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CONDUCTOR CONNECTION MEMBER, 
CONNECTIONSTRUCTURE, AND SOLAR 

CELL MODULE 

RELATED APPLICATIONS 

0001. This application is based upon and claims the ben 
efit of priorities from International Application No. PCT/ 
JP2008/058486 filed on May 7, 2008, Japanese Patent Appli 
cation No. 2007-124439 filed on May 9, 2007, and Japanese 
Patent Application No. 2007-228035 filed on Sep. 3, 2007, 
the entire contents of which are incorporated herein by refer 
CCC. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to an electric conduc 
tor connecting member, a connection structure and a Solarcell 
module. 
0004 2. Related Background Art 
0005 Solar cell modules have a construction wherein a 
plurality of Solar cells are connected in series and/or in par 
allel via wiring members that are electrically connected to 
their surface electrodes. Solder has traditionally been used for 
connection between electrodes and wiring members (see 
Patent document 1, for example). Solder is widely used 
because of its excellent connection reliability, including con 
ductivity and anchoring strength, low cost and general appli 
cability. 
0006 Wiring connection methods that do not employ sol 
der have been investigated, as well, from the viewpoint of 
environmental protection. For example, Patent documents 2 
and 3 disclose connection methods employing paste-like or 
film-like conductive adhesives. 
0007 Patent document 1 Japanese Unexamined Patent 
Publication No. 2004-204256 
0008 Patent document 2 Japanese Unexamined Patent 
Publication No. 2000-286436 
0009 Patent document 3 Japanese Unexamined Patent 
Publication No. 2005-101519 

SUMMARY OF THE INVENTION 

Problem to be Solved by the Invention 
0010. In the connection method employing solder 
described in Patent document 1, given a solder melting tem 
perature of generally about 230-260°C., the high temperature 
of connection and the Volume shrinkage of the Solder 
adversely affect the solar cell semiconductor structure, tend 
ing to impair the characteristics of the fabricated solar cell 
module. In addition, the recent decreasing thicknesses of 
semiconductor boards have tended to result in even more cell 
cracking and warping. Moreover, because solder connection 
does not allow easy control of the distance between electrodes 
and wiring members, it has been difficult to obtain satisfac 
tory dimensional precision for packaging. When Sufficient 
dimensional precision cannot be achieved, product yield 
tends to be reduced during the packaging process. 
0011. On the other hand, methods of establishing connec 
tion between electrodes and wiring members using conduc 
tive adhesives, as described in Patent documents 2 and 3, 
allow bonding to be achieved at low temperature compared to 
using Solder, thus potentially reducing the adverse effects on 
Solar cells by heating at high temperature. In order to fabricate 
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a solar cell module by this method, however, it is necessary to 
repeat a step of first applying or laminating a paste-like or 
film-like conductive adhesive on a solar cell electrode to form 
an adhesive layer and then positioning and Subsequently 
bonding a wiring member on the formed adhesive layer, for 
each electrode. The connection step is therefore complex, 
resulting in reduced productivity for solar cell modules. The 
methods described in Patent documents 2 and 3 do not take 
into account the effect of the surface condition of the adher 
end, and in Some cases it has not been possible to obtain 
Sufficient connection reliability (especially connection reli 
ability with high-temperature, high-humidity). 
0012. It is an object of the present invention, which has 
been accomplished in light of these circumstances, to provide 
an electric conductor connecting member which can simplify 
the connection steps for electrical connection between mutu 
ally separate electric conductors, while also obtaining excel 
lent connection reliability. It is a further object of the inven 
tion to provide a connection structure and Solar cell module 
whereby excellent productivity and high connection reliabil 
ity can both beachieved. 

Means for Solving the Problems 
0013. In order to solve the problems mentioned above, the 
invention provides an electric conductor connecting member 
comprising a metal foil having a roughened surface on at least 
one main side, and an adhesive layerformed on the roughened 
surface of the metal foil. 
0014. According to the electric conductor connecting 
member of the invention it is possible to electrically connect 
and bond a metal foil and electric conductors by placing part 
of the electric conductor connecting member with the rough 
ened surface facing an electric conductor to be connected, hot 
pressing it in the facing direction, and hot pressing a different 
part of the electric conductor connecting member with 
another electric conductor in the same manner, thus allowing 
simplification of the connection steps for electrical connec 
tion between mutually separate electric conductors, while 
also obtaining excellent connection reliability. 
0015 The present inventors believe that the reason for this 
effect is that the electric conductor connecting member of the 
invention having such a construction allows an adhesive layer 
with controlled thickness to be easily formed between electric 
conductors and metal foils serving as wiring members in 
electrical connection with each electric conductor, allows 
satisfactory bonding and connection of electric conductors 
and metal foils at lower temperature (particularly at 200° C. 
and below) than when using solder, and Sufficiently mini 
mizes cracking and warping of electric conductor-formed 
substrates, while also reducing the effects of the surface con 
dition of the electric conductors by facilitating conduction 
between the electric conductors and metal foils due to the 
protrusions on the roughened Surface of the metal foil. 
0016. From the viewpoint of improving the conductivity 
between the electric conductors and metal foil, the thickness 
t (Lm) of the adhesive layer is preferably no greater than 3 
times Ry, where Ry (Lm) is the maximum height on the 
roughened surface on which the adhesive layer has been 
formed, in the electric conductor connecting member of the 
invention. 
0017. Throughout the present specification, the maximum 
height is the value calculated according to JIS-B0601-1994, 
and it is determined by observation with an ultradeep three 
dimensional profile microscope (for example, a “VK-8510' 
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ultradeep three-dimensional profile microscope by Key 
ences), and calculation by imaging and analysis Software. The 
thickness of the adhesive layer is the value measured with a 
micrometer. 
0018. The adhesive layer in the electric conductor con 
necting member of the invention preferably contains a latent 
curing agent. 
0019. The adhesive layer in the electric conductor con 
necting member of the invention also preferably contains 
conductive particles. 
0020. Also preferably, the adhesive layer contains conduc 

