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A METHOD OF BONDING A METAL, BY SOLDER _

BACKGROUND OF THE INVENTION
The present invention relates to a solder bonding method
for ﬁetal or a member including metal, or more preferably, an
electronic member. More particularly, the present invention
relates to a solder bonding method which prevents metal from
oxidizing during transportation or presefvation and which
enables the solder bonding of metal applying flux, which

~contains a small amount of halogen, and without cleaning.'

When a member including metal is exposed to air during
preservation or transportation, the metal easily oxidizes, an
oxide layer forms over the metal surface, and the bonding
properties of solder on the metal rapidly deteriorates.
Therefore, in order to attain good bonding properties between
the metai and solder by removing the oxide layer on the metal
sutface, flux (ﬁostflux) is applied.én the portion to bé
bonded with the other material or member by solder bonding.
However, the postflu#.usually contains halogen compounds, and
:when the postflux containing a large amount of halogeh
compounds is used in the soldex bonding of - a member having
metal, especially an electronic member used in the electronic
field, the remaining halogen compounds cause the corrosion of
metal and lowers the electrical insulatability. Therefore,
the halogen compounds remaining on the electronic member after
application of solder are removed by cleaning treatment with

organic halogen based solvents such as chlorofluoro hydro-
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this way, contanination by noisture of t he“Seni conduct or elenents during
storage or ééfﬂ%ﬁ??r&hﬂa¥oﬁfdro hydrocarbon and fluoro hydrocarbon, and

water confaining surface active agents. However, the use of
organic halogen-based solvents tends to be prohibited by
international conventions in order to prevent the destruction
of earth’s environment such as the ozone layer, thereby
limiting the applicability of flux containing a large amount
of halogen compounds to the solder bonding of electronic
material and/or an electronic member. Moreover, there are
some problems in the water cleaning that waste water
conﬁaining heavy metals and organic solvents after the water
cleaning has to be treated in order not to contaminate the
earth’s environment with heavy metals and organic solvents and
that drying after the water cleaning costs a considerable
amount of money.
Because of the above-mentioned circumstances, no cleaning

technology which does not require cleaning after the solder

' bonding when organic halogen based solvents are used has been
developed by applying a postflux containing a small amount of
halogen compounds (hereinafter referred to as "subvital
postflux"). In this case, the amount of the remaining haiogen
on a substrate on which parts are mounted by solder bonding
has to be restrained in the amount of ].&l}{g/:x’.::u':h2 or less. It
is necessary to reduce the amount of halogen contained in the
subvital postflux.

Because of the weak strength of the subvital poétfiux to

remove oxides, it is necessary to prevent the oxidation of the
member including metallduring preservation or transportation.

Therefore, the following preservation methods are usually



Pedyced t hereby reducing the risk of damage when the sem conduct or

el enent$ are nounted on @ substrate. EP-A-0, 454,437 dis¢loses a nunber of

oxygen absorbent ‘conpositions vne * of which conpri-ses ak oxygen absorbent -

conp05|t|on containing an unsaturated fatty acid conpound as an essentlal
- CABPAREAL. &L MSﬁ&A.nha,ﬁaeLJloganméﬁ.Cau»ﬁuxeﬂ.r SUGALEND BN OLOCL 90D 0 By

bearlng ‘a powder being oxidized, a netal 3 a product contalnlng 1TE

El ectroni ¢ packagi ng and productlon, vol . 30,  no 6, June 1990, pages 95- 08

discloses J83bte89 abkBffodhk¥¥§5th8 fietd1 #bABLE and a desiccant in a

hermetically sealed manner; or replacing the inside of the

preservation container with inert gas. However, these
preservation methods have not always been satisfactory. For
example, it is not easy to completely replace the air within
the preservation container even by the method of replacing the
inside of the container with inert gas such as nitrogen and
argon. Even if the air is completely replaced, oxygen and
moisture permeate ;hrough-the packing material into the
container during preservation, and the oxygen content and the
humidity within the preservation container increase, causing
the metal surface to be oxidized. In the method using
desiccants, even if moisture is completely removed, the
problem that oxidation of the metal occurs still remains.
Moieover, the humidity rises due to moisture that permeates
through the packing.material with the passage of time or the
moisture contained in the object to be preserved, dausing
oxidation of the metal surface. |

In any case, it was difficult to prevent oxidation of the
metal member by the conventional methods. As a result, there
was a problem tﬁat the oxide layer of the metal member could
not be removed by the solder bonding using the subvital
postflux.

As described above, there was a problem that sufficient’
bonding properties could not be obtained by the conventional
method of bonding metal by solder using a subvital postflux.

The object of the present invention is to provide a method for

i
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enabling a good solder bonding of the metal and other material

or member using a no-éleaning subvital postflux.
SﬁMM.ARY OF THE INVENTION

After concentrating their energies on study to solve the
above;mentioned problems with the prior art, the inventors
have found that oxidation of metal can be prevented by
accommodating a member including metal and a. packet packing a. . .
rust-proof agent, which absorbs substances that oxidize metal
such as oxygen, moisture and acid gas, in a gas-impermeable
container in a hermetically sealed manner, and that good
bonding properties of solder such as bonding strength and
cohesiveness may be attained applying a no-cleaning subvital
posiflux by removing the substances that oxidize metal within
the container, and the inventors thereby achieved the present
invention.

The present invention relates to a method for bonding a
metal by solder. More particularly, the contents of the
present invention comprise the step of accommodating a mémber
including metal together with a packet of rust-proof.agent in
a gas-impermeable container in a hermetically sealed manner
and the step of applying a postflux, containing halogen
compounds in the amount of 0.2% or less as the amount of
halogen, on the portion of the metal material to be bonded
with another méterial and/or member including metal in order.

to conduct the solder bonding.

This Sheet Has Been R laced

AR




the, netq} and sol der by renoving the oxide |ayer on the nmetal surface, flux
(postflux) Is applied on the portion to be bonded with the other nateri al
or menber by sol der bondi ng.” However, the “postflux usual’l-y contai-ns-hal ogen- -
conmpounds, and when the postflux contalnlng a large anmount of hal ogen
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especially an el ectronic nmenber used in th electronlc “field, the Tena mg. =
hal ogen conmpounds cause the corrosion of nmetal and | owers the electrical .
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el ectroni c nenber after

existence of oxygen, moisture and corrosive substances in the

hermetically sealed condition as much as possible by
preserving the metal member together with the rust-proof
ageht, which absorbs at least oxygen and preferably further
absorbs moisture and acid gas, accommodated in the gas-
impérmeable container in a hermetically sealed manner.
Moreover, the method of the present invention prevents
formation of an oxide layer over the metal surface of the
metal member by keeping an electronic material in an
atmosphere where reductive gas co-exists, and enables the
solder bonding of the metal material using the flux containing
a small amount of halogen. |

The member including metal bonded by solder in the
éresent invention may be a simple substance or an alloy which
is capable of being bonded by solder, or preferably parts
including metal, or more preferably an electronic member such
as electronic parts used in the.electronics field. The member
including metal may be a metal-material itself. |

As examples of metals which are to be bonded by solder,
copper, silver, iron, zinc; lead, tin, nickel and gold may be
listed. An alloy containing two or more kinds of these metals
may be used. When oxygen exists, an oxide layer is formed on
the surface of these metals,'and it is assuﬁéd that the
formation of the oxide layer may be promotéd by the existence

of moisture and corrosive substances such as sulfur compounds

and halogen compoﬁnds.

This Sheet Has Been Replaced
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appglcatlon of solder are reaned by cleaning treatnent with organic

hal ogen ‘based sol vents such as chl or of | uoro hydr o- -2~ carbon,

chl or ohydr o hydrocarbonand fl uoro hydrocarbon; --and--wat er cont ai ni-ng -
surface active agents. However, the use of organic halogen based solvents

-Lends. tQ.be.pr.ohibied, by it gr,,ggﬂurg*naL conventions in order to prevent ihe .
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As the member including metal, an electronic member is
especially preferable. The electronic member including metal
essentially comprises metallic and plastic materials, and the
metal portions are bonded with other parts,-members or
materials by solder. Exémples of the electronic member are
electronic parts such as basic elements and wiring substrates.

- As basic elements, electronic parts such as cables,
resistors, capacitors, relays, semiconductor devices and wave
guides may be listed. A wiring substrate is made by forming
conductive metal foils into a pattern and laminating such
pattern over a plastic layer. In some case, this wiring
substrate is further gilded with silver, tih'or solder, or is
previously coated with a preflux of which the main components
are rosin, polyester resin and the like. Such electronic
member gilded with solder or previously coated with preflux
may be preserved without any modification together with a

" rust-proof agent packet in a hermetically sealed manner.

A solder metal formed into powder or cream may be used.
The solder cream is formed by mixing the powdery solder, the
postflux'and organic solvénts. The grain size of the powdery
solder metal is 10 to 70@m, or preferably 10 to 50Bm.

A rust-proof agent packet is a packet packaging an oxygen
absorbing agent which easily absorbs oxygen in a dry condition
in a state where no water exists, i.e., an oxygen absorbing
agent which does not require the existence of water in the
oxygen absorption reaction, or preferably an oxygen absorbing

agent capable of not only absorbing oxygen but also absorbing

x\
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of egarth's envi+enment—such as the ozone layer, thereby limting the
appllcablllty of f X contalnlng a | arge amount of halogen conpounds to the

sol'der bondi ng R d¢ri al and/or an el ectrohic nenber.- - - -
Mor eover, there a nms in the water cleaning that waste water
f.al }ngwhgavy ani g solyents after the water c

to be treated in order not to contanlnate,}he darth s environnent W TH
heavy netal s and organi ¢ solvents and that‘™drying after the water cleaning

costs a COQ@&fE%&%% ﬁﬁﬁ%@%régngngﬁbstances such as sulfur compounds and

halogen compounds.

The rust-proof agent packet is accommodated in a
preservation container together with the member including
metal in a hermetically'sealed manner, and it absorbs oxfgen,
moisture and corrosive substances within the preservation
container to make the oxygen content 0.5% or less, or
preferably 0.1% or less, in order to maintain an atmosphere in
the hermetically sealed condition in a state where no oxygen ..
actually exists, which inhibits the oxidation of the metal.
Especially, the oxidation of the metal may be inhibited by
removing moisture and corrosive substances such as sulfur
compounds and halogen compounds, which are known td promote
the oxidation of metals, pfeferably within 5 hours, and by
removing these substances which permeate through the
container.

If the speed of oxygen absorption by the rust-proof agent
packet is slow, the metal sometimes.becomes oxidized before a
state of no oxygen is achieved. On the other hand, if tﬁe
speed of oxygen absorption is too fast, while the rus;-proqf
agent is exposed to the atmosphere, the loss of its oxygen
.absorbing capacity becomes great and the generation of heat
becomes substantial due to a radical oxygen absorption
reaction. Therefore, the oxygen absorption speed of the rust-
proof agent, i.e., a period of time necessary for the rust-
proof agent to absorb oxygen in the hérmetically sealed
éondition until it actually achieves a state of no oxygen, is

‘adjusted to be within a range from 2 hours to 5 days, or



Because ,of the above-neati-ened circunmstances, no cleaning technol ogy which
does not require cleanin agtgg'the sol der bondi ng mhenéorganic hal ogen
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days.
'To be specific, the rust-proof agent comprises an
.ﬁhsaturated fatty acid compound, or an unsaturated fatty acid
compound and a hydrocarbon compound having unsaturated groups
as the main component.

A rust-proof agent composite may contain at least one of
an oxidation promoting substance, a basic substance and an
absorption substance other than the above-mentioned main
component. |

The unsaturated fatty acid compound is at least one of an
unsaturated fatty acid and derivatives such as an ester of the
unsaturated fatty acid and a salt of the unsaturated fatty
acid. The number of carbon atoms in the unsaturated fatty
acid 6ompound is preferably 10 or more. As the unsaturated
fatty acid compound, at least one of cleic acid, linoleic
acid, linolenic acid, arachidonic acid, parinaric acid, dimer
acid, lithinolein acid, ricinoleic écid, esters thereof, fats
and oils containing these esters, and metal salts should
preferably be used.

The hydrocarboﬁ compound is preferably chain hydrocarbon,
which has one or more unsaturated groups-such as double-bonded
carbon atoms, or may be an oligomer or polymer of monomers of
a hydrocarbon chain, or a derivative of a hydrocarbon chain.

A substituent of the derivative such as hydroxyl group and
formyl group may exist. Examples 6f the hydrocarbon chain
having unsaturated groups are oligomers or polymers of

butadiene, isoprene, or 1,3-pentadiene, and équalene. The
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10 or more. However, contamination of impurities in the main
componen£ of the present invention cannot be avoided as long
as the objective of the present invention is achieved.

A preferable example of the main component of the rust-
proof agent composite is a transition metal Salt of
unsaturated fatty acid, or a mixture of transition metal salt
of unsaturated fatty acid and unsaturated fatty acid, or more
preferable mode is a mixture of such compound and hydrocarbon
polymers havihg unsaturated groﬁps.' The prevention of the
oxidation of metal is improved by the co-existence of
reductive'gas in the container. The above-described main
componént generates reductive gas such as hydrogen and carbon
monoxide when the main component absorbs oxygen. When.
accommodating the member including metal in the gas-
impermeable container together with the rust-proof agent
packet, the inside of the gas-impermeable container may be °
previously replaced with reductive gas.

An_oxidation promoting substance serves as a catalyét of
an oxygen absorptioﬁ reaction by the main component. Examples
of the oxidation promoting substance are compounds of
transition metals such as iron, cobalt, chrome, copper and
nickel. As the transition metals, for example, inorganic acid
salts such as sulfuric acid salt, hydrochloric acid salt and
nitric acid salt, organic acid salts such as fatty acid salt
and unsaturated fatty acid salt, or amine complex of '
transition metals are used. It is preferable to mix the

oxidation promoting substance with the main component equally.
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in the form of a metal salt of the unsaturated fatty acid used

for the main component.

A basic éubstance absorbs or neutralizes corrosive
substances such as.sulfuric compounds and halogen compounds,
which diffuse through the preservation container, and acid
(acidic) substances which are generated by.the oxygen
ébsorption reaction of the main component such as unsaturated
fatty acid compounds. - There is no special limitation as £o~
the basic substaﬁcé_to be used as long as the above-described
purpose is achieved. As preferable basic substances, oxides,
hydroxides, carbonates and organic acid salts of alkali metal
or alkaline earth metal, and organic amines may be listed, and
such basic substances that neutralize acid substances.

An absorption substance absorbs moisture which oxidizes
metals and more preferably absorbs even acid substances. With
regard to the main component such as the above-mentioned
unsaturated fatty acid compound and the hydrocarbon compound,
when it is held by a carrier, thé area contacting oxygen
extends and the speed of oxygen absorption increases. The

- absorption substance that also serves as such a carrier is
preferable. Egamples of the absorption substance are paper
made of natural pulp, silica gel, activated carbon, zeolite,
activated clay and diatomaceous earth. |

A rust-proof agent composite contains.a main component,
an oxidation promoﬁing substance, a basic substance and an
absorption agent as described above. The proportion of the

respective components is preferably within a range of 0.01 to
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prevent oxidation of the metal member by the conventional met hods. As a
result, there was a problemthat the oxiﬁélrayer of the netal nenber could

not be rer‘q\be%abgtst q)ey Sw?elicsig It %quq'jhn o%csiid]a%fohne pszuol%r\t/oif:[fr{g substance, 1 to
1000 parts by weight of the basic.substance, and 10 to 1000
parts by weight of the absorption substance against 100 parts
by weight of the main component.

Among the componenté of the above rust-proof agent
composite, it is desirable to have the liquid substances held
on the absorption substance and these substances combined.
There is no limitation as to the shape of the rust-proof agent
composite, and the shape may be adjusted into a grain, tablet
or sheet as appropriate.

The above rust-proof agent composite is used as a packet
which is wrapped with a packing material having permeability,
that is, having an oxygen permeation speed of 1000ml/m’* atm* Day
or more. There is no limitation as to the air-permeable
pécking material and composition thereof. For example, the
rust-proof agent composite may be filled in a sheet of paper,
non-woven cloth, porous plastic film or sheet, or a laminated
material of these materials, and its peripheries are sealed by
heat. “

This packet may be double wrapped with a gas-permeable
packing material of which the oxygen permeability is
1000ml/m’* atm* Day or more, the humidity is_lg/nf’Day or more
and, when air is permeated, the collection efficiency of dust
in the size of 0.3pm or more is 50% or more.

There is no limitation as to the shape of the above-
described rust-proof agent packet, but a small bag shape, a
sheet shape or a blister package may be listed as examples of

the shape.
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As a gas-impermeabie container used for the preservation
of an electronic material in the present invention, a bag,
case, can or the like whose material is made of gas-
impermeable plastic or metal may be used. The gas-impermeable
container has a speed of oxygen permeation of 5ml/Day or less
per volume of 100ml, or preferably 1lml/Day or less, and the
speed of moisture permeation of 5g/Day or less per volume
100ml, or preferébly lg/Day or less.

As examples of the gas-impermeable container, a case made -
of synthetic resin such as polyethylene, polypropylene, nylon,
polyester, vinyl chloride, polystyrene, and polycarbonate, or
a bag of laminated materials made of films or sheets of vinyl
chloride, vinylidene chloride, nylon, polyethylene,

| polypropylene, polyester and the like may be used. When the
material is a plastic film or shéet, it is preferable to
-deposit aluminum, silicon dioxide, selenium dioxide or the
like on.the surface of the plastic film or sheet in order to
secure the resistance to gas permeation. Moreover, a metal
foil such as an aluminum foil is sometimes used to laminate
the plastic film. .

Furthermore, as the gas-impermeable container, there is a
metal can made of iron, tin plate, stainless or aluminum, and
a plastic packing material may be used for the metal can.

