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DESCRIPTION
Title of Invention
COPPER PASTE FOR  JOINING, METHOD FOR
MANUFACTURING JOINED BODY, AND METHOD FOR
MANUFACTURING SEMICONDUCTOR DEVICE
Technical Field
[0001] The present invention relates to a coppatepéor joining, a
method for manufacturing a joined body and a method
manufacturing a semiconductor device in which tbpper paste for
joining is used, a joined body, and a semiconduttwice.
Background Art
[0002] In the manufacturing of semiconductor desjca variety of
joining materials are used in order to join a semduictor element and
a lead frame or the like (supporting member). Higglting-point lead
solders have been used as a joining material #jdiming of, among
semiconductor devices, power semiconductors, Ltifl the like that are
operated at a high temperature of AG®@r higher. In recent years, an
increase in the capacity of semiconductor elemeatsl the
energy-saving trend have increased the operatimpdrature to near
the melting point of high-melting-point lead solslewhich has made it
difficult to ensure connection reliability. On thether hand, in
association with the tightening of RoHS regulatiotiere has been a
demand for joining materials containing no lead.
[0003] Hitherto, the joining of semiconductor elerse using a
material other than lead solders has been studiedr example, Patent

Literature 1 proposes a technique for forming desed silver layer by
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sintering silver nanoparticles. Sintered silver described above is
known to have high connection reliability with respto power cycles
(Non Patent Literature 1).
[0004] Regarding a different material, a technidoe forming a
sintered copper layer by sintering copper partictesiso proposed.
For example, Patent Literature 2 discloses a coppste for joining
including copper (II) oxide particles and a redgcagent as a joining
material for joining a semiconductor element andedectrode. In
addition, Patent Literature 3 discloses a joiningtaerial including
copper nanoparticles and copper micro particlesoamdpper submicro
particles.
Citation List
Patent Literature
[0005]
[Patent Literature 1] Japanese Patent No. 4928639
[Patent Literature 2] Japanese Patent No. 5006081

[Patent Literature 3] Japanese Unexamined Patent

Publication No. 2014-167145
Non Patent Literature
[0006]
[Non-Patent Literature 1] R. Khazaka, L. MendaalD.
Henry: J. ElecTron. Mater, 43(7), 2014, 2459 to@46
Summary of Invention
Technical Problem
[0007] In the method described in Patent Literafiyréhe densification

of the sintered silver layer is essential in oftdeobtain high connection
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reliability, and thus a thermocompression processom@mpanying

pressurization becomes necessary. In the casearfirg out a

thermocompression process accompanying pressorizathere are
problems of a decrease in the production efficieacyecrease in the
yield, and the like. Furthermore, in the case ding silver

nanoparticles, a significant increase in the maltexosts due to silver
and the like creates a problem.

[0008] In the method described in Patent Documentv@ume

shrinkage during the reduction of copper oxidedpper is avoided by
the thermocompression process. However, the theympression
process has the above-described problems.

[0009] In the method described in Patent Literat@resintering is

carried out without pressurization, but the meticadnot be put into
practical use due to the following fact. That tise surfaces of the
copper nanoparticles need to be modified with degtive agent in
order to suppress oxidation and improve dispeisiblbut the copper
nanoparticles have a large specific surface ared,thus there is a
tendency that the amount of a surface protectieniaglended into a
joining material including copper nanoparticlesaasnain component
increases. In addition, there is a tendency that amount of a
dispersion medium blended increases in order tarendispersibility.

Therefore, in the joining material described indpatLiterature 3, the
proportion of the surface protective agent or thepersion medium
blended for the supply stability of storage, cagtior the like increases.
In joining materials as described above, theretendency that volume

shrinkage during sintering is likely to increasal ahe density after
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sintering is likely to decrease, which makes ificlift to ensure the
strength of sintered bodies.

[0010] In addition, according to the present ineesitstudies, it has
been clarified that, in the above-described joiningterials of the
related art, the joining strength with respectabla metal such as gold
and silver is significantly poorer compared witre tjpining strength
with respect to copper, nickel, and the like. F@miconductor
elements, there are cases in which a treatmerdating a surface to be
attached with noble metal such as gold or silvergua method such as
plating or sputtering is carried out from the viewp of anti-rusting
and the like. Treatments as described above titeiliperformance
tests before the mounting of semiconductor elemamisare capable of
suppressing the fluctuation of joining strengthsealiby the formation
of an oxide coating. Joining materials also capalstrongly joining
noble metal are capable of further improving cotinacreliability in
the case of joining semiconductor elements as itbestabove.

[0011] An object of the present invention is to\pde a copper paste
for joining capable of obtaining a sufficient jamgi strength even in a
case in which a semiconductor element having asearfo be attached
including noble metal is joined without pressurigat Another object
of the present invention is to provide a method rf@nufacturing a
joined body and a method for manufacturing a senaigotor device in
which the copper paste for joining is used, a joirf@dy, and a
semiconductor device.

Solution to Problem

[0012] The present invention is a copper pastejdmning including
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copper particles, second particles including a hed@ment other than
copper, and a dispersion medium, in which the copp#icles include
submicro copper particles having a volume-averagtge diameter of
0.12um or more and 0.Am or less and micro copper particles having a
volume-average particle diameter ofith or more and 5(m or less, a
sum of a content of the submicro copper particles a content of the
micro copper particles is 80% by mass or more sfim of masses of
the copper particles and the second particles, ciient of the
submicro copper particles is 30% by mass or modeS&36 by mass or
less of a sum of a mass of the submicro coppercljesiand a mass of
the micro copper particles, and a content of theorse particles is
0.01% by mass or more and 10% by mass or lesseofuim of the
masses of the copper particles and the secondlparti

[0013] According to the copper paste for joining thfe present
invention, it is possible to obtain a sufficieninjmg strength even in a
case in which a semiconductor element having aseairfo be attached
including noble metal is joined without pressuri@at The present
inventors assumed a reason for obtaining the atleseribed effect as
described below. It is considered that, first, sw@micro copper
particles and the micro copper particles are ireudn specific
proportions, and thus it is possible to sufficignfluppress volume
shrinkage during sintering which is attributed tewaface protective
agent or a dispersion medium while maintaining aficsent
sinterability, and it becomes possible to ensueestinength of sintered
bodies and improve the joining force with the scefdo be attached,

and, furthermore, the second particles includingaim@her than copper
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serve as a sintering aid, and a sintered body inhadnplurality of kinds
of metal forms a solid solution or is dispersedh$ained, and thus the
mechanical characteristics such as yield stressfatiglie strength of
the sintered body are improved, and a sufficiemtipg strength with
respect to the surface to be attached includingenobtal is obtained.
[0014] The copper paste for joining of the presewéntion is capable
of obtaining the above-described effects due tosiemicro copper
particles and the micro copper particles and tlassdn advantage that
the copper paste for joining can be more stablylksegh at a lower cost
compared with joining materials including expensiveopper
nanoparticles as a main component. Thereforesdbimes possible to
further enhance production stability in the casenahufacturing joined
bodies such as semiconductor devices.

[0015] Meanwhile, in the joining of a semiconducilement, the
semiconductor element is desirably sintered atatémperature from
the viewpoint of reducing residual thermal stremssed by a difference
in thermal expansion coefficient, but a decreasetha sintering
temperature makes it difficult to ensure the jagnietrength. In
contrast, according to the paste for joining of finesent invention, a
sufficient joining strength can be obtained everaigase in which a
semiconductor element having a surface to be athticluding noble
metal is joined without pressurization while desieg the sintering
temperature to be lower than in the related art.

[0016] In the copper paste for joining, the secqadticles may be
metal particles. The metal particles may inclutiéeast one kind of

metal selected from the group consisting of zifees gold, platinum,
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tin, indium, vanadium, aluminum, nickel, antimoapd palladium, may
include at least one kind of metal selected froemghoup consisting of
zing, silver, tin, indium, and vanadium, or mayznec particles.

[0017] When the metal particles are added to thgpeo paste for
joining, it is possible to further improve the jmg strength with respect
to the surface to be attached including noble metal

[0018] An aspect ratio of the zinc particle maydher more. The
zinc particles having the above-described aspedad ra capable of
satisfying both the ease of the zinc particles dpemmelted into the
copper particles during sintering and the oxidatesistance.

[0019] The copper paste for joining of the presemention may
include two or more kinds of the metal particles.

[0020] In the copper paste for joining of the présmvention, the
second particles may be fatty acid metal salt gdadi The fatty acid
metal salt particles may include an fatty acid inssdt of an fatty acid
acid having 8 to 18 carbon atoms and silver, njakekinc. The fatty
acid metal salt particles may include at leastlond of fatty acid metal
salt selected from the group consisting of zinarste, silver stearate,
zinc laurate, nickel laurate, and zinc octylate.

[0021] When the fatty acid metal salt particles aileed to the copper
paste for joining, it is possible to further impeothe joining strength
with respect to the surface to be attached incudoble metal.

[0022] A volume-average particle diameter of theosel particles
may be 150pum or less. The second particles having the
above-described volume-average particle diametercapable of

obtaining a sufficient contact area with respectthte surface to be
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attached including noble metal and is not easilgin&d.

[0023] The copper paste for joining of the presemention may be
for non-pressurization joining. In the present cHpeation,
“non-pressurization” refers to a state in which enmber to be joined
receives the weight thereof or the weight therdos ja pressure of 0.01
MPa or less.

[0024] The present invention also provides a methéo
manufacturing a semiconductor device in which asteone of a first
member and a second member is a semiconductor reletine method
including a step of preparing a laminate in whichrst member, the
copper paste for joining, and a second member argnated in this
order in a direction in which a weight of the firsember applies and
sintering the copper paste for joining in a state/hich the copper paste
for joining receives the weight of the first memloerthe weight of the
first member and a pressure of 0.01 MPa or lesshinh at least one of
the first member and the second member is a seductor element.
[0025] According to the method for manufacturinggemiconductor
device of the present invention, the copper pastgining is used, and
thus it is possible to manufacture a semicondudeiice having an
excellent die shear strength even in a case inhwlisemiconductor
element having a surface to be attached includoienmetal is joined
without pressurization. In addition, a semiconductdevice
manufactured using the method for manufacturingemicnductor
device of the present invention can become exdeifetrerms of the
connection reliability.

[0026] A sintering temperature in the sinteringposteay be 30TC or
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lower.

[0027] The present invention provides a joined bowyuding a first
member, a second member, and a sintered body abh@er paste for
joining which joins the first member and the secandmber. The
joined body of the present invention is joined tigl the sintered body
in which the first member and the second membee rasufficient
joining force. In addition, the joined body of tipgesent invention
includes a copper sintered body having an excelldr@rmal
conductivity and thus can become excellent in tewhsthe heat
dissipation property of a member.

[0028] In the joined body, at least one of thetfmeember and the
second member may include at least one kind ofleelacted from the
group consisting of silver, gold, platinum, andl@dium on a surface in
contact with the sintered body.

[0029] The present invention also provides a sendaotor device
including a first member, a second member, andhi@reid body of the
copper paste for joining which joins the first meanland the second
member, in which at least one of the first membed #he second
member is a semiconductor element. The semicooddet/ice of the
present invention has a sulfficient joining forcel ancludes a copper
sintered body having a high thermal conductivityl @ high melting
point, and thus the semiconductor device has acmuit die shear
strength, is excellent in terms of the connecteliability, and can also
become excellent in power cycle resistance.

Advantageous Effects of Invention

[0030] The present invention is capable of prowgdancopper paste for
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joining capable of obtaining a sufficient joiningength even in a case
In which a semiconductor element having a surfacdod¢ attached
including noble metal is joined without pressuna@at Furthermore,
the present invention is capable of providing a hoet for
manufacturing a joined body and a method for mastufang a
semiconductor device in which the copper pastgdiming is used, a
joined body, and a semiconductor device.

Brief Description of Drawings

[0031] Fig. 1 is a schematic cross-sectional vidlustrating an
example of a joined body manufactured using a copaste for joining
of the present embodiment.

Fig. 2 is a schematic cross-sectional view illtstig an
example of a semiconductor device manufacturedgusinopper paste
for joining of the present embodiment.

Fig. 3 is a SEM image of a cross section of agdibody of
Example 12.

Fig. 4 is a SEM image of a cross section of agdibody of
Comparative Example 1.
Description of Embodiments
[0032] Hereinafter, an embodiment for carrying dbe present
invention (hereinafter, referred to as “the presmbodiment”) will be
described in detail. The present invention is hotited to the
following embodiment.
[0033] <Copper Paste for Joining>

A copper paste for joining of the present embodinecludes

copper particles, second particles including a hed@ment other than

10
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copper, and a dispersion medium.
[0034] (Copper Particles)

As the copper particles according to the presartiogliment,
submicro copper particles and micro copper pagiale exemplified.
[0035] Meanwhile, in the present specification, lbraicro particle
refers to a particle having a particle diamete@.afum or more and 1.0
um or less, and a micro particle refers to a partélmore than 1.Am
and 50um or less.

[0036] (Submicro Copper Particles)

The submicro copper particles need to be coppeticfes
having sinterability in a temperature range of Z50r higher and
350°C or lower. As the submicro copper particles, sisbmmcopper
particles including copper particles having a ptidiameter of 0.12
um or more and 0.&m or less are exemplified, and, for example,
copper particles having a volume-average particendter of 0.13um
or more and 0.&m or less can be used. When the volume-average
particle diameter of the submicro copper partide®. 12um or more, it
becomes easy to obtain effects of the suppresditimecsynthesis cost
of the submicro copper particles, favorable digpéty, and the
suppression of the amount of a surface treatmeemtagsed. When
the volume-average particle diameter of the sulmrgopper particles is
0.8 um or less, it becomes easy to obtain an effecthefgubmicro
copper particles being excellent in terms of timesability. From the
viewpoint of further exhibiting the above-describeffects, the
volume-average particle diameter of the submicapeo particles may

be 0.15um or more and 0.fm or less, may be 0.1%m or more and
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0.6 um or less, may be 042m or more and 0.5im or less, or may be
0.3um or more and 0.4fm or less.

[0037] Meanwhile, the volume-average particle ditanein the
present specification refers to a 50% volume-avegyticle diameter.
In the case of obtaining the volume-average parttthmeter of the
copper particles, the volume-average particle diamean be obtained
using a method in which a substance obtained lpedssg the copper
particles which serve as a raw material or driegppeo particles
obtained by removing a volatile component from topper paste for
joining in a dispersion medium using a dispersanheasured using a
light scattering-method particle size analyzer @sample, Shimadzu
nano particle size analyzer (SALD-7500nano, marufad by
Shimadzu Corporation)). In the case of using thghtl
scattering-method particle size analyser, hexawmagene,a-terpineol,
and the like can be used as the dispersion medium.