tive particles with the mean particle size D (Lm) of the con 
ductive particles being no greater than Ry, where Ry (Lm) is 
the maximum height on the roughened surface on which the 
adhesive layer has been formed. This can produce an effect of 
increasing the number of contact points during connection to 
lower resistance, and can prevent inclusion of Voids at the 
joints to further improve the connection reliability. 
0021. Also, when the adhesive layer contains conductive 
particles, preferably the maximum particle size r (Lm) of 
the conductive particles is no greater than the sum of RZaand 
RZb, where RZa (um) is the ten-point height of roughness 
profile on the roughened surface on which the adhesive layer 
has been formed and Rzb (um) is the ten-point height of 
roughness profile on the surface of the electric conductor to be 
connected, which is in contact with the adhesive layer. The 
maximum particle size of the conductive particles may be set 
as described above depending on the Surface roughness of the 
electric conductors to be connected and the surface roughness 
of the metal foils, so that sufficient adhesion and excellent 
conductivity can be obtained while using conductive particles 
with a wider particle size distribution, and so that improved 
connection reliability can be achieved at lower cost compared 
to using conductive particles of uniform particle size, which 
are often used for Such purposes. 
0022. Throughout the present specification, the ten-point 
height of roughness profile is the value calculated according 
to JIS-B0601-1994, and it is determined by observation with 
an ultradeep three-dimensional profile microscope (for 
example, a “VK-8510” ultradeep three-dimensional profile 
microscope by Keyences), and calculation by imaging and 
analysis Software. 
0023. Also, from the viewpoint of obtaining even higher 
connection reliability for the electric conductor connecting 
member of the invention, preferably the adhesive layer con 
tains a latent curing agent and conductive particles, the mean 
particle size D (Lm) of the conductive particles being no 
greater than Ry, where Ry (Lm) is the maximum height on the 
roughened surface on which the adhesive layer has been 
formed, and the maximum particle sizer (Lm) of the con 
ductive particles being no greater than the Sum of RZa and 
RZb, where RZa (um) is the ten-point height of roughness 
profile on the roughened surface on which the adhesive layer 
has been formed and Rzb (um) is the ten-point height of 
roughness profile on the surface of the electric conductor to be 
connected, which is in contact with the adhesive layer. 
0024. When the adhesive layer contains a latent curing 
agent, the mean particle size Dc (um) of the latent curing 
agent is preferably no greater than Ry, where Ry (Lm) is the 
maximum height on the roughened surface on which the 
adhesive layer has been formed. By limiting the mean particle 
size of the latent curing agent to no greater than the maximum 
height on the roughened Surface, it is possible to prevent loss 
of the latent curing agent function when the electric conduc 
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tor connecting member has been subjected to pressure during 
storage, and to improve the adhesion while adequately main 
taining the shelf life of the electric conductor connecting 
member. These conditions are particularly effective for guar 
anteeing the shelflife when the electric conductor connecting 
member is a wound-up tape. 
0025. The metal foil in the electric conductor connecting 
member of the invention is preferably band-shaped. This will 
provide an effect of simplifying the connection steps, and 
ensuring a fixed width matching the joint while also facilitat 
ing automation during contiguous connection in the length 
wise direction. 
0026. From the viewpoint of conductivity, corrosion resis 
tance and flexibility, the metal foil used in the electric con 
ductor connecting member of the invention is preferably one 
comprising at least one metal selected from among Cu, Ag, 
Au, Fe, Ni, Pb, Zn, Co, Ti, Mg, Sn and Al. 
0027. From the viewpoint of facilitating formation of the 
adhesive layer and maintaining roughness during working, 
the ten-point height of roughness profile RZa (um) of the 
roughened Surface in the electric conductor connecting mem 
ber of the invention is preferably no greater than 30 um. 
0028. The invention further provides a connection struc 
ture wherein the electric conductor connecting member of the 
invention and an electric conductor are situated with the 
roughened surface of the electric conductor connecting mem 
ber and the electric conductor facing each other via an adhe 
sive layer and are hot pressed for electrical connection and 
bonding of the metal foil and electric conductor. 
0029. Since a metal foil, as a wiring member, is electri 
cally connected to the electric conductor by an electric con 
ductor connecting member of the invention in the connection 
structure of the invention, the connection steps can be sim 
plified and excellent connection reliability can be obtained. 
Such a connection structure according to the invention may 
be applied to electrical and electronic parts requiring wiring 
connection (especially Solar cell modules), to improve part 
productivity and enhance connection reliability. 
0030. In the connection structure of the invention, the 
surface of the electric conductor connected to the metal foil 
preferably has surface roughness, and the protrusions on the 
Surface roughness sections of the electric conductor are pref 
erably in contact with the protrusions on the roughened Sur 
face of the metal foil. 
0031. The invention further provides a solar cell module 
comprising a plurality of Solar cells with Surface electrodes, 
wherein each of the solar cells are electrically connected 
together via a metal foil bonded to the surface electrodes with 
a bonding member, the Surface of the metal foil in contact 
with the Surface electrode is a roughened Surface, and the 
metal foil is formed of an electric conductor connecting mem 
ber according to the invention. 
0032 Since each of the solar cells is connected together 
via the metal foil formed of an electric conductor connecting 
member according to the invention in the solar cell module of 
the invention, production is facilitated and excellent connec 
tion reliability can be obtained. With the solar cell module of 
the invention, therefore, it is possible to obtain both excellent 
productivity and high connection reliability. 
0033. Also in a solar cell module of the invention, some or 
all of the sections of the metal foil other than the surface in 
contact with the surface electrode are preferably covered with 
a resin. This will help to effectively prevent electrical shorts 
due to contact between the metal foil and other conductive 
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members, thus preventing corrosion of the metal foil and 
improving the durability of the metal foil. 
0034. When each of solar cells in the solar cell module of 
the invention are connected together in series by electric 
conductor connecting members comprising adhesive layers 
formed on both roughened surfaces of metal foils having 
roughened Surfaces on both main sides, each of the adhesive 
layers can serve both functions for bonding between the metal 
foils and electrodes and as metal foil-covering resins, and 
Such a solar cell module is highly reliable and convenient to 
produce. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0035 FIG. 1 is a schematic cross-sectional view showing 
an embodiment of an electric conductor connecting member 
according to the invention. 
0036 FIG. 2 is a schematic cross-sectional view showing 
another embodiment of an electric conductor connecting 
member according to the invention. 
0037 FIG. 3 is an illustration showing the relationship 
between the surface roughness of an electrode to be con 
nected and the Surface roughness on the roughened Surface of 
the metal foil, and the thickness of the adhesive layer. 
0038 FIG. 4 is an illustration showing the relationship 
between the surface roughness of an electrode to be con 
nected and the Surface roughness on the roughened Surface of 
the metal foil, and the thickness of the adhesive layer. 
0039 FIG. 5 is an illustration showing the relationship 
between the surface roughness of an electrode to be con 
nected and the Surface roughness on the roughened Surface of 
the metal foil, and the thickness of the adhesive layer. 
0040 FIG. 6 is a schematic cross-sectional view showing 
a connection structure according to this embodiment. 
0041 FIG. 7 is a schematic view of the essential part of a 
Solar cell module according to this embodiment. 
0042 FIG. 8 is a schematic cross-sectional view showing 
part of a solar cell module according to this embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0043 Preferred embodiments of the invention will now be 
explained in detail, with reference to the accompanying draw 
ings as necessary. Through the drawings, corresponding ele 
ments will be referred to by like reference numerals and will 
be explained only once. Unless otherwise specified, the ver 
tical and horizontal positional relationships are based on the 
positional relationships in the drawings. Also, the dimen 
sional proportions depicted in the drawings are not necessar 
ily limitative. 
0044 FIG. 1 is a schematic cross-sectional view showing 
an embodiment of an electric conductor connecting member 
according to the invention. The electric conductor connecting 
member 10 in FIG. 1 comprises a band-shaped metal foil 1 
having roughened Surfaces 1a, 1b on both main sides and a 
first adhesive layer 2 and second adhesive layer 3 formed on 
both roughened surfaces of the metal foil, and it has the form 
of an adhesive-attached metal foil tape. FIG. 2 is a schematic 
cross-sectional view showing another embodiment of an elec 
tric conductor connecting member according to the invention. 
The electric conductor connecting member 20 in FIG. 2 com 
prises aband-shaped metal foil 1 having a roughened Surface 
1a on one main side and a first adhesive layer 2 formed on the 
roughened surface of the metal foil. The adhesive layer 2 of 
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the electric conductor connecting member 20 comprises a 
latent curing agent 4 and conductive particles 5. 
0045. When the electric conductor connecting member 10 
having the adhesive layers formed on both sides of the metal 
foil is used to fabricate a solar cell module as described 
hereunder, it is easy to carry out the connecting step for 
connection between the solar cell surface electrode and the 
surface electrode (rear electrode) formed on the back side of 
the adjacent Solar cell. That is, since adhesive layers are 
provided on both sides, connection can be established 
between the surface electrode and rear electrode without 
reversing the electric conductor connecting member. Also, 
because the adhesive layer that does not contribute to connec 
tion with the electrodes functions as a covering material for 
the metal foil, this helps to effectively prevent electrical shorts 
due to contact between the metal foil and other conductive 
members, thus preventing corrosion of the metal foil and 
improving the durability of the metal foil. This effect can be 
obtained even when the electric conductor connecting mem 
ber 10 is used for connection between electric conductors 
formed on the same side. 
0046. On the other hand, the electric conductor connecting 
member 20 having an adhesive layer formed on one side of a 
metal foil facilitates fabrication of members and is superior in 
terms of cost, and consequently it is also suitable for connec 
tion between electric conductors formed on the same side. 
0047. The electric conductor connecting members 10, 20 
are in the form of adhesive-attached metal foil tapes, and for 
winding up into a tape, it is preferred either to provide a 
separator Such as a release sheet on the adhesive layer side or, 
in the case of the electric conductor connecting member 20, to 
provide a back side treatment layer of silicon or the like on the 
back side of the metal foil 1. 
0048. As examples for the metal foil 1 there may be men 
tioned those containing one or more metals selected from 
among Cu, Ag, Au, Fe, Ni, Pb, Zn, Co., Ti, Mg, Sn and Al, as 
well as laminates thereof. Copper and aluminum foils which 
have excellent conductivity are preferred for this embodi 
ment. 

