500 browning each presented some features 

which lead to the belief that they overestimate the 

transmittance drop, particularly under the very high 

intensities and resulting temperatures associated with 

both lifetime-accelerated and inner planet 

investigations, but this has been taken as a conservative 

estimate of the amount of degradation in Dow Corning 

over time. These data sets were merged and 

extrapolated to attain numbers for the amount of 

transmittance drop over ELFIN's nominal orbit and 

mission length. 
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Figure 13: Dow Corning Transmittance Decrease 
Photo Credit, JAXA (6) 

Proposed Encapsulant Only Shielding 

In examining the above effects, it was determined that 

an encapsulant-only shielding method could address all 

of the damage vectors previously discussed. The 

majority of the advantage derived from coverglass, 

aside from the thermal considerations, proves to be its 

ability to retard the browning of the encapsulant in the 

CICs. An encapsulant of the proper thickness should be 

able to fully counter the degradation to the cells both 

from high energy particle radiation and from atomic 

oxygen. Dow Corning has already been demonstrated to 

be effective at protecting against oxygen degradation 

and, given the proper thickness (3 to 10 thousandths of 

an inch) can provide nearly the same protective ability 

for high energy particle radiation. Browning from UV 

radiation becomes the primary means by which panel 

performance is degraded, but still adding encapsulant 

can effectively extend the life of a TASC or similar 

bare solar cell. Panels designed specifically for ELFIN, 

assuming a 2 year mission, with the TASC 

implementation have an EOL of 85% of the UTJ 

implementation while starting with a higher BOL 

power. Given the other in-flight advantages of TASC 

cells over UTJ, this is an acceptable tradeoff for 

ELFIN. 

 Figure 14: EOL Power as a Function of UTJ 

Standard  

Table 2: EOL Power Figures for Various Methods 

De-rating due 

to:  
Bare TASC 3 mils  10 mils  

Full 

CIC  

High Energy 

Particle 

Radiation  

-15%  -7%  -1%  -1%  

Atomic 
Oxygen/Ozone  

Unknown 
assume (-20%)  

-1%  -1%  -1%  

UV Radiation  ≈ -1%  
-16.5% 
+/- 

3.5%  

-16.5% 

+/- 3.5%  
-7%  

Temperature 

(Constant)  
-1.5%  -1.5%  -1.5%  0  

Total Power 

at EOL (of 

initial) 
66%  

77% 

+/- 

3.5%  

83%+/- 

3.5%  
91%  

UTJ VS TASC CONSIDERATIONS 

Cell Differences 

Both TASC and UTJs are part of the new generation of 

triple junction germanium cells. TASC cells are created 

from the clippings left on the edges of the wafers that 

are used to make larger cells, in this case SpectroLab 

ITJs. ITJs are the precursors to the current generation of 

UTJs and as such are slightly less efficient than the UTJ 

counterparts, 27% and 28.3% respectively
[1, 3]

.  Because 

TASC cells are produced from the discards from other 

processes, they are much smaller than UTJs, with an 

area of only 2.277 cm squared, compared to 26.2 cm 

squared. Their quality as received from the vendor is 

also variable, as since they are essentially scrap from 

the manufacturing process and are not screened, with 

testing by other teams releasing a significant percentage 

of having imperfections in size and power generation. 

Therefore, development and implementation of 

component screening procedures represents a 

significant manpower investment. 

Packing Factor 

The advantages of TASC over UTJ become apparent 

when shown in context with the requirements of the 

specific ELFIN panels. A number of external 

components complicate the ELFIN panels, shown 

below. 8 UTJ cells is not viable for layout reasons, and 

6 cells represent a higher magnetic contamination since 

one of the three strings does not have a mirrored string 

to cancel its current loop. A maximum of 4 cells on all 

panels represents too much of a power hit, but is 

acceptable on the face that the FGM sensor deploys 

from. The TASC cells ability to fit around exterior 

components and their smaller magnetic moments make 

them competitive. The two designs pictured below 
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produce similar power, with the TASC panel at a 

slightly higher value. 

