(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

Co o
1 rld Intellectual Property Organization /) -sady
(9) World Inclecual Property Organizaon /552 AN DO AR 0
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
9 February 2012 (09.02.2012) PCT WO 2012/019079 Al
(51) International Patent Classification: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
B65H 35/00(2006.01) B65H 29/02 (2006.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HO1L 31/18 (2006.01) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
i L. KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(21) International Application Number: ME. MG. MK. MN. MW. MX. MY. MZ. NA. NG. NI
PCT/US2011/046707 NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(22) International Filing Date: SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
5 August 2011 (05.08.2011) TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.
(25) Filing Language: English
L. ) (84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
(30) Priority Data: GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
61/371,505 6 August 2010 (06.08.2010) US ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(71) Applicant (for all designated States except US): FIRST EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
SOLAR, INC [US/US]; 28101 Cedar Park Boulevard, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Perrysburg, OH 43551 (US). SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
(72) Taventor; and GW, ML, MR, NE, SN, TD, TG).
(75) Imventor/Applicant (for US only): MALIK, Richard, S. Published:
[US/US]; 212 Birch Drive, Rossford, OH 43460 (US). — with international search report (Art. 21(3)
(74) Agent: D'AMICO, Thomﬁs, J.; Dickstein Shapiro LLP, __ before the expiration of the time limit for amending the
1825 Eye Street, NW, Washington, DC 20006-5403 (US). claims and to be republished in the event of receipt of
(81) Designated States (unless otherwise indicated, for every amendments (Rule 48.2(h))

kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(54) Title: TAPE DETECTION SYSTEM

L
NN /_—310 FIG. 3
\

J—

wo 2012/019079 A1 I 10KV 000 RO

(57) Abstract: Disclosed is a tape dispensing machine for manufacturing a photovoltaic module, and a method of manufacturing a
photovoltaic module with a tape dispensing machine. The tape dispensing machine comprises a gripper (125) and a sensor (305)
within the gripper, wherein the sensor is configured to detect a first end of a tape (110) within the gripper. The gripper moves rela-
tive to the photovoltaic module if the sensor detects the first end of the tape within the gripper.



10

15

20

25

WO 2012/019079 - PCT/US2011/046707

Tape Detection System

TECHNICAL FIELD

The present invention relates to machines for manufacturing photovoltaic modules

and methods for manufacturing photovoltaic modules.

BACKGROUND

When manufacturing a photovoltaic module, a machine may dispense tape onto a
surface of the module. A gripping mechanism associated with the machine may ensure
proper placement of the tape on the module. Unfortunately, current machines can
malfunction during the dispensing process resulting in scrap modules. It is therefore

desirable to decrease the frequency of malfunctions or avoid malfunctions entirely.

DESCRIPTION OF DRAWINGS

FIG. 1 is a tape dispensing machine for manufacturing a photovoltaic module.
FIG. 2 is a gripper for a known tape dispensing machine.

'FIG. 3 is a gripper for a tape dispensing machine in an open position
FIG. 4 is a gripper for a tape dispensing machine in a closed position.
FIG. 5 is a first stage in a manufacturing process.

FIG. 6 is a second stage in a manufacturing process.

FIG. 7 is a third stage in a manufacturing process.

FIG. 8 is a fourth stage in a manufacturing process.

FIG. 9 is a tape dispensing machine including multiple sensors.
FIG. 10 is a tape dispensing machine including multiple sensors.
FIG. 11 is a gripper for a tape dispensing machine.

FIG. 12 is a gripper for a tape dispensing machine.

FIG. 13 is a cross section of a photovoltaic module.

FIG. 14 is a flow chart of a method for manufacturing a photovoltaic module.
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FIG. 15 is a flow chart of a method for manufacturing a photovoltaic module.

DETAILED DESCRIPTION

A photovoltaic module may contain a plurality of layers disposed between an
optically transparent front superstrate and a protective back substrate. The plurality of layers,
which convert photons to electricity, may include a tfansparent conductive oxide layer, two
semiconductor layers, and a back contact layer. The transparent conductive oxide layer may
be formed adjacent to the front substrate. The two semiconductor layers, which form a p-n
junction, may be formed adjacent to the transparent conductive oxide layer. The back
contact layer may be formed adjacent to the semiconductor layers. Finally, the protective
back substrate may be placed adjacent to the back contact layer to complete the photovoltaic
module. }