[0038] The content of the submicro copper partictesy be 20% by
mass or more and 90% by mass or less, may be 308taby or more
and 90% by mass or less, may be 35% by mass or amaré85% by
mass or less, or may be 40% by mass or more ancdb8Q%#ass or less
of the sum of the masses of the copper particlas the second
particles. When the content of the submicro comaeticles is in the
above-described range, it becomes easy to ensujeiting strength of
a joined body that is manufactured by sintering ¢bpper paste for
joining, and, in a case in which the copper pastgdining is used to
join a semiconductor element, there is a tendelnaya semiconductor

device exhibits a favorable die shear strength andavorable

12
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connection reliability.

[0039] The content of the submicro copper particdgsreferably 30%
by mass or more and 90% by mass or less of theotine mass of the
submicro copper particles and the mass of the ngopper particles.
When the content of the submicro copper partide30% by mass or
more, it is possible to sufficiently fill spaces @mg the micro copper
particles with the submicro copper particles, itdraes easy to ensure
the joining strength of a joined body that is maatdired by sintering
the copper paste for joining, and, in a case irciwkie copper paste for
joining is used to join a semiconductor elemergrehs a tendency that
a semiconductor device exhibits a favorable dieaslsérength and a
favorable connection reliability. When the contefitthe submicro
copper particles is 90% by mass or less, it isiplesso sufficiently
suppress volume shrinkage when the copper pasieifimg has been
sintered, it becomes easy to ensure the joinimggth of a joined body
that is manufactured by sintering the copper p&stgining, and, in a
case in which the copper paste for joining is udedjoin a
semiconductor element, there is a tendency thatmacenductor device
exhibits a favorable die shear strength and a &bler connection
reliability. From the viewpoint of facilitating ¢ obtainment of the
above-described effects, the content of the sulonmtopper particles
may be 30% by mass or more and 85% by mass omhessbe 35% by
mass or more and 85% by mass or less, or may bexG#@ss or more
and 80% by mass or less of the sum of the magsedafuitbmicro copper
particles and the mass of the micro copper pasticle

[0040] The shape of the submicro copper particlaas particularly

13
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limited. Examples of the shape of the submicrgeoparticle include
a spherical shape, a block shape, a needle shaflfekeashape, a
substantially spherical shape, and an aggregatedhe From the
viewpoint of dispersibility and a filling propertyhe shape of the
submicro copper particle may be a spherical shapsubstantially
spherical shape, or a flake shape, and, from trewpoint of
combustibleness, dispersibility, a property of mxi with a
flake-shaped micro copper particle, and the likee shape of the
submicro copper particle may be a spherical shapa substantially
spherical shape. The scope of the “flake shapethm present
specification includes flat sheet-like shapes sagla sheet shape and a
scale shape.

[0041] From the viewpoint of dispersibility, thdlihg property, and
the property of mixing with a flake-shaped micrgoper particle, the
aspect ratio of the submicro copper particle ma loe less or may be
3 or less. The “aspect ratio” in the present gjpation refers to the
ratio of the long side to the thickness of a phatic The long side and
the thickness of a particle can be measured fromexXample, a SEM
image of the patrticle.

[0042] The submicro copper particles may be treatdld a specific
surface treatment agent. Examples of the spesififace treatment
agent include organic acids having 8 to 16 carioms. Examples of
the organic acids having 8 to 16 carbon atoms dwclsaturated fatty
acids such as caprylic acid, methylheptanoic aslidylhexanoic acid,
propylpentanoic acid, pelargonic acid, methylocianoacid,

ethylheptanoic acid, propylhexanoic acid, caprid,amethylnonanoic
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acid, ethyloctanoic acid, propylheptanoic acid, ylhéxanoic acid,
undecanoic acid, methyldecanoic acid, ethylnonanoacid,
propyloctanoic acid, butylheptanoic acid, lauricdacnethylundecanoic
acid, ethyldecanoic acid, propylnonanoic acid, lmatynoic acid,
pentylheptanoic acid, tridecanoic acid, methyldadewc acid,
ethylundecanoic acid, propyldecanoic acid, butyémaic acid,
pentyloctanoic acid, myristic acid, methyl tridecan acid, ethyl
dodecanoic acid, propyl undecanoic acid, butyl demaacid, pentyl
nonanoic acid, hexyl octanoic acid, pentadecanaia, amethyl
tetradecanoic acid, ethyl tridecanoic acid, prajndecanoic acid, butyl
undecanoic acid, pentyldecanoic acid, hexylnonaram, palmitic
acid, methylpentadecanoic acid, ethyltetradecanoiacid,
propyltridecanoic acid, butyldodecanoic acid, pkmiglecanoic acid,
hexyldecanoic acid, heptylnonanoic acid, methylalyekanecarboxylic
acid, ethyl cyclohexane carboxylic acid, propyl lohexane carboxylic
acid, butyl cyclohexane carboxylic acid, pentyl lohexane carboxylic
acid, hexyl cyclohexane carboxylic acid, heptylloj)exane carboxylic
acid, octyl cyclohexane carboxylic acid, and norgyclohexane
carboxylic acid; unsaturated fatty acids such dsmmec acid, nonenoic
acid, methylnonenoic acid, decenoic acid, undeceacid, dodecenoic
acid, tridecenoic acid, tetradecenoic acid, mysto acid,
pentadecenoic acid, hexadecenoic acid, palmital&@d, and sabic acid;
and aromatic carboxylic acid such as terephthadid, gopyromellitic
acid, o-phenoxybenzoic acid, methylbenzoic acithylbenzoic acid,
propylbenzoic acid, butylbenzoic acid, pentylbenzoiacid,

hexylbenzoic acid, heptylbenzoic acid, octylbenzoacid, and
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nonylbenzoic acid. One kind of organic acid mayused singly or
two or more kinds of organic acids may be used omhnation.
When the above-described organic acid and the swbngopper
particles are combined together, there is a tendehat both the
dispersibility of the submicro copper particles atigk desorption
property of the organic acid during sintering carshtisfied.

[0043] The treatment amount of the surface treatragant may be an
amount in which one molecule layer to three mokedalers of the
surface treatment agent are attached to the sarfaicéghe submicro
copper particles. This amount can be computed tlemnumber (n)
of molecule layers attached to the surface of thiemscro copper
particle, the specific surface areapfAunit: nf/g) of the submicro
copper particle, the molecular weight §Munit: g/mol) of the surface
treatment agent, the minimum coating arej (@it: nf/particle) of the
surface treatment agent, and the Avogadro’s nurtier (6.0210%).
Specifically, the treatment amount of the surfamatment agent is
computed according to an expression of the tredtmemunt (% by
mass) of the surface treatment
agent={ (n[A,My)/(SM+nlAM)} x100.

[0044] The specific surface area of the submicnopeo particles can
be computed by measuring dried submicro coppercfestusing a BET
specific surface area measurement method. Themumi coating
area of the surface treatment agent is 210%° mmolecule in a case
in which the surface treatment agent is a lineturated fatty acid. In
a case in which the surface treatment agent isfacgutreatment agent

other than the linear saturated fatty acid, theimmim coating area can
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be measured using a method described in, for exartip calculation
from a molecular model or “Chemistry and Educatidiatsuhiro
Ueda, Sumio Inafuku, Shingen, 40(2), 1992, pp. id4117). An
example of a quantitative method of the surfacatitnent agent will be
described. The surface treatment agent can bdifiddnusing a
thermal desorption gas-gas chromatograph-mass zamabf a dried
powder obtained by removing the dispersion meditomfthe copper
paste for joining, which enables the determinaidrthe number of
carbon atoms in the surface treatment agent anchdhecular weight of
the surface treatment agent. The proportion airaan component in
the surface treatment agent can be analyzed byl®rcaomponent
analysis. Examples of a carbon component anafystbod include a
high-frequency induction heating furnace combusindrared
absorption method. The amount of the surfacenresat agent can be
computed from the number of carbon atoms, the mtdeeveight, and
the proportion of a carbon component in the idedisurface treatment
agent using the above-described expression.

[0045] The treatment amount of the surface treatragent may be
0.07% by mass or more and 2.1% by mass or less,b@md10% by
mass or more and 1.6% by mass or less, or may28¢ By mass or
more and 1.1% by mass or less.

[0046] The submicro copper particles have a faveramnterability,
and thus it is possible to reduce problems of a lEgnthesis cost,
non-favorable dispersibility, a decrease in volusi@inkage after
sintering, and the like which are observed in jagnmaterials mainly

including copper nanopatrticles.
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[0047] As the submicro copper particles accordingthie present
embodiment, a commercially available product candexl. Examples
of the commercially available submicro copper pét include
CH-0200 (manufactured by Mitsui Mining & SmeltingoC Ltd.,
volume-average particle diameter: 043®), HT-14 (manufactured by
Mitsui Mining & Smelting Co., Ltd., volume-averagarticle diameter:
0.41 ym), CT-500 (manufactured by Mitsui Mining & SmedirCo.,
Ltd., volume-average particle diameter: 0.@Zn), and Tn-Cul00
(manufactured by Taiyo Nippon Sanso Corporationume-average
particle diameter: 0.1@m).

[0048] (Micro Copper Particles)

As the micro copper particles, micro copper phasiencluding
copper particles having a particle diameter @2 or more and 5(um
or less are exemplified, and, for example, coppatigles having a
volume-average particle diameter ofuth or more and 5@um or less
can be used. When the volume-average particleedearof the micro
copper particles is in the above-described rangdas ipossible to
sufficiently reduce volume shrinkage when the copasste for joining
has been sintered, it becomes easy to ensure ithegjstrength of a
joined body that is manufactured by sintering tlopper paste for
joining, and, in a case in which the copper pastgdining is used to
join a semiconductor element, there is a tendelnaya semiconductor
device exhibits a favorable die shear strength andavorable
connection reliability. From the viewpoint of tease of obtaining the
above-described effects, the volume-average partdc@meter of the

micro copper particles may beudn or more and 2(dm or less or may
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be 3um or more and 1Qim or less.

[0049] The content of the micro copper particles/ina 10% by mass
or more and 90% by mass or less, may be 15% by oras®re and
65% by mass or less, or may be 20% by mass or amar&0% by mass
or less of the sum of the masses of the coppeiciesrtand the second
particles. When the content of the micro coppetigles is in the
above-described range, it becomes easy to ensujeiting strength of
a joined body that is manufactured by sintering ¢bpper paste for
joining, and, in a case in which the copper pastgdining is used to
join a semiconductor element, there is a tendelmalya semiconductor
device exhibits a favorable die shear strength andavorable
connection reliability.

[0050] The sum of the content of the submicro copgeticles and the
content of the micro copper particles can be s808 by mass or more
of the sum of the masses of the copper particles tAe second
particles. When the sum of the content of the salamcopper
particles and the content of the micro copper gadi is in the
above-described range, it is possible to suffityeméduce volume
shrinkage when the copper paste for joining hash b&atered, it
becomes easy to ensure the joining strength ofiredobody that is
manufactured by sintering the copper paste foirjginand, in a case in
which the copper paste for joining is used to jairsemiconductor
element, there is a tendency that a semicondu@wvicel exhibits a
favorable die shear strength and a favorable caiomeceliability.
From the viewpoint of the ease of obtaining thevabdescribed effects,

the sum of the content of the submicro copper glagiand the content
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of the micro copper particles may be 90% by masmore, may be
95% by mass or more, or may be 99.99% by mass or aidhe sum of
the masses of the copper particles and the seaotidi@s.

[0051] The shape of the micro copper particle is particularly
limited. Examples of the shape of the micro coggaticle include a
spherical shape, a block shape, a needle shapgka f$hape, a
substantially spherical shape, and an aggregateahe Among these,
the shape of the micro copper particle is prefgrablflake shape.
When flake-shaped micro copper particles are uedmicro copper
particles in the copper paste for joining are dadnsubstantially
parallel to a surface to be attached, and thus miossible to suppress
volume shrinkage occurring when the copper pastg@ining has been
sintered, and it becomes easy to ensure the jostneggth of a joined
body that is manufactured by sintering the coppstefor joining. In
a case in which the copper paste for joining isduse join a
semiconductor element, there is a tendency thatmacenductor device
exhibits a favorable die shear strength and a &bler connection
reliability,. ~ From the viewpoint of the ease of abing the
above-described effects, particularly, the aspaad of the flake-shaped
micro copper particle may be 4 or more or may loe ®ore.

[0052] For the micro copper particles, the presemcabsence of the
treatment using the surface treatment agent igpadicularly limited.
From the viewpoint of the dispersion stability atiie oxidation
resistance, the micro copper particles may be edeatith a surface
treatment agent. The surface treatment agent magrboved during

joining. Examples of the above-described surfaeatient agent
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include fatty carboxylic acids such as palmitic dacstearic acid,

arachidic acid, and oleic acid; aromatic carboxyicids such as
terephthalic acid, pyromellitic acid, and o-phenwostyzoic acid; fatty

alcohols such as cetyl alcohol, stearyl alcohalbasnyl cyclohexanol,

and tetraethylene glycol; aromatic alcohols suchpashenylphenol;

alkylamines such as octylamine, dodecylamine, &sa@amine; fatty

nitriles such as stearonitrile and decanenitrilgne coupling agents
such as alkyl alkoxysilane; polymer treatment agesuch as
polyethylene glycol, polyvinyl alcohol, polyvinyl yprolidone, and

silicone oligomer; and the like. One kind of sudareatment agent
may be used singly or two or more kinds of surfaeatment agents
may be jointly used.

[0053] The treatment amount of the surface treatragant may be an
amount of one molecule layer or more on the susfaéehe particles.
The above-described treatment amount of the sutfaeement agent
changes depending on the specific surface areheofrticro copper
particle, the molecular weight of the surface weait agent, and the
minimum coating area of the surface treatment agehe treatment
amount of the surface treatment agent is gene@all91% by mass or
more. The specific surface area of the micro coppaticle, the

molecular weight of the surface treatment agent #ire minimum

coating area of the surface treatment agent cacotmputed using the
above-described methods.

[0054] In a case in which the copper paste foripgns prepared using
the submicro copper particles alone, volume shgekand sintering

shrinkage caused by the drying of the dispersiondiune are
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significant, and thus the copper paste for joinisigeasily peeled off
from the surface to be attached during the sinjeointhe copper paste
for joining, and it is difficult to obtain a suffient die shear strength and
a sufficient connection reliability in the joiningf a semiconductor
element or the like. When the submicro coppengastand the micro
copper particles are jointly used, volume shrinkdgeng the sintering
of the copper paste for joining is suppressed,ajained body can be
provided with a sufficient joining strength. Incase in which the
copper paste for joining is used to join a semicahal element, an
effect of a semiconductor device exhibiting a faobe die shear
strength and a favorable connection reliabilitgh$ained.
[0055] As the micro copper particles according ftwe tpresent
embodiment, a commercially available product candexl. Examples
of the commercially available micro copper parscieclude MA-C025
(manufactured by Mitsui Mining & Smelting Co., Ltdolume-average
particle diameter: 7.5m), 3L3 (manufactured by Fukuda Metal Foil &
Powder Co., Ltd., volume-average particle diamede:um), 1110F
(manufactured by Mitsui Mining & Smelting Co., Ltdolume-average
particle diameter: 3.@m), and HWQ3.Qum (manufactured by Fukuda
Metal Foil & Powder Co., Ltd., volume-average padidiameter: 3.0
pum).
[0056] (Second particles)

The second particles according to the present dimeamt need
to be particles which serve as a sintering aid,capable of decreasing
the sintering temperature of the copper pastedioing, and include a

metal element other than copper. Meanwhile, “pladi including a
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metal element other than copper” in the presentisgation may be

any particles including at least one kind of meti@ment other than
copper and do not exclude particles including cofo example, an
alloy of copper and another metal). As the secpadicles, metal

particles or fatty acid metal salt particles areraglified.

