
1  DESCRIPTION FLUX FOR SOLDERING AND SOLDERING
PROCESS  Technical Field 5 [0001] The present invention relates to a
flux which is  used upon soldering for example an electronic part onto a
substrate and also a process of soldering using such a flux.  Background
Art 10 [0002] Hitherto, soldering has been used widely as a  connecting
manner with which an electronic part is mounted  to a substrate. For such
soldering, various processes are  employed such as a solder bump
formation process in which  metal bumps as connection electrodes of the
electronic part 15 are formed of a solder, a solder pre-coating process in
which solder layers are formed on electrode surfaces of the  substrate,
and the like. Recently, in the soldering, a so- called lead-free solder which
contains almost or  substantially no harmful lead has got to be used in the
20 above mentioned soldering processes from a viewpoint of  the
environmental conservation. [0003] Since the lead-free solder is greatly
different  from the conventionally used solder in its components as  well as
its composition, the conventional flux which is used 25 in the conventional
soldering process cannot be used with 2  



the lead-free solder. That is, the conventional flux has an  activity which is
not sufficient for removing an oxide film on  a surface of the lead-free
solder, so that it is not easy for  the conventional flux to ensure a good
soldering connection. 5 Therefore, a flux of which activity is increased has
been  developed for the lead-free solder. See Patent References  1, 2 and
3 as mentioned below, [0004] Also, it has been proposed that a flux
contains a  large amount of a metal powder for the purpose of providing
10 a metal paste which can be transferred to a solder ball in an sufficient
amount. See Patent Reference 4 as  mentioned below. Patent Reference
1: JP Patent Kokai Publication No.  2002-1581 15 Patent Reference 2: JP
Patent Kokai Publication No.  2000-135592 Patent Reference 3: JP Patent
Kokai Publication No.  254184/1999 Patent Reference 4: JP Patent Kokai
Publication No.  20 2000-31210 Disclosure of Invention Problems to Be
Solved by the Invention [0005] However, when the flux disclosed in the
above  25 Patent References which has the increased activity is used, 3  



the following defect occurs: In these years, a washing step  which was
conventionally employed after a soldering step  so as to remove the flux
used for the soldering with a  washing agent has typically got omitted from
a viewpoint of 5 the environmental conservation. Thus, the flux used for
the  soldering remains around the solder connection as it is.  When the
flux has a high activity, such flux corrodes circuit  electrodes of a substrate
and/or electrodes of an electronic  part, so that insulation of the solder
connection is degraded,  10 which leads to a likelihood of insulation
failure. [0006] When an electronic part is mounted onto a  substrate, the
electronic part is forced against the  substrate so as to deform solder
bumps located between  them, followed by melting the solder bumps to
form solder 15 connections. In the case wherein the solder bumps are
made of a lead-free solder, since a hardness of the lead- free solder is
higher than that of the conventional lead- based solder, an extent of the
deformation of the solder  bumps of the lead-free solder is smaller upon
mounting the 20 electronic part, so that a gap is likely to be formed
between  a lower end of the solder bump and an electrode surface of  the
substrate when the soldering is carried out. As a result,  a molten solder
material solidifies without being in contact  with the electrode so that the
poor connection between the  25 electronic part and the substrate tends to
happen. 



4  [0007] It is, therefore, an object of the present invention  to provide a
flux for soldering as well as a soldering  process both of which suppress
and preferably substantially  delete the occurrence of the poor connection
and the 5 insulation degradation so as to form better solder  connection.
Means for Solving Problems [0008] The present invention provides a flux
for  10 soldering which is placed between a solder portion formed  on a
first electrode and a second electrode when the first  electrode is soldered
to the second electrode, wherein the  flux comprises a liquid base material
comprising a resin component  15 which is dissolved in a solvent, an
active component which removes an oxide, and a metal powder made of a
metal of which melting point  is higher than that of a solder material which
forms the  solder portion, and 20 the flux contains the metal powder in an
amount in the  range between 1 % and 9 % by volume based on a volume
of the flux. [0009] The resin component contained in the flux serves  as a
so-called binder which keeps the metal powder in its  25 dispersed
condition in the flux and also provides a viscosity 