In some cases, the materials used for the gas-impermeable
container are treated to eliminate static electricity charges.
The solder bonding method of the present invention is
performed by previously applying a subvital postflux over the

metal surface of the object to be bonded and by heating and



or nmenber using._a-no-cleanri-ng—subvital postflux. SUMMARY OF THE | NVENTI ON
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probl ems wi th t he™s St inventors have found that oxidation of
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substances that oxidize netal such as oxygen, noisture and acid gas,
gas-i nperneabl e container in a herneticalll®seal ed manner, and that good

bondi ng pr%&&i%iga %Lesggggérsﬂggaf§ b@ﬂgigglaggegg£glagg be used is an
alloy containing tin. The ratio of tin contained is 5 to 95%.
The solder metal should preferably be an alloy of tin and
lead.

The subvital poStflux.is a solution of rosin dissolved in
alcohol and also contains halogen compounds such as
hydrochloride of amine and hydrogen fluoride salt. However,.
the amount of the halogen compounds contained in tﬁe postflux
is small. ' The amount of the halogen compounds containedlin~-mu-~-
the subvital postflux is, as the amount of halogen, 0.2% or
less, or preferably 0.1% or less, or more preferably 0.05% or
less.

When. the solder bonding is conducted{ the subvital
postflux is applied over the metal surface of, for example, a
wiring substrate, which is the object to be bonded by solder,
by a method such as brushing, foaming or spraying, and the
subvital postflux is heated and dried at a temperature of 50°C
to 300°C. 1In this case, the amount of the postflux applied is
10 to 1000g/m’, or preferably 15 to Sodglnf. Then, the metal
to be bonded and the counter member are bonded with solder
metal which is heated and melted at 200°C to 300°C.

Alternatively, there is a bonding method using solder
cream which is made by changing the powder of the solder
component into'a paste form and which contains subvital
postflux. 1In this case, the solder cream is applied on a
member such as a wiring substrate, is heated by infrared rays .

up to a temperature of 200°C to 300°C and is bonded.



cohesi veness may be-attained-applying—a no-cl eaning subvital postflux by

renovi ng the substances that oxidize metal wthin the cgntainer, and the

i nventors thereby acHp t ¢ invention. The pftesent invention *
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el ectronic menber including netal together, with a packet of rust - proof
in a gas-inperneabl e container in alﬁbrnetically seal ed manner and

agent

the step of applying a posghi¥ e£PPARAPION 57 28ENDrAwWINGS

Figure 1 shows the changes in the oxygen content of the

rust-proof agent.packet (25°C) with the passage of time in the

hermetically sealed condition.

Figure 2 shows changes in the humidity of the rust-proof

agent packet (25°C) with the passage of time in the

hermetically sealed condition.

Figure 3 shows changes in the hydrogen sulfide content of . .

the rust-proof agent packet (25°C) with the passage of time in

the hermetically sealed condition.

| Figure 4 éhows the reservation period and the bonding -
properties of solder (zero-cross time) on the test pieces
gilded with copper.

Figure 5 shows the preservatibn period and the bonding
properties of solder (zero-cross time) on the test pieces
gilded with silver.

Figure 6 shows.the preservation period and the bpnding
properties of solder (zero-cross'time) on the test pieces

gilded with solder.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Examples of the present invention will be described

hereinafter. However, the present invention is not limited to

the following examples.
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Example

_ (Preparation of Test Pieces)

Copper, silver and solder metal were gilded respectively
in the thlckness of Sgm on a copper ‘plate (size: 1.27mm width
x 60mm length x 0.5mm. thlckness) The gilded copper plate was
cleaned in water, dipped in ethanol at a temperature of 23°C,
and dried in blast at a temperature of 24°C to prepare three

kinds of test pieces gilded with copper, silver and solder.

(Manufacture of Rust-Proof Agent Packet)

0.2g of cobalt naphthenate was dissolved in 1.0g of a
mixture which is comprised of 0.5g of polybutadiene
(viscosity: 200 poise) and 0.5g of fatty acid of éoy bean oil.
Thé obtained ﬁolution was impregnated into Sg of granular
diatomaceous earth, and then the diatomaceous earth was coated
with 0.1g of slaked lime to manufacture a granular composite.
This granular composite (total weight: 6.3g) and 2.5g of the
granular calcium oxide were wrapped with an air-permeable
packing material (70 x 70mm), which was formed by laminating
paper and a porous polyethylene £film, with the polyethlene
film inside. Then, the peripheries of the packing material

were sealed by heat to manufacture a rust-proof agent packet.

(Gas Absorptivity of Rust-Proof Agent Packet)

One piece of the rust-proof agent packet was acéommodated
in a bag sealed on three sides (size: 220 x 300mm, surface
area: 0.1lm’, oxygen permeation speed: 0;044ml/24Hr). This bag

was made of a silicon dioxide deposited combined film which



coqprlsqs the steps of (|) preserV|ng an el ectronic nenber I ncl udi ng net al
I n a gas- |rrperrreab1‘tﬁs8hean % ther wwth a rust- QOf agent which
absor bs subst ances ﬁ tals, (ii) taking said-el ectronic nenber
out of t he contalne \“I“ ng sol der metal and a flux containing an
- Rt 0f-.Ox-2ut 96 or ‘["'ess hal ogen conpeunds. AaSadRe: A0k 0%. ok et 00, %
portlon of said electronic nenber, (iv) bggdlng by solder sai d portion of

t he

was formed by dépositing silicon dioxide on the inside of
polyethylene terephthalate and by laminating polyethylene and
the polyethylene terephthalate with the polyethylene facing
inside. The bag was filled with 500ml of air (humidity:
65RH%, content of hydrogen sulfide: 7ppm) and its opened
portion was hermetically sealed by heat.

'Figures 1, 2 and 3 respectively show changes with the
passage of time in the oxygen content, humidity and hydrogen
sulfide content when this bag with the rust-proof agent packet
accommodated inside in a hermetically sealed manner was left.

alone at a temperature of 25°C.

(Preservatidn of Test Pieces)

Each piece of the above~described three kinds of test
pieces was accommodated in a hermetically sealed manner with
500ml of air in the bag of the silicon dioxide deposited
combined film sealed on three sides (size: 220 x 300mm) which
is the same as the bag described above. 'This bag with the
test piece and the rust-proof agent packet accommodated inside
in a hermetically sealed manner was once retained at a
temperature of 25°C for 1 day, and then was preserved under
the atmosphere of RHI5% or more at the temperature of 40°C.

Table 1 shows the oxygen content and humidity within the
sealed bag under preservation and Figure 2 shows the
concentration of the reductive gas detected by gas
chromatography. Table 3 shows the state of discoloration of

the test pieces under preservation.
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[Table 1] Changes with the Passage of Time in the Oxygen
Content and Humidity in the Preservation Condition

Oxygen Content (%) | Humidity (RH%)
Material -
lwk.|2wks.|1mo.}1wk. |2 wks. |1 mo.
'S)l Q S)
Ex.n copper 0.02} 0.02 0.01 1 2 4
silver 0.01 0.02 0.01 0 1 3
solder 0.01§ 0.01 0.02 1 1 3
Com. copper 20.21 | 20.46 20.51 5 15 37
Ex. 1 | silver 20.58 | 20.76 20.77 7 21 41
2 solder 20.51 )1 20.75 1 20.74 6 18 39
Com. copper "1.21 1.74 2.32 28 | 54 | 81"
Ex. 2 silver | 1.89 2.44 3.42 31 57 88
solder 1.59 2.12 3.18 32 57 8

Note 1) Ex: Example

Note 2) Com. Ex: Comparative Example
Note 3) wk: week

Note 4) wks: weeks

Note 5) mo: month

[Table 2] Changes with the Passage of Time in the
Concentration of Reductive Gas in the Preservation

Condition
Hexane | Butyr-
Mate- CO (%) H, (%) (%) aldehyde
rial (%)
1 wk. 1 mo. 1 wk.| 1 mo. 1 mo. 1 mo.
Ex. | copper| 0.32 0.41 0.24 0.25 0.02 5
silver | 0.31 0.38 0.25 0.27 0.03 4

soldexr | 0.34 0.39 0.22 0.24 0.03 5




The et hod of the present invention inhibits the existence of oxygen,
nmoi sture and corrosive substances in the hernmetically sgaled condition as
nuch as possi bl e bynipsiRaehyBRERigMR4EL 2l -TeMber togethel with the '

~rust-proof agent, ' | east oxygen and preferably further . _:
abserhs..Ankst ure . an omynglal e Nuphle. B8 800 A BN CLRR AN R s
| =

container in a her manner 8Nbreover, the method of the
present invention prevents formation of éﬁ oxi de | ayer over the netal
surface of the netal nmenber by keeping an electronic material in an

[Table 3] State of Discoloration of Preserved Test Pieces

State of Discoloration
Material | .
¢ Before 1 week 2 weeks 1 month
preser-
vation
Ex. copper - - - -
silver - - - -
solder - - - -
Com. copper - - + ++
Ex. 1 silver - - + +
soldexr - - + ++
Com. copper - T+ C g ++
Ex. 2 silver - + + ++
solder - + ++ 4+

Note: State of discoloration

' - : no discoloration

+ : distinguishable slight discoloration
++: substantial discoloration
+++3: overall discoloration

(Solder Bonding Properties Test)

The test piece, which was accommodated in a hermetically
sealed manner together with the rust-proof agent packet, was
taken out of the bag and the bonding properties of solder were
measured by the following method. However, with regard to the
test piece gilded with coppexr, the thickness of the oxide

layer over the metal copper surface was measured by an

electrolytic reduction method.

Testing Method of Sdlder Bonding Properties (meniscus graph
method)

A flux R type (25% isopropanol solution of rosin,
chlorine content: 27ppm) was applied over the test piece in an

application concentration of 55g/m’ with a brush, and the test
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piece was dried in hot air for 2 minutes at a temperature of

120°C.

the conditions subject to MIL-STD-883C 2022.10.

The bonding

properties of solder were evaluated by zero-cross time.

1. Measurement Device: made by RESUKA Kabushiki Kaisha

2. Measuring Conditions

SAT-5000 Type

Items Conditions
Solder JIS H63A (Snb63%)
Flux R Type (rosin 25% IPA
solutlon)
Temperature of Solder | 245°C
Bath
Dipping Time 5 seconds
Dipping Depth 2mm
Dipping Speed 25mm/sec

According to this testing method, when the test piece is

dipped in the solder bath, buoyancy acts on the dipped test

piece at first, and then the melted solder metal piles up

above the test piece because of surface tension and the test

piece looses buoyahcy.

time that lapses between the beginning of the dipping and the

time when the buoyancy is lost.

measured automatically.

The zero-cross time is the period of

The zero-~cross time is

and enabl es the sol der bondi ng of
Uﬁxismﬁeethﬁa‘eéuﬂe le@tt ai ni ng a smal |

I

The

c parts used in the electronics field.

be a metagl.qJmaterial, L@gﬁg;mﬁéﬁm@_%>wewﬁ,,w_ﬁMW

metal s which are to be bonded by sol der,
ni ckel

The solder bonding was performed on this test piece on

- Therefore, a reciprocal number of the

zero~cross time indicates the piling-up speed of the melting

solder metal.

A smaller value of the zero-cross time

indicates better bonding properties of solder with metal.



iisted. /An alloy containing-twe—oer—nere kinds of these netals may be used.

When oxygen exists, an oxide |ayer is formed on the surgace of these
netals, and it is a Eu < E?ornation of the oxide layer may be

pronoted by the exi st re and corrosive substances: such as
salkf-Urnconposnds.. and N0 Svrinte - aemtD mmiti aiomunsoantims o' B A SR IPH OB R

-20-
Analysis Method of Oxide Content
| Measurement Principie: electrolytic reduction method -
Measurement Device: made by HARIMA CHEMICALS, Ltd.,
BOARD-O-TESTER |
Measurement.Unit: The quantity of electricity required
for the reduction of copper oxide to metal copper at the
electric potential of -800mV was converted into the thickness
of Cu,0 in the following expression, and the oxide content was
obtained. . e e e
§= 71.5°1-t/96500.6
8: thickness of oxide (nm)
i: current density (coulomb/second.cm’)
t: time (second)

test piece: 10 x 60 x 0.5mm

Figures 4, 5 and 6 show the relationship between the
preservation period and the bonding properties of solder
.(zero-cross time). Moreover, Figure 4 shows the relationship
between the thickness of the oxide layer and the bonding
properties of solder with regard to the test piece gilded with
copper at the time after gilding treatment before preservation

and at the time one month after preservation.



The el egtronic nenbe ' ing nmetal essentially conprises nmetallic and
plastic materi al s, the met al- | ons are bonded mAQh ot her parts,

| es of the el ectronic nenber are

nmmasorWMeHMS n R,

el ectronic parts suec nts and wiring substrates. As basic
el.enents, e|6CtanI cabl.es,. LOSLSLOIS, CARACLL QLS wb 8BNS i v
sem conduct or devi ces and wav des nmay e listed. A W ring substrate is

made by form ng conductive netal foils |n “a pattern and 1 am nating such

pattern‘”“?Tébf%aiﬁ'fhi@%f%ssIgfsgﬁfdéaﬁgyef*%f Yh&i Bst Piece Gilded

with Copper before Preservation and One Month After

Preservation
Before Pre- Example Com. Ex. 1 | Com. Ex. 2
servation '
Thickness 49,55 49,55 496,525 401,547
of Oxide
layer (nm)
ZerO-CrOSS 004' 005 004’ 0.5 «© r «© <« r <
Time '
{second)

Note  Thickness of Oxide layer: Cu,0 conversion

Comparative Example 1

Three kinds of test pieces gilded with copper, silver and
solder were preserved in the same manner as in Example except
ﬁhat the content of the packet of the Example was changed to
3g of silica gel (Type A) in order to make a packet of

desiccant in the same procedure as in the Example.

Comparative Example 2

Three kinds of test pieces respectively gilded with
copper, silver and solder were accommodated in preservation
bags of silicon dioxide deposited combined film together with
500ml of nitrogen gas in a hermeticallj sealed manner as in
the Example, however, without using an énticorrosive packet.
In this case, since the air within the preservation bags could
not be completely replaced with nitrogen gas, the oxygen
ctontent within the bags was 0.7% when sealed. The
preservation bags containing these test pieces in a
hermetically sealed manner were preéerved in the same method

as in the Example.
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were taken out of the bags, and the bonding properties of the
solder were measured as in the Example. With regard to the
test pieces gilded with copper, the thickness of the oxide
layer over the surface of copper was measured by the
electrolytic reduction method.

The results of Comparative Examples 1 and 2 are shown
respectively in Table 1, Table 3, Table 4, Figure 4, Figure 5,
and Figﬁre 6 together with the results of the Example. -
However, no reductive gas was detected in the preservétion
condition used in Comparative Examples 1 and 2.

The bonding properties of solder may be evaluated by
zefo-cross time. The zero-cross time varies depending on the
types of metal, buﬁ it is preferable to have a shorter zero-
cross time. As it is obvious from Figure 4 (copper gilding),
Figure 5 (silver gilding) and Figure 6 (solder gilding) which
show the relationship between the preservation period and the
bonding properties éf solder (zero-cross time), the zero-cross
times of the test pieces preserved in the method of the
present invention, even if the preservation périod is long, is
the same as the zero-cross times immediatély after gilding and
the bonding properties of solder are extremely well
maintained. On the contrary, in Comparative Examples 1 and 2,
the zero-cross times of all the test pieces changed. Even in
the case of Comparative Example 1 when the test pieces weﬁe
accommodated in the bags in a hermetically sealed manner
together with the desicdant, the bonding properties of solder

deteriorates with the passage of time.

i cally. seal.ed .manner ... A:sol det. met.al.. - swws-

s -



A rust - proof agent—paeke%—L5~a~paeke%—packaging an oxygen absorbi ng agent

whi ch easily absorbs, o condltlon in a stafe where no water
exists, i.e., an oxﬁa ﬁ nt which does not require the :
existence of water in sorption reaction, or preferably an

oxygen absor bi ng agen ot .only.absorbing oxygen but also.  , ..

absor bi ng -7- —23-

The reasons for gocd bonding properties of solder when
using the method of the present invention will be considered
hereafter. 1In the method of the present invention, as it is
obvious in Tables 1 and 2, by accommodating a member including
metal in a hermetically sealed manner together with a rust-
proof agent packet in a gas-impermeable container, oxygen,
moisture and corrosive substances in the preservation
container are absorbed by the rust-proof agent, and reductive
substances are generated due to oxygen absorption reaction of
the main component of the rust-proof agent. Accordingly, we
may consider that, in the method of the present invention, the
preservatioﬁ of the metai member under a reductive atmosphere
where no oxygen, moisture or corrosive substances actually
exist, and where reductive gas co-exists with the metal
member, prevents the formation of an oxide layer over the
metal surface which is to be bonded by solder, and that
reducticn of the oxide enables the maintenance of good bonding -
properties of. solder. fhe reduction occurfing in the oxide
over the metal surface is confirmed by, for example, a change
in the charge of copper oxide from copper(II) to copper(I)
over the metal copper surface of the test pieces gilded with
copper.

According to theé present invention, the oxidation of a-
metal surfece may be inhibited and good bonding properties of
solder may be maintained by accommodating a member including
metal, which is the object of solder bonding, in a gas-
impermeable container in a hermetically sealed manner together

with a rust-proof agent packet. As a result, good bonding



nmoi sture and cOrrosive subst ances such as sul fur conmpounds and hal ogen
conpounds. The rmi%TShélfmeeWeﬁacket I's accommpdated ifn a preservation

cont ai ner "t oget he er including netal in a hernetically seal ed
manner, and it ab g noi sture and corrosive substances within the
preservation cont 0 nmake the oxygen content 0.5%or |ess, or
preferably 0.1%or less, in order‘to nainégin an at nosphere in the
hermetically sealed condition in a state™®fi€re no-oxygen actually exists,

whi ch iHMlgéébéégiégj§¥uéé¥Hé¥ $§§ Qgtgéalized even using a postflux
containing a smail amount of halogen. Especially in the field
of electronic materials, since the use of the postflux
containing a small amount of halogen allows the amount of the
remaining halogen t§ be kept to an extremely small amount, it
is unnecessary to givé a cleaning treatment using organic
halogen-based solvents or water containing surface active
agents, the cleaning steps may be simplified, and cost
reduction ﬁay be promoted. Moreover; the present -invention.. - .. .
will not add to environmental pollution due to organic
halogen-based solvents and will contribute to the preservation
of the global environment.