[0057] The metal particles are not particularly ited, but are

preferably metal particles including at least onalkof metal selected
from the group consisting of zinc, silver, goldatrhum, tin, indium,

vanadium, aluminum, nickel, antimony, and palladiunfFrom the

viewpoint of a more favorable effect as a sintergid, the metal

particles are preferably metal particles includatgleast one kind of
metal selected from the group consisting of ziflees gold, platinum,

nickel, and palladium. From the viewpoint of arcelent material

cost, the metal particles are preferably metaligast including at least
one kind of metal selected from the group congistihzinc, silver, tin,

indium, and vanadium. From the viewpoint of furth@proving the

die shear strength with respect to noble metal siscgold, silver, and
palladium and the connection reliability, the metadrticles are
preferably metal particles including at least onalkof metal selected
from the group consisting of zinc, silver, and goldhmong these, from
the viewpoint of an excellent material cost, maidatticles including

zinc or silver are more preferred, and zinc pati@dre more preferred.

[0058] The scope of the metal particles including above-described
metal also include metal particles including thewadescribed metal
as an alloy. As an alloy described above, brasassbhammer,

cupronickel, albata, bronze, and the like are exXifisgh
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[0059] Examples of the shape of the metal partruttude a spherical
shape, a block shape, a needle shape, a flake, shaqgstantially
spherical shape, and an aggregate thereof. Frenvidwpoint of
increasing the number of contact points with thepes particles, a
shape having a large specific surface area is rpegife From the
viewpoint of satisfying both the ease of the mptaticles being melted
into the copper particles during sintering and eedation resistance,
the shape of the metal particle is preferably keflshape. The aspect
ratio of the flake-shaped metal particle is preigrd or more and more
preferably 6 or more.

[0060] For the metal particles, the presence oemtxs of the treatment
using the surface treatment agent is not partigulanited. From the
viewpoint of the dispersion stability and oxidatiprevention, the metal
particles may be treated with a surface treatmgahta The surface
treatment agent may be removed during joining. niptas of the
above-described surface treatment agent includg ¢atboxylic acids
such as palmitic acid, stearic acid, arachidic ,aeidd oleic acid;
aromatic carboxylic acids such as terephthalic,gaydomellitic acid,
and o-phenoxybenzoic acid; fatty alcohols suche#d alcohol, stearyl
alcohol, isobornyl cyclohexanol, and tetraethyleglgcol; aromatic
alcohols such as p-phenylphenol; alkylamines sushoetylamine,
dodecylamine, and stearylamine; fatty nitriles sashstearonitrile and
decanenitrile; silane coupling agents such as alkidoxysilane;
polymer treatment agents such as polyethylene Rglypolyvinyl
alcohol, polyvinyl pyrrolidone, and silicone oligem and the like.

One kind of surface treatment agent may be useglysom two or more
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kinds of surface treatment agents may be usedmbic@tion.
[0061] The fatty acid metal salt particles preféyabclude an fatty
acid metal salt of an fatty acid having 8 to 18caratoms and silver,
nickel, or zinc. Specifically, silver stearatenzistearate, zinc laurate,
nickel laurate, zinc octylate, and the like arermephified. There are
cases in which these fatty acid metal salt padielee unintentionally
included due to a reaction between the organic aaiidd as the surface
protective agent and a metal oxide on the surfattdse metal particles.
[0062] For the second particle, from the viewpanfitobtaining the
contact area with a member being used for joiniing,volume-average
particle diameter of primary particles may be 180 or less, may be
100 um or less, may be 50m or less, may be 20m or less, may be 5
pum or less, or may be|Bn or less. For the second particles, from the
viewpoint of preventing oxidation, the volume-aggaarticle diameter
of the primary patrticles is preferably 0.8 or more.
[0063] From the viewpoint of obtaining a sufficigoining property,
the content of the second particles may be 0.01%hdss or more, may
be 0.05% by mass or more, or may be 0.1% by mas® of the sum
of the masses of the copper particles and the departicles. The
content of the second particles may be 10% by makess, may be 3%
by mass or less, or may be 1% by mass or less.
[0064] As the second particles according to thegmeembodiment, a
commercially available product can be used. Exampbf the
commercially available second particles includefttiewing particles.
Zinc (product No.: 13789, manufactured by Alfa &es325

mesh, volume-average particle diameter: approxigndteum)
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Silver powder (AgC-239, product No.: 13789, magtieed by
Fukuda Metal Foil & Powder Co., Ltd., volume-avexagarticle
diameter: 2.5um)

Tin powder (product No.. 576883-5G, manufactureg b
Sigma-Aldrich Japan, volume-average particle di@med.15um or
less)

Indium  (product No.: 264032-5G, manufactured by
Sigma-Aldrich Japan, 100 mesh, volume-average giartliameter:
approximately 14Qim)

Gold (product No.: 44636, manufactured by Alfa &es
volume-average particle diameter: 0.5 to|in®)

Palladium (product No.: 12068, manufactured byaAfesar,
200 mesh, volume-average particle diameter: apprabaly 74um)

Vanadium (product No.: 12234, manufactured by Adisar,
325 mesh, volume-average particle diameter: apmpabaly 45um)

Aluminum (product No.: 45031, manufactured by Afasar,
volume-average particle diameter: i)

Antimony (manufactured by Wako Pure Chemical Coxpon,
volume-average particle diameter: 100)

Nickel (manufactured by Fukuda Metal Foil & Powdgo.,
Ltd., volume-average particle diameterh)

Zinc stearate 1.fum (Wako special grade, manufactured by
Wako Pure Chemical Corporation, lot No.: LAF3348erage particle
diameter: 0.§um)

[0065] (Dispersion Medium)

The dispersion medium is not particularly limitead may be a
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volatile dispersion medium. Examples of the vidatdispersion
medium include monohydric and polyhydric alcohalslsas pentanol,
hexanol, heptanol, octanol, decanol, ethylene glydiethylene glycol,
propylene glycol, butylene glycol,o-terpineol, and isobornyl
cyclohexanol (MTPH); ethers such as ethylene glyootyl ether,
ethylene glycol phenyl ether, diethylene glycol Inykether, diethylene
glycol ethyl ether, diethylene glycol butyl ethetiethylene glycol
isobutyl ether, diethylene glycol hexyl ether, ttigene glycol methyl
ether, diethylene glycol dimethyl ether, diethylegigcol diethyl ether,
diethylene glycol dibutyl ether, diethylene glydalityl methyl ether,
diethylene glycol isopropyl methyl ether, triethye glycol dimethyl
ether, triethylene glycol butyl methyl ether, prtgme glycol propyl
ether, dipropylene glycol methyl ether, dipropylegigcol ethyl ether,
dipropylene glycol propyl ether, dipropylene glyctiutyl ether,
dipropylene glycol dimethyl ether, tripropylene gy methyl ether, and
tripropylene glycol dimethyl ether; esters suchetig/lene glycol ethyl
ether acetate, ethylene glycol butyl ether acetdtgjlene glycol butyl
ether acetate, diethylene glycol ethyl ether aegetdiethylene glycol
butyl ether acetate, dipropylene glycol methyl etheetate (DPMA),
ethyl lactate, butyl lactatei-butyrolactone, and propylene carbonate;
acid amides such as N-methyl-2-pyrrolidone, N,Ntimylacetamide,
and N,N-dimethylformamide; fatty hydrocarbons sashcyclohexane,
octane, nonane, decane, and undecane; aromatiocaydons such as
benzene, toluene, and xylene; mercaptans havirdkghgroup having
1 to 18 carbon atoms; and mercaptans having aakglayroup having

5 to 7 carbon atoms. Examples of the mercaptamsidnan alkyl
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group having 1 to 18 carbon atoms include ethylcaqa@ian, n-propyl
mercaptan, i-propyl mercaptan, n-butyl mercaptamjtyl mercaptan,
t-butyl mercaptan, pentyl mercaptan, hexyl meraaptnd dodecyl
mercaptan. Examples of the mercaptans having katlggl group
having 5 to 7 carbon atoms include cyclopentyl metan, cyclohexyl
mercaptan, and cycloheptyl mercaptan.

[0066] The content of the dispersion medium may lhe 50 parts by
mass when the sum of the masses of the coppetlpardind the second
particles is set to 100 parts by mass. When th&eob of the
dispersion medium is in the above-described rarigis, possible to
adjust the copper paste for joining to a more gmmite viscosity, and
the sintering of the copper patrticles is not easihbited.

[0067] (Additive)

To the copper paste for joining, a wetting enharsceh as a
nonionic surfactant and a fluorine-based surfac&@mtefoamer such as
a silicone oil; an ion trapping agent such as anganic ion exchanger;
and the like may be added as necessary.

[0068] As an aspect of the copper paste for joinniggthe present
embodiment, a copper paste for joining in which ¢topper particles
include submicro copper particles having a volumerage particle
diameter of 0.121m or more and 0.Am or less, preferably, 0.1%m or
more and 0.8um or less and micro copper particles having a
volume-average particle diameter ofith or more and 5@um or less,
the sum of the content of the submicro copper gagiand the content
of the micro copper patrticles is 80% by mass orenadrthe sum of the

masses of the copper particles and the seconcalpastthe content of
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the submicro copper patrticles is 30% by mass oeranod 90% by mass
or less of the sum of the mass of the submicro @opprticles and the
mass of the micro copper particles, and the conténthe second
particles is 0.01% by mass or more and 10% by makess of the sum
of the masses of the copper particles and the dguanmicles.

[0069] As the copper paste for joining, a coppest@dor joining
which is obtained by blending submicro copper pkesi having a
volume-average particle diameter of 02 or more and 0.8im or
less, preferably, 0.15m or more and 0.§im or less, micro copper
particles having a volume-average particle diamete2 um or more
and 50um or less, second particles, a dispersion mediumd, aiher
components described above as necessary, in whelsum of the
amount of the submicro copper particles blendedthecdmount of the
micro copper particles blended is 80% by mass aeneb the sum of
the masses of the copper particles and the seamidlgs, the amount
of the submicro copper particles blended is 30%miags or more and
90% by mass or less of the sum of the amount o&tisenicro copper
particles blended and the amount of the micro coppdicles blended,
and the content of the second particles is 0.01%nags or more and
10% by mass or less of the sum of the masses afdpper particles
and the second particles.

[0070] In addition, as another aspect of the copaste for joining of
the present embodiment, a copper paste for joinoigaining, as the
submicro copper particles, copper particles hagipgrticle diameter of
0.12 um or more and 0.8m or less, preferably, 0.3&m or more and

0.8 um or less are included in a content of 24 to 80%mags of the
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total mass of the copper particles and, as theongopper particles,
micro copper particles having a particle diamete2 pm or more and
50 um or less are included in a content of 8 to 70%nlags of the total
mass of the copper particles, in which the contd@nthe submicro
copper particles is 30% by mass or more and 90%hdss or less of the
sum of the mass of the submicro copper particlesthea mass of the
micro copper particles, and the content of the seéquarticles is 0.01%
by mass or more and 10% by mass or less of theo$uhe masses of
the copper particles and the second particles. péracle diameter
mentioned herein refers to the maximum particlemeizr and is
obtained using a method in which the copper pasielhich serve as
the raw material or dried copper particles obtaitgdremoving a
volatile component from the copper paste for jayname observed using
a scanning electron microscope (SEM).
[0071] In a case in which the copper particle dosshave a spherical
shape, the particle diameter can be obtained améhemum particle
diameter using the following method. A method &mmputing the
long diameter of a copper particle from a SEM imagé# be
exemplified. A powder of the copper particle iaqad on carbon tape
for SEM using a spatula, thereby producing a sarf@lé&SEM.  This
sample for SEM is observed using a SEM device rmagnification of
100 to 5,000 times. A rectangle circumscribing tbeper particle in
this SEM image is drawn using image processingvswé, and the long
side of the rectangle is considered as the longetier of the particle.
[0072] (Preparation of Copper Paste for Joining)

The copper paste for joining can be prepared byingithe
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submicro copper particles, the micro copper padiclthe second
particles, and an arbitrary additive to the disjoersnedium. After the
mixing of the respective components, a stirringatirent may be
carried out. For the copper paste for joining, thaximum particle
diameter of a dispersion liquid may be adjustedabglassification
operation.

[0073] The copper paste for joining may be prepdrgdnixing the
submicro copper particles, the surface treatmergntagand the
dispersion medium in advance, carrying out a dsprrtreatment so as
to prepare a dispersion liquid of the submicro evpparticles, and
furthermore, mixing the micro copper particles, gexond particles,
and an arbitrary additive into the dispersion kqui When the copper
paste for joining is prepared in an order descrizbve, the
dispersibility of the submicro copper particles noes and thus the
mixing property with the micro copper particles bees favorable, and
the performance of the copper paste for joininghrrimproves. An
aggregated substance may be removed from the sliispdiquid of the
submicro copper particles by a classification ojena

[0074] The stirring treatment can be carried ouingisa stirrer.
Examples of the stirrer include a rotation and hewan-type stirring
device, a Leica machine, a twin screw kneader,reetroll mill, a
planetary mixer, and a thin layer shear disperser.

[0075] The classification operation can be carrimat using, for
example, filtration, spontaneous precipitationcentrifugal separation.
Examples of a filter for filtration include a metalesh, a metal filter,

and a nylon mesh.
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[0076] Examples of the dispersion treatment incladhin layer shear
disperser, a beads mill, an ultrasonic homogenahbigh shear mixer, a
narrow gap three-roll mill, a wet-type ultra-atomg device, a
supersonic jet mill, and an ultrahigh-pressure hgenazer.

[0077] In the case of being molded, the copperepst joining may
be adjusted to a viscosity suitable for individpahting and coating
methods. As the viscosity of the copper pastgoiaing, for example,
the Casson viscosity at 25 may be 0.05 P& or more and 2.0 Baor
less or may be 0.06 Baor more and 1.0 Baor less.

