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Project Background

* Thereis a need for lightweight and flexible photovoltaic (PV) devices
* Current technologies: a-Si and organic materials

— Lack the efficiency and lifetime needed in many applications

ARL Micro Autonomous Systems Flexible PV systems with high W/g

and Technology (MAST) Project ratio for non-fixed winged robots

Most important quallty IS erX|b|I|ty and a high power
tow ' > 0. 133W/g

Up to 3 foot wingspan
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Our Solution

Integrate rigid, highly efficient solar cells onto a flexible material

mely flexible

Emcore™ triple-junction Dupont™ Kapton® polyimide
Solar Cell film

Dupont™ and Kapton® are trademarks of E.I. du
Pont De Nemours and Company
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. Laboratories

Our Solution

Integrate rigid, highly efficient solar cells onto a flexible material

| will explain how we implemented our solution using:

» Processing Techniques
» Cell Mounting

» Electrical Connection
» Packaging

and other techniques to create a device that beats its competitors
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PrOCESSing-CeII Mounting-Electrical Connection-Packaging @ Sandia

%reparing the Kapton® for Processing

Laboratories
The Kapton® must remain flat and rigid for photolithographic
processing and metal deposition

Mounted Kapton®
Alumina ring

Center Disc
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Processing-Cell Mounting-Electrical Connection-Packaging @ Sandia
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Electrical Contacts: Interconnect Layout

_ ___I'ﬂTF___ ~
VNN
avd N
[/ Trace for bottom contact of cell
U —
o\ r Trace for top contact of cell
\_\ \\ //" /
\ e % / Alignment marks
~__ _:.ﬂ&t____ P

Series/parallel arrangement allowing different voltages and
currents to be generated
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' ~ Flood Exposure
UV Light

Patterning the Contacts: 1% Layer Photolithography Laboratories

*Spin 1.1um of positive PR

MACRE | EED 0 Emn . AR
L.. JRESH. _JNEEN. . — *UV Exposure
-_u:- *Post exposure bake (PEB) crosslinks
Kapton PR forming polymers
Alumina *Flood Exposure to complete image
reversal process

*Develop PR

PEB, hot plate, vacuum contact

Re trant PR Sidewall Profile

Photoresist | A

MESA~uFab
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Depositing the Contacts: Metal Evaporation

Sample is flipped
. Tt
agitation is
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*PRis used to pattern areas Au will be electroplated for minimal additive weight

*3um of PR is patterned for 1jum of plating

PrOCESSing—CeII Mounting-Electrical Connection-Packaging @

q Depositing the Contacts: Electrochemical Deposition (ECD)

*1000A of Au is not sufficient for wire bonding

Sandia
National
Laboratories

ECD vs. evaporation of 1um

*Abias s 3@%?&\?&{ 8??6?‘%%‘?8%3?9 the

Nutronex 309i

cathode tliggssclép$ragg)5§ompletmg t
circuit and ipitine s would be increasing

eBath dynamics are maintained for a
uniform and controlled

eTemperature contro

ficult with 1um of Au

e Constant chemicalcirculation

eControlled pulse regffyanina

electrical

eChemically isolate

connection
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Processing-Cell Mounting-Electrical Connection-Packaging@ Sandia
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Another photolithography process is performed on a
silicon wafer, creating a mold to align the solar cells

Cell Placement

Silver epoxy

// \ Upside-down cell

IIII

\\.—M-!/ 40pm thick PR
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Processing-Ce" Mounting-EIectrical Connection-Packaging@ Sandia

Cell Placement

Laboratories
The processed Kapton® is then aligned manually upside down on the cells

Alignment marks allow for an automated mounting process.
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Wire Bonding

An ultrasonic wire bonder is used to connect the cells to the interconnects

ere Bonder Tip

25um Thick Au Wire

Ball Bond v
\ Wedge Bond

- / / -
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Wire Bonding Examples

Example of a ball/wedge wire bond
from a device to a bus.

Microscope image of a cell
connected to the bus on our device
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Top Laminate

A low Volatility Organic Compound coats the device
*Protects the cells and wire bonds
*Applied using an air powered spray gun to ensure uniformity

*Anti Reflective Coating to increase cell efficiency

Top Laminate

1

Solar Cells ‘
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Completed Device [ .
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Flexing Demonstration

1.1cm x 1cm cells, flexing 5, 3, and 2mm cells, flexing
around a 6 cm tube around a 2 cm tube
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45> Power/Weight Analysis .

0%

1%

% 7%

ltem
Kapton® O Kapton®
o W Titanium
Titanium 289
i O Gold
o .
O Silver Epoxy
Silver Epoxy m Solar Cells
Solar Cells O Top laminate
Top laminate 80%
Total | | wraar v 51 AMS
mWw
16cellsx31——
cell _ 490 _ 2290 Watts
2.23grams 2.23g gram
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Our Design using rigid cells on Kapton®

PSPl DBVE WRHPIRduC
Used FUBIM¥YZigHPavapangineaihogemethod
Candreysadhet boragickicemponents can ben

* Different cell configurations,possiple for any
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Device Performance
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PowerFilm® using thin film
amorphous silicon
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#‘ Future Goals ).

Characterize wire bonding to electroplated Au with
various hardnesses.

Build a device with 7mm X 7mm triple junction solar cells
and silicon cells to show the versatility of our process.

Incorporate 0.4mm X 0.4mm X 25um DWELL cells into
our design.

Thin Emcore triple junction solar cells to achieve an
increase power to weight ratio.

Incorporate an anti reflective coating into the top
laminate of our device.

Incorporate a concentration lens into the top laminate of
our device.
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}“EmcoreTIVI triple-junction Solar Cell () i

Quantum Efficiency
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Standard CTJ Cell Dimensions

External Dimensions 10.68 x 10.075 mm InGaAs Junction
Designed Aperture Area 10 % 10 mm

Total Nominal Active Area 100 mm? DTS
Bondable Perimeter Busbar 0.235 mm Ge Substrate
Total Cell Thickness ~0.2 mm
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Efficiency vs. Concentration
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Typical IV Curves at Varying Concentration

Levels, 25° C —C=1577
— L =1375
—=1182
== 15 1 — =936
<
-E —=C =701
= 10 A —C =503
-
o —Cc=321
2 —C=215
—C =105
n L T T L] \I\
—C =50
1] 0.5 1 1.5 2 2.5
Voltage (V)
1X 503X 1182X
Concentration Concentration Concentration
Efficiency 31.4% 39.0% 36.3%
v 2.605V 3193V 3.251V
). 13.85 mA / cm? 6.96 Alcm? 16.37 Afcm?
‘Jm 233V 2.84V 268V
Jmp 134 mA /[ cm? 6.8 Alcm? 16.04 Afcm?
Pmp 31 AmW/ cm? 19.3 W/em? 42 9 W/lem?
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Dupont™ Kapton® Polyimide Film
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Property
UItimate Tenzile 5trength, Mpa 231 139
Itimate Elongation, % 72 ok
Denzity, 2/cc 1.42 1.42
Tenzile Modulusz, GPa 2.5 2.0
NS
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