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Common solar module construction

Stringed cells _ \
/

Glass

Low iron AR/Non-AR
(environmental protection,
mechanical strength)

Encapsulant

EVA = Ethyl Vinyl Acetate
(adhesive for cell, glass and
backsheet)

Backsheet

TPE = Tedlar / Polypropylene /
EVA (dielectric insolation,
environmental protection)

Frame
(mechanical)

Wires/Connectors Junction BoOX (electrical terminals, bypass diodes)
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Very rough typical costs for standard modules

Rough costs to simply give a sense for typical module conversion costs
Note: there is a big range, plus and minus, from these values
Includes labor, materials, labor, depreciation, overhead, yield

$ for 1.65 m23 $/W for 14.5% effic|

Step cost module module (240W)
Cell interconnect + circuit
formation $10 $0.04
Glass/encapsulant/backsheet
frame/packaging/test $60 $0.25
Wires+connectors $5 $0.02
Junction box $8 $0.03
Diodes $1 $0.004

$84 $0.35

Total module costs continue to fall
Trinainrhouse costs of $1.08/W in Q3062
First Solar costs of $0.77/W in Q3
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Other connection approaches

SunPower all-back contact

Day4 energy wire mesh

25th European Photovoltaic Solar Energy Conference and Exhibition /
5th World Conference on Photovoltaic Enerav Conversion. 6-10 September 2010. Valencia. Spai

DAYS™ TECHNOLOGY FOR CONCEPTUALLY NEW PV MODULE PRODUCTIO
B. Sadlik, L. Rubin, V. Nebusov
Day4 Energy Inc., 8168 Glenwood Drive, Burnaby, BC, Canada

bsadlik @daydenergy.com, phone: +1.604.296.0417, Fax: +1.604.678.6986
www.daydenergy.com

Figure 2: Placement of the Day4™ electrode on a PV
cell
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Some thin film examples

Monolithic on glass
First Solar CdTe
Applied Materials a-Si

...................

Solar Frontier CIGS s

............

...........
...........

Singulation then tile connect
NanoSolar ) Photos fromao. T

Singulation then string like cSi cells
Global Solar
Monolithic on foil then connect .. PLP2 B3

Unisolar Mo

F = N Al203

Ujl From K Moriwaki, et. al,
Al 25 EUPVSEC, Sept

Ascent 2010, Valencia, Spain
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Years of effort and progress, but not yet in large scale production

25th European Photovoltaic Solar Energy Conference and Exhibition /
5th World Conference on Photovoltaic Energy Conversion, 6-10 September 2010, Valencia, Spain

Applied Materials

DEVELOPMENT AND QUALIFICATION OF MONOLITHICALLY ASSEMBLED
MODULES FOR BACK CONTACT PV CELLS

David H. Meakin®, James M. Gee, John Telle, William Bottenberg
Applied Materials, Ine..
3535 Garrett Drive, Santa Clara, CA 95054 (USA), *Email: David Meakin@amat.com 7

ECN

Backsheet with pre-patterned electrica circuit

module, which shows the placement of the ditferent To show the progress made with MWT the efficiency
components. is given in Figure 2. distribution on mec-Si cells from the last 7 vears is
depicted in Figure 4.
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Figure 2: Ilustrative image of the MWT module. 0
showing the placement of the different components. <12 13 14 15 16 17 18

fraction

efficiency (%) class
Figure 4: ECN-MWT efficiency throughout the years.

PR T

Module manufacturing is performed in our automated
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pilot line. a_photo of the pilot line is shown in Figure 3. s
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SunPower TS system

Integrated, non-penetrating
roof mount

Fast installation

High density, low weight
(2.4 Ib/ft2; 7 W,/ Ib)

Solyndra and others have -
I 1 2222222222222 X NN NRR RS SSSSassssssssss
their own unique approaches =<2l s

Photo from Solyndra.com
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Bypass diodes

By-pass diode in common modules:

Bypass diode will be in forward bias (and thus bypass the string) if string pair
would otherwise be in reverse bias

For some modules, the diodes are needed to protect against hot spots (from
localized shunting of high reverse-bias voltage) which could cause module
damage

Diodes can be a major failure point if best practices are not followed
Poor quality diodes in hot conditions
Insufficient lightning protection
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Many cell types have integrated bypass diode
characteristics