[0078] According to the copper paste for joining thie present
embodiment, the submicro copper particles and theromcopper
particles are jointly used in predetermined prdpod, and thus a
favorable sinterability can be obtained, and volusheénkage during
sintering can be suppressed. Furthermore, theecquste for joining
includes the second particles including a metameld other than
copper, and thus it is possible to obtain a sidtdyedy in which a
plurality of kinds of metal forms a solid solutiam is dispersed, and
thus the mechanical characteristics such as yigkbkss and fatigue
strength of the sintered body are improved, thestiear strength and
the connection reliability easily improve, and fbaing property with
respect to noble metal also further improves. @&iloee, the copper
paste for joining of the present embodiment is bepaf ensuring a
joining force with a member without excessive puegstion, and a
joined body that is manufactured by sintering tlopper paste for
joining can be provided with a sufficient joiningength. In a case in

which the copper paste for joining is used to jairsemiconductor
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element, a semiconductor device is capable of @xigba favorable die
shear strength and a favorable connection religbiliThat is, the
copper paste for joining of the present embodinmeay be used as a
joining material for non-pressurization joining.n &ddition, according
to the copper paste for joining of the present afmbent, relatively
inexpensive copper particles are used, and thagdssible to suppress
the manufacturing costs, and the mass productionpassible.
Particularly, the copper paste for joining of thregent embodiment is
capable of obtaining the above-described effects tduthe submicro
copper particles and the micro copper particles #ngs has an
advantage that the copper paste for joining camde stably supplied
at a lower cost compared with joining materialsluding expensive
copper nanoparticles as a main component. Theseforbecomes
possible to further enhance production stability tile case of
manufacturing joined bodies such as semiconduetaices.
[0079] <Joined Body and Semiconductor Device>

Hereinafter, a preferred embodiment will be désatiin detall
with reference to drawings. Meanwhile, in the drays, the same or
corresponding part will be given the same referesge and will not be
described again. In addition, the dimensionalogain the drawings
are not limited to the ratios illustrated in thawwmgs.
[0080] Fig. 1 is a schematic cross-sectional vidlustrating an
example of a joined body manufactured using thepeoppaste for
joining of the present embodiment. A joined bo@ bf the present
embodiment includes a first member 2, a second reerb and a

sintered body 1 of the copper paste for joiningalhjoins the first
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member and the second member.

[0081] Examples of the first member 2 and the sdcoember 3
include semiconductor elements such as IGBT, did8elsottky barrier
diodes, MOS-FET, thyristors, logic circuits, serss@analog integrated
circuits, LED, semiconductor lasers, and oscillstdrase materials for
mounting a semiconductor element such as lead $&ameetal
sheet-attached ceramic substrates (for example, )DB@d LED
packages, members for power supply such as cojpaons, metal
blocks, and terminals, heat dissipation sheetsmaoling sheets, and
the like.

[0082] The first member 2 and the second membere3Xapable of
including metal forming a metallic bond with thetered body 1 of the
copper paste for joining on surfaces 4a and 4bomtact with the
sintered body 1 of the copper paste for joiningxarples of the metal
include copper, nickel, silver, gold, palladiumapbium, lead, tin,
cobalt, and the like. One kind of metal may bedusiagly or two or
more kinds of metal may be used in combination. adidition the
surfaces in contact with the sintered body mayrballay including the
above-described metal. As metal that is usedenattoy, in addition
to the above-described metal, zinc, manganese,iralom beryllium,
titanium, chromium, iron, molybdenum, and the ldke exemplified.
Examples of a member in which the surfaces in cbntéah the sintered
body are metal include members having a variety@tal plates, wires,
chips having a metal plate, heat spreaders, cersubgtrates to which a
metal sheet is attached, lead frames having atyasfemetal plates,

lead frames made of a variety of metal, coppertshaad copper foils.
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[0083] From the viewpoint of sufficiently joiningpé first member and
the second member, the die shear strength of iheddody may be 10
MPa or more, may be 15 MPa or more, may be 20 MPaooe, or may
be 30 MPa or more. The die shear strength candsesumed using a
universal bond tester (4000 series, manufactureNdrgson Dage) or
the like.

[0084] From the viewpoint of the heat dissipatioogerty and the
connection reliability at a high temperature, therinal conductivity of
the sintered body of the copper paste for joiniray e 100 W/(niK)
or more, may be 120 W/(f&K) or more, or may be 150 W/(fK) or
more. The thermal conductivity can be computednfitie thermal
diffusivity, the specific heat capacity, and thensliéy of the sintered
body of the copper paste for joining.

[0085] Hereinafter, a method for manufacturing smgd body using
the copper paste for joining of the present embedimwill be
described.

[0086] The method for manufacturing a joined bodging the copper
paste for joining of the present embodiment inckudestep of preparing
a laminate in which the first member, the coppestedor joining, and
the second member are laminated in this orderdiregxtion in which
the weight of the first member applies and sintgthre copper paste for
joining in a state in which the copper paste fanijgy receives the
weight of the first member or the weight of thestfimember and a
pressure of 0.01 MPa or less. The direction ircivttine weight of the
first member applies can also be referred to adlitieetion in which the

gravitational force applies.
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[0087] The laminate can be prepared by, for exammieviding the
copper paste for joining of the present embodimant necessary
portion of the second member and then disposinditstemember on
the copper paste for joining.

[0088] A method for providing the copper paste joining of the
present embodiment in a necessary portion of tbensemember may
be a method in which the copper paste for joiniag be deposited.
As the above-described method, for example, scpeeting, transfer
printing, offset printing, a jet printing method, dispenser, a jet
dispenser, a needle dispenser, a comma coatércaater, a die coater,
a gravure coater, a slit coat, anastatic printimgglio printing, gravure
printing, stencil printing, soft lithography, baoating, an applicator, a
particle deposition method, a spray coater, a spater, a dip coater,
electrodeposition coating, and the like can be uséddhe thickness of
the copper paste for joining may beudn or more, may be fim or
more, may be 1im or more, or may be 20m or more. In addition,
the thickness of the copper paste for joining may3®00um or less,
may be 1,00Qum or less, may be 500m or less, may be 300m or
less, may be 25(m or less, may be 2Q@m or less, or may be 150n
or less.

[0089] The copper paste for joining provided on sieeond member
may be appropriately dried from the viewpoint opgressing the flow
or the generation of voids during the sinteringheTgas atmosphere
during the drying may be the atmosphere, may beoamen-free
atmosphere of nitrogen, rare gas, or the like, ay rbe a reducing

atmosphere of hydrogen, formic acid, or the lik€he drying method
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may be drying by leaving the copper paste for jgniat normal
temperature, may be drying by heating, or may lyengrat reduced
pressure. In the case of the drying by heatingp@drying at reduced
pressure, it is possible to use, for example, glate, a hot-air dryer, a
hot-air heating furnace, a nitrogen dryer, an magtladryer, an infrared
heating furnace, a far-infrared heating furnacemiearowave heating
device, a laser heating device, an electromagretating device, a
heater heating device, a steam heating furnacegt glate pressing
machine, or the like. The temperature and the toméng the drying
may be appropriately adjusted depending on the &mtlamount of the
dispersion medium used. Regarding the temperauck the time
during the drying, the copper paste for joining rbaydried at 50C or
higher and 18TC or lower for 1 minute or longer and 120 minutes o
shorter.

[0090] Examples of a method for disposing the fir&mber on the
copper paste for joining include a chip mountdtipachip bonder, and
a carbon or ceramic positioning jig.

[0091] The copper paste for joining is sintered darrying out a
heating treatment on the laminate. For the heatiegtment, it is
possible to use, for example, a hot plate, a hodayer, a hot-air
heating furnace, a nitrogen dryer, an infrared irgr infrared heating
furnace, a far-infrared heating furnace, a microavaeating device, a
laser heating device, an electromagnetic heating€lea heater heating
device, a steam heating furnace, or the like.

[0092] From the viewpoint of suppressing the oxatabf the sintered

body, the first member, and the second memberg#seatmosphere
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during the sintering may be an oxygen-free atmaspheFrom the

viewpoint of removing the surface oxide of the cepparticles in the
copper paste for joining, the gas atmosphere maya beeducing

atmosphere. Examples of the oxygen-free atmospimetade the

introduction of an oxygen-free gas such as nitrogemare gas or a
vacuum. Examples of the reducing atmosphere iechudatmosphere
filled with pure hydrogen gas, an atmosphere fillgth a gas mixture
of hydrogen and nitrogen which represent forming, ga atmosphere
filled with nitrogen including formic acid gas, atmosphere filled with
a gas mixture of hydrogen and rare gas, an atmaspitied with rare

gas including formic acid gas, and the like.

[0093] From the viewpoint of reducing thermal damamn the first

member and the second member and improving the saéb, the peak
temperature during the heating treatment may béQ2%0 higher and

450°C or lower, may be 28C or higher and 40 or lower, may be
250°C or higher and 35C or lower, or may be 28CQ or higher and

300°C or lower. When the peak temperature is°200r higher, there
Is a tendency that sintering sufficiently progress®r a peak

temperature-holding time of 60 minutes or shorter.

[0094] From the viewpoint of volatilizing all of ¢hdispersion medium
and improving the yield ratio, the peak temperahokling time may

be 1 minute or longer and 60 minutes or shorteyy b&a1l minute or

longer and shorter than 40 minutes, or may be Lt@ior longer and
shorter than 30 minutes.

[0095] When the laminate is sintered using the eopaste for joining

of the present embodiment, the joined body can roeigeed with a
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sufficient joining strength even when the surfacée attached includes
at least one kind of metal selected from the groupsisting of copper,
nickel, tin, gold, silver, platinum, and palladiumThat is, a sufficient
joining strength can be obtained in a state in Whie copper paste for
joining receives the weight of the first member ilsated on the copper
paste for joining or the weight of the first memlipdus a pressure of
0.01 MPa or less, preferably, 0.005 MPa or lesshemthe pressure
that the copper paste for joining receives durimg gintering is in the
above-described range, a special pressurizatiortaléy not required,
and thus it is possible to reduce voids and furiimprove the die shear
strength and the connection reliability without mmmng the yield ratio.
Examples of a method for subjecting the copperepfst joining to a
pressure of 0.01 MPa or less include a method iitctwh weight is
placed on the first member and the like.

[0096] In the joined body, at least one of thetfmeember and the
second member may be a semiconductor element. Heamnf the
semiconductor element include a power module madefwa diode, a
rectifier, a thyristor, a MOS gate driver, a powswitch, power
MOSFET, IGBT, a Schottky diode, a fast recoveryddioor the like, a
transmitter, an amplifier, an LED module, and thiee.l In the
above-described case, the joined body becomesiam®ctor device.
A semiconductor device to be obtained can be peavigith a sufficient
die shear strength and a sufficient connectioalvdity.

[0097] Fig. 2 is a schematic cross-sectional vidlustrating an
example of a semiconductor device manufacturedgusine copper

paste for joining of the present embodiment. Aisenductor device

39



10

15

20

25

FP17-0191-00

110 illustrated in Fig. 2 is made up of a semicantou element 8
connected through the sintered body 1 of the coppste for joining
according to the present embodiment on a lead ffaanand a mold
resin 7 that molds the semiconductor element aadethd frame. The
semiconductor element 8 is connected to a leadeffamthrough a wire
6.

[0098] Examples of the semiconductor device mariufad using the
copper paste for joining of the present embodimeaiude a power
module made up of a diode, a rectifier, a thyrisddvlOS gate driver, a
power switch, power MOSFET, IGBT, a Schottky dioddast recovery
diode, or the like, a transmitter, an amplifierhigh-brightness LED
module, a sensor, and the like.

[0099] The semiconductor device can be manufacturethe same
manner as the above-described method for manuifagtarjoined body.
That is, a method for manufacturing the semicoratugévice includes
a step of preparing a laminate in which a semicotmtielement is used
as at least one of the first member and the seswrdber, and the first
member, the copper paste for joining, and the skaoember are
laminated in this order in a direction in which tveight of the first
member applies and sintering the copper pasteoioing in a state in
which the copper paste for joining receives thegheiof the first
member or the weight of the first member and asunesof 0.01 MPa or
less. Examples thereof include a step of providegcopper paste for
joining on the lead frame 5a and disposing and ifgathe
semiconductor element 8. A semiconductor devideetobtained can

be provided with a sufficient die shear strengthd an sufficient

40



10

15

20

25

FP17-0191-00

connection reliability even in a case in which tinst member and the
second member are joined without pressurizatiorhe §emiconductor
device of the present embodiment has a sufficieminyg force and
includes a copper sintered body having a high taeoonductivity and
a high melting point, and thus the semiconductetagehas a sufficient
die shear strength, is excellent in terms of thenection reliability, and
can also become excellent in power cycle resistance
[Examples]
[0100] Hereinafter, the present invention will besdribed more
specifically using examples. However, the preseméention is not
limited to the following examples.
[0101] (Preparation Example 1)

a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.46 g) and isobornyl cyclohexanol @&, manufactured
by Nippon Terpene Chemicals, Inc., 0.20 g) as dsgpgs, CH-0200
(flake shape, manufactured by Mitsui Mining & Snmgt Co., Ltd.,
3.39 g) as submicro copper particles, MA-C025 €lakhape,
manufactured by Mitsui Mining & Smelting Co., Ltd..45 g) as micro
copper particles, and lauric acid (manufacturedMako Pure Chemical
Corporation, 0.11 g) were kneaded using an agateamantil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
The air-tightened poly bottle was stirred at 2,060n" (2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, zinc stearate (mtactured by Wako

Pure Chemical Corporation, 0.01 g) and the liquictune were
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kneaded using the agate mortar until no dried powelmained, and a
liquid mixture was moved to a poly bottle. Thiguid mixture was
treated at 19.6 kHz and 600 W for one minute usngultrasonic
homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
Next, the air-tightened poly bottle was stirred2a000 min* (2,000
rotations/minute) for two minutes using the rotatand revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).

This liquid mixture was used as a copper past@fong 1.
[0102] (Preparation Example 2)

a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.46 g) and isobornyl cyclohexanol @&H, manufactured
by Nippon Terpene Chemicals, Inc., 0.20 g) as dsspgs, CH-0200
(flake shape, manufactured by Mitsui Mining & Snmgt Co., Ltd.,
3.38 g) as submicro copper particles, MA-C025 €lakhape,
manufactured by Mitsui Mining & Smelting Co., Ltd..45 g) as micro
copper particles, and lauric acid (manufacturedMako Pure Chemical
Corporation, 0.11 g) were kneaded using an agateamantil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
The air-tightened poly bottle was stirred at 2,066n™ (2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, tin powder (praduNo.: 576883-5G,
manufactured by Sigma-Aldrich Japan, 0.01 g) amdliduid mixture
were kneaded using the agate mortar until no dr@dder remained,

and a liquid mixture was moved to a poly bottle.hisTliquid mixture
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was treated at 19.6 kHz and 600 W for one minuiieguan ultrasonic
homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
Next, the air-tightened poly bottle was stirred2a000 min* (2,000
rotations/minute) for two minutes using the rotatand revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).