0049. The roughened surface of the metal foil 1 may be 
formed by a known Surface roughening method such as, for 
example, a physical process using abrasive powder or a roll, 
or a chemical process by etching. 
0050. The thickness of the metal foil 1 may be about 5-150 
um. When the electric conductor connecting member of this 
embodiment is wound up as a tape, the thickness of the metal 
foil is preferably about 20-100 um from the viewpoint of 
deformability and manageability. When the metal foil has a 
Small thickness and lacks strength, it may be reinforced with 
a plastic film or the like. 
0051. The metal foil used for this embodiment may be a 
“electrolytic foil having electrochemically heterogeneous 
microirregularities, for its ready availability. Electrolytic cop 
per foils used for copper-clad laminates as printed circuit 
board materials are particularly preferred because they are 
readily available as general purpose materials, and economi 
cal. The electrolytic copper foil will generally be one having 
protrusions with base areas averaging approximately 10-500 
um. 
0.052 There are no particular restrictions on the roughness 
of the roughened Surface, but increased roughness may inter 
fere with formation of the adhesive layer or may make it 
difficult to Sufficiently maintain roughness during working, 
while insufficient roughness may result in unsatisfactory con 
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ductivity, and therefore the maximum height Ry is preferably 
3 um-35 um. The maximum height Ry on the roughened 
Surface is preferably no greater than 30 um and more prefer 
ably no greater than 25um, from the viewpoint of facilitating 
formation of the adhesive layer and maintaining roughness 
during working. When the preferred roughness of the rough 
ened surface is set by the ten-point height of roughness pro 
file, the ten-point height of roughness profile Rza of the 
roughened Surface is preferably no greater than 30 Jum, more 
preferably no greater than 25um and even more preferably no 
greater than 15um. 
0053. The adhesive layers 2, 3 may be widely used mate 

rials formed using thermoplastic materials or curable mate 
rials that exhibit curable properties under heat or light. The 
adhesive layer for this embodiment preferably contains a 
curable material from the viewpoint of excellent heat resis 
tance and humidity resistance after connection. Thermoset 
ting resins may be mentioned as curable materials, and any 
publicly known ones may be used. As examples of thermo 
setting resins there may be mentioned epoxy resins, phenoxy 
resins, acrylic resins, phenol resins, melamine resins, poly 
urethane resins, polyester resins, polyimide resins, polya 
mide resins and the like. From the standpoint of connection 
reliability, the adhesive layer preferably contains at least one 
from among epoxy resins, phenoxy resins and acrylic resins. 
0054 The adhesive layers 2, 3 preferably comprise a ther 
mosetting resin and a latent curing agent for the thermosetting 
resin. A latent curing agent has relatively distinct active points 
for reaction initiation by heat and/or pressure, and is suitable 
for connection methods that involve heating/pressing steps. 
The adhesive layers 2, 3 more preferably contain an epoxy 
resin and a latent curing agent for the epoxy resin. An adhe 
sive layer formed from an epoxy-based adhesive containing a 
latent curing agent can be cured in a short period of time, has 
good workability for connection and exhibits excellent adhe 
sion by its molecular structure. 
0055 As epoxy resins there may be mentioned bisphenol 
A-type epoxy resin, bisphenol F-type epoxy resin, bisphenol 
S-type epoxy resin, phenol-novolac-type epoxy resin, cresol 
novolac-type epoxy resin, bisphenol A/novolac-type epoxy 
resin, bisphenol F/novolac-type epoxy resin, alicyclic epoxy 
resin, glycidyl ester-type epoxy resin, glycidyl amine-type 
epoxy resin, hydantoin-type epoxy resin, isocyanurate-type 
epoxy resin, aliphatic straight-chain epoxy resins and the like. 
These epoxy resins may be halogenated or hydrogenated. 
These epoxy resins may also be used in combinations of two 
O. O. 

0056. As latent curing agents there may be mentioned 
anionic polymerizable catalyst-type curing agents, cationic 
polymerizable catalyst-type curing agents and polyaddition 
type curing agents. Any of these may be used alone or in 
mixtures of two or more. Preferred among these are anionic 
and cationic polymerizable catalyst-type curing agents since 
they have excellent fast-curing properties and do not require 
special consideration in regard to chemical equivalents. 
0057. As examples of anionic or cationic polymerizable 
catalyst-type curing agents there may be mentioned tertiary 
amines, imidazoles, hydrazide-based compounds, boron tri 
fluoride-amine complexes, onium salts (sulfonium salts, 
ammonium salts and the like), amineimides, diaminomale 
onitrile, melamine and its derivatives, polyamine salts and 
dicyandiamides, as well as reformed compounds of the same. 