The back contact layer may include a series of widely spaced thin metal strips. The
thin metal strips may transport electrical current from the semiconductor layers to a thin
metal bus bar. The bus bar may be conductive tape disposed between the back contact layer
and the substrate. The conductive tape may serve as a flexible bus bar and may interconnect
cells within the photovoltaic module. The purpose of the tape is to provide an electrical path
for current to travel from the back contact layer to a junction box on an outer surface of the
module. The tape may include any suitable conductor. The conductive tape can include a
conductive component, such as a foil, metal film, inorganic film or organic film, for example,
a conductive polymer. In certain embodiments, the conductive tape can be a foil tape. For
example, the tape may be a pressure-sensitive adhesive (PSA) tape having a tin-plated copper
backing to ensure excellent conductivity and corrosion resistance.

When manufacturing the photovoltaic module, a machine may dispense tape onto a
surface of the modul¢. A gripping mechanism associated with the machine may ensure
proper placement of the tape on the module. For example, a pair of jaws may come together
to grasp one end of a roll of tape. The jaws may then move relative to the module and
thereby draw tape onto the module. Unfortunately, current machines can malfunction during
the dispensing process resulting in scrap modules. The challenge of managing

malfunctioning tape dispensers can be addressed by including a detector within the gripping
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mechanism where the detector is capable of detecting whether the gripping mechanism
securely grasps the tape before starting a cycle. Similarly, the detector is capable of
detecting whether the mechanism securely grasps the tape during a cycle that is in progress.
If the tape is not detected within the gripping mechanism, or if slippage of the tape from the
gripping mechanism is detected, the dispensing process will stop to avoid creating a scrap
module. An operator may then be notified so that corrective action can be taken.

In one aspect, a method for manufacturing a photovoltaic module may include
providing a gripper comprising a sensor disposed within the gripper, securing a first end of a
tape within the gripper, and moving the gripper relative to a photovoltaic module if the
sensor detects the first end of the tape within the gripper. The method may include drawing
the tape from a tape source and dispensing the tape onto é surface of the photovoltaic
module. The method may include stopping the gripper if the sensor does not detect the first
end of the tape within the gripper. The method may include prbducing an audible warning if
the sensor does not detect the first end of the tape within the gripper. Similarly, the method
may include producing a visual warning if the sensor does not detect the first end of the tape
within the gripper. The method may include stopping the gripper if the sensor detects
slippage of the first end of the tape relative to the gripper. The method rhay include
producing an audible warning if the sensor detects slippage of the first end of the tape
relative to the gripper. Similarly, the method may include producing a visual warning if the
sensor detects slippage of the first end of the tape relative to the gripper. The method may
also include completing dispensing of the tape, securing a portion of the tape with a
‘stationary gripper positioned between the gripper and the tape source, and cutting the tape at
a location between the gripper and the stationary gripper.

In another aspect, a tape dispensing machine for manufacturing a photovoltaic
module may include a gripper and a sensor disposed within the gripper. The sensor may be
configured to detect a first end of a tape within the gripper. The gripper may be movable
mounted to the machine. The gripper may include a lower portion and an upper portion, and
the upper portion and the lower portion may mate to grip the tape. The sensor may be
mounted in the upper portion of the gripper, or the sensor may be mounted in the lower
portion of the gripper. The tape may include tin-plated copper. The sensor may be a fiber

optic sensor. The machine may include a tape source rotatably mounted to the machine.
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The machine may include a stationary gripper mounted to the machine and positioned
between the gripper and the tape source. Also, the machine may include tape cutter mounted
to the machine and positioned between the gripper and the stationary gripper. The machine
may include a warning system mounted to the machine and connected to the sensor. |
When manufacturing a photovoltaic module 120, a machine 100 may dispense tape

110 onto a surface 115 of the module 120 as shown in Fig. 1. A gripping mechanism 125

associated with the machine may ensure proper placement of the tape 110 on the module 120.