In other woxrds, the method of the present invention
enables preservation or transportation of the member including
metal by retaining it under a reductive atmosphere where no
oxygen, moisture or corrosive substances exist and where
reductive gas co-exists with the material, by an extremely
simple method at a low cost and without loosing the bonding
properties of splder. Accoxrdingly, the use of the postflux
containing a small amount of halogen easily allows the solder

bonding.



I
~EspeC|aIIy, t he oxidation of the nmetal may be inhibited by renoving

noi'sture and COngﬂbMﬁmﬂuQ§k BeQs such as sul fur conpouwﬂs and hal ogen
conpounds, whlch$ ronDte t he oxidation of netals, preferably— -

Wi thin 5 hours, t hese subst ances mhlCh-p%#ﬁé&%&ﬂHﬂTHEﬂVTﬁe

container. |If the en absorptlon by the rus ket
Is slow, the netal sorretl nmes becomes oxi djzed before a iﬂmﬁﬂ “mg“‘ilgm‘n
S achieyed. On the other hand, if the spetd of oxygen miSs TGO
fast, whilgnhle;Euahalindd is:

1. A method of bonding a metal by solder, which method
.comprises the steps of:

applying a flux containing a small amount of halogen compounds
over the portion, which is to be bonded by solder, of a member
including metal which is preserved in a gas-impermeable
container togeiher with a rust;proof agent which absorbs
substances that oxidize metalss; and

bonding by solder the portion on which the flux is applied.

2. A method according to Claim 1, wherein said rust-proof

agent is wrapped with a gas-permeable packing material.

3. A method according to Claim 1, wherein the amount of
halogen compounds contained in said flux is 0.2wt.% or less as

the amount of halogen.

4. A method according to Claim 1, wherein said metal is at
least one of copper, silver, iron, zinc, lead, tin, nickel or

gold.

5. A method accoxrding to Claim 1, wherein said member is an

electronic member used in the electronic field.

6. =~ A method according to Claim 2, wherein said rust-proof
agent is an oxygen absorbing agent which absorbs oxygen in a

dry condition.



agent i g exposed to _the atnosphere, the |oss of its oxygen absorbing
capacity becones great and the generation of heat beconﬁ§ subst anti.al due

to a radical oxygen a xﬂh Ther ef ore, the—exygem—absorption

speed of the rust- pro a period of tinme n
rust- proof agent to a the her net.i cal | y E;lig ﬂ ‘ll 'l
until it actually achleves a state of no_gxygen, s ad e W EtH N a

range from2 hours to 5 days, or
7. A method according to Claim 1, wherein sald ‘rust-proof

agent absorbs oxygen, moisture and corrosive substances within

the container.

8. A method according to Claim 1, wherein the oxygen content

within the container is 0.5% or less.

9. A method aecording to Claim 1, wherein said rust-proof
agent removes the substances oxidizing metals out of-the - -......-
container within a few hours and also removes the substances

oxidizing metals which permeate through the container.

10. A method according to Claim 1, wherein the period of time
that is necessary for the rust-proof agent to absorb oxygen
within the container until it reaches a state of no oxygen, is

adjusted to be within a range from 2 hours to 5 days.

11. A method according to Claim 1, wherein said rust-proof

agent comprises an unsaturated fatty. acid compound as a main
component, an oxidation promoting substance, which functions
as a catalyst of the oxygen absorption reaction by the main

component, a basic substance, and an absorption substance

which absorbs moisture.

12. A method according to Claim 11, wherein said rust-proof
agent further comprises a hydrocarbon compound including

unsaturated groups as a main component.



preferably 3 hours to 3 days, or nore preferably 5 hours to 2 days To be

specific,
conpound,

basi ¢ substance and an absor

mai-n
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13. A method according to Claim 12, wherein said hydrocarbon
compound is a polymer of monomers which consist of hydrocarbon

chains.

14. A method according to Claim 11, wherein said unsaturated
fatty acid compound is at least one of unsaturated fatty acid,

ester thereof and salt thereof.

15. ‘A method according to Claim 14, wherein said salt of

unsaturated fatty acid is a transition metal salt.

16. A method according to Claim 11, wherein said oxidation

promoting substance is a transition metal salt.

17. A method according to Claim 11, wherein said basic
substance is at least one of alkali metal salt, alkaline earth

metal salt, organic acid salt and organic amines.

18. A method according to Claim 12, wherein said absorption
substance further absorbs acid substances and holds the main

component of the rust-proof agent.

19. A method according to Claim 12, wherein the content of
respective components of the rust-proof agent is 0.01 to 10
parts by weight of the oxidation promoting substance, 1 to
1000 parts by weight of the basic éubstanée, and 10 to 1000
parts by weight of the absorption substance against 100 parts

by weight of the main component.



:conponent The unsaturated fatty acid conpound is at |east one of an

undat ur at ed fatty acid and derivatives such as an ester(ﬁf t he unsat urated
fatty acid and a This|Sheepias cedur at ed fatty aci bon
atons in the unsatﬁ' cid conpound is. pref :

t he unsaturated fa und, at Ieast one of m mnmlﬁuﬂnml eic
acid, linolenic acid, arachldonlc aC|d I naric acl d

l'ithinolein acid, ricinol ei ¢ aci d, esters hereof, fats and oils contalnlng

these estengy, aﬂ?n@ﬁ%%h.%%éﬁ%&?ﬂ&“é% Claim 2, wherein the gas

permeability of said packing material is 1000ml/m’* atm° Day or

more of the oxygen permeation speed.

21. A method according to Claim 1, wherein said gas-
impermeable container has an oxygen permeation speed of
5ml/Day or less per volume 100ml and has a moisture permeation
speed of 5g/Day or less per volume 100ml.

22. A method according to Claim 1, wherein thé applied amount

of flux is 10 to 1000g/m’.

23. A method according to Claim 1, wherein the member
including metal is preserved under an atmosphere where

reductive gas co-exists within the container.

24. A method according to Claim 23, wherein said rust-proof

agent generates reductive gas by oxygen absorption.

25. A method according to Claim 1, wherein said rust-proof
agent absorbs substances that oxidize metal in a dry

condition.

26. A method according to Claim 1, wherein said member is a

metal material.



:preferably be used. The hydrocarbon conpound is.preferably chain
hydrocarbon whi ch has e or nore unsaturated groups sgch as doubl e- bonded
carbon atons, or_may be an oligoner “or polyner of nononmers of a hydrocarbon
chain, or a derlvatlve of a hydrocarbon chain. A substituent of. the
derivative suchja dn Rgplasdg and formayl group may exist. Exanpl es of
t he hydrocarbon C 'Em IT saturat ed _ggoups are ol i goners or polyners
of but adi ene, pent adi ené®“and squal ene. The

ABSTRACT

The solder bonding is conducted by applying a postflux,
which contains halogen compounds in the ratio of 0.2% or less
as the amount of halogen, over a metal surface, which is the
portion to be bonded by solder, of a member-including metal
accommodated in a gas-impermeable container in a hermetically

sealed manner together with a rust-proof agent packet.

The method of the present invention prevents, in an
extremely simple way and at a low cost, the oxidation of the
metal surface by retaining the member including the metal
under a reductive atmosphere in which no oxygen, moisture or
corrosive_substances actually exist, and in which reductive
gas co-exists with the material including ﬁhe meﬁal member,
and the use of tﬁe flux containing a small amount of halogen
easily enables good bonding properties of the solder.
Accordingly, it is unﬁecessary to remove the flux by organic
halogen based solvents after the solder bonding, the cleaqing

steps may be simplified and cost reduction may be promoted.
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_sanrated.fatty acid and unsaturated fatty acid; or nore pkeferabre'
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FIG.3

CHANGES IN THE HYDROGEN SULFIDE CONTENT OF THE RUST-
PROOF AGENT PACKET WITH THE PASSAGE OF TIME IN THE
HERMETICALLY SEALED CONDITION
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o FIG.4

PRESERVATION PERIOD AND BONDING PROPERTIES OF SOLDER
ON THE TEST PIECES GILDED WITH COPPER

ZERO-CROSS TIME (second)

PRESERVATION PERIOD (month)

o: EXAMPLE  +: COMPARATIVE ¢ : COMPARATIVE
EXAMPLE 1 EXAMPLE 2
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BACRKGROUND OF THE INVENTION
The present invention relates to a solder bonding method
for metal or a member including metal, or more preferably, an.
electronic member. More particularly, the present invention
relates to a solder bonding method which prevents metal from -
oxidizing during transportation or presefvation and which
enables ﬁhe solder bonding of metal applying flux, which

contains a small amount of halogen, and without cleaning.

" When a member including metal is exposed to air during
preservation or transportation, the metal easily oxidizes, an
oxide layer forms over the metal surface, and the bonding
properties of solder on the metal rapidly deteriorates.
Therefore, in order to attain good bonding properties between
the metal and solder by removing the oxide layer on the metal
surface, flux (postflux) is applied on the portion to be
bénded with the other material or member by solder bonding.
However, the postflux usually contains halogen compounds, and
when the poétflux containing a large amount of halogen
compounds is used in the solder bonding of a member héving
metal,_especially an electronic.member.uséd inrthe'electronic 
field, the remaining halogen compounds cause the corrosion of
metal and lowers the electrical insulatability. Therefore,
the halogen compounds remaining on the electronic member after
application of solder are removed by cleaning treatment with

organic halogen based solvents such as chlorofluoro hydro-
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whi ch di ffuse through the preservation container, and acid (acidic)
subpst ances whi ch are generated by the oxygen absorption reaction of the
mai N conponent SUTG{3 Skéet HHI BadnRepthced fatty aci d conpounds. There is no

speci al

limtation t i c substance to be used as long as the
above-descri bed pu ved. As preferabl e basic substances,
hydr oxi des, nd organicéacid salts of alkali nmetal or

oxi des,

al kaline earth metal, and organic amines may be 1isted, and such basic

subst ances tQ%EbBﬁ

noi st ure whi c

pERU CAhicEBRgRLd HYARLRALEEn ARaARIVCN BYURARS AP bS
water containing surface active agents. However, the use of
organic halogen-baéed solvents tends to be prohibited by
international conventions in order to prevent the destruction
of earth’s environment such as the ozone layer, thereby
limiting the applicability of flux containing a large amount
of halogen compounds to the solder bonding of electronic
haterial and/or an electronic member. Moreover, there are

some problems in the water cleaning that waste water

containing heavy metals and organic solvents after the water

" cleaning has to be treated in order not toc contaminate the

earth’'s environment with heavy metals and organic solvents and
that drying aftér the water cleaning costs a considerable
amount of money. |

Because of the above-mentioned circumstances, no cleaning
technology which does not require cleaning after the solder
bonding when organic halogen based solvents are used has been
developed by applying a postflux containing a small amount of
halogen compounds (hereinafter referred to as "subvital
postflux"). 1In this case, the amount of the remaining halogen
oﬁ a substrate on which parts are mounted by solder bonding
has to be restrained in the amount of 14fig/inch’ or less. It
is necessary to reduce the amount of halogen contained in the
subvital postflux.

Because of the weak strength of the subvital postflux to
remove oxides, it is necessary to prevent the oxidation of the
member including metal during pregervation or tranéportation.

Therefore, the following preservation methods are usually
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metal s and nor e-preferably—absorbs even aci d substances. Wth regard to the
nmai n conponent s thaé}ﬁpﬁw HoyRsdrenti oned unsaturated fatty acid conpound
and the hydrocar i en it is held by a carriér, the area
contacti ng oxygen ﬁ U e speed of oxygen absorption increases. The
absor pti on substa L erves as such a carrier is preferable.
Exanpl es of the absorption substance are paper nmade of natural pulp, silica
gel, activated carbon, zeolite, activated clFay and di at onaceous earth. A

rust - pr oof - aggpt eATPAYd GRS A HAOMARRAY and a desiccant in a

hermetically sealed manner; or replacing the inside of the

preservation container with inert gas. However, these
preservation methods have not always been satisfactory. For
example, it is not easy to completely replace the air within
the preser#ation container even by the method of replacing the
inside of the container with inert gas such as nitrogen and
argoh. Even if the air is completely replaced, oxygen and
moisture permeate through the packing material into the
container during preservation, and the oxygen content and the
humidity within the preservation coﬁtaiﬁer increase, causing
the metal surface to be oxidized. In the method using
desiccants, even if moisture is completely removed, the
problem that oxidation of the metal occurs still remains.
Moreover, the humidity rises due to moisture that permeates
through the packing material with the passage of time or the
moisture contained in the object to“be preserved, causing
oxidation of the metal surface. |

In any case, it was difficult to prevent oxidation of the
metal member by the conventional methods. As a result, there
ﬁasia problem that the oxide layer of the metal member could
not be removed by the solder bonding using the subvital
postflux.

As described above, there was a problem that sufficient
bonding properties could not be obtained by the conventional
method of bonding metal by solder using a subvital postflux.

The object of the present invention is to provide a method for

t
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an oxi dation pronoting substance, a basic substance and an absorption agent
as descri bed above. The proportion of the respective conponents is
preferably within a range of -0.01 to -11 10 parts by weight of the

oxi dation pronoting substance, 1 to 1000 parts by wei ght of the basic
substance, and 10 to 1000 parts by weight of the absorption substance

agai nst 100 parts —4-

enabling a good solder bonding of the metal and other material

or member using a ho-cleaning subvital postflux.
SUMMARY OF THE INVENTION

After concentrating ﬁheir energies on study to solve the
above-mentioned problems with the prior art, the inventors
have found that oxidation of metal can be prevented by
accommodating a member including metal and a packet packing a
rust-proof agent, which absorbs substances that oxidize metal
such as oxygen, moisture and acid gas, in a gas-iﬁpermeable

- container in a hermetically sealed manner, and that good
bonding properties of solder such as bonding strength and
cohesiveness may be attained applying a no-cleaning subvital
postflux by removing the substances that oxidize metal within
the container, and the inventors thereby achieved the present
invention.

The present invention relates to a method for bonding a
metal by solder. More particularly, the'contents of the
present invention comprise the step of accommodating a member
inéluding metal together with a packet of rust-proof agent in
a gas-impermeable container in a hermetically sealed manner
and thé step of applying a postflux, containing halogen
compounds in the amount of 0.2% or less as the amount of
halogen, on the portion of the metal material to be bonded
with another material and/ér member including metal in order

to conduct the solder bonding.
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¥
by wei ght of the main conponent. Anobng the conponents of the above
rust-proof agent conposite, it is desirable to have the |iquid substances
hel d on the absorption substance and these substances combined. There is no
limtation as to the shape of the rust-proof agent conposite, and the shape
may be adjusted into a grain, tablet or sheet as appropriate. The above
rust - proof agent conposite is used as a packet which is wapped wth a
packing material having perneability, that FS, having an oxygen permeation

speed of 1000m [eppLapEhRBY of the present invention inhibits the
existence of oxygen, moisture and corrosive substances in the
hermetically sealed condition as much as éossible by
preserving the metal member together with the rust-proof
agent, which absorbs at least oxygen and preferably further
absorbs moisture and acid gas, accommodated in the gas-
impermeable container in a hermetically sealed manner.
Moreover, the method of the present invention preveﬁts
formation of an oxide layer over the metal surface of the
metal member by keeping an electronic material in an
atmosphere where reductive gas co-exists, and enables the
solder bonding of the metal material using the flux containing
a small amount of halogen. _

The member including metal bonded by solder in the
present invention may be a simple substance or an alloy which
is capable of being bonded by sqldér, or preferably parts
including metal, or more preferably an electronic member such
as electronic parts used in the electronics field. The member
including metal may be a metal material itself.

As examples of metals which are to be bonded by solder,
copper, silver, iron, zinc, lead, tin, nickel and gold may be
listed. Aan alloy containing two or more kinds of these metals
may be used. When oxygen'exists, an oxide layer is formed on
the surface of these metals, and it is assumed that the
formation of the oxide layer may be promoted by the existence
of moisture and corrosive substances such as sulfur compounds

and halogen compounds.
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¥
or nore. There is no limtation as to the air-perneabl e packing materi al
and conposition thereof. For exanple, the rust-proof agent conposite may
be filled in a sheet of paper, non-woven cloth, porous plastic filmor
sheet, or a lam nated material of these materials, and its peripheries are
seal ed by heat. This packet may be double wapped with a gas-perneable _
packi ng material of which the oxygen perneability is 1000m /[err] atm TDay
or more, the humidity is 1g/nferr] Day or Wbre and, when air is perneated,

the collection ef£§Ckﬁgcﬁeﬁgegufﬁcluding metal, an electronic member is

especially preferable. The electronic member including metal
essentially comprises metallic and pléstic materials, and the
metal portions are bonded with other parts, members or

- materials by solder. Examples of the electronic member are
electronic parts such as basic elements and wiring substrates.

As basic elements, electronic parts such as cables,
resistors, capacitors, relays, semiconductor devices and wave
guides may be listed. A wiring substrate is made by forming
conductive metal foils into a pattern and laminating such
pattern over a plastic layer. In some case, this wiring
substrate is further gilded with silver, tin or solder, or is
previously coated with a preflux of which the main components
are rosin, polyester resin and the like. Such electronic
member gilded with soléer or previously coated with preflux
may be preserved without any ﬁodificatiqn together with a
rust-proof agent packet in a hermetically sealed manner.

A solder metal formed into powder or cream may be used.
The solder cream is formed by mixing the powdery solder, the
postflux and organic solvents. The grain size of the powdery
solder metal is 10 to 70Bm, or preferably 10 to 50Bm.