May 13, 2010 

As polyaddition-type curing agents there may be mentioned 
polyamines, polymercaptanes, polyphenols, acid anhydrides 
and the like. 
0.058 When a tertiary amine or imidazole is used as an 
anionic polymerizable catalyst-type curing agent, the epoxy 
resin is cured by heating at a moderate temperature of about 
160° C.-200° C. for between several tens of seconds and 
several hours. This is preferred because it lengthens the pot 
life. 
0059. As cationic polymerizable catalyst-type curing 
agents there are preferred photosensitive onium salts that cure 
epoxy resins under energy ray exposure (mainly aromatic 
diazonium salts, aromatic Sulfonium salts and the like). Ali 
phatic Sulfonium salts are among those that are activated and 
cure epoxy resins by heat instead of energy ray exposure. 
Such curing agents are preferred because of their fast-curing 
properties. 
0060 Microcapsulated forms obtained by covering these 
curing agents with polyurethane-based or polyester-based 
polymer Substances or inorganic materials such as metal thin 
films of nickel or copper, or calcium silicate, are preferred as 
they can extend the pot life. 
0061 The active temperature of the adhesive layer is pref 
erably 40-200° C. and more preferably 50-150° C. If the 
active temperature is below 40°C., the temperature difference 
against room temperature (25°C.) will be smaller and a low 
temperature will be required for storage of the connecting 
member, while if it is above 200° C. there will tend to be 
thermal effects on members other than those in the joints. The 
active temperature of the adhesive layer is the exothermic 
peak temperature upon temperature increase of the adhesive 
layer as the sample from room temperature at 10° C./min 
using a DSC (differential scanning calorimeter). 
0062 Setting a lower active temperature for the adhesive 
layer will tend to improve the reactivity but lower the storage 
life, and therefore it is preferably selected from both these 
considerations. That is, the electric conductor connecting 
member of this embodiment allows temporary connections to 
be made on electric conductors formed on boards, and allows 
metal foils and adhesive-attached boards to be obtained, by 
heat treatment at the active temperature of the adhesive layer. 
Furthermore, setting the active temperature of the adhesive 
layer within the range specified above can ensure an adequate 
storage life of the adhesive layer while facilitating highly 
reliable connection upon heating at above the active tempera 
ture. This allows more effective two-stage curing wherein 
temporarily connected articles are collectively cured together 
afterwards. When such temporarily connected articles are 
produced, there is virtually no viscosity increase in the adhe 
sive layer as curing reaction proceeds at below the active 
temperature, and therefore the microirregularities in the elec 
trodes are filled well and production can be more easily man 
aged. 
0063. The electric conductor connecting member of this 
embodiment can exhibit conductivity in the thickness direc 
tion utilizing the roughness of the roughened Surface of the 
metal foil, but the adhesive layer preferably contains conduc 
tive particles from the viewpoint of increasing the number of 
indentation Surfaces during connection to increase the num 
ber of contact points. 
0064. There are no particular restrictions on the conduc 
tive particles, and for example, gold particles, silver particles, 
copper particles, nickel particles, gold-plated nickel particles, 
gold/nickel plated plastic particles, copper-plated particles 
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and nickel-plated particles may be mentioned. The conduc 
tive particles preferably have burr-shaped or spherical par 
ticle shapes from the viewpoint of the filling properties of the 
conductive particles into the adherend Surface irregularities 
during connection. Specifically, conductive particles in Such a 
form have higher filling properties for complex irregular 
shapes on metal foil and adherend Surfaces, as well as high 
shape-following properties for variation caused by vibration 
or expansion after connection, and can therefore improve the 
connection reliability. 
0065. The conductive particles used for this embodiment 
have a particle size distribution in the range of about 1-50 um, 
and preferably 1-30 Lum. 
0066. The content of conductive particles in the adhesive 
layer may be within a range that does not notably lower the 
adhesion of the adhesive layer, and for example, it may be up 
to 10 vol% and preferably 0.1-7 vol% based on the total 
volume of the adhesive layer. 
0067. When the adhesive layer of the electric conductor 
connecting member of this embodiment contains conductive 
particles, the mean particle size D (Lm) of the conductive 
particles is preferably no greater than Ry, where Ry (Lm) is 
the maximum height on the roughened surface on which the 
adhesive layer has been formed, from the viewpoint of 
achieving a high level for both the adhesion and conductivity. 
This can produce an effect of increasing the number of con 
tact points during connection to lower resistance, and can 
prevent inclusion of voids at the joints to further improve the 
connection reliability. 
0068 Also, when the adhesive layer contains conductive 
particles, preferably the maximum particle size r (Lm) of 
the conductive particles is no greater than the sum of RZaand 
Rzb, and more preferably the maximum particle size r, 
(Lm) of the conductive particles is no greater than RZa, where 
RZa (Lm) is the ten-point height of roughness profile on the 
roughened surface on which the adhesive layer has been 
formed and RZb (um) is the ten-point height of roughness 
profile on the surface of the electric conductor to be con 
nected, which is in contact with the adhesive layer. The maxi 
mum particle size of the conductive particles may be set as 
described above depending on the Surface roughness of the 
electric conductors to be connected and the Surface roughness 
of the metal foil, so that sufficient adhesion and excellent 
conductivity can be obtained while using conductive particles 
with a widerparticle size distribution (in the range of 1-50 um 
and preferably 1-30 um, for example), and so that improved 
connection reliability can be achieved at lower cost compared 
to using conductive particles of uniform particle size, which 
are often used for Such purposes. 
0069. Also, from the viewpoint of obtaining even higher 
connection reliability for the electric conductor connecting 
member of this embodiment, preferably the adhesive layer 
contains a latent curing agent and conductive particles, the 
mean particle size D (Lm) of the conductive particles being no 
greater than Ry, where Ry (Lm) is the maximum height on the 
roughened surface on which the adhesive layer has been 
formed, and the maximum particle sizer (Lm) of the con 
ductive particles being no greater than the Sum of RZa and 
RZb, where RZa (um) is the ten-point height of roughness 
profile on the roughened surface on which the adhesive layer 
has been formed and Rzb (um) is the ten-point height of 
roughness profile on the surface of the electric conductor to be 
connected, which is in contact with the adhesive layer. 
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(0070. When the adhesive layer in the electric conductor 
connecting member of this embodiment contains a latent 
curing agent, the mean particle size Dc (Lm) of the latent 
curing agent is preferably no greater than Ry, where Ry (Lm) 
is the maximum height on the roughened surface on which the 
adhesive layer has been formed. By limiting the mean particle 
size of the latent curing agent to no greater than the maximum 
height on the roughened Surface, it is possible to prevent loss 
of the latent curing agent function when the electric conduc 
tor connecting member has been subjected to pressure during 
storage, and to improve the adhesion while adequately main 
taining the shelf life of the electric conductor connecting 
member. These conditions are particularly effective for guar 
anteeing the shelflife when the electric conductor connecting 
member is a wound-up tape. 
0071. When the adhesive layer contains a latent curing 
agent and conductive particles, the mean particle size Dc of 
the latent curing agent is preferably smaller than the mean 
particle size D of the conductive particles, from the standpoint 
of extending the storage life and obtaining both adhesion and 
conductivity by a smoother adhesive layer Surface. Through 
out the present specification, the mean particle size D of the 
conductive particles is the value determined by the following 
formula. The mean particle size Dc of the latent curing agent 
is the value determined in the same manner. 

D=Xia X Formula 1 

Here, n represents the number of particles with maximum 
diameter d. The method of measuring the particle size may be 
an electron microscope, optical microscope, Coulter counter 
or light scattering method, all of which are commonly 
employed. When the particles have an aspect ratio, d is the 
center diameter. According to the invention, measurement is 
preferably conducted on at least 10 particles using an electron 
microscope. 
0072 According to this embodiment, the thickness of the 
adhesive layer is appropriately set based on the average dis 
tance from the bottom sections (concavities) of the roughened 
surface, but it is preferably thicker from the viewpoint of 
adhesion, and thinner from the viewpoint of conductivity. In 
consideration of both these properties, the thickness of the 
adhesive layer is preferably about 5-50 um, and it is more 
preferably 9-45um from the viewpoint of further improving 
the connection reliability. 
0073. The thickness t (um) of the adhesive layer in the 
electric conductor connecting member of this embodiment is 
preferably set according to the surface condition of the elec 
tric conductor to be connected. Surface conditions of electric 
conductors are largely classified into 3 types, and the pre 
ferred adhesive layer thicknesses for each type will now be 
explained with reference to the accompanying drawings. 
(0074 FIGS. 3 to 5 are illustrations showing the relation 
ship between the surface roughness of an electrode to be 
connected and the Surface roughness on the roughened Sur 
face of the metal foil, and the thickness of the adhesive layer. 
FIG. 3 shows a case where the electric conductor to be con 
nected is an electrode 6a having an essentially smooth adher 
end surface 7a. FIG. 5 shows a case where the electric con 
ductor to be connected is an electrode 6c having an adherend 
Surface 7c with approximately the same roughness as the 
maximum height Ry of the roughened Surface of the metal 
foil. FIG. 4 shows a case where the electric conductor to be 
connected is an electrode 6b having an adherend surface 7b 
with a medium level of roughness between the essentially 
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smooth adherend surface 7a shown in FIG.3 and the adher 
end Surface 7c having approximately the same roughness as 
the maximum height Ry of the roughened surface of the metal 
foil shown in FIG. 5. 

0075. In the case of FIG. 3, the thickness ta (um) of the 
adhesive layer is preferably set so as to be approximately the 
same as the maximum height Ry (Lm) of the roughened 
surface of the metal foil, so that the areas between the bottom 
sections 9a of the adherend surface 7a and the bottom sec 
tions 8 of the roughened surface of the metal foil 1 are suffi 
ciently filled with the adhesive when the protrusions of the 
roughened surface of the metal foil 1 contact with the adher 
end surface 7a. Specifically, the thickness ta of the adhesive 
layer is preferably set with a safety margin around approxi 
mately the same value as the maximum height (Lm) of the 
surface of the electric conductor in contact with the adhesive 
layer (a value such that ta/Ry-approximately 1.0), as the 
center value. The safety margin may be set in consideration of 
factors such as the shape and roughness of the electrode 
Surface as the electric conductor to be connected, the rough 
ness and shape of the metal foil, the flow properties of the 
adhesive layer and the amount of seepage of the adhesive 
during connection. For this embodiment, the range for the 
safety margin is preferably set so that ta/Ry is in the range of 
approximately 0.7-1.2. This is preferred to further exploit the 
irregularities in the roughened surface of the metal foil. 
0076. In the case of FIG. 4, the thickness th (Lm) of the 
adhesive layer is preferably set so as to be about 1-2 times the 
maximum height Ry (Lm) of the roughened surface of the 
metal foil, so that the areas between the bottom sections 9b of 
the adherend surface 7b and the bottom sections 8 of the 
roughened surface of the metal foil 1 are sufficiently filled 
with the adhesive when the protrusions of the roughened 
surface of the metal foil 1 contact with the adherend surface 
TE. 