Unfortunately, current machines can malfunction during the dispensing process resulting in
scrap modules. For example, as shown in Fig. 2, current machines may include a sensor 205
located outside of the gripping meéhanism 125, where the sensor 205 is configured to detect
the presence of the tape 110. However, due to the sensor’s 205 placement, it is possible for
the sensor 205 to detect the tape 110 even if the tape 110 is not secured within the gripper
125. For example, as shown in Fig. 2, the sensor 205 will convey the presence of the tape
110 to the control system despite the tape 110 not being secured properly between an upper
portion 130 and a lower portion 135 of the gripper 125. As a result, the manufacturing
process will proceed without the tape 110 secured within the gripper 125, thereby resulting in
a scrap module. |

To avoid producing scrap modules, the machine 100 must be redesigned to avoid
conveyance of false readings to the control system. This problem is solvcd-by including a
sensor 305 within the gripper 125 where the sensor is capable of accurately detecting whether
the gripper 125 is securely grasping the tape 110 before commencing a cycle. As shown in
Figs. 3 and 4, the sensor 305 is repositioned inside the gripper 125. As a result, the sensor
305 provides accurate signals regarding the presence and position of the tape 110. The
sensor 305 can be positioned in the upper portion 130 or the lower portion 135 of the gripper
125, thereby enabling it to detect the tape. A hole may be drilled into the gripper 125 to
provide access for the sensor 305. The sensor 305 can then be threaded into the hole to
ensure proper alignment and to provide a secure mounting location. Alternately, any other
manner of securing the sensor 305 to the gripper 125 may be used.

The gripper 125 may be configured to grasp one end of the tape 110 and draw the
tape from a tape source 140, such as a spool, into position on the module’s surface 115. For

instance, when a module 120 arrives at the tape dispensing machine 100, a section of tape
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110 may be drawn into position by the gripper 125. Once the tape is in place, the module

120 may move along to the next stage of manufacturing. The gripper 125 may then prepare

for another cycle by returning to its starting point and grasping another piece of tape destined
for the next module.

Figs. 5-8 depict four stages of a manufacturing process where tape is dispensed from
a tape source 140 onto the surface 115. During the first stage, a stationary gripper 145 may
be mounted to the machine 100 and may clamp the tape 110 to prevent the tape source 140
from unraveling. By holding the tape 110 in place, the stationary clamp 145 enables the
gripper 125 to move into position and grasp one end of the tape 110. For example, as shown
in Fig. 6, when the gripper 125 is in position, the upper portion130 and lower 135 portion

come together against an end of the tape 110. Once the gripper 125 has secured the end of

- the tape 110, the stationary clamp 145 may release the tape as shown in Fig. 6. Next, as

shown in Fig. 7, the gripper 125 may move away from the tape source 140, thereby drawing
tape 110 from the tape source and depositing the tape onto the surface 110. Once a desired
amount of tape 110 has been drawn from the tape source 140, the stationary clamp 145 may
again move towards the tape 110 and secure it to prevent unraveling of the tape source, and a
cutting blade 805 may sever the tape 110 as shown in Fig. 8. By securing an end of the tape

110 in a fixed position, the stationary clamp 145 ensures the machine 100 is ready for the

~ next application cycle.

If the tape 110 is not detected within the gripper 125 during the steps depicted in Figs.
6 and 7, the dispensing process will stop to avoid creating a scrap module. Similarly, if
slippage of the tape 110 from the gripper 125 is detected during the step depicted in Fig. 7,
the dispensing process will stop to avoid creating a scrap module. Slippage of the tape is
defined as relative motion between the tape 110 and the gripper 125 that indicates the tape is
slipping from the gripper. By stopping the process at the first sign of slippage, the operator
can be notified, and corrective action can be taken before a scrap module is created. Slippage
can be indicated by a weakening of the detector signal caused by the tape 110 moving
beyond the sensor’s 305 line of sight, which occurs when the tape slips from the gripper.
Similarly, if multiple sensors (905, 910) are positioned within the gripper 125, as shown in
Fig. 9, slippage may be indicated by a first sensor’s 905 signal weakening while a signal

from a second sensor 910, which is located closer to the tape source 140, remains constant.
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Therefore, by comparing signal strengths of adjacent detectors, slippage can be identified

early, and corrective action can be implemented before a scrap module is created. Any

- suitable combination of sensors at any suitable positions can be utilized and any suitable

alarm and/or feedback or control system can be based on or connected to the sensor system.
For example, if tape 110 is not detected by first sensor 905 but still detected at second sensor
910, a control system can determine that the tape has slipped but is still sufficient to tape the
module to within specifications. In such a situation, an indicator can indicate to an operator
that the system requires adjustment. However, if neither first sensor 905 of second sensor
910 detects tape 110, tape 110 may have slipped to such a degree that continuing the taping

process will result in unusable modules. In such a situation, a control system can

* automatically stop the production cycle and/or an indicator can indicate to an operator that

adjustment is needed.

| The detector may be any sensor 305 capable of detecting the presence of tape 110.
For example, the sensor may be a fiber optic sensor, or the sensor may be a hall effect sensor
capable of detecting disturbances in a magnetic field. Alternately, the detector may be a two-
piece sensor with one piece positioned in the upper portion of the gripper and a second piece
positioned in the lower portion. A two piece sensor may be a vision system employing a
light source and a photodetector capable of detecting tape between the two pieces. The
sensor may include or a wire 310 or it may be wireless. Where a fiber optic sensor is used,
the wire 310 may be a fiber optic cable.