5  to the flux such that the flux can be appropriately supplied  (for example
transferred) to an object (for example the  solder portion) and kept there
as described later. The  oxide which the active component removes is in
the form of 5 a film which is formed on a surface of the solder portion. It  is
particularly preferable that the metal powder has a good  wettability with
respect to the solder material which forms  the solder portion. [0010] The
present invention provides a soldering  10 process with which a first
electrode having a solder portion  thereon is soldered to a second
electrode, wherein the  process comprises: a fist step of applying the flux
according to the  present invention onto at least one of the solder portion
15 and the second electrode, a second step of aligning the first electrode
with the  second electrode so as to locate the solder portion between  the
solder portion and the second electrode, a third step of heating so as to
melt the solder portion,  20 and a fourth step of solidifying a molten solder
material  from the solder portion after the third step. [0011] In the third
step, the molten solder material  which is formed by melting the solder
portion wets and  



25 spreads over the metal powder and finally reaches and 6  spread over
the second electrode so that the molten solder  material is present
between the first electrode and the  second electrode. Thereafter, through
the fourth step, the  solder material is present in its solid state for example
by 5 being cooled, which electrically and mechanically connects  the both
electrodes. [0012] It is noted that upon aligning the electrodes in  the
second step, the solder portion may be deformed if  necessary, while it
remains between the electrodes by 10 applying a force so that the
electrodes get close to each  other. For example, one electrode is pressed
toward the  other electrode, so that a coplanarity of the solder portions  is
improved. In this case, the third step may be carried out  while applying
the force. In other embodiment, the third 15 step may be carried out
without applying the force, and this  embodiment is more convenient.
Effects of the Invention [0013] According to the present invention, the flux
which  20 contains a predetermined amount of the metal powder as
described above and also below in detail is placed between  the solder
portion and the second electrode, and the solder  portion on the first
electrode is melted by heating so that  the molten solder material spreads
over the metal powder 



25 and becomes in contact with the second electrode. As a 7  result, the
good solder connection is achieved with  suppressing the poor connection
and the insulation  degradation. 5 Brief Description of the Drawings [0014]
Fig. 1 is an explanatory view which shows the  steps of supplying a flux to
an electronic part, and then  aligning the electronic part with a substrate in
an electronic  part mounting process as one example of the soldering 10
process according to the present invention wherein  soldering is carried
out using the flux according to the  present invention. Fig. 2 is an
explanatory view which shows the steps of  heating the electronic part and
the substrate after aligning  15 them, so as to form a solder connection
between them in the electronic part mounting process as one example of
the  soldering process according to the present invention  wherein
soldering is carried out using the flux according to  the present invention.
20 Fig. 3 is a schematic view which explains the  processes through which
a solder connection is formed  when soldering is carried out using the flux
according to  the present invention. Fig. 4 is a schematic view which
explains various  



25 manners in which a flux is supplied in the electronic part 8  mounting
process as one example of the soldering process  according to the
present invention. Fig. 5 shows a graph which indicates a relationship
between a poor connection ratio and a metal powder  5 content when
various fluxes having different metal powder  contents were used for
forming the solder connections. Fig. 6 shows a graph which indicates a
relationship  between an insulation resistance and a metal powder
content after various fluxes having different metal powder  10 contents
were used for forming the solder connections. List of Reference Numbers
[0015] 1 substrate 2 circuit electrode (or second electrode)  15 2a surface
of circuit electrode 3 flux 4 electronic part 5 external connection electrode
(or first electrode)  6 bump (or solder portion) (6) too low bump 20 6a
molten solder material 7 flux vessel (or transfer table)  8 metal powder 9
dispenser  10 transfer pin  



25 11 mask plate 9  1 1 a patterned opening 12 squeegee 16 solder
connection 5 Embodiments for Carrying Out the Invention [0016] Then,
embodiments according to the present  invention will be explained with
reference the drawings.  Figs. 1 and 2 explain the steps of a process of
mounting an  electronic part as one embodiment of the present invention
10 while using the flux according to the present invention. Fig.  3 is an
explanatory drawing to explain a process in which  the solder connection
is formed when the flux of the  present invention is used. Fig. 4 is an
explanatory drawing  which shows various manners to supply the flux in
the 15 process of mounting an electronic part as one embodiment  of the
present invention. Each of the drawings  schematically shows when
viewing from the side. [0017] First, the soldering process as one example
of  the present invention will be described by explaining the  20 process of
mounting the electronic part using the flux according to the present
invention. In the electronic part  mounting, an electronic part 4 having an
external  connection electrode(s) 5 as the first electrode(s) is  mounted by
means of soldering onto a substrate 1 on an 