A rust-proof agent packet is a packet packaging an oxygen
absorbing agent which easily abs§rbs oxygen in a dry condition
in a state where no water exists, i.e., an ongen absorbing
agent which does not require ihe existence of water in the
oxygen absorption reaction, or preferably an oxygen absorbing

agent capable of not only absorbing oxygen but also absorbing
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in the size of 0.3[err] or nore is 50%or nore. There is no limtation as
to the shape of the above- described rust-proof agent packet, but a smal
bag shape, a sheet shape or a blister package may be |isted as exanpl es of
t he shape. . -12- As a gas-inperneabl e container used for the preservation

-7=
moisture and corrosive substances such as sulfur compounds and
halogen compounds.

The rust-proof agent packet is accommodated in a
preservation container together with the member including
metal in a hermetically sealed manner, and it absorbs oxygen,
moisture and corrosive substances within the preservation
container to make the oxygen content 0.5% or less, or
preferably 0.1% or less, in order to maintain an atmosphere in
the hermetically sealed condition in a state where no oxygen
actually exists, which inhibits the oxidation of the metal.
Especially,'the oxidation of the metal may be inhibited by
removing moisture and corrosive substanqes such as sulfur
compounds and halogen compounds, which are known to promote
the oxidation of metals, preferably within 5 hours, and by
removing these substances which permeate through the
container.

If the speed of oxygen absorption by the rust-proof agent
packet is slow, the metal sometimes becomes oxidized before a
state of no oxygen is achieved. On the other hand, if the
speed of oxygen absorption is too fast, while the rust-proof
agent is exposed to the atmosphere, the loss of its oxygen
absorbing capacity becomes great and the generation of heat
becomes substantial due to a radical oxygen absérption
reaction. Therefore, the oxygen absorption speed of the rust-
proof agent, i.e., a period of time necessary for the rust-
proof agent to absorb oxygen in the hermetically §ealed '
condition until it actually achieves a state of no oxygen, is

adjusted to be within a range from 2 hours to 5 days, or
"—\_______‘ :
This is the replacement sheet
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of an electronic material in the present invention, a bag, case, or can
whose material is nade of gas- inperneable plastic or netal nmay be used.
THe gas-i npermeabl e contai ner has a speed of oxygen perneation of 5n/ Day

or

| ess per volune of 100m, or preferably 1m/Day or |ess, and the speed

of noi sture perneation of 59/Day or less per volume of 100m, or preferably

1g/ Day or

| ess. As exanpl es of the gas-inperjreabl e container, a case nade

of synthetic resin such as polyethyl ene, pol¥propyl ene, nyl on, polyester,

vinyl chlori %@-ef%@aﬁgyfﬂ%uﬂ‘%o@ YO 1o preferably 5 hours to 2

days.

To be specific, the rust-proof agent comprises an
unsaturated fatty acid compound, or an unsaturated fatty acid
compound and a hydrocarbon compound having unsaturated groups
as the main component.

A rust-proof agent composite méy contain at least one of
an oxidation promoting sﬁbstance, a basic substance and an
absorption substance other than the above-mentioned main
component.

The unsaturated fatty acid compound is at least one of an
unsaturated fatty acid and derivatives such as an ester of the
unsaturatéd fatty acid and a salt of the unsaturated fatty
acid. The number of carbon atoms in the unsaturated fatty
acid compound is preferably 10 or more. As the unsaturated
fatty acid compound, at least one of oleic acid, linoleic
acid, linolenic acid, arachidonic acid, parinaric acid, dimer
acid, lithinolein acid, ricinoleic acid, esters thereof,'fats
and oils containing these esters, and metal salts should
preferably be used.

The hydrocarbon compound is preferably chain hydrocarbon,

which has one or more unsaturated groups such as double-bonded

carbon atoms, or may be an ocligomer or polymer of monomers of
a hydrocarbon chain, or a derivative of a hydrocarbon chain.
A substituent of the.derivative suqh as hydroxyl group and
formyl group may exist. Examples of the hydrocérbon_chain
having unsaturated groups are oligomers or polymers of
butadiene, isoprene, or 1,3-pentadiene, and squalene. The

This Sheet Has Been Repla : This is the replacement sheet
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a bag of laminated materials nade of filns or sheets of vinyl chloride,
vi nyl i dene chIoﬁmdﬂwaﬂykaamRﬁmkmethylene pol ypr opyl ene, and pol yester may
bt used. Wen thqg plastlc filmor sheet, it is preferable to
deposit al um num sel eni um di oxi de or the like on the
surface of the plasti m or sheet in order to secure the resistance to

gas perneati on. Nbreover, a netal foil suchj,as an alum numfoil is
sonetinmes used to lamnate the plastic Filme- Furthernore, as the

gas- i nper meahl 6 GONLRI BEEroh"§EEMLSiR this hydrocarbon chain is preferably

10 or more. However, contamination of impurities in the main

component of the present invention cannot be avoided as long
as the objective éf_the present invention is achieved.

A preferable example of the main component of the rust-
proof agent composite is a transition metal salt of
unsaturated fatty acid, or a mixture of transition metal salt
of unsaturated fatty acid and unsaturated fatty acid, or more
preferable mode is a ﬁixture of such compound and hydrocarbon
polymers having unsaturated groﬁps. The prevention of the
oxidation of metél is improved by the co-existence of
reductive gas in the container. The above-described main
component generates reductive gas such as hydrogen and carbon
monoxide when the main component absorbs oxygen. When
accommodating the member including metal in the gas-
impermeable contéiner together with the rust-proof agent
packet, the inside of the gas-impermeable container may be
previously replaced with reductive gas.

An oxidation promcting_substance serves as a catalyst of
an oxygen absorétion reaction by the main component. Examples
‘of the oxidation promoting substance are compounds of
transition metals such as iromn, cobalt, chrome, copper and
nickel. As the ﬁransition metals, for example, ihorganic acid
salts such as sulfuric acid salt, hydrochloric acid salt and
nitric acid salt, organic acid salts such as fatty acid salt
and unsaturated fatty acid salt, or amine complex of .
transition metals are used. It is preferable to mix the

oxidation promoting substance with the main component equally.

This is the replacement sheet
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metal can nmade of iron, tin plate, stainless or alumnum and a plastic

packi ng naterial rfhigS nReplacehe petal can. I n sone cases, the
naterials used for - ﬁeable container are treated to elimnate
static electricity ol der bondi ng nmet hod of the present

i nvention is performed by previously applying a subvital postflux over the
metal surface of the object to be bonded qgﬂypy heati ng and

As mentioned above, the oxidation promoting substance may be
in thg form of a2 metal salt of the unsaturated fatty acid used
for the main component.

A basic substance absorbs or neutralizes corrosive
substances such és sulfuric compounds and halogen compounds,
which diffuse through the preservation container, and acid
(acidic) substances which are generated by the oxygen
absorption reaction of the main component such as unsaturated
fatty acid compounds. There is no special limitation as to
the basic substance to be used as long as the above-described
purpose is achieved. As preferable basic substances, oxides,
hydroxides, carbonates and organic acid salts of alkali metal
or alkaline earth metal, and organic amines may be listed, and
such basic substances that neutralize acid substances.

An absorption substance absorbs moisture which oxidizes
metals and more preferably absorbs even acid substances. With
regard to the main component such as the above-mentioned
unsaturated fatty acid compound and the hydrocarbon compound,
when it is held by a carrier, the area contacting oxygen
extends and the speed of oxygen absorption increases. The
‘absorption substance that also serves as such a carrier is
preferable. Examples of the absorption substance are paper
made of natural pulp, silica gel, activated carbon, zeolite,
activated clay and diatomaceous earth.

A rust-proof agent composite contains a main component,
an oxidation promoting substance, a basic substance and an
absorption ageﬁt as described above. The proportion of the

respective components is preferably within a range of 0.01 to
This is the replacement sheet
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-13- nelting_the setder—Tetal. The solder netal to be used is an alloy

containing tin. The ratjhanfépldctdn contained is 5 to 95% The sol der netal

shoul d preferaEW' of tin and | ead. The subvital postflux is a
& gﬁ“&\m al cohol and al so contai ns hal ogen conpounds

sol ution of rosi
such as hydrochl and hydrogen fluoride salt. However, the

anount of the hal ogen conpounds contained iin the postflux is small. The
anount of the hal ogen conpounds cont ai ned™iLtA~

10 parts by weight of the oxidation promoting substance, 1 to
1000 parts by weight of the basic substanée, and 10 to 1000
parts by weight of the absdrption substance against 100 parts
by weight of the main component.

Among the coﬁponents of the above rust-proof agent
composite! it is desirable to have the liquid substances held
on the absorption substance and these substances combined.
There is no limitation as to the shape of the rust-proof agent
composite, and the shape may be adjusted into a grain, tablet
or sheet as appropriate.

The above rﬁst-proof agent composite is used as a packet
which is wrapped with a packing material having permeability,
that is, having an oxygen permeation speed of 1000ml/m’ atm* Day
or more. There is no limitation as to the air-permeable
pécking material and composition thereof. For example, the
rust-proof agent composite may be filled in a sheet of paper,
non-woven cloth, poroﬁs plastic film or sheet, or a laminated
lmaterial of these materials, and its peripheries are sealed by
heat.

This packet may be double wrapped with a gas~permeable
packing material of which the oxygen permeability is
1000ml/hf'atm'Day_or more, the humidity isllg/hf'Day or more
and, when air is permeated, the collection efficiency of dust
in the size of 0.3pm or more is 50% or more.

Thére-is no limitation as to the shape of the above-
described rust-proof agent packet, but a small bag shape, a

sheet shape or a blister package may be listed as examples of

the shape. This is the replacement shest
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the subvital postflux is, as the amount of hal ogen, 0.2%or |ess, or
preferably 0.1% er—tess—or—rore—preferably 0.05% or | ess. Wien the sol der

bondi ng i s conductgd, . th bwvi postflux is applied over the netal
surface of, for ex 'eti?lassﬂtéenrﬁ‘e ﬁLegubstrate, which is the object to be
bonded by sol der, bt mm‘m h as brushing, foam ng or spraying, and
t he subvital postfl d dried at a tenperature of 50[err] to

300[err]. In this. case, the anount of the pb&tflux applied is 10 to

1000g/[err], or preferably 15 to 80Qg/[err]. Then, the'net%! .
As a gas-impermeable container used for the preservation

of an electronic material in the present invention, a bag,

. case, can or the like whose material is made of gas-
impermeable plastic or metal may be used. The gas-impermeable
container has a speed of oxygen permeation of 5ml/Day or less
per volume of 100ml, or preferably lml/Day or less, and the
speed of moisture permeation of 5g/Day or less per volume
100ml, or preferably 1lg/Day or less.

As examples of the gas-impermeable container,_a case made
of synthetic resin such as polyethyléne, polypropylene, nylon,
polyester, vinyl chloride, polystyrene, and polycarbonate, or
a bag of laminated materials made of films or sheets of vinyl
chloride, vinylidene chloride, nylon, poiyethylene,
polypropylene, polyester and the like may be used. When the
material is a plastic film or shéet, it is preferable to
deposit aluminum, silicon dioxide, selenium dioxide or the
like on the surface of the plastic film or sheet in order to
secure the resistance to gas permeation. Moreover, a metal
foil such as an aluminum foil is sometimes used to laminate
the plastic £film.

Furthermore; as the gas-impermeable container, there is a
metal can made of iron, tin plate, stainless or aluminum, and
a plastic packing material may be used for the metal can.

In some cases, the materials used for the gas-impermeable x
container are treated to eliminate sﬁatic electricity charges.
The solder-bonding method of the present inventiomn is
performed by previocusly applying a subvital postflux over the

metal surface of the object to be bonded and by heating and
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to be bonded-and-the counter nenber are bonded with sol der netal which is
to 300[err]. Alternatively, there is a
¥am which is made by changi ng the powder of

heat ed and nel ted _at 200[err

béndi ng met hod™ ¥

t he sol der conp u ste formand which contains subvital
postflux. In thi 1Hbl der creamis applied on a nenber such as a

W ring substrate, is heated by infrared rays up to a tenperature of
200[err] to 300[err] and is bonded. -13-

melting the solder metal. The solder metal to be used is an
alloy containing ﬁin. The ratio of tin contained is 5 to 95%.
The solder metal should preferably be an alloy of tin and
lead.

The subvital postflux is a solution of rosin dissolved in
alcohol and also contains halogen compounds such as
hydrochloride of amine and hydrogeh fluoride salt. However,
the amount of the halogen compounds contained in the postflux
is small. The amount of the halogen compounds contained in
the subvital posfflux is, as the amount of halogen, 0.2% or
less, or preferably 0.1% or less, or more preferably 0.05% or
less.

When the solder bonding is conducted; the subvital
postflux is applied over the metal surface of, for example, a
wiring substrate, which is the object to belbonded by solder,
by a method such as brushing, foaming or spraying, and the
subvitai postflux is heated and dried at a temperature of 50°C_
to 300°C. 1In this case, the amount of the postflux applied is
10 to 1000g/m’, or preferably 15 to 800g/m’. Then, the metal
to be bonded and the counter member are bonded with solder

'metal which is heated and melted at 200°C to 300°C.

Alternatively, there is a bonding method using solder
cream which is made by changing the powder of the solder
component into a paste form and which contains subvital
postflux. In this case, the solder cream is applied on a
member such és a wiring substrate, is heated by infrared rays

up to a temperature of 200°C to 300°C and is bonded.
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-14- BRI EF EXPLANATI ON OF THE DRAW NGS Fi gure 1 shows the changes in the
oxygen content of the rust- proof agent packet (25[err]) with the passage of

tFme in the hernﬁhxssmemkﬁliwd)ndltmn Fi gure 2 shows changes in the

hum dity of the r packet (25 C) with the passage of time in
the hernetically Fi gure 3 shows changes in the hydrogen

ul fide content of ~14-

BRIEF EXPLANATION OF THE DRAWINGS

Figure 1 shows the changes in the oxygen content of the
rust-proof agent packet (25°C) with the passage of time in the
hermetically sealed condition.

Figure 2 shows changes in the humidity of the rust-proof
agent packet (25°C) with the passage of time in the
hermetically sealed condition.

Figure 3 shows changes in the hydrogen sulfide content of
the rust-proof agent packet (25°C) with the passage of time in
the hermetically sealed condition.

.Figure 4 5hows-the reservation period and the bonding
properties of solder (zero-cross time) on the test pieces
gilded with copper.

Figure 5 shows the preservation period and the bonding
properties of solder (zero-cross time) on the test pieces
gilded with silver.

Figure 6 shows the preservation period and the bonding
properties of solder (zero-cross time) on the test pieces'

gilded with solder.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Examples of the present invention will be described
hereinafter. However, the present invention is not limited to

the following examples.
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t he rust-proof agent packet (25[err]) with the passage of tinme in the
herneti cal | y TisshetlHas®eeh Reéplated Fi gure 4 shows the preservation period and

the bondi ng pr | der (zero-cross tinme) on the test pieces
gilded with co shows the preservation period and the bondi ng
properties of solder (zero-Cross tinme) on the test pieces gilded wth
silver. Figure 6 shows the preservation peé%pd and the bondi ng properties

of solder (zero-cross tine) on the test piéces
Example

(Preparation of Test Pieces)

Copper, silver and solder metal were gilded respectively
in the thickness of 5p¢m on a copper plate (size: 1.27mm width
x 60mm léngth x 0.5mm thickness). The gilded copper plate was
cleaned in water, dipped in ethanol at a temperature of 23°C,
and dried in blast at a temperature of 24°C to prepare three

'kinds of test pieces gilded with copper, silver and solder.

(Manufacture of Rust-Proof Agent Packet)

0.2g of cobalt naphthenate was dissolved in 1.0g of a
mixture which is comprised of 0.5g of polybutadienel
(viscosity: 200 poise) and 0.5g of fatty acid of soy bean oil.
Thé obtained solution was-impregnated into 5g of granular
diatomaceous earth, and then the diatomaceous earth was coated
with 0.1g of slaked lime to manufacture a granular composite.
This granular composite (total weight: 6.3g) and 2.5g of the
granular calcium oxide were wrapped with an air-permeable
packing material (70 x 70mm), which was formed by laminating
paper and a porous polyethylene film, wi;h the polyethlene
film inside. Then, the peripheries of the packing material

were sealed by heat to manufacture a rust-proof agent packet.

(Gas Absorptivity of Rust-Proof Agent Packet)

One piece.of the_rust—pfoof agent packet was accommodated
Iin a bag sealed on three sides (size: 220 x 300mm, surface
area: 0.1lm’, oxygen permeation speed: 0.044ml/24Hr). This bag

was made of a silicon dioxide deposited combined film which

This is the replacement sheet
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gilded with solder. DESCRIPTTON'OF THE PREFERRED EMBODI MENTS Exanpl es of
t he present |nvenhgggqnmgguﬁ) &gcrlbed herei nafter. However, the present

i Aivention is not lmlmllll "IIII fol |l ow ng exanpl es. -15- Exanpl e

was formed by depositing silicon dioxide on the inside of

-16~-

polyethylene terephthalate and by 1aminating'polyethylene and
the polyethylene terephthalate with the polyethylene facing
inside. The bag was filled with 500ml of air (humidity:
65RH%, content of hydrogen sulfide: 7ppm) and its opened
portion was hermetically sealed by heat.

Figures 1, 2 and 3 respectively show changes with the
passage of time in the oxygen content, humidity and hydrogen
sulfide content when this bag with the rust-proof agent packet
accommodated inside in a hermetically sealed manner was left.

alone at a temperature of 25°C.

(Preservation of Test Pieées)

Each piece of the above-described three kinds of test
pieces was accommodated in a hermetically sealed manner with
500ml of air in the bag of the silicon dioxide deposited
combined film sealed on three sides (size: 220 x 300mm) which
is the same as the bag described above. This bag with the
test piece and the rust-proof agent packet accommodated inside
in a.hermétically sealed manner was once retained at a
temperature of ZS;C for 1 day, and then was preserved under
the atmosphere of RH95% or more at the temperature of 40°C.