0077. In the case of FIG. 5, the thickness tc (um) of the 
adhesive layer is preferably set so as to be about 2-3 times the 
maximum height Ry (Lm) of the roughened Surface of the 
metal foil, so that the areas between the bottom sections 9c of 
the adherend surface 7c and the bottom sections 8 of the 
roughened surface of the metal foil 1 are sufficiently filled 
with the adhesive when the protrusions of the roughened 
surface of the metal foil 1 contact with the adherend surface 
7. 

0078. In consideration of the effect of the surface rough 
ness of the electric conductor, in the case shown in FIG.3, and 
in the cases shown in FIG. 4 and FIG. 5 wherein conductivity 
is obtained by contact of irregularly shaped microirregulari 
ties, and also the flow property of the adhesive, the thickness 
t (Lm) of the adhesive layer is preferably, for higher connec 
tion reliability, no greater than 3 times and more preferably 
0.7-3 times Ry, where Ry (um) is the maximum height on the 
roughened surface on which the adhesive layer has been 
formed. If the thickness t (Lm) of the adhesive layer is greater 
than 3 times Ry, it will be difficult to obtain sufficient con 
ductivity. If the thickness t (um) of the adhesive layer is less 
than 0.7 times Ry, it will be difficult to obtain sufficient 
adhesion. 

0079. The present inventors believe that the reason for the 
tendency toward high connection reliability by setting the 
thickness of the adhesive layer based on the maximum height 
on the roughened surface of the metal foil as described above, 
is that the spacing between the metal foil and electric conduc 
tor is largely dependent on the largest section among the 
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difference of elevation in the roughness consisting of irregu 
larities on the surface of the metal foil, i.e. Ry, and therefore 
setting the thickness of the adhesive layer based on Ry can 
reliably and easily achieve both filling properties and conduc 
tivity even when variations are present in the Surface condi 
tion of the electric conductor. 
0080. The adhesive layers 2, 3 may also contain, in addi 
tion to the components mentioned above, modifying materi 
als such as silane-based coupling agents, titanate-based cou 
pling agents or aluminate-based coupling agents in order to 
improve the adhesion or wettability between the curing agent, 
curing accelerator and Substrate on which the electric con 
ductor is formed, dispersing agents such as calcium phos 
phate or calcium carbonate in order to improve the dispers 
ibility of the conductive particles, and chelate materials to 
prevent silver or copper migration. 
I0081. The electric conductor connecting member of the 
embodiment described above may be placed on the electric 
conductor and hot pressed to bond the metal foil and electric 
conductor while achieving conduction with low resistance of 
no greater than about 10 S2/cm between the metal foil and 
electric conductor during electrification. 
I0082. The electric conductor connecting member of this 
embodiment is suitable as a connecting member for connec 
tion between multiple solar cells in series and/or parallel. 
I0083. An electric conductor connection method employ 
ing an electric conductor connecting member according to 
this embodiment will now be described. 

10084. The electric conductor connection method of the 
first embodiment is a method for electrical connection 
between a mutually separate first electric conductor and sec 
ond electric conductor using the electric conductor connect 
ing member 10, and it comprises a first step in which part of 
the electric conductor connecting member 10 and a first elec 
tric conductor are situated with the roughened surface 1a of 
the electric conductor connecting member 10 and the first 
electric conductor facing each other via a first adhesive layer 
2, and these are hot pressed for electrical connection and 
bonding of the metal foil 1 and first electric conductor, and a 
second step in which another part of the electric conductor 
connecting member 10 and a second electric conductor are 
situated with the roughened surface 1b of the electric conduc 
tor connecting member 10 and the second electric conductor 
facing each other via a second adhesive layer 3, and these are 
hot pressed for electrical connection and bonding of the metal 
foil 1 and second electric conductor. The first electric con 
ductor and second electric conductor thus become electrically 
connected via the metal foil 1 bonded to the electric conduc 
tors. The electric conductor connection method of this 
embodiment is suitable for connection of multiple solar cells 
in series, for example. 
I0085. The first step and second step may be carried out 
simultaneously or in the order of first step and second step, or 
in the reverse order. The second step may alternatively be a 
step in which the other part of the electric conductor connect 
ing member 10 and the second electric conductor are situated 
so that the roughened surface 1a of the electric conductor 
connecting member 10 and the second electric conductor are 
facing each other via the first adhesive layer 2, and these are 
hot pressed to electrically connect and bond the metal foil 1 
and second electric conductor. This is preferred when, for 
example, multiple Solar cells are connected in parallel. 
0086. The electric conductor connection method of the 
second embodiment is a method for electrical connection 
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between a mutually separate first electric conductor and sec 
ond electric conductor using the electric conductor connect 
ing member 20, and it comprises a first step in which part of 
the electric conductor connecting member 20 and a first elec 
tric conductor are situated with the roughened surface 1a of 
the electric conductor connecting member 20 and the first 
electric conductor facing each other via a first adhesive layer 
2, and these are hot pressed for electrical connection and 
bonding of the metal foil 1 and first electric conductor, and a 
second step in which another part of the electric conductor 
connecting member 20 and a second electric conductor are 
situated with the roughened surface 1a of the electric conduc 
tor connecting member 20 and the second electric conductor 
facing each other via the first adhesive layer 2, and these are 
hot pressed for electrical connection and bonding of the metal 
foil 1 and second electric conductor. The first electric con 
ductor and second electric conductor thus become electrically 
connected via the metal foil 1 bonded to the electric conduc 
tors. The first step and second step may be carried out simul 
taneously or in the order of first step and second step, or in the 
reverse order. The electric conductor connection method of 
this embodiment is suitable for connection of multiple solar 
cells in parallel, for example. 
0087 As examples of electric conductors for the electric 
conductor connection method of the first embodiment and 
second embodiment described above, there may be men 
tioned solar cell bus electrodes, electromagnetic wave shield 
wiring or ground electrodes, semiconductor electrodes for 
short modes, and display electrodes. 
0088. As known materials that can be used to obtain elec 

trical conduction for solar cell bus electrodes, there may be 
mentioned ordinary silver-containing glass paste, or silver 
paste, gold paste, carbon paste, nickel paste or aluminum 
paste obtained by dispersing conductive particles in adhesive 
resins, and ITO formed by firing or vapor deposition, but 
silver-containing glass paste electrodes are preferred from the 
viewpoint of heat resistance, conductivity, stability and cost. 
Solarcells generally have an Agelectrode and an Al electrode 
formed by Screen printing or the like, on a semiconductor 
board composed of one or more Sisingle-crystal, polycrystal 
or amorphous materials. The electrode Surfaces generally 
have irregularities of 3-30 Lum. In particular, the electrodes 
formed on solar cells have a maximum height Ry of about 30 
um and are often rough with a ten-point height of roughness 
profile RZ of about 2-30 um, and usually 2-18 um. 
I0089. When the adhesive layer for the electric conductor 
connection method of the first embodiment and second 
embodiment contains conductive particles, the mean particle 
size D (um) of the conductive particles is preferably no 
greater than Ry, where Ry (Lm) is the maximum height on the 
roughened surface on which the adhesive layer has been 
formed, from the viewpoint of achieving a high level for both 
the adhesion and conductivity. Also, when the adhesive layer 
contains conductive particles, preferably the maximum par 
ticle size r (Lm) of the conductive particles is no greater 
than the sum of Rza and Rzb, and more preferably the maxi 
mum particle sizer (Lm) of the conductive particles is no 
greater than RZa, where RZa (Lm) is the ten-point height of 
roughness profile on the roughened surface on which the 
adhesive layer has been formed and Rzb (um) is the ten-point 
height of roughness profile on the surface of the electric 
conductor to be connected, which is in contact with the adhe 
sive layer. Furthermore, the thickness t (um) of the adhesive 
layer is preferably, for higher connection reliability, no 
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greater than 3 times and more preferably 0.7-3 times Ry, 
where Ry (Lm) is the maximum height on the roughened 
surface on which the adhesive layer has been formed. 
0090 Also, from the viewpoint of obtaining even higher 
connection reliability in the electric conductor connection 
method of this embodiment, preferably the adhesive layer 
contains a latent curing agent and conductive particles, the 
mean particle size D (Lm) of the conductive particles being no 
greater than Ry, where Ry (Lm) is the maximum height on the 
roughened surface on which the adhesive layer has been 
formed, and the maximum particle sizer (Lm) of the con 
ductive particles being no greater than the Sum of RZa and 
RZb, where RZa (um) is the ten-point height of roughness 
profile on the roughened surface on which the adhesive layer 
has been formed and Rzb (um) is the ten-point height of 
roughness profile on the surface of the electric conductor to be 
connected, which is in contact with the adhesive layer. When 
the adhesive layer contains a latent curing agent, the mean 
particle size Dc (Lm) of the latent curing agent is preferably 
no greater than Ry, where Ry (Lm) is the maximum height on 
the roughened surface on which the adhesive layer has been 
formed. 