 

Figure 15: UTJ and TASC Layouts 
Two sample layouts of the ELFIN solar panels, which compare the 
coverage, provided by the smaller TASC Cells and the largest UTJ 

cells. 3 UTJ pairs is the most that can fit on the above layout, 

compared to the 72 TASC cells 

Assembly Considerations 

Due to the need to add encapsulant and possibly 

aftermarket coverglass to the TASC panels, as well as 

the sheer number of cells, the UTJ panels are 

considerably easier to design and manufacture. The 

encapsulant needs to be added to TASC panels in very 

thin, eventually distributed sheets, which will be 

difficult to accomplish and verify. 

Encapsulant Addition 

In order to get the proper shielding effect from the 

encapsulant as described above, a controlled amount of 

material needs to be applied to the solar panel. If any 

extra is deposited on the cells, it decreases the overall 

transmittance of light that to the cell, and, and thus is a 

power hit. Similarly, insufficient material will be an 

ineffective guard against high energy particle radiation 

and impact mission life. 

Several different types of encapsulant were examined 

for their resistance to UV browning and for the 

transmittance requirements. While EVA film sheets 

would be preferred due to their ease of installation, their 

lack of resistance to UV radiation makes them 

impractical for these purposes. Dow Corning 93500 

was selected for use due to its history in solar panels, 

good resistance to UV and well characterized browning 

rates. This two part epoxy can be mixed and then 

thinned with water, to be sprayed on the solar panel in 

even sheets. There are preliminary plans to modify a 

two axis CNC mill with the airbrush-like attachment to 

apply consistent and even layers of material on the 

panels, but thickness verification and specific 

application techniques remain open debates. 

 

Attachment methods  

As outlined above, the two cell attachment methods 

being considered for ELFIN are solder reflow solder 

and conductive epoxy. Both methods begin similarly, 

with a stencil used to apply the adhesive to the panel.  

Solder reflow, the entire panel is then mounted to an 

external frame, similar to the CubeSat chassis itself. 

This will prevent the panel from warping when heated. 

Cells are then placed on the individual pads, and the 

entire assembly placed in a reflow oven. The oven is 

heated according to the temperature/time profile 

specified by the solder paste manufacture.  Due to the 

surface tension of the material small alignment errors in 

the cell placement are expected to correct themselves, 

which should ease the assembly process. 

However, this heating process may be stressful for the 

panel as a whole, even though it is bolted to an exterior 

structure for support. The temperature required by the 

reflow process is enough to cause the FR4 from which 

the panel is made of to have a glass transition, which 

may cause bowing and the cells to pop from the 

material during the reflow process. Convective/IR 

reflow methods, which occur in normal atmosphere, are 

also expected to oxidize the solder and copper, which 

could degrade performance. The convection could also 

negatively influence cell placement. Vapor phase 

reflow, which occurs in a calm oxygen-free 

environment, would have superior results but represents 

a more complex and expensive process.  This process is 

based on the attachment procedure created by the 

DANDE program 
[4]

. 

In a process which focuses on a silver or conductive 

epoxy method avoids some of the issues associated with 

solder reflow but places an additional emphasis on 

initial cell placement as there is no self-correction. It 

may become necessary to construct a jig which will 

allow the cells to be placed very precisely on the panel, 

and to apply the necessary pressure to the cell to 

adhere. TASC cells are also much more fragile than a 

coverglass equipped cell, and fracture very easily, so 

this procedure must be extremely well regulated. The 

epoxy joint also cures at room temperature (20C), 

unlike the solder reflow which is at elevated 

temperature (185C), resulting in ~75% less mechanical 

strain on the cell due to differential thermal expansion 

when the panel reaches a typical -40C during eclipse. 

Given the fragile nature of the cells, it is assumed that 

this reduced fatigue cycling will improve mission life, 

but this has not been quantified or tested. 
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CONCLUSIONS 

The solar panels for the ELFIN spacecraft have been 

designed primarily with goal of minimizing magnetic 

contamination, due to the precision of our fluxgate 

magnetometer.  The current focus is on developing the 

necessary knowledge to judge whether the TASC cells 

would be a viable alternative to the UTJ system. While 

a UTJ system could function for our needs, the effective 

loss in power caused by reduced cell area to 

accommodate antennas and other components would 

significantly limit the mission. The panels presented 

here, if proved viable in testing, would allow for 

sufficient magnetic cleanliness, sufficient power, and 

mission life to meet all of our mission objectives. 
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