25 upper surface of which a circuit electrode(s) 2 is formed as 10  the
second electrode(s). It is noted that the first electrode  and the second
electrode may be in any appropriate forms,  and for example each of them
may be in the form of a pad,  land, a portion of wiring, bump or the like.
The material for 5 those electrodes may be any known suitable material
which  is conventionally used for the electrodes. [0018] It is noted that
upon using the flux according to  the present invention, a portion of the
second electrode  which the solder portion connects may be concave or
flat. 10 Since the connection formed by means of the flux of the  present
invention has improved insulation as described  below, the flux of the
present invention is particularly  effective when the second electrode is flat
or its concave  portion is shallow. Also, the flux of the present invention is
15 particularly effective when the second electrode is close to  the other
electrode or conductor. Therefore, the flux of the  present invention is
useful, for example when the second  electrodes are formed adjacently
with a narrow pitch to  which the first electrodes are connected
respectively. 20 As shown in Fig. 1 (a), the electronic part 4 has the
external connection electrodes 5 on its bottom surface, and  a bump 6 is
formed as the solder portion on each of the  external connection
electrodes 5. The solder portion is a  



member made of a lead-free solder which is formed on the 25 first
electrode 5. The solder portion may be in any 11  appropriate form, and
for example it may be in the form of  the bump as described above, or any
other form such as a  coating or the like. It is noted that any known
appropriate  manner may be used for providing the solder portions. For 5
example, a fusing process of solder balls, a welding or  soldering process
of solder balls, a plating process, a  solder paste printing process, a solder
paste dispensing  process or the like may be employed. [0019] When the
solder portion is in the form of a bump  10 6 as shown, it is formed by
soldering a solder ball in the  form of a fine particle to each of the external
connection  electrodes 5. It is noted that as far as the present  invention is
concerned, the solder or solder material means  a material which uses, as
a soldering component, a so 15 called lead-free solder which is an alloy
essentially  consisting of a plurality of metals (such as a tin-silver  based
alloy, a tin-zinc based alloy, a tin-bismuth based  alloy, a tin-indium based
alloy and the like) which has a low  melting point and which contains
almost no lead or 20 substantially no lead. Such solder material has a
melting  point preferably not higher than 240 C and more preferably  not
higher than 210 C. 



[0020] Generally, sizes of the bumps 6 after their  formation on the
electrodes 5 are not always uniform due to  25 size variation of the solder
balls and also a type of manner 12  for the formation, and there may be
formed too low bumps  of which heights are relatively smaller than a
height of the  bumps 6 having a predetermined size of the electronic part
4. Such too low bump is indicated with (6) in Figs. 1(a) to 5 1(c).
Therefore, positions of the lower ends of the shown  bumps are fluctuated
vertically and not on the same plane.  That is, it is be possible that the
coplanarity of the bumps  is insufficient, [0021] The flux 3 according to the
present invention is  10 applied to the bumps 6 by means of for example
transfer,  which will be explained below. After the electronic part 4 is
lowered toward a transfer table 7 so as to be in contact  with a film of the
flux 3 formed on the transfer table, the  part 4 is moved upward so that the
flux 3 is transferred 15 (thus applied) to the lower end portion of the bump
6 as  shown in Fig. 1(b) (i.e. the first step or flux application  step). The
flux 3 is used while it is located between the  bump 6 and the circuit
electrode 2 so as to improve the  solder connection upon soldering for
mounting the 20 electronic part 4 onto a substrate 1 which will be
explained.  [0022] The flux 3 according to the present invention is  



explained. The flux is a composition which is obtained  mixing a metal
powder 8 into an active component (or  activator) and a viscous liquid
base material comprising a 25 resin component (such as rosin, a modified
rosin, a 13  polyalkylene glycol (for example, a polyethylene glycol), a
polyamide resin or the like) dissolved into a solvent (such  as butyl
carbitol, isopropyl alcohol or the like). The active  component is present so
as to remove an oxide film which 5 is formed on a surface of the bump 6,
and a compound  having such oxide film removing function is used. For
example, the following are exemplified as the active  component: a resin
acid (such as abietic acid and the like),  an organic acid (such as citric
acid, stearic acid and the 10 like), and basic organic compound (such as
diethylamine  hydrochloride, aniline hydrochloride and the like). It is  noted
that a material having a low activity which does not  require washing after
soldering (such as abietic acid or the  like) is particularly preferable as the
active component in  15 the flux according to the present invention. [0023]
Since the rosin and the modified rosin has, in  addition to the binder
function, the resin acid such as  abietic acid which function as the active
component, an  active component is not necessarily contained additionally
20 by the flux according to the present invention when the  