This liquid mixture was used as a copper past@fomg 2.
[0103] (Preparation Example 3)

a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.46 g) and isobornyl cyclohexanol @&H, manufactured
by Nippon Terpene Chemicals, Inc., 0.20 g) as dsspgs, CH-0200
(flake shape, manufactured by Mitsui Mining & Srmgjt Co., Ltd.,
3.38 g) as submicro copper particles, MA-C025 €lakhape,
manufactured by Mitsui Mining & Smelting Co., Ltd..45 g) as micro
copper particles, and lauric acid (manufacturedMako Pure Chemical
Corporation, 0.11 g) were kneaded using an agateamantil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
The air-tightened poly bottle was stirred at 2,060n" (2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, indium (productoN 264032-5G,
manufactured by Sigma-Aldrich Japan, 0.01 g) amdliduid mixture
were kneaded using the agate mortar until no dr@ader remained,
and a liquid mixture was moved to a poly bottle.hisTliquid mixture
was treated at 19.6 kHz and 600 W for one minuteguan ultrasonic

homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
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Next, the air-tightened poly bottle was stirred2a000 mirt (2,000
rotations/minute) for two minutes using the rotatand revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).

This liquid mixture was used as a copper past@fomg 3.
[0104] (Preparation Example 4)

a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.46 g) and isobornyl cyclohexanol @&H, manufactured
by Nippon Terpene Chemicals, Inc., 0.20 g) as dsspgs, CH-0200
(flake shape, manufactured by Mitsui Mining & Srmgjt Co., Ltd.,
3.39 g) as submicro copper particles, MA-C025 €lakhape,
manufactured by Mitsui Mining & Smelting Co., Ltd..45 g) as micro
copper particles, and lauric acid (manufacturedMako Pure Chemical
Corporation, 0.11 g) were kneaded using an agateamantil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
The air-tightened poly bottle was stirred at 2,060n" (2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, gold (product No044636,
manufactured by Alfa Aesar, 0.01 g) and the liquakture were
kneaded using the agate mortar until no dried powelmained, and a
liquid mixture was moved to a poly bottle. Thiguid mixture was
treated at 19.6 kHz and 600 W for one minute usngultrasonic
homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
Next, the air-tightened poly bottle was stirred2a000 min* (2,000

rotations/minute) for two minutes using the rotatand revolution-type
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stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).

This liquid mixture was used as a copper past@fomg 4.
[0105] (Preparation Example 5)

o-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.46 g) and isobornyl cyclohexanol @&, manufactured
by Nippon Terpene Chemicals, Inc., 0.20 g) as dsgpgs, CH-0200
(flake shape, manufactured by Mitsui Mining & Srmgjt Co., Ltd.,
3.38 g) as submicro copper particles, MA-C025 €lakhape,
manufactured by Mitsui Mining & Smelting Co., Ltd..45 g) as micro
copper particles, and lauric acid (manufacturedMako Pure Chemical
Corporation, 0.11 g) were kneaded using an agateamantil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
The air-tightened poly bottle was stirred at 2,060n" (2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, palladium (produblo.: 12068,
manufactured by Alfa Aesar, 0.01 g) and the liqunkture were
kneaded using the agate mortar until no dried powel®ained, and a
liquid mixture was moved to a poly bottle. Thiguid mixture was
treated at 19.6 kHz and 600 W for one minute usngultrasonic
homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
Next, the air-tightened poly bottle was stirred2a000 mirt (2,000
rotations/minute) for two minutes using the rotatand revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).
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This liquid mixture was used as a copper past@fomng 5.
[0106] (Preparation Example 6)

a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.46 g) and isobornyl cyclohexanol @&, manufactured
by Nippon Terpene Chemicals, Inc., 0.20 g) as dsspgs, CH-0200
(flake shape, manufactured by Mitsui Mining & Snmgt Co., Ltd.,
3.38 g) as submicro copper particles, MA-C025 €lakhape,
manufactured by Mitsui Mining & Smelting Co., Ltd..45 g) as micro
copper particles, and lauric acid (manufacturedMako Pure Chemical
Corporation, 0.11 g) were kneaded using an agateamantil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
The air-tightened poly bottle was stirred at 2,060n™ (2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, vanadium (produlio.: 12234,
manufactured by Alfa Aesar, 0.01 g) and the liqunkture were
kneaded using the agate mortar until no dried powel®ained, and a
liquid mixture was moved to a poly bottle. Thiguid mixture was
treated at 19.6 kHz and 600 W for one minute usngultrasonic
homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
Next, the air-tightened poly bottle was stirred2a000 mirt (2,000
rotations/minute) for two minutes using the rotatand revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).

This liquid mixture was used as a copper past@fomng 6.

[0107] (Preparation Example 7)
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a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.46 g) and isobornyl cyclohexanol @&, manufactured
by Nippon Terpene Chemicals, Inc., 0.20 g) as dsgpgs, CH-0200
(flake shape, manufactured by Mitsui Mining & Snmgt Co., Ltd.,
3.38 g) as submicro copper particles, MA-C025 €lakhape,
manufactured by Mitsui Mining & Smelting Co., Ltd..45 g) as micro
copper particles, and lauric acid (manufacturedMako Pure Chemical
Corporation, 0.11 g) were kneaded using an agateamantil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
The air-tightened poly bottle was stirred at 2,066n™ (2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, aluminum (produbto.: 45031,
manufactured by Alfa Aesar, 0.01 g) and the liqunkture were
kneaded using the agate mortar until no dried powel®ained, and a
liquid mixture was moved to a poly bottle. Thiguid mixture was
treated at 19.6 kHz and 600 W for one minute usngultrasonic
homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
Next, the air-tightened poly bottle was stirred2a000 min* (2,000
rotations/minute) for two minutes using the rotatand revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).

This liquid mixture was used as a copper past@fomg 7.
[0108] (Preparation Example 8)

a-Terpineol (manufactured by Wako Pure Chemical

Corporation, 0.46 g) and isobornyl cyclohexanol @&, manufactured
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by Nippon Terpene Chemicals, Inc., 0.20 g) as dsspgs, CH-0200
(flake shape, manufactured by Mitsui Mining & Snmgt Co., Ltd.,
3.39 g) as submicro copper particles, MA-C025 €lakhape,
manufactured by Mitsui Mining & Smelting Co., Ltd..45 g) as micro
copper particles, and lauric acid (manufacturedMako Pure Chemical
Corporation, 0.11 g) were kneaded using an agateamantil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
The air-tightened poly bottle was stirred at 2,060n" (2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, antimony (manuized by Wako
Pure Chemical Corporation, 0.01 g) and the liquictune were
kneaded using the agate mortar until no dried powelmained, and a
liquid mixture was moved to a poly bottle. Thiguid mixture was
treated at 19.6 kHz and 600 W for one minute usngultrasonic
homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
Next, the air-tightened poly bottle was stirred2a000 min* (2,000
rotations/minute) for two minutes using the rotatand revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).

This liquid mixture was used as a copper past@fomng 8.
[0109] (Preparation Example 9)

a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.46 g) and isobornyl cyclohexanol @&H, manufactured
by Nippon Terpene Chemicals, Inc., 0.20 g) as dsgpgs, CH-0200
(flake shape, manufactured by Mitsui Mining & Snmgt Co., Ltd.,
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3.39 g) as submicro copper particles, MA-C025 €lakhape,
manufactured by Mitsui Mining & Smelting Co., Ltd..45 g) as micro
copper particles, and lauric acid (manufacturedMako Pure Chemical
Corporation, 0.11 g) were kneaded using an agateamantil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
The air-tightened poly bottle was stirred at 2,060n" (2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, nickel (manufasd by Fukuda
Metal Foil & Powder Co., Ltd., 0.01 g) and the idjunixture were
kneaded using the agate mortar until no dried powelmained, and a
liquid mixture was moved to a poly bottle. Thiguid mixture was
treated at 19.6 kHz and 600 W for one minute usngultrasonic
homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
Next, the air-tightened poly bottle was stirred2a000 min* (2,000
rotations/minute) for two minutes using the rotatand revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).

This liquid mixture was used as a copper past@fomg 9.
[0110] (Preparation Example 10)

a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.46 g) and isobornyl cyclohexanol @&, manufactured
by Nippon Terpene Chemicals, Inc., 0.20 g) as dsgpgs, CH-0200
(flake shape, manufactured by Mitsui Mining & Srmgjt Co., Ltd.,
3.39 g) as submicro copper particles, MA-C025 €lakhape,
manufactured by Mitsui Mining & Smelting Co., Ltd..45 g) as micro
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copper particles, and lauric acid (manufacturedMako Pure Chemical
Corporation, 0.11 g) were kneaded using an agateamantil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
The air-tightened poly bottle was stirred at 2,060n" (2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, nickel (manufacd by Fukuda
Metal Foil & Powder Co., Ltd., 0.005 g), zinc (prad No.: 13789,
manufactured by Alfa Aesar, 0.005 g), and the tgmixture were
kneaded using the agate mortar until no dried powel®ained, and a
liquid mixture was moved to a poly bottle. Thiguid mixture was
treated at 19.6 kHz and 600 W for one minute usngultrasonic
homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
Next, the air-tightened poly bottle was stirred2a000 min* (2,000
rotations/minute) for two minutes using the rotatand revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).

This liquid mixture was used as a copper past@fomg 10.
[0111] (Preparation Example 11)

a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.25 g) and isobornyl cyclohexanol @&, manufactured
by Nippon Terpene Chemicals, Inc., 0.11 g) as dsspgs, CH-0200
(flake shape, manufactured by Mitsui Mining & Srmgjt Co., Ltd.,
1.83 g) as submicro copper particles, MA-C025 ¢lakhape,
manufactured by Mitsui Mining & Smelting Co., Ltd.,75 g) as micro

copper particles, and lauric acid (manufacturedMako Pure Chemical
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Corporation, 0.06 g) were kneaded using an agateamantil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
The air-tightened poly bottle was stirred at 2,060n" (2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, zinc (product N0.13789,
manufactured by Alfa Aesar, 0.003 g) and the ligmdture were
kneaded using the agate mortar until no dried poweimained, and a
liquid mixture was moved to a poly bottle. Thiguid mixture was
treated at 19.6 kHz and 600 W for one minute usngultrasonic
homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
Next, the air-tightened poly bottle was stirred2a000 mirt (2,000
rotations/minute) for two minutes using the rotatand revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).

This liquid mixture was used as a copper past@iomng 11.
[0112] (Preparation Example 12)

a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.25 g) and isobornyl cyclohexanol @&, manufactured
by Nippon Terpene Chemicals, Inc., 0.11 g) as dsspgs, CH-0200
(flake shape, manufactured by Mitsui Mining & Srmgjt Co., Ltd.,
1.83 g) as submicro copper particles, MA-C025 ¢lakhape,
manufactured by Mitsui Mining & Smelting Co., Ltd.,75 g) as micro
copper particles, and lauric acid (manufacturedMako Pure Chemical
Corporation, 0.06 g) were kneaded using an agateamantil no dried

powder remained, and a liquid mixture was moved tpoly bottle.
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The air-tightened poly bottle was stirred at 2,066n™ (2,000
rotations/minute) for two minutes using a rotatemmd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, zinc (product N0.13789,
manufactured by Alfa Aesar, 0.005 g) and the ligmdture were
kneaded using the agate mortar until no dried powel®ained, and a
liquid mixture was moved to a poly bottle. Thiguid mixture was
treated at 19.6 kHz and 600 W for one minute usngultrasonic
homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
Next, the air-tightened poly bottle was stirred2a000 mirt (2,000
rotations/minute) for two minutes using the rotatand revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).

This liquid mixture was used as a copper past@fomg 12.
[0113] (Preparation Example 13)

a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.25 g) and isobornyl cyclohexanol @&, manufactured
by Nippon Terpene Chemicals, Inc., 0.11 g) as dsspgs, CH-0200
(flake shape, manufactured by Mitsui Mining & Snmgt Co., Ltd.,
1.84 g) as submicro copper particles, MA-C025 ¢lakhape,
manufactured by Mitsui Mining & Smelting Co., Ltd.,75 g) as micro
copper particles, and lauric acid (manufacturedMako Pure Chemical
Corporation, 0.06 g) were kneaded using an agateamantil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
The air-tightened poly bottle was stirred at 2,060n" (2,000

rotations/minute) for two minutes using a rotatemd revolution-type
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stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, zinc (product N0.13789,
manufactured by Alfa Aesar, 0.013 g) and the ligmdture were
kneaded using the agate mortar until no dried powel®ained, and a
liquid mixture was moved to a poly bottle. Thiguid mixture was
treated at 19.6 kHz and 600 W for one minute usngultrasonic
homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
Next, the air-tightened poly bottle was stirred2a000 min* (2,000
rotations/minute) for two minutes using the rotatand revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).

This liquid mixture was used as a copper past@fong 13.
[0114] (Preparation Example 14)

a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.25 g) and isobornyl cyclohexanol @&, manufactured
by Nippon Terpene Chemicals, Inc., 0.11 g) as dsspgs, CH-0200
(flake shape, manufactured by Mitsui Mining & Snmgt Co., Ltd.,
1.83 g) as submicro copper particles, MA-C025 ¢lakhape,
manufactured by Mitsui Mining & Smelting Co., Ltd.,75 g) as micro
copper particles, and lauric acid (manufacturedMako Pure Chemical
Corporation, 0.06 g) were kneaded using an agateamantil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
The air-tightened poly bottle was stirred at 2,066n™ (2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, zinc (product N0.13789,
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manufactured by Alfa Aesar, 0.027 g) and the ligmdture were
kneaded using the agate mortar until no dried powel®ained, and a
liquid mixture was moved to a poly bottle. Thiguid mixture was
treated at 19.6 kHz and 600 W for one minute usingultrasonic
homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
Next, the air-tightened poly bottle was stirred2a000 min* (2,000
rotations/minute) for two minutes using the rotatand revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).

This liquid mixture was used as a copper past@fong 14.
[0115] (Preparation Example 15)

a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.25 g) and isobornyl cyclohexanol @&H, manufactured
by Nippon Terpene Chemicals, Inc., 0.11 g) as dsspgs, CH-0200
(flake shape, manufactured by Mitsui Mining & Snmgt Co., Ltd.,
1.84 g) as submicro copper particles, MA-C025 ¢lakhape,
manufactured by Mitsui Mining & Smelting Co., Ltd.,75 g) as micro
copper particles, and lauric acid (manufacturedMako Pure Chemical
Corporation, 0.06 g) were kneaded using an agateamantil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
The air-tightened poly bottle was stirred at 2,060n™ (2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, zinc (product No0.13789,
manufactured by Alfa Aesar, 0.054 g) and the ligmdture were

kneaded using the agate mortar until no dried powel®ained, and a
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liquid mixture was moved to a poly bottle. Thiguid mixture was
treated at 19.6 kHz and 600 W for one minute usngultrasonic
homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
Next, the air-tightened poly bottle was stirred2a000 min* (2,000
rotations/minute) for two minutes using the rotatand revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).