0091. The conditions for the heating temperature and 
pressing pressure are not particularly restricted so long as 
they are within a range that can ensure electrical connection 
between the metal foil and electric conductor and that allows 
bonding of the electric conductor and metal foil by the adhe 
sive layer. The pressing and heating conditions are appropri 
ately selected according to the purpose of use, the compo 
nents in the adhesive layer and the material of the substrate on 
which the electric conductor is to be formed. For example, 
when the adhesive layer contains a thermosetting resin, the 
heating temperature may be a temperature at which the ther 
mosetting resin cures. The pressing pressure may be in a 
range that Sufficiently bonds the electric conductor and metal 
foil and does not damage the electric conductor or metal foil. 
Also, the heating and pressing time may be a time that does 
not cause excessive heat transfer to the substrate on which the 
electric conductor is formed, to avoid damage to or deterio 
ration of the material. Specifically, the pressing pressure is 
preferably 0.1 MPa-10 MPa, the heating temperature is pref 
erably 100° C.-220° C. and the heating/pressing time is pref 
erably no longer than 60 seconds. These conditions are more 
preferably toward lower pressure, lower temperature and a 
shorter time. 

0092 FIG. 6 is a schematic cross-sectional view showing 
a connection structure according to the invention. The con 
nection structure 30 shown in FIG. 6 is obtained by situating 
a portion of the conductive connecting member 20 (adhesive 
attached metal foil tape) of this embodiment and an electrode 
as the electric conductor with the roughened surface of the 
electric conductor connecting member and the electrode fac 
ing each other via the adhesive layer, and hot pressing them, 
and it has a structure wherein part of the protrusions on the 
roughened surface of the metal foil 1 of the conductive con 
necting member 20 directly contacts the protrusions of the 
electrode 6 while the metal foil 1 and electrode 6 are bonded 
by the cured product 2a of the adhesive layer 2. In the con 
nection structure 30, contact points with the conductive par 
ticles 5 are increased, in addition to the contacts between part 
of the protrusions on the roughened surface of the metal foil 
1 and the protrusions of the electrode 4. According to this 
connection structure, the metal foil 1 and the adherend Sur 
face 7 of the electrode 6 are kept anchored by the adhesive 
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force or cure shrinkage force of the adhesive, thus stably 
maintaining the conductivity obtained between the metal foil 
1 and electrode 6 and allowing sufficient connection reliabil 
ity to be achieved between electric conductors. 
0093. As explained above, the electric conductor connect 
ing member of this embodiment is Suitable as a connecting 
member for connection between multiple solar cells in series 
and/or parallel. The solar battery may have a construction that 
includes a Solar cell module comprising a plurality of Solar 
cells connected in series and/or in parallel and Sandwiched 
between tempered glass or the like for environmental resis 
tance, and provided with external terminals wherein the gaps 
are filled with a transparent resin. 
0094 FIG. 7 is a schematic drawing showing the essential 
parts of a Solar cell module according to this embodiment, as 
an overview of a structure with reciprocally wire-connected 
solar cells. FIG. 7(a) shows the front side of the solar cell 
module, FIG.7(b) shows the rear side, and FIG.7(c) shows an 
edge view. 
0095. As shown in FIGS. 7(a)-(c), the solar cell module 
100 has solar cells, with grid electrodes 12 and bus electrodes 
(surface electrodes) 14a formed on the front side of a semi 
conductor wafer 11 and rear electrodes 13 and bus electrodes 
(surface electrodes) 14b formed on the rear side, the solar 
cells being reciprocally connected by wiring members 10a. 
The wiring members 10a each have one end connected to a 
bus electrode 14a as a surface electrode and the other end 
connected to abus electrode 14b as a surface electrode. Each 
of the wiring members 10a is formed using a conductive 
connecting member 10. Specifically, one end of the conduc 
tive connecting member 10 is placed on the bus electrode 14a 
with the roughened surface 1a of the electric conductor con 
necting member 10 and the bus electrode 14.a facing each 
other via the first adhesive layer 2, and these are hot pressed 
in the facing direction, while the other end of the conductive 
connecting member 10 is placed on the bus electrode 14b with 
the roughened Surface 1b of the electric conductor connecting 
member 10 and the bus electrode 14b facing each other via the 
second adhesive layer 3, and these are hot pressed in the 
facing direction, to form the wiring member 10a. 
0096. According to this embodiment, the metal foil 1 and 
bus electrode 14a, and the metal foil 1 and bus electrode 14b, 
may be connected via conductive particles. 
0097 FIG. 8 is a cross-sectional view of the solar cell 
module shown in FIG. 7(c), along line VIII-VIII. FIG. 8 
shows only the front side of the semiconductor wafer 11, 
omitting the structure of the rear side. The solar cell module of 
this embodiment is fabricated through a step in which one end 
of the conductive connecting member 10 is placed on the bus 
electrode 14a and hot pressed, and it has a structure wherein 
the metal foil 1 and bus electrode 14a are electrically con 
nected while being bonded by the cured product 2a of the 
adhesive layer 2 filling the Surface roughness sections of the 
bus electrode 14a. Also according to this embodiment, the 
sections of the metal foil 1 other than the surface in contact 
with the bus electrode 14a are covered by the cured adhesive 
(preferably resin). Specifically, the surface of the metal foil 1 
opposite the side in contact with the bus electrode 14a is 
covered by the cured product3a of the second adhesive layer 
3, and the edges of the metal foil 1 are covered by the cured 
product 15 of the adhesive (excess adhesive) that has seeped 
out by hot pressing during connection. In this type of struc 
ture, electrical shorts due to contact between the metal foil 
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and other conductive members can be effectively prevented, 
thus preventing corrosion of the metal foil and improving the 
durability of the metal foil. 
0098. If the conductive connecting member 10 is in the 
form of a tape as for this embodiment, the width of the 
member is extremely small compared to the lengthwise direc 
tion, and therefore seepage of the adhesive in the direction of 
the metal foil edges can be increased, thus making it easier to 
obtain a reinforcing effect on the strength of the joints. 
(0099. The embodiments described above are preferred 
embodiments of the invention, but the invention is not limited 
thereto. The invention may also be applied in a variety of 
modifications so long as the gist thereof is maintained. 
0100. The electric conductor connecting member of the 
invention can be applied not only for fabrication of the solar 
battery as described above, but also for fabrication of for 
example, short modes of electromagnetic wave shields, tan 
talum condensers and the like, aluminum electrolytic con 
densers, ceramic condensers, power transistors, various types 
of sensors, MEMS-related materials and lead wiring mem 
bers for display materials. 