During the grasping process, the upper portion 130 may move towards the lower
portion 135, or the lower portion 135 may move towards the upper portion 130. Alternately,
each portion (130, 135) may move towards the other portion. Any other suitable method for
securing the tape 110 may be employed. For example, any form of temporary attachment
may be used including clips, adhesive, magnetism, or suction.

If the tape 110 is not detected within the gripper 125, an operator may be notified so
that corrective action can be taken. For example, a visual or audible warnings may be
displayed proximate to the machine 100, or a warning may be conveyed to a computerized
monitoring system. Once notified of the stoppage, the operator can evaluate the situation and

adjust the tape within the gripper 125 and the tape source 140 as required.
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The gripper 125, as shown in Fig. 11, may be propelled in any suitable way. For
example, the gripper 125 fnay be positioned on a rail system 1205 as shown in Fig. 12. The
gripper 125 may be coupled to a drive system capable of moving the gripper 125 towards and
away from the tape source 140. Any suitable drive type may be used to propel the gripper
125 such as mechanical, pneumatic, hydraulic, or electrical.

As described above, methods of manufacturing photovoltaic modules employ a tape
dispensing machine 100. Ina particular embodiment, the machine is capable of rapidly and
accurately diépensing tape 110 onto a surface of the mddule 120 during assembly. For
example, the machine 100 may deposit a tape onto a glass substrate. The machine 100 may
include several components including a gripper 125 that is movably mounted to the machine.
For example, the gripper 125 may be mounted to a slide rail system 1205 and may have a
drive mechanism capable of propelling the gripper back and forth along the rail systerh. The
gripper 125 is capable of securing an end of the tape 110 and drawing it from a tape source
140 as it is propelled along the rail system 1205. Throughi this motion, the gripper 125 is
able to position the tape 110 in its intended location on the module 120.

During the application process, the sensor 305 may provide feedback to a computer
system. For example, during the application stages depicted in Figs. 5-7, the sensor 305 may
provide feedback to the computer system indicating the presence of the tape 110 within the
gripper 125. Before proceeding from the first stage to the second stage, the computer may
verify the tape 110 is secured within the gripper 125. During the second stage in the cycle,
the gripper 125 may move away from the tape source 140. While the gripper is moving, fhe
computer may verify that the tape 110 has not slipped, and is not slipping, from the gripper
by monitoring the signal received from the sensor 305. If the feedback from the sensor 305
indicates the tape 110 is no longer positioned within the gripper 125, or is slipping from the
gripper 125, the cycle will stop. The operator may then be notified of the problem through
an audible or visual signal associated with a warning system. For example, a horn may
sound or a red light may blink to indicate that an error has been detected. By stopping the
process when an error is detected, the creation of scrap products can be avoided. Similarly,
the creation of products requiring rework may be avoided. As a result, assembly line

efficiency is increased and waste is decreased.
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A stationary sensor 1005 may be positioned in or near the stationary gripper 145.

Similar to the first sensor 305, the second sensor may be used to detect the presence and

position of the tape 110. During the stages depicted in Fig. 5-8, the stationary sensor 1005

may provide feedback to the computer system regarding the presence of the tape 110. Before
moving the gripper 125 towards the stationary gripper 145, computer system may require
confirmation from the stationary sensor that tape 110 is present.

The stationary sensor 1005 may also be useful for detecting when the tape source 140
must be changéd. For example, as shown in Fig. 10, a stationary sensor 1005 mounted to the
stationary gripper 145 may identify when the tape source 140 is empty by identifying when a
second end 1010 of the tape 110 passes the sensor 1005. The machine 100 can then be
stopped and the empty spool can be replaced with a full spool. Detection and changing of
tape source 140 can be accomplished in any suitable manner. '

The machine may include a computer containing software program that permits
execution of one or more manufacturing processes. For instance, the software may enable
application of tape with little or no manual input. A partially completed photovoltaic module
120 may enter the machine and a program may be initiated which automatically applies tape
100 as described herein. The computer may continuously monitor signals from the one or
more detectors (e.g. 305, 905, 910, 1005) and make adjustments to the manufacturing process
based on those signals. For instance, the computer may receive and compare detector signals
and compare those signals to desired values in a lookup table or software code. If the values
do not match, the process will be halted to avoid producing a scrap module. To ensure-
adequate control, the computer may be configured to continuously compare actual values to
térget values during the manufacturing process. For instance, the computer may be
configured to compare values every 10 milliseconds.