This liquid mixture was used as a copper past@fong 15.
[0116] (Preparation Example 16)

o-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.25 g) and isobornyl cyclohexanol @&H, manufactured
by Nippon Terpene Chemicals, Inc., 0.11 g) as dsspgs, CH-0200
(flake shape, manufactured by Mitsui Mining & Srmgjt Co., Ltd.,
1.83 g) as submicro copper particles, MA-C025 ¢lakhape,
manufactured by Mitsui Mining & Smelting Co., Ltd.,75 g) as micro
copper particles, and lauric acid (manufacturedMako Pure Chemical
Corporation, 0.06 g) were kneaded using an agateamantil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
The air-tightened poly bottle was stirred at 2,060n" (2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, zinc (product N0.13789,
manufactured by Alfa Aesar, 0.14 g) and the liquakture were
kneaded using the agate mortar until no dried powel®ained, and a
liquid mixture was moved to a poly bottle. Thiguid mixture was

treated at 19.6 kHz and 600 W for one minute usngultrasonic
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homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
Next, the air-tightened poly bottle was stirred2a000 min* (2,000
rotations/minute) for two minutes using the rotatand revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).

This liquid mixture was used as a copper past@fong 16.
[0117] (Preparation Example 17)

a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.06 g) and isobornyl cyclohexanol @&H, manufactured
by Nippon Terpene Chemicals, Inc., 0.06 g) as dssas, HT-14
(manufactured by Mitsui Mining & Smelting Co., Ltd0.60 g) as
submicro copper particles, MA-C025 (flake shapenufactured by
Mitsui Mining & Smelting Co., Ltd., 0.26 g) as miccopper particles,
and lauric acid (manufactured by Wako Pure Chem@aidporation,
0.02 g) were kneaded using an agate mortar untidmed powder
remained, and a liquid mixture was moved to a pdotytle. The
air-tightened poly bottle was stired at 2,000 ™in(2,000
rotations/minute) for two minutes using a rotatemmd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, silver powder (Be239,
manufactured by Fukuda Metal Foil & Powder Co.,.L@0012 g) and
the liquid mixture were kneaded using the agatetamnamtil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
This liquid mixture was treated at 19.6 kHz and §@@or one minute
using an ultrasonic homogenizer (US-600, manufadtusy Nippon

Seiki Co., Ltd.). Next, the air-tightened poly h®twas stirred at
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2,000 mirt* (2,000 rotations/minute) for two minutes using th&tion
and revolution-type stirring device (Planetary M@tuMixer ARV-310,
manufactured by Thinky Corporation).

This liquid mixture was used as a copper past@fomg 17.
[0118] (Preparation Example 18)

a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.06 g) and isobornyl cyclohexanol @&, manufactured
by Nippon Terpene Chemicals, Inc., 0.06 g) as dsspas, HT-14
(manufactured by Mitsui Mining & Smelting Co., Ltd0.62 g) as
submicro copper particles, MA-C025 (flake shapenuactured by
Mitsui Mining & Smelting Co., Ltd., 0.27 g) as miccopper particles,
and lauric acid (manufactured by Wako Pure Chem@adporation,
0.02 g) were kneaded using an agate mortar untined powder
remained, and a liquid mixture was moved to a pdotytle. The
air-tightened poly bottle was stired at 2,000 ™in(2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, silver powder (Be239, product
manufactured by Fukuda Metal Foil & Powder Co.,.L@0027 g) and
the liquid mixture were kneaded using the agatetanamtil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
This liquid mixture was treated at 19.6 kHz and &@0or one minute
using an ultrasonic homogenizer (US-600, manufadiury Nippon
Seiki Co., Ltd.). Next, the air-tightened poly th®twas stirred at
2,000 min* (2,000 rotations/minute) for two minutes using thiation
and revolution-type stirring device (Planetary M@tuMixer ARV-310,

57



10

15

20

25

FP17-0191-00

manufactured by Thinky Corporation).
This liquid mixture was used as a copper past@fomg 18.
[0119] (Preparation Example 19)
a-Terpineol (manufactured by Wako Pure Chemical

Corporation, 0.06 g) and isobornyl cyclohexanol @&, manufactured
by Nippon Terpene Chemicals, Inc., 0.06 g) as dsspes, HT-14
(manufactured by Mitsui Mining & Smelting Co., Ltd0.60 g) as
submicro copper particles, MA-C025 (flake shapenuactured by
Mitsui Mining & Smelting Co., Ltd., 0.26 g) as miccopper particles,
and lauric acid (manufactured by Wako Pure Chem@adporation,
0.02 g) were kneaded using an agate mortar untidmed powder
remained, and a liquid mixture was moved to a poiytle. The
air-tightened poly bottle was stired at 2,000 ™in(2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, silver powder (Be239,
manufactured by Fukuda Metal Foil & Powder Co.,.L.@0050 g) and
the liquid mixture were kneaded using the agatetamamtil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
This liquid mixture was treated at 19.6 kHz and §0@or one minute
using an ultrasonic homogenizer (US-600, manufadiury Nippon
Seiki Co., Ltd.). Next, the air-tightened poly h®twas stirred at
2,000 mirt* (2,000 rotations/minute) for two minutes using th&tion
and revolution-type stirring device (Planetary \@tuMixer ARV-310,
manufactured by Thinky Corporation).

This liquid mixture was used as a copper past@fomg 19.
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[0120] (Preparation Example 20)
o-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.06 g) and isobornyl cyclohexanol @&, manufactured
by Nippon Terpene Chemicals, Inc., 0.06 g) as dsspes, HT-14
(manufactured by Mitsui Mining & Smelting Co., Ltd0.62 g) as
submicro copper particles, MA-C025 (flake shapenuactured by
Mitsui Mining & Smelting Co., Ltd., 0.27 g) as miccopper particles,
and lauric acid (manufactured by Wako Pure Chem@adporation,
0.02 g) were kneaded using an agate mortar untimed powder
remained, and a liquid mixture was moved to a poiytle. The
air-tightened poly bottle was stirred at 2,000 ™in(2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, silver powder (Be239,
manufactured by Fukuda Metal Foil & Powder Co.,.L.@010 g) and
the liquid mixture were kneaded using the agatetamnamtil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
This liquid mixture was treated at 19.6 kHz and &@0dor one minute
using an ultrasonic homogenizer (US-600, manufadtusy Nippon
Seiki Co., Ltd.). Next, the air-tightened poly th®twas stirred at
2,000 mirt* (2,000 rotations/minute) for two minutes using thetion
and revolution-type stirring device (Planetary \M@tuMixer ARV-310,
manufactured by Thinky Corporation).
This liquid mixture was used as a copper past@fomng 20.

[0121] (Preparation Example 21)

a-Terpineol (manufactured by Wako Pure Chemical
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Corporation, 0.06 g) and isobornyl cyclohexanol @&H, manufactured
by Nippon Terpene Chemicals, Inc., 0.06 g) as dsspes, HT-14
(manufactured by Mitsui Mining & Smelting Co., Ltd0.61 g) as
submicro copper particles, MA-C025 (flake shapenuactured by
Mitsui Mining & Smelting Co., Ltd., 0.26 g) as miccopper particles,
and lauric acid (manufactured by Wako Pure Chem@aidporation,
0.02 g) were kneaded using an agate mortar untitned powder
remained, and a liquid mixture was moved to a poiytle. The
air-tightened poly bottle was stired at 2,000 T™in(2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, silver powder (Be239,
manufactured by Fukuda Metal Foil & Powder Co.,.L@050 g) and
the liquid mixture were kneaded using the agatetanamtil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
This liquid mixture was treated at 19.6 kHz and &@0dor one minute
using an ultrasonic homogenizer (US-600, manufadtusy Nippon
Seiki Co., Ltd.). Next, the air-tightened poly h®twas stirred at
2,000 min* (2,000 rotations/minute) for two minutes using thiation
and revolution-type stirring device (Planetary \@tuMixer ARV-310,
manufactured by Thinky Corporation).

This liquid mixture was used as a copper past@fomg 21.
[0122] (Preparation Example 22)

a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.25 g) and isobornyl cyclohexanol @&, manufactured
by Nippon Terpene Chemicals, Inc., 0.11 g) as dsspgs, CH-0200
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(flake shape, manufactured by Mitsui Mining & Srmgjt Co., Ltd.,
1.84 g) as submicro copper particles, MA-C025 ¢lakhape,
manufactured by Mitsui Mining & Smelting Co., Ltd.,75 g) as micro
copper particles, and lauric acid (manufacturedMako Pure Chemical
Corporation, 0.06 g) were kneaded using an agateamantil no dried
powder remained, and a liquid mixture was moved tpoly bottle.
The air-tightened poly bottle was stirred at 2,060n" (2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, zinc (product No0.13789,
manufactured by Alfa Aesar, 0.35 g) and the liquakture were
kneaded using the agate mortar until no dried powel®ained, and a
liquid mixture was moved to a poly bottle. Thiguid mixture was
treated at 19.6 kHz and 600 W for one minute usngultrasonic
homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
Next, the air-tightened poly bottle was stirred2a000 min* (2,000
rotations/minute) for two minutes using the rotatand revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).

This liquid mixture was used as a copper past@fong 22.
[0123] (Preparation Example 23)

a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.25 g), isobornyl cyclohexanol (MTRRanufactured by
Nippon Terpene Chemicals, Inc., 0.11 g), CH-020@ké& shape,
manufactured by Mitsui Mining & Smelting Co., Ltdl,84 g) as
submicro copper particles, MA-C025 (flake shapenuactured by
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Mitsui Mining & Smelting Co., Ltd., 0.75 g) as miccopper particles,
and lauric acid (manufactured by Wako Pure Chem@aidporation,
0.06 g) were kneaded using an agate mortar untitnmed powder
remained, and a liquid mixture was moved to a pdotytle. The
air-tightened poly bottle was stired at 2,000 ™in(2,000
rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). After that, zinc (product No0.13789,
manufactured by Alfa Aesar, 0.50 g) and the liquakture were
kneaded using the agate mortar until no dried powelmained, and a
liquid mixture was moved to a poly bottle. Thiguid mixture was
treated at 19.6 kHz and 600 W for one minute usngultrasonic
homogenizer (US-600, manufactured by Nippon Seiki., G.td.).
Next, the air-tightened poly bottle was stirred2a000 min* (2,000
rotations/minute) for two minutes using the rotatand revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation).

This liquid mixture was used as a copper past@fomg 23.
[0124] (Preparation Example 24)

a-Terpineol (manufactured by Wako Pure Chemical
Corporation, 0.25 g), isobornyl cyclohexanol (MTRRanufactured by
Nippon Terpene Chemicals, Inc., 0.11 g), CH-020@ké& shape,
manufactured by Mitsui Mining & Smelting Co., Ltdl,.84 g) as
submicro copper particles, MA-C025 (flake shapenufactured by
Mitsui Mining & Smelting Co., Ltd., 0.75 g) as miccopper particles,

and lauric acid (manufactured by Wako Pure Chem@aidporation,
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0.06 g) were kneaded using an agate mortar untined powder

remained, and a liquid mixture was moved to a pdotytle. The

air-tightened poly bottle was stired at 2,000 ™in(2,000

rotations/minute) for two minutes using a rotatemd revolution-type
stirring device (Planetary Vacuum Mixer ARV-310, maéactured by
Thinky Corporation). Next, the liquid mixture waesated at 19.6 kHz
and 600 W for one minute using an ultrasonic homage (US-600,

manufactured by Nippon Seiki Co., Ltd.). Next, thetightened poly
bottle was stirred at 2,000 riin(2,000 rotations/minute) for two
minutes using the rotation and revolution-typerisiiy device (Planetary
Vacuum Mixer ARV-310, manufactured by Thinky Corgtoon).

This liquid mixture was used as a copper past@fong 24.
[0125] <Manufacturing of Joined Body>

(Examples 1 to 21)

Joined bodies were manufactured using the copastep for
joining 1 to 21 according to the following methodlhe die shear
strengths of the joined bodies were measured wsimgthod described
below.

A stainless-steel metal mask (thickness: @) having nine
(3%x3) 3 mnx3 mm square openings was placed on a 1%2%mmm
nickel-plated copper sheet (thickness: 3 mm), &edcopper paste for
joining was applied thereto by stencil printing which a metal
squeegee was used. A silicon chip (thickness: @) having a
gold-plated 3 mm3 mm surface to be attached was placed on the
applied copper paste for joining and slightly peessising a tweezer.

The silicon chip on the copper paste for joiningwat in a tube furnace
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(manufactured by AVC Co., Ltd.), and argon gas wassed to flow
thereinto at 3 L/min, thereby substituting the iaito the argon gas.
After that, the temperature was increased for 3futes under the flow
of hydrogen gas at 300 ml/min. After the increakéhe temperature,
a sintering treatment was carried out under cambtiof a peak
temperature of 25C and a peak temperature-holding time of 60
minutes, thereby obtaining a joined body in whible nickel-plated
copper sheet and the gold-plated silicon chip weneed together.
After the sintering, the joined body was coole@®8°C for 30 minutes
and then cooled with the argon gas at a changedrfite of 0.3 L/min,
and the joined body was removed into the air C5fr lower.

[0126] (Example 22)

A joined body was manufactured using the coppetepéor
joining 12 according to the following method. Ttie shear strength
of the joined body was measured using a methoditdesdelow.

A stainless-steel metal mask (thickness: @) having nine
(3x3) 3 mnx3 mm square openings was placed on a 1%&%mmm
nickel-plated copper sheet (thickness: 3 mm), &edcobpper paste for
joining was applied thereto by stencil printing which a metal
squeegee was used. A silicon chip (thickness: @) having a
nickel-plated 3 mm3 mm surface to be attached was placed on the
applied copper paste for joining and slightly peessising a tweezer.
The silicon chip on the copper paste for joiningwat in a tube furnace
(manufactured by AVC Co., Ltd.), and argon gas wassed to flow
thereinto at 3 L/min, thereby substituting the iaito the argon gas.

After that, the temperature was increased for 3futes under the flow
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of hydrogen gas at 300 ml/min. After the increaséhe temperature,

a sintering treatment was carried out under cambtiof a peak
temperature of 25C and a peak temperature-holding time of 60
minutes, thereby obtaining a joined body in whible nickel-plated
copper sheet and the nickel-plated silicon chipewjeined together.
After the sintering, the joined body was coole@@8°C for 30 minutes
and then cooled with the argon gas at a changedrfiee of 0.3 L/min,
and the joined body was removed into the air 4C5fr lower.