Table 1 shows the oxygen content and humidity within the
sealed bag under éreservation and Figure 2 shows the
concentration of the reducti&e gas detected by gas
chromatography. Table 3 shows the state of discoloration of

the test pieces under preservation.
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(Preparatlon of Test Pieces) Copper, silver and solder netal were gil ded
r espect ively—in—the thickness of 5[err] on a copper plate (size: 1.27nmm

wiEdt h X 6 BrerXRéPlacedM t hi ckness). The gi |l ded copper plate was cl eaned
in water ol at a tenperature of 23[err], and dried in bl ast
at a terer?T ﬁé “E r] to prepare three kinds of test pieces gilded
W th copper sol der. (Nhnufactur% of Rust-Proof Agent Packet)

0. 2g of cobalt napht henat e was di ssol ved i 0g of a mxture which is

conpri sed Of[QaEQeOE]thXREQQd%EEE the Passage of Time in the Oxygen
Content and Humidity in the Preservation Condition

- | Oxygen Content (%) Humidity (RH%)
Material o B
lwk.|]2wks.}]1mo. |1l wk.}| 2 wks. |1 mo.
3 4). S}
Ex.» copper 0.02 0.02 0.01 1 2 4
silver 0.01, 0.02 0.01 0 1 3
solder 0.01] 0.01 0.02 1 1 3
Com. copper 20.21 | 20.46 20.51 S 15 37
Ex. 1 silver 20.58 | 20.76 . | 20.77 7 21 41
n solder 20.51 1 20.75 1 20.74 6 18 39
Com. copper 1.21 1.74 2.32 28 54 81
Ex. 2 silver 1.89 2.44 3.42 31 57 88
solder 1.59 2.12 3.18 32 57 8

Note 1) Ex: Example
" Note 2) Com. Ex: Comparative Example
Note 3) wk: week
Note 4) wks: weeks
Note 5) mo: month

[Table 2] Changes with the Passage of Time in the
Concentration of Reductlve Gas in the Preservation

Condition
Hexane | Butyr-
Mate- Co (%) H, (%) (%) aldehyde
rial . (%)
1 wk. 1 mo. 1 wk. 1 mo. 1 mo. 1 mo.
Ex. copper | 0.32| 0.41 0.24 0.25 0.02 5
silver 0.31 0.38 0.25 0.27 0.03 4
solder | 0.34 0.39 0.22 0.24 0.03 5
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(viscosity: 200 poise) and 0.5g of fatty acid of soy bean oil. The obtai ned
solution was’ 1 npregnated into 5g of granul ar di atomaceous earth, and then

t he di at omacemhisSheéaHadBashReptdoad ed with 0. 1g of slaked linme to manufacture a
gr anul ar conpoj ul ar conposite (total weight: 6.3g) and 2.5g
of the granulal [ were w apped with an air-perneabl e packing
material (70 x , Ich was formed by |am nating paper and a porous

pol yethylene film with the pol yethlene fiTHHTnside. Then, the peripheries
of the packing material were sealed by heat to manufacture a rust-proof

agent paCket[Table 3] State of Discoloration of Preserved Test Pieces

_ State of Discoloration
Material
B * Before 1 week 2 weeks | 1 month
preser-
vation
Ex. copper - - - -
silver - - - -
solder - - - -
Com. | copper - - + ++
BEx. 1 | silver - - + +
_solder = — + ++
Com. copper - + -+ ++
Ex. 2 | silver - + + ++
solder - + o+ b+

Note: 'State of discoloration
~ ¢ no discoloration
+ : distinguishable slight discoloration
++: substantial discoloration
+++: overall discoloration
(Solder Bonding Properties Test)

The test piece, which was accommodated in a hermetically
sealed manner together with the rust~-proof agent packet, was
taken out of the bag and the bonding properties of solder were
measured by the following method. However, with regard to the
test piece gilded with copper, the thickness of the oxide

layer over the metal copper surface was measured by an

electrolytic reduction method.

Testing Method of Solder Bonding Properties (meniscus graph
method)

" A flux R type (25% isopropanol solution of rosin,
chlorine content: 27ppm) was applied over the test piece in an

application concentration of SSg/nf with a brush, and the test

This is the replacement shest

04 OCT B

Dai®:



(Gas Absorptivity of Rust-Proof Agent Packet) One piece of the rust-proof

agent -packet was accommpdated in a bag sealed on three sides (size:

300mm surf

220 X

H?' Been r1, oxygen permneation speed: O0.044m /24H).
Thi s bag was ﬂ con di oxi de deposited conbined film which
-16- was fori ng: silicon dioxide on the inside of

: ~19~
piece was dried in hot air for 2 minutes at a temperature of
120°C. The solder bonding was performed on this test piece on
the conditions subject to MIL-STD-883C 2022.10. The bcnding
properties of solder were evaluated by zero-cross timef '
1. Measurement Device: mdde by RESUKA Kabushiki Kaisha
SAT-5000 Type

2. Measuring Conditions

Items Conditions
Solder JIS H63A (Sn63%)
Flux R Type (rosin 25% IPA
solution)
Temperature of Solder | 245°C
Bath _
Dipping Time 5 seconds
Dipping Depth 2mm
Dipping Speed 25mm/sec

According to this testing method, when the test piece is
dipped in the solder bath, buoyancy acts on the dipped test
piece at first, and then the melted solder metal piles up
above the test piece'because of surface tension and the test
piece looses buoyancy. The zero-cross time is the period of
time that lapses between the beginning of the dipping and the
time when the.buoyancy is lost. The zero-cross time is
measured automatically. Therefore, a reciprocal number of the
zero-cross time indicateé the piling-up speed of the melting
solder metal. A smaller value of the zero-cross time

indicates better bonding properties of solder with metal.
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pol yet hyl ene terephthal ate and by | am nating pol yet hyl ene and t he
pol yet hyl ene thbémlﬂmlBa@éie paeth t he pol yet hyl ene facing inside. The bag was

filled with 500
7ppm and its o

and 3 respectively s
hum dity and hydrogen sul fide con%gnt when this bag with the

content,

rust - proof ‘agent packet accomodated insid

was hernetically sealed by heat. Figures 1, 2

l 1dity: 65RH% content of hydrogen sulfide:
ow changes wth the passage of tine in the oxygen

Tn a hernmetically seal ed manner

was left. alond i< MUY ¥¢'lckide Tildde

obtained.

Measurement Principle: electrolytic reduction method

Measurement Device: made by HARIMA CHEMICALS, Ltd.,
BOARD-O~TESTER

Measurement Unit: The quantity of electricity required
for the reduction of copper oxide to metal copper at the
electric potential of ~-800mV was converted into the thickness
of Cu,0 in the following expression, and the oxide contént was
§= 71.5°i°t/96500.6

§: thickness of oxide (nm)

i: current density (coulomb/second.cm’)
t: time (second)

test piece: 10 x 60 x 0.5mm

Figures 4;_5 and 6 show the relationship between the
presérvation period and the bonding properties of solder
(zero-cross time). Moreover, Figure 4 shows the relationship
between the thickness of the oxide layer and the bonding
properties of soclder with regard to the test piece gilded with
copper at the time after gilding treatment befofe preservation

and at the time one month after preservation.
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(Preservation of Test Pieces) Each piece of the above-described three kinds
of test pieces Masshak BayBw@RdpRedi N a hernetically seal ed manner with 500

of air in the ba n di oxi de deposited conbined filmseal ed on
three sides (siz
above. This bag

which is the sane as the bag descri bed
| ece and the rust-proof agent packet

accommodated inside in a hernetically seals&ananner was once retained at a

tenperature of 25[err] for 1 day, and then s preserved under the

atnosphere Qi RHWO% ProfPhibndls (¥ SR UF H & fdde piece Gilded

with Copper before Preservation and One Month After

Preservation

Before Pre- Example Com. Ex. 1 | Com. Ex. 2

servation
Thickness 49,55 49,55 496,525 401,547
of Oxide
layer (nm)
Zero-Ccross 0.4; 0.5 0.4, 0.5 © , ® ® , @
Time
{second)

Note Thickness of Oxide layer: Cu,0 conversion

Comparative Example 1.

Three kinds of test pieces gilded with copper, silver and
solder were preserved in the same manner as in Example except
that the content of the packet of the Example was changed to
3g of silica gel (Type A) in order to make a packet of

~desiccant in the same procedure as in the Example.

Comparative Example 2

Three kinds of test pieces respectively gilded with
copper, silver and solder were accommodated in preservation
bags of silicon dioxide deposited combined film together with
500ml of.nitrogén gas in a hermetically sealed manner as in
the Example, however, withéut using an anticorrosive packet.
In this case, since the air within the presexrvation bags could
not be completely replaced with nitrogen gas, the oxygen
content within the bags was 0.7% when sealed. The
preservation bags containing these test pieces in a
hermetically sealed manner were preserved in the same method

as in the Example.
This is the replacement sheet
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Table 1ls ontent and humdity wthin the seal ed-bag under
preservatiq %@ A En Repibaws the concentration of the reductive gas
detected by" E‘ phy. Table 3 shows the state of discoloration of

e

the test pie rvation. [ Tabl e 1] Changes with the Passage
of Time int nt and Hum dity in the Preservation Condition
-22-

The test piecés preserved in Comparative Examples 1 and 2
were taken out of the bags, and the bonding properties of the
solder were measured as in the Example. With regard to the
test pieces.gilded with copper, the thickness of the oxide
layer over the surface of copper was measured by the
electrolytic reduction method.

The results of Comparative Examples 1 and 2 are shown
respectively in Table 1, Table 3, Table 4, Figure 4, Figure 5,
and Figure 6 together with the results of the Example.
However, no reductive gas was detected in the preservation
condition used in Comparative Examples 1 and 2.

The bohding properties of solder may be evaluated by
zefo-cross time. The zero-cross time varies depending on the .
types of metal, but it is preferable to have a shorter zero-
cross time. As it is obvious from Figure 4 (copper gilding),
Figure 5 (silver gilding) and Figure 6 (solder gilding) which
show the relationship between the preservation period and the
bonding properties of solder (zéro-cross time), the zero-cross
times of the test pieces preserved in the method of the
present invention, even if the preservation period is long, is
the same as the zero-cross times immediately after gilding and
the bonding properties of solder are extremely well
maintained. On the contrary, in Comparative Examples 1 and 2,
the zero-cross times of all the test pieces changed. Even in
the case of Comparative Example 1 when the test pieces were
accommodated in the bags in a hermetically sealed manner
together with the desiccant, the bonding properties of solder

deteriorates with the passage of time. This is the replacemﬁnt sheet
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Oxygen ConterTF(O/c) Hum'dty (RH Material 1 wk. 2 wks. 1 no. 1 wk. 2

wks. 1 no. EX. [B1as Been Rs lac@l 02 0.02 0.01 1- 2 4
stlver 0 01 1 3 solder - 0.01 0.01
0. 02 copper 20.21 20. 46 20.51 5

15 37 Ex 58 20 76 20. 77 7 21 41

sol der 20. 51 20 75 20 74 %% 39 Com copper

1.21 1.74 2. 32 54 817<~~

The reasons for good bonding properties of solder when
using the method of the present invention will be considered
hereafter. In the method of the present invention, as it‘is
obvious in Tables 1 and 2, by accommocdating a member including
metal in a hermetically sealed manner together with a rust-
proof agent pécket in a gas-impermeable container, oxygen,
moisture and corrosive subsﬁances in the preservation
container are absorbed by the rust-proéf agent, and reductive
substances are generated due to oxygen absorption reaction of
the main component of the rust-proof agent. Accordingly, we
may consider that, in the method of the present invention, the
preservation of the metal member under a reductive atmosphere
where no oxygen, moisture or corrosive substances actually
exist, and where reductive gas co-exists with the metal
member, prevents the formation of an oxide layer over the
metal surface which.is to be bonded by solder, and that
reducﬁion of the oxide enables the maintenance of good bonding
properties of solder. The reduction occurring in the oxide
over the métal surface is confirmed by, for example, a change
in the charge of cdpper oxide from copper(II) to copper(I)
over the metal copper surface of the test pieces gilded with

- copper.

According to the present invention, the oxidation of a
metal surface may be inhibited and good bonding properties of
solder may be maintained by accommodating a membér including
metal, which is the object of solder bonding, in a gas-
impermeable container in a hermetically sealed manner together

with a rust-proof agent packet. As a result, good bonding
' This is the replacement sheet
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42 31 57 88 sol der
8 Note 1) Ex: Exanple Note 2)

Ex. 2 silver —1-89 244 3

57 .
2s.B lasad \k: week Note 4) wks: weeks Note 5)
, e Passage of Tinme in the Concentration

1.59 2.12 3.18... 32
Com Ex: Conparati v& i
mo: nonth [Table 2] CiyAbg
of Reductive Gas in t '

n Condition

~24~
properties of solder may be realized even using a postflux
containing a small amount of halogen. Especially in the field
of electronic mate:ials, since the use of the postflux
containing a small amount of halogen allows the amount of the
remaining halogen to be kept to an extremely small amount, it
is unnecessary to give a cleaning treatment using organic
halogen-based solvents or water containing surface active
agents, the cleaning steps may be simplified, and cost
reduction may be promoted. Moreover; the present invention
will not add to environmental pollution due to organic
halogen-based solvents and will contribute to the preservation
of the global environment.

In other words, the method of the present invention
enables preservation or transportation of the member including
metal by retaining it under a reductive atmosphete where no
oxygen, moisture or corrosive substances exist and where
reductive gas co-exists with the material, by an extremely
simple method at a low cost and without loosing the bonding
properties of solder. Accordingly, the use of the postflux
containing a small amount of halogen easily allows the solder

bonding.
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Fbxané'ButyL,—NhPe——————‘TJJ’?Q[err](@6 (% al dehyde rial 1 wk.

MDs Been REPRaced 1 copper 0.32 -0.41 0. 24

R e e

||II|II| I

‘What is claimed is:

1. A method of bonding a metal by solder, which method
compriSes the steps of:

applying a flux containing a small amount of halogen compounds
over the portion, which is to be bonded by solder, of a member
including metal which is preserved in a gas-impermeable
container together with a rust;proof agent which absorbs
substances that oxidize metals; and |

bonding by solder the portion on which the flux is applied.

2. A method according to Claim 1, wherein said rust-proof

agent is wrapped with a gas-perﬁeable packing material.

3. A method according to Claim 1, wherein the amount of
halogen compounds contained in said flux is 0.2wt.% or less as

the amount of halogen.

4. A method according to Claim 1, wherein said metal is at
least one of copper, silver, iron, zinc, lead, tin, nickel or

gold.

5. A method according to Claim 1, wherein said member is an

electronic member used in the electronic field.

6. A method according to Claim 2, wherein said rust-proof
agent is an oxygen absorbing agent which absorbs oxygen in a

dry condition.
| This is the replacement sheet
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-18- [Table 3}—5%&%9~9L—ELschoLaIion of Preserved Test Pieces State of
Di scol oration ef ore 1 week 2 meeks '—&fﬂﬂﬂ%h—pﬁesei__ﬁ__

e i i

-26-

7. A method according to Claim 1, wherein said rust-proof
agent absorbs oxygen, moisture and corrosive substances within

the container.

8. A method according to Claim 1, wherein the oxygen content

within the container is 0.5% or less.

9. A method according to Claim 1, wherein said rust-proof
agent removes the substances oxidizing metals out of. the .
container within a few hours and also removes the substances

oxidizing metals which permeate through the container.

10. A method according to Claim 1, wherein the periocd of time
that is necessary for the rust-proof agent to absorb oxygen
within the container until it reaches a state of no oxygen, is

adjusted to be within a range from 2 hours to 5 days.

11. A method according to Claim 1, wherein said rust-proof

agent comprises an unsaturated fatty acid compound as a main
component, an oxidation promoting substance, which functions
aé a catalyst of the oxygen absorption reaction by the main

component, a basic substance, and an absorption substance

which absorbs moisture.

12. A method according to Claim 11, wherein said rust-proof
agent further comprises a hydrocarbon compound including
unsaturated groups as a main component.
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Ex. 1 silver + solder

+ ++ Com —s Ex ,
silver : Thlsaphee* BeenRe laced o+ sol der —+

++ +++ Not | “Hl scol oration - : no di scgclﬂiuﬂulﬂyﬂmmuﬂ l“l
di stingui shabl e s tlon ++: substanti a

overall discoloration 27

13. A method according to Claim 12, wherein said hydrocarbon
| compound is a polymer of monomers which consist of hydrocarbon

chains.

14. A method according to Claim 11, wherein said unsaturated
fatty .acid compound is at least one of unsaturated fatty acid,

ester thereof and salt thereof.

15. .A method according to Claim 14, wherein said salt of

unsaturated fatty acid is a transition metal salt.

16. A method according to Claim 11, wherein said oxidation

promoting substance is a transition metal salt.

17. A method according to Claim 11, wherein said basic
substance is at least one of alkali metal salt, alkaline earth

metal salt, organic acid salt and organic amines.

18. A method according to Claim 12, wherein said absorption
substance further absorbs acid substances and holds the main

component of the rust-proof agent.

- 19. A method according to Claim 12, wherein the content of
respective components of the ruét—p:oof agent is 0.01 to 10
parts by weight of the oxidation promoting substance, 1 to
1000 parts by weight of the basic substance, and 10 to 1000
parts by weight of the absorption substance against 100 parts

by weight of the main component.
o s P This is the replacemant sheet
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( Sol der BondLng—FiepeF%Fes—¥es%% The test piece, which was accommodated in
a hernetically_se Ie gether with the rusL_pLQQL_agenL_pacKet mas

taken out of t me di ng properties of solder were neasure

the fol |l owi ng u WI th regard to the Lﬂlﬂlwmamwﬂmﬁmw t h
copper, the th X|de | ayer over the ce was
measur ed by an electrolytic reductlon neth%% Testing Met hod “of ~Sol der
Bondlng Properties (meniscus graph method)<®~

20. . A method according to Claim 2, wherein the gas
permeability of said packing material is 1000ml/m’* atm- Day or

'more of the oxygen permeation speed.

21. A method according to Claim 1, wherein said gas-
impermeable container has an oxygen permeation speed of
5ml/Day or less per volume 100ml and has a moisture permeation

speed of 5g/Day or less per volume 100ml.