.
United States Patent [y [11] Patent Number: 4,933,022
IV curve of a SunPower cell: Swanson (45 Date of Patent:  Jun. 12, 1990
Uniform non-damaging reverse
[54] SOLAR CELL HAVING INTERDIGITATED Cells”, IEEE Transactions on Electron Devices, vol.
breakdown at ~-5.5V CONTACTS AND INTERNAL BYPASS ED-31, No. 5, May 1984, pp. 661-664.
DIODES “Point-Contact Silicon Solar Cells”, Interim Report,
[75] Inventor: Richard M. Swanson, Los Altos, Stanford University, May 1983, EPRI AP-2589 Project
-1 Falif 769-2.
-8 a2 United States Patent (10) Patent No.: US 6,690,041 B2
< 5 Armstrong et al. 45) Date of Patent: Feb. 10, 2004
5
= -7 — Cell 1
(@) 9 g Cell 2 (54 MONOLITHICALLY INTEGRATED DIODES (56) References Cited
—Cell3 IN THIN-FILM PHOTOVOLTAIC DEVICES U.5. PATENT DOCUMENTS
-11 T T T T T T (75) Inventors: Joseph H. Armstrong, Littleton, CO 4323719 A 4/1982 Green
6 -5 -4 -3 -2 1 0 1 (US); Scott Wiedeman, Tucson, AZ 4577051 A 3/1986 Hartman
(US); Lawrence M. Woods, Eric, CO 4759803 A 7/1988 Cohen
uUs 4,773,943 A * 9/1988 Yamaguchi et al. ........ 136/244
VOltage (V) (US) 4933022 A 6/1990 Swanson
. . 5248346 A 9/1993 Fraas et al.
(73)  Assignee: E!ﬂ?a] Solar Energy, Inc., Tucson, AZ 52521390 A * 10/1993 Schmitt et al. ............. 136/251
United States Patent [ (1] Patent Number: 5,580,395
Yoshioka et al. 451 Date of Patent: Dec. 3, 1996
ni P nt [ 11] Paten mber: 41
[54] SOLAR CELL WITH INTEGRATED BYPASS United States atent (1] 1] atent Numbe 5,990,415
FUNCTION apo0rd  GTECN € ai, [45] Trate of rFarenc: FNOV. 23,1999
(75] Inventors: Hideki Yoshioka, Naca; Tadashi 310274
Hisamatsu, Kashihara, both of Japan Primary Ex} [54] MULTILAYER SOLAR CELLS WITH BYPASS 5248346  9/1993 Fraas et al. .
Attorney, A DIODE PROTECTION 5,380,158  2/1995 Traas ct al. .
[73] Assignee: Sharp Kabushiki Kaisha, Osaka, Japan 5461002 10/1995 Saﬁ; e R 437/160
rem . 5,580,395 12/1996 Yoshioka et al. wrvereinnenns 136/255
[75] Inventors: Maﬂ]n Andrew Green, Wavgrly;. 5,60():.69; 2oon A(;;im ae ? 130235
Stuart Ross Wenham, Menai Heights, 5616185  4/1997 KUKUIKE eooooeoece e reererioene 136/255
both of Australia 5665175 9/1997 Safir 136/255
5,797,998  8/1998 Wenham et al. eeveeeeeee 136255
[73] Assignee: Pacific Solar Pty Ltd, New South
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Power electronics as fix for module problems?

At $2/W system, 2% energy boost worth ~$0.04/W

Larger problems must be fixed very cheaply to compete against other
technologies which do not have the problem

For example, results of SunPower tests of two manufacturers modules
using a high accelerated life test of damp heat with bias

B J‘L’-" Manufacturer #1 [f E(,ﬁ
[ ED L LR Power loss > T~";?a¢.?,‘;f£‘l,-
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Electroluminescence 43;, ERe Sample 1. -12% [ a,%iw
images show damaged i f‘H Sample 2: -23% fv‘ b i
cells around the T {0 Y i EE
perimeter, where !
leakage current to the
frame is highest. I
S 0 R Manufacturer #2 T ;
T ﬁ; Power loss L
LA e Sample 1: -3.2%  fiE-d fi e
) Sample 2: -4.4% PR



Cracked cell problems?

Dynamic Load HALT:

1,000 alternating
cycles of
+/-2400 Pa
(standard wind
load), then 4
temp. cycles -40
to 60C
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