The tape dispenser may also include a cutting blade 805, as shown in Fig. 8. The
cutting blade 805 may be actuated after the proper amount of tape 110 has been dispensed.
For instance, based on input parameters and signals from the detectors, the computer may
identify when the proper amount of tape 110 has been dispensed. At this moment, the
computer may actuate the cutting blade 803, thereby severing the tape.

The cutting blade 805 may move linearly, in an up and down direction, to facilitate

cutting. Alternately, the cutting blade 805 may be pivotally mounted to the machine. The
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cutting blade 805 may be attached to a hub. By rotating the hub in a counterclockwise
direction, the cutting blade 805 may be brought into contact with the tape. If sufficient
torque is applied to the hub, the cutting blade 805 will shear the tape. Any other suitable
cutting method may be employed.

Although the figures depict a moving gripper 125 and a stationary tape source 140,
this is not limiting. For example, the gripper 125 may remain still while the tape source 140
moves relative to the gripper 125. In one particular embodimenf, the tape source 140 may be
mounted on a rail system having a drive system that allows the tape source to move axially.
As aresult, the tape source 140 may traverse and apply tape 110 to the module 120,
producing a similar result as the other methods described herein.

The photovoltaic module 120 may be more elaborate than the basic module described
above and may include any suitable components, materials, configurations, or combinations
thereof. For example, as shown in Fig. 13, the photovoltaic module 1300 may contain an
anti-reflective coating and/or surface 1305 formed on the superstrate layer 1310. The
éuperstrate layer 1310 may be formed from an optically transparent material such as soda-
lime glass. Adjacent to the superstrate layer 1310, a barrier layer 1312 may be forméd to
lessen diffusion of sodium or other contaminants from the superstrate layer 1310. The
barrier layer 1312 may include silicon dioxide or any other suitable material. A transparent
conductive oxide (TCO) layer 1315 may be formed between the barrier layer 1312 and a
buffer layer 1318 and may serve as a front contact for the module 1300. In forming the TCO
layer 1315, it is desirable to use a material that is both highly conductive and highly

- transparent. For example, ’Ehe TCO layer 1315 may include tin oxide, or any other suitable

material. A buffer layer 1318 may be formed between the TCO layer 1315 and a
semiconductor window layer (for example, an n-type semiconductor) 1320.

The semiconductor window layer 1320 may include any suitable material, such as
cadmium sulfide. A semiconductor absorber layer 1325 may be formed adjacent to the
semiconductor window layer 1320 and may include any suitable material, such as cadmium
telluride.. Semiconductor absorber layer 1325 can include any other suitable material, such as
amorphous or crystalline silicon, or copper indium gallium (di)selenide. Several of these
photovoltaic technologies are discussed in U.S. Patent Application No. 12/572,172, filed on

October 1, 2009, which is incorporated by reference in its entirety. The semiconductor
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absorber layer 1325 may be deposited using any suitable deposition method. A p-n junction
1322 is formed where semiconductor absorber layer 1325 meets the semiconductor window
layer layer 1320. Current created in the photovoltaic cell may flow between a first lead 1316
formed adjacent to the TCO layer 1315 and a second lead 1331 formed adjacent to a back
contact layer 1331. The back contact layer 1330 may be formed adjacent to the
semiconductor absorber layer 1325. A plurality of layers formed between the superstrate
layer 1310 and substrate layer 1340 may be covered by an interlayer 1335.