[0127] (Example 23)

A joined body was manufactured using the coppetepéor
joining 12 according to the following method. Ttie shear strength
of the joined body was measured using a methoditesgdoelow.

A stainless-steel metal mask (thickness: i@9 having nine
(3x3) 3 mnx3 mm square openings was placed on a 1%&%mmm
nickel-plated copper sheet (thickness: 3 mm), &edcobpper paste for
joining was applied thereto by stencil printing which a metal
squeegee was used. A silicon chip (thickness: 400 having a
nickel-plated 3 mm3 mm surface to be attached was placed on the
applied copper paste for joining and slightly peessising a tweezer.
The silicon chip on the copper paste for joiningwat in a tube furnace
(manufactured by AVC Co., Ltd.), and argon gas wassed to flow
thereinto at 3 L/min, thereby substituting the iaito the argon gas.
After that, the temperature was increased for 3futes under the flow
of hydrogen gas at 300 ml/min. After the increaéhe temperature,
a sintering treatment was carried out under cambtiof a peak

temperature of 30C and a peak temperature-holding time of 60

65



10

15

20

25

FP17-0191-00

minutes, thereby obtaining a joined body in whible nickel-plated
copper sheet and the nickel-plated silicon chipeweined together.
After the sintering, the joined body was coole@@8°C for 30 minutes
and then cooled with the argon gas at a changedrfiee of 0.3 L/min,
and the joined body was removed into the air aC5fr lower.

[0128] (Example 24)

A joined body was manufactured using the coppetepéor
joining 12 according to the following method. Ttie shear strength
of the joined body was measured using a methoditesgdoelow.

A stainless-steel metal mask (thickness: i@9 having nine
(3%x3) 3 mnx3 mm square openings was placed on a 1%25mmm
nickel-plated copper sheet (thickness: 3 mm), &edcopper paste for
joining was applied thereto by stencil printing which a metal
squeegee was used. A silicon chip (thickness: 400 having a
gold-plated 3 mm3 mm surface to be attached was placed on the
applied copper paste for joining and slightly peessising a tweezer.
The silicon chip on the copper paste for joiningwat in a tube furnace
(manufactured by AVC Co., Ltd.), and argon gas wassed to flow
thereinto at 3 L/min, thereby substituting the iaito the argon gas.
After that, the temperature was increased for 3futes under the flow
of hydrogen gas at 300 ml/min. After the increaséhe temperature,
a sintering treatment was carried out under cambtiof a peak
temperature of 30C and a peak temperature-holding time of 60
minutes, thereby obtaining a joined body in whible nickel-plated
copper sheet and the nickel-plated silicon chipeweined together.

After the sintering, the joined body was coole@@8°C for 30 minutes
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and then cooled with the argon gas at a changedrfite of 0.3 L/min,
and the joined body was removed into the air aC5fr lower.
[0129] (Example 25)

A joined body was manufactured using the coppeatepéor
joining 12 according to the following method. Ttie shear strength
of the joined body was measured using a methoditdesdelow.

A stainless-steel metal mask (thickness: @) having nine
(3x3) 3 mnx3 mm square openings was placed on a 1%25mmm
nickel-plated copper sheet (thickness: 3 mm), &edcopper paste for
joining was applied thereto by stencil printing which a metal
squeegee was used. A silicon chip (thickness: @) having a
gold-plated 3 mm3 mm surface to be attached was placed on the
applied copper paste for joining and slightly peessising a tweezer.
The silicon chip on the copper paste for joiningwat in a tube furnace
(manufactured by AVC Co., Ltd.), and argon gas wassed to flow
thereinto at 3 L/min, thereby substituting the iaito the argon gas.
After that, the temperature was increased for 3tutes under the flow
of hydrogen gas at 300 ml/min. After the increakéhe temperature,
a sintering treatment was carried out under cambtiof a peak
temperature of 30C and a peak temperature-holding time of 60
minutes, thereby obtaining a joined body in whible nickel-plated
copper sheet and the nickel-plated silicon chipewjeined together.
After the sintering, the joined body was coole@®°C for 30 minutes
and then cooled with the argon gas at a changedrfite of 0.3 L/min,
and the joined body was removed into the air aC5fr lower.

[0130] (Example 26)
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A joined body was manufactured using the coppetepéor
joining 12 according to the following method. Ttie shear strength
of the joined body was measured using a methoditdesdelow.

A stainless-steel metal mask (thickness: i@9 having nine
(3%x3) 3 mnx3 mm square openings was placed on a 1%&%mmm
nickel-plated copper sheet (thickness: 3 mm), &edcobpper paste for
joining was applied thereto by stencil printing which a metal
squeegee was used. A silicon chip (thickness: @) having a
silver-plated 3 mm3 mm surface to be attached was placed on the
applied copper paste for joining and slightly peessising a tweezer.
The silicon chip on the copper paste for joiningwat in a tube furnace
(manufactured by AVC Co., Ltd.), and argon gas wassed to flow
thereinto at 3 L/min, thereby substituting the iaito the argon gas.
After that, the temperature was increased for 3futes under the flow
of hydrogen gas at 300 ml/min. After the increakéhe temperature,
a sintering treatment was carried out under cambtiof a peak
temperature of 30C and a peak temperature-holding time of 60
minutes, thereby obtaining a joined body in whible nickel-plated
copper sheet and the nickel-plated silicon chipewjeined together.
After the sintering, the joined body was coole@®&C for 30 minutes
and then cooled with the argon gas at a changedrfite of 0.3 L/min,
and the joined body was removed into the air aC5fr lower.

[0131] (Comparative Examples 1 to 3)

Joined bodies were manufactured using the sameochets in

Example 1 except for the fact that the copper gdstejoining 22 to 24

were used. The die shear strengths of the joindieb were measured
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using a method described below.
[0132] (Comparative Example 4)

A joined body was manufactured using the same ode#ls in
Example 24 except for the fact that the copperepfastjoining 24 was
used. The die shear strengths of the joined bodm® measured
using a method described below.

[0133] (Comparative Example 5)

A joined body was manufactured using the same ade#ls in
Example 23 except for the fact that the copperepfstjoining 24 was
used. The die shear strengths of the joined bodm® measured
using a method described below.

[0134] (Comparative Example 6)

A joined body was manufactured using the same ade#s in
Example 25 except for the fact that the copperepfstjoining 24 was
used. The die shear strengths of the joined bodm® measured
using a method described below.

[0135] (Comparative Example 7)

A joined body was manufactured using the same ode#ls in
Example 26 except for the fact that the copperepfastjoining 24 was
used. The die shear strengths of the joined bodm® measured
using a method described below.

[0136] <Measurement Methods>

(Die Shear Strength)

The joining strength of the joined body was eviedausing a
die shear strength. The joined body was set inietsal bond tester

(4000 series, manufactured by Nordson Dage) mouniida DS-100
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load cell, the silicon chip was pressed in the zworial direction at a
measurement speed of 5 mm/min and a measuremeyhit lo¢i50 M,
and the die shear strength of the joined body wassored. An
average value of values obtained by measuring @gi¢d bodies was
used as the die shear strength.

[0137] (50% Volume-Average Particle Diameter)

The 50% volume-average particle diameter was nnedsu
using a Shimadzu nanoparticle diameter analysel [E2500nano,
manufactured by Shimadzu Corporation) and theiattill software
(WIingSALDII-7500- for Japanese V3., manufactured Bgimadzu
Corporation) according to the following (1) to (5).

(1) WingSALDII-7500- for Japanese V3.1 was ingtusing a
personal computer affiliated to the measuremenicdea manual was
pressed, and the device was initialized. After #@d of the
initialization, a storage file name was designatéxt” was clicked,
the measurement conditions and the particle dimelstribution
calculation conditions were set as descried belawg “Next” was
clicked.

(Measurement Conditions)

[Detection of diffracted/scattered light

Average number of times (number of times of measent:
1):128, number of times of measurement. 1, measmermterval
(seconds): 2

[Measurement light absorption range

Maximum value: 0.2, minimum value: O

[Blank region/ measurement region
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Blank measurement permissible variation maximuniueza
150, measurement optimal range (MAX): 45,000, mesamsant optical
range (MIN): 15,000

(Particle Dimeter Distribution Calculation Condits)

Selection of refractive index: reference specimerd
metal/semiconductor or the like (solid value)

Sample material: 4 Copper

Selection of refractive index: 1.18 to 2.21, “kwtk the
side/rear sensor” was checked.

(2) Blank Measurement

A batch cell for a Shimadzu nanoparticle diametealyser
(SALD-BC75, manufactured by Shimadzu Corporatioa¥wttached to
SALD-7500nano, and measurement was carried ouatTerpineol
(manufactured by Wako Pure Chemical Corporation)s vealded
dropwise using a dropper into a load-attached begthaffiliated to
SALD-BC75 (component No. S347-61030-41, manufacturiey
Shimadzu Corporation, hereinafter referred to ke tiatch cell”) so as
to be confined between two gauge lines of the bedth

“Diagnosis” and “adjustment” were selected on $ieecen of
WingSALDII-7500- for Japanese V3., and the positignrsensor output
being in the measurement permissible range was$owd.

“Cancel” was clicked to return to the original igea the blank
measurement was selected, and measurement wasl cauti

(3) Preparation of Measurement Solution

A copper paste for joining (2 mg) which needetiéaneasured

was placed on a stirring lever of a batch cell Bol(tomponent No.
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S347-62301, manufactured by Shimadzu Corporatidfijated to
SALD-BC75 and set to the load-attached batch céllext, “Stirrer”
was selected on the screen of WingSALDII-7500-&gahese V3., and
stirring was carried out for 15 minutes.

(4) Measurement

After the stirring, “measurement” was selectedlanscreen of
WingSALDII-7500-for Japanese V3., and measuremexd @arried out.
The operations (1) to (4) were repeated four tirtteseby carrying out
the measurement four times.

(5) Statistics

WingSALDII-7500-for Japanese V3. was initiatedpém” was
clicked, and the measured film was selected, tlyerdisplaying
measurement data on the screen of WingSALDII-750Q&panese V3.
“Overlapping drawing” was clicked, the 50.000% deder was
displayed in the bottom end of the screen, anchtleeage value of four
measurement values was used as the 50% volumegav@article
diameter.
[0138] The measurement results of the examplesl@domparative

examples are shown in Tables 1 to 6.
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Example 1 Example 2 Example 3 Example 4 Example 5
Copper paste for joining 1 2 3 4 5
BET specific surface areaX® né/m°) 8.42 8.42 8.42 8.42 8.42
Aspect ratio 6.60 6.60 6.60 6.60 6.60
Micro copper 50% volume-average particle diamefem) 7.5 7.5 7.5 7.5 7.5
particles Mass proportion of micro coppgr particles with respe total 30 30 30 30 30
mass of copper particles (% by mass)
Amount added (g) 1.45 1.45 1.45 1.45 1.45
50% volume-average particle diametem) 0.36 0.36 0.36 0.36 0.36
Submicro copper | Mass proportion of submicro copper particles wétbpect to total
. - 70 70 70 70 70
particles mass of copper particles (% by mass)
Amount added (g) 3.39 3.38 3.38 3.39 3.38
Dispersant a-Terpineol (g) 0.46 0.46 0.46 0.46 0.46
MTPH (g) 0.20 0.20 0.20 0.20 0.20
Additive Amount of lauric acid added (g) 0.11 0.11 110. 0.11 0.11
Kind of metal Zinc stearate Tin Indium Gold Palladiu
. Amount added (g) 0.01 0.01 0.01 0.01 0.01
Second particles Mass proportion with respect to sum of masses gpeopatrticles|
. 0.20 0.20 0.20 0.20 0.20
and second particles (% by mass)
Body to be Surface material of semiconductor member Gold Gold oldG Gold Gold
attached Surface material of metal substrate Nickel Nickel Mick Nickel Nickel
Peak temperaturéQ@) 0.20 250 250 250 250
Joining conditions Peak temperature-holding time (minutes) 60 60 60 60 60
Pressurization force (MPa) 0 0 0 0 0
Characteristics Die shear strength &t@HVPa) 19 25 23 28 15
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[0140] [Table 2]

Example 6 Example 7 Example 8 Example|9 Example|10
Copper paste for joining 6 7 8 9 10
BET specific surface areai0® n?/m°) 8.42 8.42 8.42 8.42 8.42
Aspect ratio 6.6 6.6 6.60 6.60 6.60
Micro copper 50% volume-average particle diametemj 7.5 7.5 7.5 7.5 7.5
particles Mass proportion of micro coppgr particles with respe total 30 30 30 30 30
mass of copper particles (% by mass)
Amount added (g) 1.45 1.45 1.45 1.45 1.45
50% volume-average particle diametemj 0.36 0.36 0.36 0.36 0.36
Submicro copper | Mass proportion of submicro copper particles wisprect to total
i - 70 70 70 70 70
particles mass of copper particles (% by mass)
Amount added (g) 3.39 3.38 3.39 3.39 3.39
Dispersant a-Terpineol (g) 0.46 0.46 0.46 0.46 0.46
MTPH (g) 0.20 0.20 0.20 0.20 0.20
Additive Amount of lauric acid added (g) 0.11 0.11 110 0.11 0.11
Kind of metal Vanadium Aluminum Antimony Nickel Nickeinc
) Amount added (g) 0.01 0.01 0.01 0.01 0.005/0.005
Second particles Mass proportion with respect to sum of masses eoparticles,
i 0.20 0.20 0.20 0.20 0.20
and second patrticles (% by mass)
Body to be Surface material of semiconductor member Gold Gold IdGo Gold Gold
attached Surface material of metal substrate Nickel Nickel Mick Nickel Nickel
Peak temperaturéQ@) 250 250 250 250 250
Joining conditions Peak temperature-holding time (minutes) 60 60 60 60 60
Pressurization force (MPa) 0 0 0 0 0
Characteristics Die shear strength &t@HMPa) 21 19 17 18 17
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[0141] [Table 3]
Example 11 Example 12 Example 1 Example 14 Exartipl| Example 16
Copper paste for joining 11 12 13 14 15 16
BET specific surface areai0® m’/m°) 8.42 8.42 8.42 8.42 8.42 8.42
Aspect ratio 6.60 6.60 6.60 6.60 6.6 6.6
Micro copper 50% volumg-averagg particle diamguen‘o : 7.5 7.5 7.5 7.5 7.5 7.5
particles Mass proportion of micro copper partlcles with
respect to total mass of copper particles (% b 30 30 30 30 30 30
mass)
Amount added (g) 0.75 0.75 0.75 0.75 0.75 0.75
50% volume-average particle diametem] 0.36 0.36 0.36 0.36 0.36 0.36
Submicro copper Mass proportion of submicro copper particles with
. respect to total mass of copper particles (% b 70 70 70 70 70 70
particles
mass)
Amount added (@) 1.83 1.83 1.84 1.83 1.84 1.83
Dispersant a-Terpineol (g) 0.25 0.25 0.25 0.25 0.25 0.25
MTPH (g) 0.11 0.11 0.11 0.11 0.11 0.11
Additive Amount of lauric acid added (g) 0.06 0.06 08). 0.06 0.06 0.06
Kind of metal Zinc Zinc Zinc Zinc Zinc Zinc
. Amount added (g) 0.003 0.005 0.013 0.027 0.054 0.14
Second particles Mass proportion with respect to sum of masseg of
. . 0.12 0.19 0.50 0.027 2.04 5.15
copper particles and second patrticles (% by mdss)