22. A method according to Claim 1, wherein the applied amount

of flux is 10 to 1000g/m’.

23. A method according to Claim 1, wherein the member
including metal is preserved under an atmosphere where

reductive gas co-exists within the container.

24. A method according to Claim 23, wherein said rust-proof

agent generates reductive gas by oxygen absorption.

25. A method according to Claim 1, wherein said rust-proof
agent absorbs substances that oxidize metal in a dry

condition. .

26. A method according to Claim 1, wherein said member is a

metal material.
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A flux R type (25% i sopropanol solution of rosin, chlorine content: 27ppm
was applied over the test piece in an application concentration of
55g/ [err] wLLh,a_bLush——aﬂd‘Thé t est -19- piece. was dried in hot air for

2 mnutes at e ﬂg%g gfq 120[ err]. The sol der bondi ng was performed on
this test pié"é i‘fﬁn “\“]“ tlons Subj ect to M L-STD 883C 2022.10. The

bondi ng 29

A METHOD OF BONDING A METAL BY SOLDER

ABSTRACT

The solder bonding is conducted by applying a postflux,

. which contains halogen compounds in the ratio of 0.2% or less
as the amount of halogen, over a metal surface, which is the
portion to be bonded by solder, of.a member including metal
accommodated in a gas-~impermeable container in a hermetically

sealed manner together with a rust-proof agent packet.

The method of the present invention prevents, in an
extremely simple way and at a low cost, the oxidation of the
metal surface by retaining the member including the metal
under a reductive atmosphere in which no oxygen, moisture or
corrosive substances actually ekist, and in which reductive
gas co-exists with the material including the metal member,
and the use of the flux containing a small amount 6f halogen
eésily enables good bonding properties of the solder.
Accordingly, it is unnecessary to remove the flux by organic
halogen'based solvents after the solder bonding, the cleaning

steps may be simplified and cost reduction may be promoted. |

FIGURE 1
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properties of solder were eval uated by zero-cross tinme. 1. Measurenent

Devi ce: made by RESUKA Kabushi ki
Condi tions | M
(Sn63% Fl ux

Sol der 245y, R Has Been Replaced .

" i

Kai sha SAT-5000 Type 2. Measuri ng
Condi ti ons Sol der JI'S H63A
R Type (rosin 25% 1 PA sol ution) Tenperature

FIG.1

CHANGES ON THE OXYGEN CONTENT OF THE RUST-PROOF

AGENT PACKET WITH THE PASSAGE OF TIME IN THE
HERMETICALLY SEALED CONDITION

e R

o
1

OXYGEN CONTENT (%)

b = - ———---———-—4—-——'.—_'— ______

(m—————— jm =
! 1 ) !

e s e

ABSORPTION TIME (hr)

FIG.2

CHANGES ON THE HUMIDITY OF THE RUST-PROOF AGENT
PACKET WITH THE PASSAGE OF TIME IN THE HERMETICALLY

SEALED CON

DITION

100

HUMIDITY (%RH)

ABSORPTION TIME (hr)
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“Di ppi ng Tine 5 seconds Di ppi ng Depth 2mm Di ppi ng Speed
25mm sec According to this testing nethod, when the test piece is dipped in
‘the sol derg%}%,_@LL’—amaCts on the di pped test piece at first, and then
the nelted netal pil.es up above the test piece because of surface

t ension and fpl&hteERis BetrrReplatedoses buoyancy. The zero-cross time is the
period of ti etween the begpnning of the dipping and the

ti me when thgﬂ“‘m“nmmﬁmtst The zero-craoss tine is

FIG.3

CHANGES IN THE HYDROGEN SULFIDE CONTENT OF THE RUST-
PROOF AGENT PACKET WITH THE PASSAGE OF TIME IN THE
HERMETICALLY SEALED CONDITION

30 ' I 1 1 T

| | 1 I I

! I 1 ! : 1
2544 —— - - O S A P, 4

i ! | | 1

i | 1 ! i

] 1 1 | !
20+4-4-———-—4------ e s Tttt

78 I S, S P -

HYDROGEN SULFIDE CONTENT (ppm)

ABSORPTION TIME (hr)

FIG.4

PRESERVATION PERIOD AND BONDING PROPERTIES OF SOLDER
ON THE TEST PIECES GILDED WITH COPPER

7

T T 1 T T

I | | i !
| ] 1 !
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| ] I

| i 1 : 1
I B At Sl ey’ i
I i t | I
——— e e e e ] ———— — L___/r.____:.__
| | ! 1
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I

ZERO-CROSS TIME (second)

PRESERVATION PERIOD (month)

o: EXAMPLE  +: COMPARATIVE ¢ : COMPARATIVE
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made by . HARL VA_CHE

The present invention relates to a solder bonding method

for

BACKGROUND OF THE INVENTION

electronic member.

More particularly, the present invention

relates to a solder bonding method which prevents metal from

oxidizing during transportation or preservation and which

enables the solder bonding of metal applying flux, which

contains a small amount of halogen, and without cleaning.

EP-A-0,269,410

makes

disclosures

packaging of semiconductor elements.

concerning

the

It is disclosed that

an

a plurality of semiconductor elements 12 are located within
suitable carriers 13, and a plurality of such carriers 13
are enclosed within a bag 17 or other container. The bag 17
is made from a moisture-proof f£ilm 11 which is air sealed to
enclose the elements 12. To eliminate moisture within the
bag 17, a desiccant is provided within the bag 17 and/or
within the carriers 13.

In this way, contamination by moisture of the
semiconductor elements during si:orage or transport may be
reduced, thereby reducing the risk of damage when the
semiconductor elements are mounted on a substrate. '

EP-A-0,454,437 discio_ses a number of oxygen absorbent
compositions one. of which comprises an oxygen absorbent
composition containing an unsaturated fatty acid compound ‘as
an essential component for use in a method of securely
preventing a photograph, a bearing, a powder being oxidized,
a metal or a product containing a metal. Electronic
packaging and production, vol. 30, no 6, June 1930, pages
95-98 discloses that no clean fluxes are a viable
alternative to CFC cleaning. | -
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t: time (second) test piece: 10 x 60 x 0.5nMm Figures 4, 5 and 6 show the
rel ati gnshi p between the preservation period and the bondi ng properties of
sol der (zero-cross tinme). Mreover, Figure 4 shows the relationship between
t he” t hi ckness of the oxide |ayer and the bonding properties of solder wth
- regard to the test piece gilded with copper at the tine after gilding
treatnment before preservation and at+ fthe~ti ne one nonth after preservatlon.
When a member including metal is exposed to air during
preservation or transportation, the metal easily oxidizes, an
oxide layer forms over the metal surface, and the bonding
properties of solder on the metal rapidly deteriorates.
Therefore, in order to attain good bonding properties between
_the metal and solder by removing the oxide layer on the metal
surface, flux (postflux) is applied on the portion to be
bonded with the other material 6r member by solder bonding.
However, the postflux usually contains halogen compounds, and
when the postflux containing a large amount of halogen
compounds is used in the solder bonding of a member having
metal, especially an electronic member used in the electronic
field, the remaining halogen compounds cause the corrosion of
metal and lowers the electrical insulatability. Therefore,
the halogen compounds remaining on the electronic member after

application of solder are removed by cleaning treatment with

organic halogen based solvents such as chlorofluoro hydro-
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.-21- [Tabl e 4] Thickness of Oxide Layer of the Test Piece Glded with
Coppers before Preservation and One Month After Preservation Before Pre-
Exanpl e Com Ex. 1 Com Ex. 2 servation Thickness 49,55 49, 55
496, 525 401, 547 of xide

-2~
carbon, chlorochydro hydrocarbon and fluoro hydrocarbon, and
water containing surféce active agents. waeQer, the use of
organic halogen-based solvents tends to be prohibited by
international conventions in order to prevent the destruction
of earth’s environment such as the ozone layer, thereby
limiting the applicability of flux containing a large amount
of halogen compounds to the solder bonding of electronic
material and/or an electronic member. Moreover, there are
some problems in the water cleaning that waste water '
containing heavy metals agd organic solvents after the water
cleaning has to be treated in order not to contaminate the
earth’s environment with heavy metals and organic solvents and
that drying after the water cleaning costs a consideréble
amount of money.

Because of the above-mentioned circumstances, no cleaning
technology which does not reqiire cleaning after the solder
bondihg when organic halogen based solvents are used has been
developed by applying a postflux containing a small ambunt of
halogen compounds (hereinafter referred to as "subvital
postflux"). In this case, the amouﬁt of the remaining halogen
on a substrate on which parts are mounted by solder bonding
has to be restrained in the amount of 14}tg/inch’ or less. It
is necessary to reduce the amount of halogen contained in the
subvital postflux.

Because of the weak strength of the subvital postflux to
remove oxides, it is necessary to prevent the oxidation of the
member including metal during preservation or transportation.

Therefore, the following preservation methods are usually
This is the replacement sheet
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| ayer (nm) Zero-cross 0.4, 0.5 0.4, 0.5

, Tinme

(second) Note Thi ckness of Oxide |ayer: [err] conversion Conparative
Exanple 1 Three kinds of test pieces gilded with copper, silver and sol der
were preserved in the sane manner. as in Exanpl e except that the content of
t he packet of the Exanple was changed to 3g of silica gel (Type A) in order
to make a packet of

-3~
adopted: accommodating the metal member and a desiccant in a
hermetically sealed manner; or replacing the inside of the
preservation container with inert gas. Héwever, these
preservatibn ﬁethods have not always been satiSfactory; For
example, it is not easy to completely replace the air withinﬁ
the preservation container even by the method of replacing the
inside of the container with inert gas such as nitrogen and
argon. Even if the air is completely replaced, oxygen and
moisture permeate through the packing material into the
container during preservation, and the oxygen content and the
humidity within the preservation container increase, causing
the metal surface to be oxidized. In the method using
desiccants, even if moisture is completely removed, the
proﬁlem that oxidation of the metal occurs still remains.
Moreover, the humidity rises due to moisture that permeates
through the packing material with the passage of time or the:
moisture contained in the object to be preserved, causing
oxidation of the metai surface.

In any case, it was difficult to prevent oxidation of the
metal member by the conventional methods. As a result, there
was a problem that the oxide lajer of the metal member could
not be removed by the solder bonding using the subvital
posﬁflux.

As described above, there was a problem that sufficient
bonding properties could not be obtained by the conventional
method of bonding metal by solder using a subvital pestflux.

The object of the present invention is to provide a method for

This is the replacement shest |

98 NOV 1097

Date:



desiccant in the same procedure as in the Exanple. Conparative Exanple 2
Three ki nds of test pi eces respectively gilded with copper, silver and
sokder were acconmopdated in preservation bags of silicon dioxide deposited
conbined filmtogether with 500m of nitrogen gas in a hernetically seal ed
manner as in the Exanple, however, w thout using an anticorrosive packet.
~In this case, since the air within the preservation bags could not be

conpletely replaced with nltrogen gas, the oxygen content within the bags
was 0. 7% when seal ed. The -4-

enabling a good solder bonding of the metal and other material

or member using a2 no-cleaning subvital postflux.
SUMMARY OF THE INVENTION

After concentrating their energies on study to solve the
above-mentioned problems with the prior art, the inventors

have found that oxidation of metal can be prevented by

accommodating an electronic member including metal in a packet packing
a specific rust-proof agent, which absorbs substances that oxidize metal

such as oxygen, moisture and acid gas, in a gas-imperméable
container in a hermetically sealed manner, and that good
bonding properties of solder such as bonding strength and
cohesiveness may be attained applying a no-cleaning subvital
postflux by removing the substances that oxidize metal within
the container, and the inventors thereby achieved the present
invention. '

The present invention relates to a method for bonding a
metal by solder. More particularly, the contents of the

present invention comprises the step of accomhodating an electronic
member including metal together with a packet of rust-proof agent in

a gas-impermeable container in a hermetically sealed manner
and the step of applying a postflux, containiqg halogen
‘compounds in the amount of 0.2% or less as the amount of
halecgen, on the portion of the metal material to be bonded
with another ﬁaterial and/p: member including metal in order

to conduct the solder bonding. This is the -replacement sheet
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preservation bags containing these test pieces in a hernetically seal ed
manner were preserved in the sane nethod as in the Exanple. -22- The
test pieces preserved in Conparative Exanples 1 and 2 were taken out of the
bags, and the bonding properties of the solder were neasured as in the
“Exanple. Wth regard to the
. - 4a -

Thus the present invention is directed to a

method of bonding a metal by solder which
' comprises the steps of:

(i) preserving an electronic member including
metal in a gas-impermeable container together with a rust-
proof agent which absorbs substances that oxidize metals,

(ii) taking said electronic member out of the
container, ,

(iii) applying solder metal and a flux containing
an amount of 0.2wt% or less halogen compounds as the amount
of halogen on a portion of said electronic member,

(iv) bonding by solder said portion of the
electronic member including metal,
whereby said flux and/or said solder metal may be applied on
said portion before step (i), and whereby said rust proofing
agent comprises an unsaturated fatty acid compound, or an
unsaturated fatty acid compound and a hydrocarbon compound
having unsaturated groups as the main component. '

This is the replacement sheet
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test pieces gilded with copper, the thickness of the oxide |ayer over the
surface of copper was neasured by the electrolytic reduction nmethod. The
results of Conparative Exanples 1 and 2 are shown respectively in Table 1,
Table 3, Table 4, Figure 4, Figure 5, and Figure 6 together with the
results of the Exanple. However, no reductive gas was detected in the
preservation condition used in Conparative_Exanples 1 and 2. The bondi ng
properties of solder may be eval uated by z8ro-cross time. The zero-cross

time varies depe@ggnﬂegﬂohhgf the present invention inhibits the
existence of oxygen, moisture and corrosive substances in the
hermetically sealed condition #s much as possible by
preserving the metal member together with the rust-proof
agent, which absorbs at least oxygen and preferably further
absorbs moisture and acid gas, accommodated in the gas-
impermeable container in a hermetically sealed manner.
Moreover, the method of the present invention prevents
formation of an oxide layer over the metal surface of the

" metal member by keeping an electronic material in an

atmosphere where reductive gas co-exists, and enables the
solder bonding of the metal material using the flux containing
a small amount of halogen.

The member_inéluding metal bonded by solder in the

present invention is

‘an electronic member such
as electronic parts used in the electronic¢s field. The member
including metal may be a metal material itself. |

As examples of metals which are to be bonded by solder,
copper, silver, iron, zinc, lead, tin, nickel and gold may be
listed. An alloy containing two or more kinds of these metals
may be used. When oxygen exists, an oxide layer is formed on
the surface of these metals, and it is assumed that the
formation of the oxide layer may be promoted by the existence
of meisture and corrosive substances such as sulfur compounds
and halogen compounds.
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types of netal, but it is preferable to have a shorter zero- cross tinme. - As
it is obvious fromFigure 4 (copper gilding), Figure 5 (silver gilding) and
Figure 6 (solder gilding) which show the relationship between the
preservation period and the bonding properties of solder (zero-cross tine),
the zero-cross tines of the test pieces preserved in the nethod of the
present invention, even if the preservation period is long, is the sane as
the zero-cross tines imediately after gil.ding and the bonding properties
of solder are extrenely well mai nt ai ned. ~0n t he contrary, in Conparative
Exanpl es 1 and 2,

The electronic member including metal

essentially comprises metallic and plastic materials, and the
metal portions are bonded with other parts, members or
materials by solder. Examples of the electronic member are
electronic parts such as basic elements and wiring substrates.

As basic elements, electronic parts such as cables,
resistors, capacito:s, relays, semiconductor devices and wave
guides may be listed. A wiring substrate is made by forming
conductive metal foils into a pattern and laminating such
pattern over a plastic layer. 1In some case, this wiring
substrate is further gilded with silver, tin or solder, or is
previously coated with a preflﬁx of which the main components
are rosin, and polyester resin. Such electronic -
member gilded with solder or previously coated with preflux
may be preserved without any ﬁbdification togetherwﬁith a
rust-proof agent packet in a hermetically sealed manner.

A solder metal formed into powder or cream may be uséd.
The solder cream ié formed by mixing the powdery solder, the
postflux and organic solvents. The grain size of the poﬁdery
solder metal is 10 to 70pm, or preferably 10 to 50pm.

A rust-proof agent packet is a packet packaging an oxygen'
absorbing agent which easily absorbs oxygen in a dry condition
in a state where no water exists, i.e., an oxygen absorbing
agent which does not require the existence of water in the’
oxygen absorption reaction, or preferably an.oxygen absorbing

agent capable of not only absorbing oxygen but aISO'absorbing
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the zero-cross tines of all the test pieces changed. Even in the case of.
Conpar ati ve Exanple 1 when the test pieces were accommpdated in the bags in
a hernetically seal ed manner together with the desiccant, the bonding
properties of solder deteriorates with the passage of tine. -23- The

- reasons for good bonding properties of sol der when -

-7
moisture and corrosive substances such as sulfur compounds and
halogen compounds.

The rust-proof agent packet is accommodated in a
preservation container together with the member including
metal in a hermetically séaled manner,.and it absorbs oxﬁgen,
moisture and corrosive substances within the preservation
container to make the oxygen content 0.5% or less, or
preferably 0.1% or less, in order to main;ain an atmosphére in
the hermetically sealed condition in a state where no oxygen
actually exists, which inhibits the oxidation of the metal.
Especially, the oxidation of the metal may be inhibited by
removing moisture and corrosive substances such as sulfur
compounds and halogen compounds, which are known to promote
the.oxidation of metalé, preferably within 5 hours, and by
removing these sﬁbstances which permeate through the
container. : .. -

If the speed of oxygen absorption by the rust-proof agent
packet is slow, the metal sometimes becomes oxidized before a-
state of no oxygen is achieved. On the other hand, if the
speed of oxygen absorption is too fast, while the rust-proof
agent is exposed to the atmosphere, the loss of its oxygen
absorbing capacity becomes great and the generation of heat
becomes substantial due to a radiéal oxygen absorption
reaction. Therefore, the oxygen absorption speed of the rust-
proof agent, i.e., a period of time necessary for the rust-
proof agent to absorb oiygen in the hermetically ssaled
condition until it actually achieves a state of no oxygen, is

adjusted to be within a range from 2 hours to 5 days, or
. | This is the replacement sheet
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usi ng the nethod of the present i nvention will be consi dered hereafter. In
the nmethod of the present invention, as it is obvious in Tables 1 and 2, by
acceommodat i ng a nmenber including netal in a hernetically seal ed manner
together with a rust- proof agent packet in a gas-inperneabl e container,
®oxygen, noisture and corrosive substances in the preservation container are
absorbed by the rust-proof agent, and reductive substances are generated
due to oxygen absorption reaction of the-8ai n conponent of the rust-proof
agent. Accordingly, we nmay consider that, in the nethod of the present

i nventi on, Paeferably 3 hours to 3 days, or more preferably 5 hours to 2

' days.