The substrate layer 1340 may be formed adjacent to the interlayer 1335 and may
further protect the back side of the module. The substrate layer 1340 may be constructed
from soda-lime glass or any other suitable material. As described above, the substrate layer
1340 may have a first hole 1351 and a second hole 1352 which extend though the substrate
1340 from a top surface 1341 to a bottom surface 1342. A first lead 1316 may contact the
TCO layer 1315 and may pass through the first hole 1351. A second lead 1331 may contact
the back contact layer 1330 and may pass though the second hole 1352. The first and second
leads (1316, 1331) may be affixed to the bottom surface 1342 of the substrate 1340 using |
adhesive. The adhesive may be integral to the tape, or it may be applied to the tape. A
junction box 1350 may be placed over the holes (1351, 1352) and the leads (1316, 1331) to
protect the module 1300 from moisture ingress. The junction box 1350 may allow for
interconnection of the module 1300 to other modules and electrical devices. For example, a
first wire 1351 may enter the junction box 1350 and may be joined to the first lead 1316.
Similarly, a second wire 1352 may enter the junction box 1350 and may be joined to the
second lead 1331. The joining may be accomplished through soldering, brazing, welding or
any other suitable technique that results in a low resistance junction.

As shown in Fig. 14, a method for preparing a substrate layer for a photovoltaic
module may include detecting tape within the gripper 1405, dispensing tape onto a surface of
a photovoltaic module by the gripper moving relative to the surface 1410, and stopping
dispensing if the tape is not detected within the gripper. The surface may be any surface
associated with any layer of the module. |

As shown in Fig. 15, a method for manufacturing a photovoltaic module may include
deteéting a tape position within a gripper 1505, dispensing tape onto a surface of the

photovoltaic module by the gripper moving relative to the surface 1510, and stopping

10
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dispensing if the tape position changes within the gripper 1515. The surface may be any
surface associated with any layer ‘of the module. |

Details of one or more embodiments are set forth in the accompanying drawings and
description. Other features, objects, and advantages will be apparent from the description,
drawings, and claims. Although a number of embodiments of the invention have been
described, it will be understood that various modifications may be made without departing
from the spirit and scope of the invention. In particular, steps depicted in figures may be
executed in orders differing from the orders depicted. For example, steps may be performed
concurrently or in alternate orders from those depicted. It should also be understood that the
appended drawings are not necessarily to scale, presenting a somewhat simplified

representation of various features and basic principles of the invention.
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WHAT IS CLAIMED IS:

1. A method for manufacturing a photovoltaic module, the method comprising:
providing a gripper comprising a sensor disposed within the gripper;
securing a first end of a tape within the gripper; and
moving the gripper relative to a photovoltaic module if the sensor detects the

first end of the tape within the gripper.
2. The method of claim 1, further comprising:
drawing the tape from a tape source; and

dispensing the tape onto a surface of the photovoltaic module.

3. The method of claim 1, further comprising stopping the gripper if the sensor does
not detect the first end of the tape within the gripper.

4. The method of claim 3, further comprising producing an audible warning if the

sensor does not detect the first end of the tape within the gripper.

5. The method of claim 3, further comprising producing a visual warning if the

sensor does not detect the first end of the tape within the gripper.

6. The method of claim 1, fufther comprising stopping the gripper if the sensor
detects slippage of the first end of the tape relative to the gripper.

7. The method of claim 6, further comprising producing an audible warning if the

sensor detects slippage of the first end of the tape relative to the gripper.

8. The method of claim 6, further comprising producing a visual warning if the

sensor detects slippage of the first end of the tape relative to the gripper.
9. The method of claim 2, further comprising:

12
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completing dispensing of the tape;
securing a portion of the tape with a stationary gripper positioned between the
gripper and the tape source; and

cutting the tape at a location between the gripper and the stationary gripper.

10. A tape dispensing machine for manufacturing a photovoltaic module, the
machine comprising:
a gripper; and
a sensor disposed within the gripper, wherein the sensor is configured to

detect a first end of a tape within the gripper.

11. The machine of claim 10, wherein the gripper is movable mounted to the

machine.

12. The machine of claim 10, wherein the gripper comprises a lower portion and an

" upper portion, and wherein the upper portion and the lower portion mate to grip the tape.

13. The machine of claim 12, wherein the sensor is mounted in the upper portion of

the gripper.

14. The machine of claim 12, wherein the sensor is mounted in the lower portion of

the gripper.
15. The machine of claim 10, wherein the tape comprises tin-plated copper.
16. The machine of claim 10, wherein the sensor is a fiber optic sensor.

17. The machine of claim 10, further comprising a tape source rotatably mounted to

the machine.

13
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" 18. The machine of claim 10, further comprising a stationary gripper mounted to the

machine and positioned between the gripper and the tape source.

19. The machine of claim 18, further comprising a tape cutter mounted to the

5 machine and positioned between the gripper and the stationary gripper.

20. The machine of claim 10 further comprising a warning system mounted to the

machine and connected to the sensor.
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