Body to be Surface material of semiconductor member Gold Gold IdGo Gold Gold Gold
attached Surface material of metal substrate Nickel Nickel Kick Nickel Nickel Nickel
Joining Peak temperaturé@) 250 250 250 250 250 250

conditions Peak temperature-holding time (minutes) 60 60 60 60 60 60

Pressurization force (MPa) 0 0 0 0 0 0
Characteristics Die shear strength &ftHMPa) 23 38 37 33 26 14
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Example 17 Example 18 Example 19 Example|20 Exag®le
Copper paste for joining 17 18 19 20 21
BET specific surface areai0® n?/m°) 8.42 8.42 8.42 8.42 8.42
Aspect ratio 6.60 6.60 6.60 6.60 6.60
Micro copper 50% volume-average particle diametemj 7.5 7.5 7.5 7.5 7.5
particles Mass proportion of micro coppgr particles with respe total 30 30 30 30 30
mass of copper particles (% by mass)
Amount added (g) 0.26 0.27 0.26 0.27 0.26
50% volume-average particle diametemj 0.36 0.36 0.36 0.36 0.36
Submicro copper | Mass proportion of submicro copper particles wisprect to total
i - 70 70 70 70 70
particles mass of copper particles (% by mass)
Amount added (g) 0.60 0.62 0.60 0.62 0.61
Dispersant a-Terpineol (g) 0.06 0.06 0.06 0.06 0.06
MTPH (g) 0.06 0.06 0.06 0.06 0.06
Additive Amount of lauric acid added (g) 0.02 0.02 .0D 0.02 0.02
Kind of metal Silver Silver Silver Silver Silver
) Amount added (g) 0.0012 0.0027 0.0050 0.010 0.05(
Second particles Mass proportion with respect to sum of masses eoparticles,
. 0.14 0.30 0.58 1.11 5.43
and second patrticles (% by mass)
Body to be Surface material of semiconductor member Gold Gold IdGo Gold Gold
attached Surface material of metal substrate Nickel Nickel Mick Nickel Nickel
Peak temperaturéQ@) 250 250 250 250 250
Joining conditions Peak temperature-holding time (minutes) 60 60 60 60 60
Pressurization force (MPa) 0 0 0 0 0
Characteristics Die shear strength &t@HMPa) 22 27 29 30 26
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Example 22 Example 23 Example 24 Example Exagpl
Copper paste for joining 12 12 12 12 12
BET specific surface areai0® n?/m°) 8.42 8.42 8.42 8.42 8.42
Aspect ratio 6.60 6.60 6.60 6.60 6.60
Micro copper 50% volume-average particle diametemj 7.5 7.5 7.5 7.5 7.5
particles Mass proportion of micro coppgr particles with respe total 30 30 30 30 30
mass of copper particles (% by mass)
Amount added (g) 1.45 1.45 1.45 1.45 1.45
50% volume-average particle diametemj 0.36 0.36 0.36 0.36 0.36
Submicro copper | Mass proportion of submicro copper particles wisprect to total
. - 70 70 70 70 70
particles mass of copper particles (% by mass)
Amount added (g) 3.38 3.38 3.38 3.38 3.38
Dispersant a-Terpineol (g) 0.46 0.46 0.46 0.46 0.46
MTPH (9) 0.20 0.20 0.20 0.20 0.20
Additive Amount of lauric acid added (g) 0.11 0.11 110 0.11 0.11
Kind of metal Zinc Zinc Zinc Zinc Zinc
) Amount added (g) 0.01 0.01 0.01 0.01 0.01
Second particles Mass proportion with respect to sum of masses eoparticles,
i 0.20 0.20 0.20 0.20 0.20
and second patrticles (% by mass)
Body to be Surface material of semiconductor member Nickel Nicke Gold Gold Gold
attached Surface material of metal substrate Nickel Nickel Mick Copper Nickel
Peak temperaturéQ@) 250 300 300 300 300
Joining conditions Peak temperature-holding time (minutes) 60 60 60 60 60
Pressurization force (MPa) 0 0 0 0 0
Characteristics Die shear strength &t@HMPa) 35 38 31 36 38
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Comparativ§ ComparativiComparativiComparativiComparativiComparativ] Comparative
Example 1| Example 2| Example 3| Example 4| Example 5 Example 6 Example 7
Copper paste for joining 22 23 24 24 24 24 24
BET iﬁi‘;g'ﬁ;;@;"ce area 8.42 8.42 8.42 8.42 8.42 8.42 8.42
Micro copper Aspect ratio 6.6 6.6 6.6 6.6 6.6 6.6 6.6
particles 50% vo-Iume-av.erage particle d‘iameqemo 7.5 7.5 7.5 7.5 7.5 7.5 7.5
Mass proportion of micro coppe.r particles with respe 30 30 30 30 30 30 30
total mass of copper particles (% by mass)
Amount added (g) 0.75 0.75 0.75 0.75 0.75 0.7% 0.75
50% volume-average particle diametem) 0.36 0.36 0.36 0.36 0.36 0.36 0.36
Submlcro coppg Mass proportion of submicro copper particles witkpec 70 70 70 70 70 70 70
particles to total mass of copper particles (% by mass)
Amount added (g) 1.84 1.84 1.84 1.84 1.84 1.84 1.84

Dispersant a-Terpineol (g) 0.25 0.25 0.25 0.25 0.25 0.25 0.25

MTPH (g) 0.11 0.11 0.11 0.11 0.11 0.11 0.11

Additive Amount of lauric acid added (g) 0.06 0.06 .08 0.06 0.06 0.06 0.06
Kind of metal Zinc Zinc None None None None| None
. Amount added (g) 0.35 0.50 None Noneg None None Nonge
Second particl - -
Mass proportion with respect to sum of masses gpen
) ) 11.90 16.18 0 0 0 0 0
particles and second particles (% by mass)

Body to be Surface material of semiconductor member Golg Gold IdGo| Gold Nickel Gold Silver
attached Surface material of metal substrate Nicke] Nickel Mick| Nickel Nickel Copper Nickel
Joining Peak temperaturé@) 250 250 250 300 300 300 300

conditions Peak temperature-holding time (minutes) 60 60 60 60 60 60 60

Pressurization force (MPa) 0 0 0 0 0 0 0
Characteristicg Die shear strength &t8VIPa) 6 3 4 8 29 25 10
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[0145] When the examples and the comparative exasng@re
compared with each other, it is found that the eonhbf the second
particles has an influence on the die shear stengiccording to the
copper pastes for joining of the examples whicHuiehed the second
particles, it was possible to obtain joined bodiasing an excellent die
shear strength under a relatively low-temperatorelition of 300C or
lower without pressurization.  Particularly, in theined bodies
including noble metal such as gold or silver in thaface to be
attached, the above-described effect was significabserved. This
can be considered to be because the second panticleiding metal
other than copper served as a sintering aid, arered bodies in which
a plurality of kinds of metal formed a solid sotutior was dispersed
could be obtained, and thus the mechanical chaistate such as yield
stress and fatigue strength of the sintered badegs improved, and the
die shear strength and the connection reliabillso amproved with
respect to the surface to be attached includindenobtal.

[0146] (Cross-Sectional Morphology Observation)

The joined body was fixed in a cup using a SAMPIKL
(manufactured by Samplklip 1, Buehler), an epoxysticag resin
(EPOMOUNT, manufactured by Refine Tec Ltd.) wassealto flow to
the periphery of the joined body until the entieenple was buried, the
joined body was left to stand in a vacuum desiccatol defoamed by
decreasing the pressure for one minute. After, it joined body
was left to stand at room temperature °@pfor 10 hours, thereby
curing the epoxy casting resin. The cast joinedybeas cut using a
refine saw Lo (RCA-005, manufactured by Refine T&t) to which a

79



10

15

20

25

FP17-0191-00

diamond cutting foil (11-304, manufactured by Refifec Ltd.) was
attached in the vicinity of a cross section thaédszl to be observed.
The cross section was trimmed using a polishingicde(Refine
Polisher Hv, manufactured by Refine Tec Ltd.) toickhwater-proof
polishing paper (CABO MAC PAPER, manufactured byfife Tec
Ltd.) was attached, a cross section in which theosi chip did not have
any cracks was cut out, and, furthermore, the esxoesasting resin
was trimmed so as to finish the cross sectiondiaeain which the cross
section could be set in a cross section polishB) (Locessing machine.
Cross section polishing was carried out on thesample using a CP
processing machine (IM4000, manufactured by Hitathd.) under
conditions of an accelerated voltage of 6 kV, aypargas flow rate of
0.07 to 0.1 crimin, and a treatment time of two hours, thereby
processing the cross section. Platinum was spditép the cross
section in a thickness of 10 nm using a sputterayice (ION
SPUTTER, manufactured by Hitachi High-Technologi&srporation)
S0 as to produce a sample for SEM observationttandross section of
the joined body was observed at an applied voltddO kV using the
sample for SEM and a SEM device (ESEM XL30, martufad by
Koninklijke Philips N. V.).

[0147] Fig. 3illustrates a SEM image of the cresstion of the joined
body of Example 12. Fig. 4 illustrates a SEM imagfethe cross
section of the joined body of Comparative Example Erom Fig. 3, it
is found that the sintered body of the copper pist@ining including
an appropriate amount of the second particles wasred in a state in

which the micro copper particles 10 and the submnoapper particles
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11 were appropriately oriented and joined with gjodd-plated silicon

chip 9. In addition, from Fig. 4, it can be coresed that, in a case in
which the amount of the second particles includingtal other than
copper is excessive, the sinterability of the micapper particles 10
and the submicro copper particles 11 degradess e generated in

the sintered body, and a favorable die shear strexagnnot be obtained.

Industrial Applicability

[0148] The present invention is capable of prowgdincopper paste for
joining capable of obtaining a sufficient joiningength even in a case
in which a semiconductor element having a surfacdd attached
including noble metal is joined without pressuiizat Furthermore,
the present invention is capable of providing a hoét for
manufacturing a joined body and a method for mastufang a
semiconductor device in which the copper pastgdiming is used, a

joined body, and a semiconductor device.

Reference SignsList

[0149] 1MISINTERED BODY OF COPPER PASTE FOR JOINING,
2 [MMFIRST MEMBER, 3[MMSECOND MEMBER, 5a, 54IILEAD
FRAME, 6 [MWIRE, 7 [IIMOLD RESIN, 8IMISEMICONDUCTOR
ELEMENT, 9 I GOLD-PLATED SILICON CHIP, 100 MICRO
COPPER PARTICLE, 11IISUBMICRO COPPER PARTICLE, 1000
JOINED BODY, 110IISEMICONDUCTOR DEVICE.
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CLAIMS
1. A copper paste for joining comprising:

copper particles;

second particles including a metal element othan tcopper;
and

a dispersion medium,

wherein the copper particles include submicro eogarticles
having a volume-average particle diameter of ud2or more and 0.8
um or less and micro copper particles having a vekawverage particle
diameter of 2um or more and 5Qm or less,

a sum of a content of the submicro copper pasiced a
content of the micro copper particles is 80% bysmasmore of a sum
of masses of the copper particles and the secatidles,

the content of the submicro copper particles & 3y mass or
more and 90% by mass or less of a sum of a masiseo§ubmicro
copper particles and a mass of the micro coppéicles, and

a content of the second patrticles is 0.01% by raassore and
10% by mass or less of the sum of the masses afdpper particles

and the second patrticles.

2. The copper paste for joining according to Claim

wherein the second particles are metal particles.
3. The copper paste for joining according to Claim

wherein the metal particles include at least oinel lof metal

selected from the group consisting of zinc, sihg®ald, platinum, tin,
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indium, vanadium, aluminum, nickel, antimony, amdigdium.

4. The copper paste for joining according to Claim
wherein the metal particles include at least oinel lof metal
selected from the group consisting of zinc, silvim, indium, and

vanadium.

5. The copper paste for joining according to Claim

wherein the metal particles are zinc patrticles.

6. The copper paste for joining according to Claim

wherein an aspect ratio of the zinc particle & aore.

7. The copper paste for joining according to ang of Claims 2 to 6,
comprising:

two or more kinds of the metal particles.

8. The copper paste for joining according to Claim

wherein the second particles are fatty acid nsstihlparticles.
9. The copper paste for joining according to Cl&im

wherein the fatty acid metal salt particles ineluah fatty acid
metal salt of an fatty acid having 8 to 18 carbtwm® and silver, nickel,

or zinc.

10. The copper paste for joining according to 1G18j

83



10

15

20

25

FP17-0191-00

wherein the fatty acid metal salt particles magiude at least
one kind of fatty acid metal salt selected from gineup consisting of
zinc stearate, silver stearate, zinc laurate, hidkerate, and zinc

octylate.

11. The copper paste for joining according to ang of Claims 1 to
10,
wherein a volume-average particle diameter of $keond

particles is 15m or less.

12. The copper paste for joining according to ang of Claims 1 to
11,
wherein the copper paste for joining is for noagsurization

joining.

13. A method for manufacturing a semiconductonai\comprising:

a step of preparing a laminate in which a firstmoer, the
copper paste for joining according to any one cfilGé 1 to 12, and a
second member are laminated in this order in ectitre in which a
weight of the first member applies and sintering topper paste for
joining in a state in which the copper paste fanijoy receives the
weight of the first member or the weight of thesfimember and a
pressure of 0.01 MPa or less,

wherein at least one of the first member and tbeorsd

member is a semiconductor element.
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14. The method for manufacturing a semiconducémicg according
to Claim 13,
wherein a sintering temperature in the sinteritegp $s 300C

or lower.

15. Ajoined body comprising:

a first member,

a second member; and

a sintered body of the copper paste for joiningpeding to any
one of Claims 1 to 12 which joins the first memiaexd the second

member.

16. The joined body according to Claim 15,

wherein at least one of the first member and teeorsd
member includes at least one kind of metal seletima the group
consisting of silver, gold, platinum, and palladiuon a surface in

contact with the sintered body.

17. A semiconductor device comprising:

a first member;

a second member; and

a sintered body of the copper paste for joiningpeding to any
one of Claims 1 to 12 which joins the first memlaexd the second
member,

wherein at least one of the first member and teeorsd

member is a semiconductor element.
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