To be specific, the rust-proof agent'comprises an
unsaturated fatty acid compound, or an unsaturated fatty acid
cohpound and a hydrocarbon compound having unsaturated groupé
as the main component.

A rust-proof agent composite may contain at least one of
an oxidation promoting substance, a basic substance and an
absorption substance other than the above-mentioned main
component.

The unsaturated fatty acid compound is at least one of an
unsaturated fatty acid and derivatives such as an ester of the

~unsaturated fatty acid and a salt of the unsaturated fatty
acid. The number of carbon atoms in the unsaturated fatty
acid compound is preferably 10 or more. As the unsaturated
fatty acid compound, at least-one of oleic acid, linoleic
acid, linolenic acid, arachidonic acid, parinaric acid, dimer
acid, lithinolein acid, ricinoleic acid, esters thereof, fats
and oils containing these esters, and metal salts should
preferably be used.

The hydrocarbon compound is preferably chain hydrocarbon,
which has one or more unsaturated groups such as double-bonded
carbon atoms, or may be an oligomer or polymer of monomers of
& hydrocarbon chéin, or a derivative of a hydrocarbon chain.

A substituent of the derivative such as hydroxyl group and
formyl group may exist. Examples of the hydrocarkon chain
having unsaturated groups are oligomers or polymers of

butadiene, isoprene, or 1,3-pentadiene, and squalene. The
| This is the replacemant slf_cut
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preservation of the netal nmenber under a reductive atnosphere where no
oxygen, noisture oOr corrosive substances actually exist, and where
rreductive gas co-exists with the netal menber, prevents the formation of an
oxi de | ayer over the metal surface which is to be bonded by sol der, and
- that reduction of the oxide enables the maintenance of good bondi ng
properties of solder. The reduction occurring in the oxide over the netal
“surface is confirmed by, for exanple, a change in the charge of copper
oxi de fromcopper(ll) to copper(l) over rfz net al copper surface of the

test plecesu%blde £ cg}bon atoms in this hydrocarbon chain is preferably
10 or more. However, oontamination of impurities in the main
component of the present invention cannot be avoided as long
as the objective of the present invention is achieved.

A preferable example of the main component of the rust-
proof agent composite is a transition metal salt of
unsaturated fatty acid, or a mixture of transition metal salt
of unsaturated fatty acid and unsaturated fatty acid, or more
preferable mode is a mixture of such compound and hydrocarbon
polymers having unsaturated groups. The prevention of the
oxidation of metal is improved by the co-existence of
reductive gas in tﬁe container. The above-described main
component generates reductive gas such as hydrogen and carbon
monoxide when the main component absorbs oxygen. When
accommodating the member including metal in the gas-
impermeable container togethe; with the rust-proog_agent
packet, the inside of the gas-impermeable container may be
previously replaced with reductive gas.

An oxidation promoting'substance serves as a catalyst of
an oxygen absorption reaction by the main coméonent. Examples
of the oxidation promotlng substance are compounds of
trans;tzon metals such as Lron, cobalt, chrome, copper and
nickel. As the transition metals, for example, inorganic acid
salts such as sulfuric acid.salt, hydrochloric acid salt and
nitric acid sait, organic acid salts such as fatty acid salt
and unsaturated fatty acid salt, or amine complex of |
transition metals are used. It is preferable to mix the

oxidation promoting substance with the main component equally.
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copper. According to the present invention, the oxidation of a netal

surface may be inhibited and good bondi ng properties of solder may be

mai_nt ai ned by accommodating a nmenber including netal, which is the object

of "'sol der bonding, in a gas- i-nperneable container in a hernetically sealed
- manner together with a rust-proof agent packet. As a result, good bondi ng

~-10-
As mentioned above, the oxidation promoting substance may be
in the form of a metal salt of the unsaturated fatty acid used
for the main component.

A basic substance absorbs or neutralizes corrosive
substanceéhsuch as sulfuric compounds and halogen compounds,
which diffuse through the preservation container, and acid
(acidic) substances which are generated by the oxygen
absorption reaction of the main component such as unsaturated
fatty acid compounds. There is no speéial limitation as to
the basic substance to be used as long as the above-described
purpose is achieved. As preferable basic substances, oxides,
hydroxides, carbonates and organic acid salts of alkali metal
or alkaline earth metal, and organic amines may be listed, and
such basic substances that neutralize acid substances.

An absorption substance absorbs moisture which oxidizes
metals and more preferably absorbs even acid substances. With
regard to the main component such as the above-mentioned
unsaturated fatty acid compound and the hydrocarbon compound,
when it is held by a carrier, the area contacting oxygen
extends and the speed of oxygen absorption increases. The
absorption substancé that also serves as such a carrier is
preferable. Examples of the absorption substance are paper |
made of natural pulp, silica gel, activated carbon, zeolite,
activated clay and diatomaceous earth.

A rust-proof agent composite contains a main coméonent,
an oxidation promoting substance, a basic.sﬁbstance and an
absorption agent as described #bove. Thé proportion of the

respective components is preferably within a range of 0.0l to
| . | This is the replacement she
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-24- properties of solder may be realized even using a postflux containing
a small anmount of hal ogen. Especially in the field of electronic materials,
since the use of the postflux containing a small anmount of hal ogen al |l ows
the anmount of the remaining hal ogen to be kept to an extrenely snal

anount, it is unnecessary to give a cleaning treatnent using organic

hal ogen- based sol vents or water containing surface active agents, the

cl eaning steps may be sinplified, and co§i1Leduction may be pronoted.

Mor eover, the present invention

10 parts by weight of the oxidation promoting substance, 1 to
1000 parts by weight of the basic substance, and 10 to 1000
parts by weight of thé absorption substance against 100 parts
by weight of the main component.

Among the components of the above rust-proof agent
composite, it is desirable to have the liquid substances held
on the absorption substance and thgse substances combined.
There is.no limitation as to the shape of the rust-proof agent
_composite, and the shape may be adjusted into a grain; taﬁlet
or sheet as appropriate. | ‘

The above rust-proof agent composite'is used as a packet
which is wrapped with a packing material having permeability,
that is, having an oxygen permeation sﬁeed of lOOOmlhf'atm'Daf
or more. There is no limitation as to.the air-permeable
pécking material and composition thereof. For example, the
rust-proof agent composite may be filled in a sheet of paper,
non-woven cloth, porous plastic film or sheet, or a laminated
material of these materials, and its peripﬁeries are sealed by
heat. - |

This packet may be double wrapped with a gas-permeable
packing material of which the oxygen permeabiiity is
1000ml/m’ atm* Day of more, the humidity is 1g/m'*Day or more
and, when air is permeated, the collection efficiéncy of dust
in the size of 0.3pm or more is 50% or more. .

There is no limitation as to the shape of the above- -
described rust-proof agent packet, but a small bag shape, a
sheet shape or a blister package may be listed as e#amples of

th h L] . .
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will not add to environnmental pollution due to organic hal ogen-based
solvents and will contribute to the preservation of the global environnment.
- I'n ot'her words, the nethod of the present invention enables preservation or
tyansportation of the electronic nenber including netal by retaining it
under a reductive atnosphere where no oxygen, npisture or corrosive
substances exist and where reductive gas co-exists with the nmaterial, by an
extrenely sinple nethod at a | ow cost and 4t hout |oosing-the bondlng
properties of sol der. Accordingly, the UsE of the postfl ux

As a gas-impermeable container used for the preservation

of an electronic material in the present invention, a bag,

case, or can whose material is made of gas-
impermeable plastic or metal may be used. The gas-impermeable
container has a speed of oxygen permeation of 5ml/Day or less
per volume of 100ml, or preferably Iml/Day or less, and the
speed of moisture permeation of Sg/Day or less per volume of
100ml, or preferably lg/Day or less.

As examples of the gas-impermeable container, a case made
of synthetic resin such as polyethylene, polypropylene, nylon;
polyester, vinyl chloride, polystyrene, and polycarbonate, or
a bag of laminated materials made of films or sheets of vinfl

chloride, vinylidene chloride, nylon, polyethylene,

polypropylene, and polyester may be used. When the

material is a plastic film or sheet, it is prefergble to
deposit aluminum, silicon diéiide, selenium dioxide or the
like on the surface of the plastic film or sheet.in order to
secure the resistance to gas permeation. Moreover, a metal
foil such as an aluminum foil is sometimes used to laminate
the plastic £ilm.

Furthermore, as the gaé-imperﬁeable container, there is a
ﬁetal can made of iron, tin plate, stainless or aluminum, and
a plastic packing material may be used for the metal can.

In some cases, the materials used for the gas-impermeable
container are treated to eliminate static electricity chamges.
The solder bonding method ot.the.present invention is
performed by previously applying a subvital postflux over-the

metal surface of the °bjGCt to be bonded and by heating and
This is the replacement’ shee
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-containing a small amount of hal ogen easily allows the sol der bonding. -
25 - What is clained is: 1. A net hod of bonding a netal by sol der which
conprises the steps of: (i) preserving an el ectronic nenber including

-13-
melting'the solder metal. The solder metal to be used is an
alloy containing tin. The ratio of tin contained is S{to 95%.
The solder metal should preferably be an alloy of tih.and
lead.

The subvital postflux is a solution of rosin dissolved in
alcohol and also contains halogen compounds such as
hydrochloride 6f amine and hydrogen fluoride salt. However,
the amount of the halogen compounds contained in the postflux
is small. The amount of the halogen compounds contained in
the subvital postfiux is, as the amount 6f halogen, 0.2% or
less, or preferably 0.1% or less, or more preferably 0.05% or
less.

When the solder bonding is conducted, the subvital
postflux is applied over the metal surface of, for example, a
wiring substrate, which is the object to be bonded by solder,
by a method such as brushing, foaming or spraying, and the
subvital postflux i$ heated and dried at a temperature of 50°C
to 300°C. 1In this case, the amount of the postflux applied is
10 to 1000g/m’, or preferably 15 to 800g/m’.. Then, the metal
to be bonded and the counter member are bonded with solder
metal which is heated and melted at 200°C to 300°C.

Alternatively, there is a bonding method using solder
cream which is made by changing the powder of the solder

' component into a paste form and which contains subvital
- postflux. In this case, the solder cream is applied on a
member such as a wiring substrate, is heated by infrared rays

up to a temperature of 200°C to 300°C and is bonded.
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metal in a gas-inperneable container together with a rust- proof agent
whi ch absorbs substances that oxidize metals, (ii).taking said electronic
menber out of the container, (iii) applying solder netal and a flux
gontai ning an anount of 0.2wt % or | ess hal ogen conpounds as the anount of
hal ogen on a portion of said electronic nenber, (iv) bonding by solder said
portion of the electronic nmenber including netal, whereby said flux and/or
said solder netal may be applied on

C wl4-

BRIEF EXPLANATION OF THE DRAWINGS

Figure 1 shows the changes in the oxygen content of the
rust-proof agent packet (25°C) with the passage of time in the
hermetically sealed condition.

| Figure 2 shows changes in the humidity of the rust-proof
agent packet (25°C) with the passage of time in the
hermetically sealed condition. |

Figure 3 shows changes in the hydrogen sulfide content of
the.rust-proof agent packet (25°C) witﬁ-the passage of time in
the hermetically sealed condition.

Figure 4 shows the preservation'period and the bonding
pﬁoperties of solder (zero-~cross time) on the test pieces

gilded with copper.

Figure 5 shows the preservation period and the bonding
properties of solder (zero-cross time) on the te;; pieces
‘gilded with silver. |

Figure 6 shows the preservation period and the bonding
properties of solder (zero-cross time) on the test pieces.

gilded with solder.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Examples of the present invention will be described

hereinafter. However, the present invention is not limited to

the following examples.

This is the replacement sheet

oue. 28 NOV 1997



said portion before step (i), and whereby said rust proofing agent
conprises an unsaturated fatty acid conpound, or an unsaturated fatty acid.
conpound and a hydrocarbon conpound havi ng unsaturated groups as the nain
conponent . 2. A nmet hod according to Claim1l, wherein said rust-proof
“agent is wapped with a gas-perneabl e packing material. 3. A net hod
according to any preceding claim wherein said netal is at |east one of
copper, silver, iron, zinc, lead, tin, n~aBel or gold.

Bxamgle_
(Preparation of Test Pieces) .

Copper, silver and solder meoal were gilded respectively
in the thickness of Spm on a copper plate (size: 1.27mm width
x 60mm length x 0.5mm thickness). The gildéd copper plate was
cleaned in water, dipped in ethanol at a temperature of 23°C,
and dried in blast at a temperature of 24°C to prepare three

kinds of test pieces gilded with copper, silver and solder.

(Manufacture of Rust-Proof Agent Packet)
0.2g of cobdlt naphthenate was dissolved in 1.0g of a

mixture which is comprised of 0.5g of polybutadiene
(viscosity: 200 poise) and 0.5g of fatty acid of soy bean oil.
The obtdined solution was impregnated into 5g of granular
diatomaceous earth, and then the diatomaceous earth was coated
with 0.1g of slaked lime to manufacture a granular composite.
This granular composite (total weight: 6.3g) and 2.5g of the
granular calcium oxide were wrapped with an air-permeable
packing material (70 x 70mm), which was formed by laminating

. paper and a porous polyethylene film, with the polyethlene
£film inside. Then, the periéheries of the packing materiai

were sealed by heat to manufacture a rust-proof agent packet.

(Gas Absorptivity of Rust-Proof Agent Packet)

One piece of the rust-proof agent packet was accommodated
in a bag sealed on three sides (size: 220 x 300mwm, suriace
area: 0.1im’, oxygen pezmeation'speed: 0.044ml/24Hr). This bag

was made of a silicon dioxide deposited combined film which .
' | ~ This is the replacement sheet
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4. A nmet hod according to any preceding claim. wherein said electronic

menber.is usable in the electronic field. 5. A nmet hod according to any
preceding claim wherein said rust-proof agent is an oxygen absorbing agent
whi ch absorbs oxygen in a dry condition. 25a

-16~

was formed by deposiﬁing silicon dioxide on the inside of
polyethylene terephthalate and by laminating polyethyléne and
ﬁhe polyethylene terephthalate with the polyethylene facing
inside. The bag was filled with 500ml of air (humidity:
65RH%, content of hydrogen sulfide: 7ppm) and its opened
portion was hermetically sealed by heat.

Figurés 1, 2 and 3 respectively show changes with the
passage of time in the oxygen content, humidity and hydrogen
sulfide content when this bag with the rust-proof agent packet
accommodated inside in a hermetically sealed manner was left.

alone at a temperature of 25°C.

(Preservation of Test Pieces)

Each .piece of the above-described three kinds of test
pieces was accommodated in a hermetically sealed manner with
S00ml of air in the bag of the silicon dioxide deposited
combined film sealed on th;ee sides (size: 220 x 300mm) which
is the same as the bag described abbve. This bag with the
test piece and the rust-proof agent packet accommodated inside
in a hermetically sealed manner was 6nce retained at a
temperature of ZSfC for 1 day, énd then was preserved under
the'atmosphere of RH95% or more at the temperature of 40°C.-

Table 1 shows the oxygen content and humidity within the
sealed bag under preservation and Table 2 shows the
concentration of the reduc;ive gas detected by gas
chromatography. Table 3 shows.the state of discoloraticn of

the test pieces under preservation.
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" 6. A nmet hod according to any preceding claim wherein said rust-proof
agent absorbs oxygen, npisture and corrosive substances within the ,
cont ai ner . - 26 - 7. A nmethod according to any preceding claim wherein
t he oxygen content wiithin the container is 0.5%or |ess.

(Table 1] Changes with the Passage of Time in the Oxygen
Content and Humidity in the Preservation Condition

Oxygen Content (%) Humidity (RH%)
Material B
1 wk.{2wks. |1 mo. |1 wk. |2 wks. |1l mo.
1] o 1 '
. ' - '
Ex.» copper 0.02 0.02 0.01 1 2 4
silver 0.01 0.02 0.01 0 1 3
solder 0.01] 0.01 0.02 1 1 3
Com. copper 20.21 | 20.46 | 20.51 S 15 . 37
Ex. 1 silver 20.58 ) 20.76 | 20.77 7 21 41
» solder 20.51 1 20.75 1 20.74 6 18 39
Com. copper 1.21} 1.74 2.32 28 54 81
1Ex. 2 silver 1.89 2.44 3.42 31 57 88
solder 1.59 2.12 3.18 32 57 8

Note 1) Ex: Example

Note 2) Com. Ex: Comparative Example
Note 3) wk: week

Note 4) wks: weeks

Note 5) mo: month .

[Table 2] Changes with the Passage of Time in the
Concentration of Reductive Gas in the Preservation

Condition _ _
. Hexane | Butyr-
Mate- CO (%) H, (%) . (%) aldehyde

rial (%)
lwk.}] 1mo.| 1wk.| 1mo.| 1 mo.| 1 mo.

Ex. |copper| 0.32| 0.41 | 0.24 0.25 0.02 5
silver | 0.31 0.38 0.25 0.27 0.03 4
solder | 0.34 ]| 0.39 0.22 0.24 | 0.03 5
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8. A nethod according to any preceding claim wherein said rust-proof agent
renoves the substances oxidizing netals out of the container within a few
hours and al so renoves the substances oxidizing netals which perneate.

t hrough the container. 9. A nethod according to any preceding claim
wherein the period of tine that is necessary for the rust- proof agent to
absorb oxygen within the container until it reaches a state of no oxygen,
is adjusted to be within a range from 2-A8«#'s to 5 days.