Examples 

0101 The present invention will now be explained in 
greater detail with reference to examples, with the under 
standing that the invention is not meant to be limited to these 
examples. 

Example 1 

(1) Fabrication of Adhesive-Attached Metal Foil Tape (Elec 
tric Conductor Connecting Member) 
0102. As a film-forming material, 50g of a phenoxy resin 
(trade name: “PKHA' by Inchem, high molecular weight 
epoxy resin with molecular weight of 25,000) and 20 g of an 
epoxy resin (trade name: “EPPN' by Nihon Kayaku Co., 
Ltd.) were dissolved in 175 g of ethyl acetate to obtain a 
Solution. Next, 5g of a master batch-type curing agent (trade 
name: “NOVACURE' by Asahi Kasei Corp., mean particle 
size: 2 um) comprising imidazole-based microcapsules dis 
persed in a liquid epoxy resin was added to the Solution as a 
latent curing agent, to obtain an adhesive layer-forming coat 
ing solution with a solid content of 30 wt %. The active 
temperature of the coating solution was 120° C. 
0103) The adhesive layer-forming coating solution was 
then coated onto both sides of a double-side roughened elec 
trolytic copper foil (thickness: 35 um, ten-point height of 
roughness profile RZa: 12 um, maximum height Ry: 13 um) 
using a roll coater, and the coated foil was dried at 110°C. for 
5 minutes to forman adhesive layer with a thickness of 14 um, 
to obtain a laminated body. 
0104. The laminated body was wound up into a roll while 
taking up a polyethylene film as a separator on the adhesive 
layer. The wound roll was cut to a width of 2.0 mm to obtain 
an adhesive-attached metal foil tape. 
0105 (2) Connection of Solar Cells using Conductive 
Adhesive-Attached Metal Foil Tape 
0106 There were prepared a solar cell (thickness: 150 um, 
size: 15 cmx15 cm) comprising a surface electrode (width: 2 
mmxlength: 15 cm, ten-point height of roughness profile 
Rzb: 2 um, maximum height Ry: 13 um) formed from silver 
glass paste on the Surface of a silicon wafer. 
0107 Next, the obtained adhesive-attached metal foil tape 
was positioned on a Solar cell Surface electrode and a contact 
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bonding tool (AC-S300 by Nikka Equipment & Engineering 
Co., Ltd.) was used for hot pressing at 170° C., 2 MPa, 20 
seconds to accomplish bonding. This yielded a connection 
structure wherein the electrolytic copper foil wiring member 
was connected to the solar cell surface electrode via the 
conductive adhesive film. 

Example 2 

0108. An adhesive-attached metal foil tape was obtained 
in the same manner as Example 1, except for adding 2 vol% 
of burr-shaped Ni powder with a particle size distribution 
width of 1-12 um (mean particle size: 7 um) to the adhesive 
layer-forming coating Solution. The adhesive-attached metal 
foil tape was used to obtain a connection structure in the same 
manner as Example 1. The added conductive particles are 
particles that have not been treated for uniformity of particle 
size, and thus have a wide particle size distribution as 
explained above. 

Example 3 

0109 An adhesive-attached metal foil tape was obtained 
in the same manner as Example 1, except that a single-side 
roughened copper foil with a thickness of 100 um (ten-point 
height of roughness profile on roughened surface RZa: 12 um, 
maximum height Ry: 13 um) was used as the metal foil, and 
an adhesive layer was formed on the roughened surface of the 
copper foil. The adhesive-attached metal foil tape was then 
positioned on the Surface electrode with the roughened Sur 
face and Surface electrode facing each other, and a connection 
structure was obtained in the same manner as Example 1. 

Example 4 

0110. An adhesive-attached metal foil tape was obtained 
in the same manner as Example 1, except that a single-side 
roughened aluminum foil with a thickness of 20 Lum (ten 
point height of roughness profile on roughened Surface RZa: 
12 um, maximum height Ry: 13 um) was used as the metal 
foil, and an adhesive layer was formed on the roughened 
surface of the aluminum foil. The adhesive-attached metal 
foil tape was then positioned on the surface electrode with the 
roughened Surface and Surface electrode facing each other, 
and a connection structure was obtained in the same manner 
as Example 1. 

Example 5 

0111. An adhesive-attached metal foil tape was obtained 
in the same manner as Example 1, except that a double-side 
roughened electrolytic copper foil with a thickness of 75um 
(ten-point height of roughness profile on roughened Surface 
RZa: 2 um, maximum height Ry: 3 um) was used as the metal 
foil, and the thickness of the adhesive layer was 9 um. The 
adhesive-attached metal foil tape was used to obtain a con 
nection structure in the same manner as Example 1. 

Example 6 

0112 An adhesive-attached metal foil tape was obtained 
in the same manner as Example 1, except that a double-side 
roughened electrolytic copper foil with a thickness of 75um 
(ten-point height of roughness profile on roughened Surface 
RZa: 9um, maximum height Ry: 10 um) was used as the metal 
foil, and the thickness of the adhesive layer was 18 um. The 
adhesive-attached metal foil tape was used to obtain a con 
nection structure in the same manner as Example 1. 
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Example 7 

0113. An adhesive-attached metal foil tape was obtained 
in the same manner as Example 1, except that a double-side 
roughened electrolytic copper foil with a thickness of 75um 
(ten-point height of roughness profile on roughened Surface 
RZa: 20 Jum, maximum height Ry: 25 um) was used as the 
metal foil, and the thickness of the adhesive layer was 20 um. 
The adhesive-attached metal foil tape was used to obtain a 
connection structure in the same manner as Example 1. 

Example 8 

0114. An adhesive-attached metal foil tape was obtained 
in the same manner as Example 1, except that a double-side 
roughened electrolytic copper foil with a thickness of 75um 
(ten-point height of roughness profile on roughened Surface 
RZa: 20 Jum, maximum height Ry: 25 um) was used as the 
metal foil, the thickness of the adhesive layer was 45um, and 
the mean particle size (capsule diameter) of the latent curing 
agent was 4 Lum. The active temperature of the coating solu 
tion was 115° C. A connection structure was obtained in the 
same manner as Example 1 using this adhesive-attached 
metal foil tape, except that the solar cell used was a solar cell 
(thickness: 150 um, size: 15 cmx15 cm) comprising a Surface 
electrode (width: 2 mmxlength: 15 cm, ten-point height of 
roughness profile Rzb: 18 lum, Ry: 20 um) formed from silver 
glass paste on the Surface of a silicon wafer. 

Example 9 

0.115. An adhesive-attached metal foil tape was obtained 
in the same manner as Example 8, except that plated plastic 
particles (polystyrene-based particles Surface-covered with 
Ni/Au) having a particle size distribution width of 1-12 um 
(mean particle size: 7um, non-classified) were added at 2 vol 
% to the adhesive layer-forming coating Solution in Example 
8. The adhesive-attached metal foil tape was used to obtain a 
connection structure in the same manner as Example 8. 

Reference Example 1 

0116. An adhesive-attached metal foil tape was obtained 
in the same manner as Example 1, except that a double-side 
roughened electrolytic copper foil with a thickness of 75um 
(ten-point height of roughness profile on roughened Surface 
RZa: 12 um, maximum height Ry: 13 um) was used as the 
metal foil, and the thickness of the adhesive layer was 52 um. 
The adhesive-attached metal foil tape was used to obtain a 
connection structure in the same manner as Example 1. 