[Table 3] State of Discoloration of Preserved Test Pieces

State of Discoloration
Material Before 1 week 2 weeks 1 month
preser-
vation
Ex. copper - - - -
silver - - - -
solder - - = -
Com. copper - - + -t
Ex. 1 silver - - + +
solder - - + ++
Com. copper - + +4 ++
Ex. 2 | silver - + + ++
solder - + ++ +++

Note: State of discoloration
- : no discoloration
+ : distinguishable slight discoloration
++: substantial discoloration
+++: overall discoloration '
(Solder Bonding Properties Test)

The test piece, which was accommodated in a hermetically
sealed manner together with the rust-proof agent packet, was
taken out of the bag and the bonding properties of solder were
measured by the following method. However, with regard to the
test piece gilded with copper, the thickness of the oxide

.layer over the metal copper surface was measured by an

electrolytic reduction mefhod;

Testing Method of Solder Bonding Properties (meniscus graph
methed)

A flux R type (25% isopropanol solution of rosin,
chlorine content: 27ppm) was applied over the test piece in an

application concentration of 55g/m’ with a brush, and the test
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10. A method according to any preceding claim wherein said rust-proof
agent conprises an unsaturated fatty acid conpound as a nain conponent, an
oxi dation pronoting substance, which functions as a catal yst of the oxygen
absorption reaction by the main conponent, a basic substance, and an

absor ption substance which absorbs noisture. 11. A nmethod according to
claim 10, wherein said rust-proof agent further conprises a hydrocarbon
conmpound i ncl udi ng unsat urat ed groups as_fbgain conponent .

piece was dried in hot air for 2 minutes at a temperature of

120°C. The solder bonding was performed on this test piece on

the conditions subject to MIL-STD-883C 2022.10. The bonding

properties of solder were evaluated by zero-cross time.

1. Measurement Device: made by RESUKA Kabushiki Kaisha
SAT-5000 Type

2. Measuring Conditions

Dipoing Speed

Items Conditions
Solder JIS H63A (Sn63%)
Flux R Type (rosin 25% IPA
solution)
Temperature of Solder | 245°C
Bath
Dipping Time 5 seconds
Dipping Depth 2mm

25mm/sec

According to this testing method, when the test piece is
dipped in the solder bath, buoyancy acts on the dipped test
piece at first, and then the melted solder metal piles up
above the test piece because of surface tension and the test
piece looses buoyancy. The zero-cross time is the period of
time that lapses between the beginning of the dipping and the
time when the buo&ancy is lost. The zero-cross time is
measured automatically. Therefore, a reciprocal number of the
zero-cross time indicates the'piling-up speed of the melting
solder metal. A smaller value of the zero-cross time

indicates better bonding properties of solder with metal.

This is the replacement sheet

Date:

28 NOV 1097



12. A method according to claim 11, wherein said hydrocarbon conmpound is a
pol yner- of nononers which consist of hydrocarbon chains. 13. A nethod
according to any one of preceding clainms 10-12, wherein said unsaturated
fatty acid conpound is at |east one of unsaturated fatty acid, ester

*t hereof and - 27 - :

-20-
Analysis Method of Oxide Content
Measurement Principle: electrolytic reduction method.
Measurement Device: made by HARIMA CHEMICALS, Ltd.,
BOARD-O-TESTER
Measurement Unit: The quantity of electricity required
for the reduction of copper oxide to metal copper at the
electric potential of -800mV was converted into the thickness
of Cu,0 in the following expression, and the oxide content was
obtained. |
§= 71.5°1,t/96500.6
§: thickness of oxide (nm)
i,: current density (coulomb/second.cm’)
t: time (second)

test piece: 10 x 60 x 0.5mm

Figures 4, 5 and 6 show the relationship between the
preservation period and the bonding properties of solder
(zero-cross time). Moreover, Figure 4 shows the relationship
between the thickness of the oxide layer and the bonding
properties of solder with regard to the test piecé gilded with
copper at the time-afﬁer gilding treatment before preservation

and at the time one month after preservation..
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salt thereof. 14. A nethod according to claim 13, wherein said salt of

unsaturated fatty acid is a transition netal salt. 15. A method according

to .any one of preceding clains 10-14, wherein said oxidation pronoting

substance is a transition netal salt. 16. A method according to any one of
" precedi ng clains 10-15, wherein sdid basic substance is at |east one of

al kali nmetal salt, alkaline earth netal. salt, organic acid salt and organic

am nes. _ _21-

[Table 4] Thickness of Oxide Layer of the Test Piece Gilded
with Copper before Preservation and One Month After

Preservation

Before Pre- | Example |Com. Ex. 1 |Com. Ex. 2

servation
Thickness 49,55 49,55 496,525 401,547
of Oxide
layer (nm)
Zero-cross 0.4, 0.5 0.4, 0.5 ® 6 ® ® b @
Time
(second)

Note  Thickness of Oxide layer: Cu,0 conversion

Comparative Example 1

Three kinds of test pieces gilded with copper, silver and
solder were preserved in the same manner as in Example except
that the content of the packet of the Example was changed to
3g of silica gel (Type A) in order to make a packet of

desiccant in the same procedure as in the Example.

Comparative Example 2
Three kinds of test pieces respectively gilded with

copper, silver and solder were accommodated in preservation
bags of silicon dioxide deposited combined fiim together with
500ml of nitrogen gas in a hermetically sealed manner as in
the Example, however, without using an anticorroéive packet.
In this case, since the #ir within the preservation bags could
not be completely replaced with nitrogen gas, the oxygen
content within the bags was 0.7% when sealed. The
preservation bags containing these test pieces in a

hermetically sealed manner were preserved in the same method

as in the Example. - _ This is the replacement sheet
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17. A nmet hod according to any one of preceding clains 10-16, wherein said
absorption substance further absorbs acid substances and holds the nmin
conponent of -the rust-proof agent. 18. A nethod according to any one of
preceding clains 10-17, wherein the content of respective conponents of the
rust-proof agent is 0.01 to 10 parts by wei ght of the oxidation pronoting
substance, 1 to 1000 parts by wei ght of the basic substance, and 10 to 1000
parts by weight of the absorption subst a#@¢ agai nst 100 parts by wei ght of

the main The test pieces preserved in Comparative Examples 1 and 2

were taken out of the bags, and the bonding properties of the
solder were measured as in the Example. With regard to the
test pieces gilded with copper, the thickneés of the oxide
layer over the surface of copper was measured by the
electrolytic reduction method.

The results of Comparative.Examples 1 and 2 are shown
respectively in Table 1, Table 3, Table 4, Figure 4, Figure 5,
and Figure 6 together with the results of the Exaﬁple.
However, no reductive gas was detected in the preservation
condition used in Comparative Examples 1 and 2.

The bonding properties of solder may be evaluated by
zefo—cross time. The zerd-cross time varies depending on the
typés of metal, but it is preferable to have a shorter zero-
cross time. As it is obvious from Figure 4 (copper gilding),
Figure 5 (silver gilding) and Figure 6 (solder gilding) which
show the relationship between the preservation period and the
bonding properties of solder (zero-cross time), the zero-cross
times of the test pieces preserved in the method of the
present invention, even if the preservation period is long, is
the same as the zero-cross times'immediately after gilding and
the bonding properties of solder are extremely well
maintained. On the contrary, in Comparative Examples 1 and 2,
the zero-cross times of all the test pieces changed. Even in
the case of Comparative Example 1 when the test pieces were
accommodated in the bags in a hermeticallylsealed mannex
together with the'desiccant, the bonding éroperties of solder

deteriorates with the passage of time. | _
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conponent. 19. A nethod according to any one of preceding clains 2-18,
wherei n the oxygen perneation speed of said packing material is '
1000m /[err] atnbDay or nore. 20. A nethod according to any preceding claim
wherein said gas-inperneabl e contai ner has an oxygen perneation speed of

- bm/Day or |less per volume of 100 ml and has '

=23~

Tha reasons for good bonding properties of solder when
using the method of the‘present invention will be considered
hereafter. In the method of the present invention, as it is
obvious in Tables 1 and 2, by accommodating a member including
metal in a hermetically sealed manner together with a rust-
proof agent packet in a gas-imgermeable container, oxygen,
moisture and corrosive substances in the preservation
container are absorbed by the rust-proof agent, and reductive
substances are generated due toc oxygen absorption reaction of
the main component of the rust-proof agent. Accordingly, we
may consider that, in the method of the present invention, the
preservation of the metal member under a reductive atmosphere
where no oxygen, moisture or corrosive substances actually
exiét, and where réductive gas co-exists with the metal
member, prevents the formation of an oxide layer over the
metal surface which is to be bonded by solder, and that
reductioh of the oxide enables the maintenance of good bonding
properties of solder. The reduction occurfing in the oxidg
over the métal surface is confirmed by, for example, a change
in the charge of copper oxide from copper(II) to copper(I)
over the metal copper surface of the test pieces gilded with
copper.

According to the present invention, the oxidation of a
metal surface may be inhibited and good bonding properties of
solder may be maintained by accommodating a member inéludiﬁg
metal, which is the object of solder bonding, in a gas-
impermeable container in a hermetically sealed manner together
with a rust-proof agent packet. . As a result, good bonding
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- 28 - a noisture perneation speed of 5g/Day or |ess per volune of 100m .
21. A method according to any preceding claim wherein the applied anount
of flux is 10 to 1000g/[err]. 22. A nethod according to any precedi ng
ctaim wherein the nenber including netal is preserved under an atnosphere
where reductive gas co-exists within the container. :
-24~
properties of solder may be realized even using a éostflux
containing a small amount of halogen. Especially in the field
of electronic materials, since the use of the postflux
containing a small amount of halogen allows the amount of the
remaining halogen to be kept to an extremely small amount, it
is unnecessary to give a cleaning treatment using organic
halogen-based solvents or water containing surface active
agents, the cleaning steps may be simplified, and cost
reduction may be promoted. Moreover, the present invention
will not ad& to environmental pollution due to organic
halogen-based solvents and will contribute to the preservation
of the global environment.
. In othexr words, the method of the present invention
enables preservation or transportat:_ion of the electronic member including
metal by retaining it under a reductive atmospheré:yhere no
oxygen, moisture or corrosive‘éubstances exist and where
reductive gas co-exists with the material, by an extremely
simple method at a2 low cost and without loosing ﬁhe bonding
properties of solde;. Accordingly, the use of the postflux

containing a small amount of halogen easily allows thé solder

bonding.

o replacement sheet

This is th
| 28 NOV \0d

Date:



23. A nethod according to Caim22, wherein said rust-proof agent
gener.ates - reductive gas by oxygen. absorptlOﬁ——QAP—AVHE%hed—aeeordlng

to any preceding claim wherein said rust-proof ances
that oxidize netal in a dry condition. 25. A netgaaﬂhl ii il
- preceding claim wherein said nenber is a neta

' - 25 -

What is claimed is:

1. A method of bonding a metal by solder which
comprises the steps of:

(i) preserving an electronic member including
metal in a gas-impermeable container together with a rust-
proof agent which absorbs substances that oxidize metals,

(ii) taking said electronic member out of the
container,

(iii) applying solder metal and a flux containing
an amount of 0.2wt% or less halogen compounds as the amount
of halogen on a portion of said electronic member,

(iv) bonding by solder said portion of the
electronic member, including metal,
whereby said flux and/or said solder metal may be applied on
said portioh before step (i), and whereby said rust proofing
agent comprises an unsaturated fatty acid compound, or an
‘unsaturated fatty acid compound and a hydrocarbon compound
having unsaturated groups as the main component.

2. A method according to Claim 1, wherein said
rust-proof agent is wrapped with a gas—-permeable packing
material.

. 3. A method according to any preceding claim,
wherein said metal is at least one of copper, silver, iron,
zinc, lead, tin, nickel or gold.

4. A method'according to any preceding claim,
wherein said electronic member is wusable in the
electronic field.

5. A method according to any preceding claim,
wherein said rust-proof agent is an oxygen absorbing agent
which absorbs oxygen in a dry condition.
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6. A method according to any preceding claim,
wherein said rust-proof agent absorbs oxygen, moisture and
corrosive substances within the container.
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7. A method according to any preceding claim,
wherein the oxygen content within the container is 0.5% or
less. :

8. A method according to ahy preceding clainm,
wherein said rust-proof agent removes the substances
oxidizing metals out of the container within a few hours and
also removes the substances oxidizing metals which permeate
through the container.

9. A method according to any preceding claim,
wherein the period of time that is necessary for the rust-
proof agent to absorb oxygen within the container until it
reaches a state of no oxygen, is adjusted to be within a
range from 2 hours to 5 days.

10. A method according to any preceding claim,
wherein said rust-proof agent comprises an unsaturated fatty
acid compound as a main component, an oxidation promoting
substance, which functions &8s a catalyst of the oxygen
absorption reaction by the main component, a basic
substance, and an absorp%ion substance which absorbs
moisture.

11. A method according to claim 10, wherein said
rust-proof agent further comprises a hydrocarbon compound
including unsaturated groups as a main component.

12. A method according to claim 11, wherein said
hydrocarbon compound is a polymer of monomers which consist
of hydrocarbon chains.

13. A method according to any one of preceding
claims 10-12, wherein said unsaturated fatty acid compound
is at least one of unsaturated fatty acid, ester therecf and
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salt thereof.

14. A meﬁhod according to clain 13, wherein said
salt of unsaturated fatty acid is a transition metal salt.

15, A method according to any one of preceding
claims 10-14, wherein said oxidation promoting substance is
a transition metal salt.

_ 16. A method according to any one of preceding
claims 10-15, wherein said basic substance is at least one
of alkali metal salt, alkaline earth metal salt, organic
acid salt and organic amines.

17. A method according to any one of preceding
claims 10-16, wherein said absorption substance further
absorbs acid substances and holds the main component of the
rust-proof agent.

18. A method according to any one of preceding
claims 10-17, wherein the content of respective_components
of the rust-proof agent is 0;01 to 10 parts'by weight of the
oxidation promoting substance, 1 to 1000 parts by weight of
the basic substance, and 10 to 1000 parts by weight of the
absorption substance against 100 parts by weight of the main
component.

19. A method according to any one of préceding
claims 2-18, wherein the oxygen permeation speed of said
packing material is 1000ml/m’atmDay or more.

20. A method according to any preceding claim,
wherein said gas-impermeable container has an oxygen
permeation speed of Sml/Day or less per volume of 100wl
and has ' :
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a moisture _permeat:idn speed of 5g/Day or less per volume
of 100ml.

: 21. A method according to any preceding clainm,
wherein the applied amount of flux is 10 to 1000g/m?.

22. A method according to any preceding clain,
wherein the member including metal is preserved under an
atmosphere where reductive gas co-exists within the
container. '

23. A method according to Claim 22, wherein said
rust-proof agent generates reductive gas by oxygen.
absorption.

_ 24. A method according to any preceding claim,
wherein said rust-proof agent absorbs substances that
oxidize metal in a dry condition.

25. A method according to any preceding claim,
wherein said member is a metal material. —
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ABSTRACT

. The solder bohding is conducted by applying a postflux,
which contains halogen compounds in the ratio of 0.2% or less
as the amount of halogen, over a metal surface, which is the
portion to be bonded by solder, of a member including metal
accommodated in a gas-impermeable container in a hermetically

sealed manner together with a rust-proof agent packet.

The method of the present invention prevents, in an _
extremely simple way and at a low cost, the oxidation of the
metal surface by retaining the hember including the metal
under a reductive atmosphere in which no oxygen, moisture or
cérrbsive substances-actuélly exist, and in which reducti?e
. gas co-exists with the material including the metal member,
and the use of the flux containing a small amount of halogen
easily enables good bonding_ﬁroperties of the solder.
Accordingly, it is unnecessary to remove the flux by organic
halogen based solvents after the solder bonding, the cleaning

steps may be simplified and cost reduction may be promoted.

—
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FIG.1

CHANGES ON THE OXYGEN CONTENT OF THE RUST-PROOF
AGENT PACKET WITH THE PASSAGE OF TIME IN THE
HERMETICALLY SEALED CONDITION
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HYDROGEN SULFIDE CONTENT (ppm)

ZERO-CROSS TIME (second)
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FIG.3

CHANGES IN THE HYDROGEN SULFIDE CONTENT OF THE RUST-
PROOF AGENT PACKET WITH THE PASSAGE OF TIME IN THE
HERMETICALLY SEALED CONDITION
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FIG.4

PRESERVATION PERIOD AND BONDING PROPERTIES QF SOLDER
ON THE TEST PIECES GILDED WITH COPPER
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FIG.5

PRESERVATION PERIOD AND BONDING PROPERTIES OF SOLDER

ON THE TEST PIECES GILDED WITH SILVER
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FIG.6

PRESERVATION PERIOD AND BONDING PROPERTIES OF SOLDER
ON THE TEST PIECES GILDED WITH SOLDER
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A METHOD OF BONDING A METAL BY SOLDER

ABSTRACT

- The solder bonding is conducted by applying a postflux, which contains halogen
compouhds in the ratio of 0.2% or less as the amount of halogen, over a metal surface,
which is the portion to be bonded by solder, of a member including metal
accommodated in a gas-permeable container in a hermetically sealed manner together
with a rust-proof agent packef.

The method of the present invention prevents, in an extremely simple way and at a low
cost, the oxidation of the metal surface by retaining the member including the metal |
under a reductive atmosphere in which no oxygen, moisture or corrosive substances
actually exist, and in which reductive gas co-exists with the material including the metal
member, and the use of the flux containing a small amount of halogen easily enables
good bonding properties of the solder. Accordingly, it is unnecessary to remove the flux
by organic halogen based solvents after the solder bonding, the cleaning steps may be
simplified and cost reduction may be promoted.

Figure 1