Comparative Example 1 

0117. An adhesive-attached metal foil tape was obtained 
in the same manner as Example 1, except that a Smooth 
electrolytic copper foil with a thickness of 35 um (ten-point 
height of roughness profile on roughened Surface RZa: 0.2 
um, maximum height Ry: 0.3 um) was used as the metal foil. 
The adhesive-attached metal foil tape was used to obtain a 
connection structure in the same manner as Example 1. 
0118 <Evaluation> 
0119 The connection structures of Examples 1-9. Refer 
ence Example 1 and Comparative Example 1 were evaluated 
based on deltaF.F., in the following manner. The results are 
shown in Table 1. 
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0120 deltaF.F. 
0121. The IV curve of the obtained connection structure 
was measured using a solar simulator (trade name: “WXS 
155S-10” by Wacom Electric Co., Ltd., AM: 1.5 G). The 
connection structure was also allowed to stand for 1500 hours 
in a high-temperature, high-humidity atmosphere at 85°C., 
85% RH, and the IV curve was then measured in the same 
manner. The FF was derived from each IV curve, and the 
value of F.F.(0 h)-F.F.(1500 h), as the F.F. value before 
standing in the high-temperature, high-humidity atmosphere 
minus the F.F. value after standing in the high-temperature, 
high-humidity conditions, was recorded as Delta(F.F.) and 
used as the evaluation index. A Delta(F.F.) value of 0.2 or 
Smaller is generally regarded as satisfactory connection reli 
ability. 
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Effect of the Invention 

0.124 Thus, according to the invention it is possible to 
provide an electric conductor connecting member that can 
simplify the connection steps for electrical connection 
between mutually separate electric conductors, while also 
obtaining excellent connection reliability. According to the 
invention it is also possible to provide a connection structure 
and solar cell module whereby excellent productivity and 
high connection reliability can both beachieved. 
What is claimed is: 
1. An electric conductor connecting member comprising a 

metal foil having a roughened Surface on at least one main 
side, and an adhesive layer formed on the roughened surface 
of the metal foil. 

TABLE 1 

Metal foil 

Roughened Surface Adhesive Ten-point Evaluation 

Ten-point height Maximum layer height of results 
Thickness Formed of roughness height Thickness Rzb Delta 

Material (Lm) Surfaces profile Rza (Lm). Ry (Lm) (Lm) tRy (Lm) (F - F) 

Example 1 Copper foil 35 Both 12 13 14 1.1 2 O.O3 
Example 2 Copper foil 35 Both 12 13 14 2 O.O3 
Example 3 Copper foil 100 One 12 13 14 2 O.O3 
Example 4 Aluminum 2O One 12 13 14 1.1 2 O.O3 

foil 
Example 5 Copper foil 75 Both 2 3 9 3 2 O.O3 
Example 6 Copper foil 75 Both 9 10 18 1.8 2 O.O3 
Example 7 Copper foil 75 Both 2O 25 2O O.8 2 O.O3 
Example 8 Copper foil 75 Both 2O 25 45 1.8 18 O.O3 
Example 9 Copper foil 75 Both 2O 25 45 1.8 18 O.O3 
Ref. Ex. 1 Copper foil 75 Both 12 13 52 4.0 2 >0.2 
Comp. Ex. 1 Copper foil 35 Both O.2 O.3 14 47 2 - (*1) 

(Smooth) 

(*1): Evaluation not possible due to lack of initial conduction. 

0122) Positioning of the electrode/adhesive layer/wiring 
member (metal foil) was easily accomplished in Examples 
1-9 and Reference Example 1, while the connection tempera 
ture was a lower temperature (170° C.) than the conventional 
solder connection temperature and no warping of the board 
was observed. The connection structures of Examples 1-9, 
fabricated using adhesive-attached metal foil tape having a 
ratio t/Ry of 0.8-3 between the thickness t of the adhesive 
layer and the maximum height Ry of the roughened surface of 
the metal foil on which the adhesive layer had been formed, 
all exhibited sufficiently small Delta(F.F.) values, indicating 
excellent connection reliability. On the other hand, the con 
nection structure of Reference Example 1, fabricated using 
adhesive-attached metal foil tape with a t/Ry of 4, did not 
readily exhibit initial conduction, and the deltaF.F. tended to 
be increased. Also, the connection structure of Comparative 
Example 1 obtained using a smooth electrolytic copper foil 
exhibited no initial conduction. 
0123. As explained above, the invention can provide an 
adhesive-attached metal foil tape whereby connection 
between electrodes and wiring members can be carried out in 
a single step, thus simplifying connection steps for electrical 
connection between Solar cells, and whereby connection can 
be established at lower temperature (especially below 200° 
C.) than when using solder, thus helping to reduce thermal 
damage to Solar cells. Using Such an adhesive-attached metal 
foil tape allows highly reliable solar cell modules to be manu 
factured with high productivity. 

2. An electric conductor connecting member according to 
claim 1, wherein the thickness t (um) of the adhesive layer is 
no greater than 3 times Ry, where Ry (um) is the maximum 
height of the roughened surface on which the adhesive layer 
has been formed. 

3. An electric conductor connecting member according to 
claim 1, wherein the adhesive layer comprises a latent curing 
agent. 

4. An electric conductor connecting member according to 
claim 1, wherein the adhesive layer comprises conductive 
particles. 

5. An electric conductor connecting member according to 
claim 1, wherein 

the adhesive layer comprises conductive particles, and 
the mean particle size D (Lm) of the conductive particles is 

no greater than Ry, where Ry (Lm) is the maximum 
height on the roughened Surface on which the adhesive 
layer has been formed. 

6. An electric conductor connecting member according to 
claim 1, wherein 

the adhesive layer comprises conductive particles, and 
the maximum particle size r (Lm) of the conductive 

particles is no greater than the Sum of RZa and RZb, 
where RZa (Lm) is the ten-point height of roughness 
profile on the roughened surface on which the adhesive 
layer has been formed and Rzb (Lm) is the ten-point 
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height of roughness profile on the side of the electric 
conductor to be connected, which is in contact with the 
adhesive layer. 

7. An electric conductor connecting member according to 
claim 1, wherein 

the adhesive layer contains a latent curing agent and con 
ductive particles, 

the mean particle size D (Lm) of the conductive particles is 
no greater than Ry, where Ry (Lm) is the maximum 
height of the roughened surface on which the adhesive 
layer has been formed, and 

the maximum particle size r (Lm) of the conductive 
particles is no greater than the Sum of RZa and RZb, 
where RZa (Lm) is the ten-point height of roughness 
profile on the roughened surface on which the adhesive 
layer has been formed and Rzb (um) is the ten-point 
height of roughness profile on the side of the electric 
conductor to be connected, which is in contact with the 
adhesive layer. 

8. An electric conductor connecting member according to 
claim 1, wherein 

the adhesive layer contains a latent curing agent, and 
the mean particle size DC (Lm) of the latent curing agent is 

no greater than Ry, where Ry (Lm) is the maximum 
height on the roughened surface on which the adhesive 
layer has been formed. 

9. An electric conductor connecting member according to 
claim 1, wherein the metal foil is band-shaped. 

10. An electric conductor connecting member according to 
claim 1, wherein the metal foil is one comprising at least one 
metal selected from among Cu, Ag, Au, Fe, Ni, Pb, Zn, Co, Ti, 
Mg, Sn and Al. 
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11. An electric conductor connecting member according to 
claim 1, wherein the ten-point height of roughness profile RZa 
(Lm) on the roughened surface is no greater than 30 Jum. 

12. A connection structure wherein an electric conductor 
connecting member according to claim 1 and an electric 
conductor are situated with the roughened surface of the 
electric conductor connecting member and the electric con 
ductor facing each other via an adhesive layer, and are hot 
pressed for electrical connection and bonding of the metal foil 
and electric conductor. 

13. A connection structure according to claim 12, wherein 
the side of the electric conductor connected to the metal foil 
has surface roughness, and the protrusions on the Surface 
roughness sections of the electric conductor are in contact 
with the protrusions on the roughened surface of the metal 
foil. 

14. A Solar cell module comprising a plurality of solar cells 
with surface electrodes, wherein 

the Solar cells are electrically connected together via a 
metal foil bonded to the surface electrodes with bonding 
members, 

the surface of each metal foil in contact with the surface 
electrode is a roughened Surface, and 

the metal foil is formed of an electric conductor connecting 
member according to claim 1. 

15. A solar cell module according to claim 14, wherein 
some or all of the sections of the metal foil other than the 
surface in contact with the surface electrode are covered with 
a resin. 