rosin or/and the modified rosin is used as the resin  component. In this
case, such flux is of a low activity, and  such flux allows to omit the
washing after soldering.  However, it is possible that the flux contains an
additional 25 or other active component when stronger activity is 14
necessary. Further, when the resin component has no  function as the
active component as in the case of using  the polyethylene glycol or the
polyamide, the active  component (such as the organic acid, the basic
organic 5 compound or the like) is to be contained in the flux  according to
the present invention. [0024] A material of which the metal powder 8 is
made is  a metal of which melting point is higher than that of the  solder
material of the bump 6 as the solder portion, 10 preferably higher by 10 C
or more and more preferably  higher by 20C or more. Generally, the
lead-free solder  has a melting point in the range for example between
190 C and 220 C. As such metal material, a metal is  selected such that it
is unlikely to form a naturally oxidized 15 film on the surface of the metal
powder 8 and has good  wettability as to the solder material which forms
the bump 6  so that the molten solder material in its flowable state is  very
likely to spread over the surface of the metal powder 8  while wetting the
surface. Concretely, a noble metal such 



20 as gold, silver, palladium and the like is exemplified as the  metal
material which meets the above selection conditions.  Particularly, it is
more preferable that such metal has a  purity of not less than 90 %. [0025]
Inclusion of the metal powder in the flux 3 is  25 carried out by mixing the
metal powder into the other 15  components. An amount of the metal
powder to be included  is 1 % to 9 % by volume, preferably 2 % to 7 % by
volume  and more preferably 3 % to 5 % by volume based on the  total
volume of the flux. It is noted that "% by volume" in 5 the present
specification is strictly based on the  temperature of 25C and the net
volume of the metal  powder while gaps (or voids) between elements
(such as  particles, scales or the like) which constitute the metal  powder
are excluded. That is, "% by volume" does not 10 correspond to "apparent
volume" which takes such gaps  into account. From a practical viewpoint,
the "% by  volume" of the metal powder is not substantially affected  even
when it is based on a general room temperature  (20 C to 30 C). 15 [0026]
Each of the elements which constitute the metal  powder may be in the
form of any of various particles and  other shapes (such as a plate form, a
scale form, a flake  form, a short fiber form, a dendrite form, a thin piece
form,  



an atypical form and the like), and for example, it may be a 20 spherical
form or an atypical form. The element may have  an edge portion, a
convex portion and/or a concave portion.  A bridging function which will be
explained below more  favorably appears when the elements constituting
the metal  powder are thin as in the form of the scales, the thin pieces  25
or the flakes, or they are in the dendrite form. 16  [0027] In addition, the
metal powder which is used in the  flux according to the present invention
includes also a  metal powder of which constituting elements are metal
cores coated with a metal which has the good wettability 5 and of which
melting point is higher than that of the solder  material of the solder
portion. That is, elements which  constitute such metal powder is made of
a core and a metal  coating around the core respectively. For example, a
metal  powder may be composed of elements each of which is a 10 mass
of tin coated with any of gold, silver or palladium  each having a purity of
not less than 90 %. That is, at  least a surface of the element is made of a
metal having  the good wettability as to the solder material of the solder
portion as well as a melting point higher than that of the 15 solder material
of the solder portion. In other words, the  above described conditions for
selecting the metal for the  metal powder are applicable to the metal which
forms the  



coating. [0028] It is noted that materials which are used as  20
components for the conventional flux can be used for the  flux according
to the present invention except the metal  powder, and amounts of the
components in the flux  according to the present invention may be
generally those  as in the conventional flux. 25 [0029] One example of the
flux according to the present 17  invention comprises a liquid base
material which comprises  a resin component (such as rosin) dissolved in
a solvent  (such as butyl carbitol), an active component (such as  abietic
acid) which has a function to remove an oxide film 5 formed on a surface
of the bump 6, and metal powder 8  having a good wettability as to the
solder material of the  bump 6 and also having a melting point higher than
that of  the solder material, and the metal powder is contained in  the
range between 1 % and 9 % by volume. 10 [0030] Following the
application of the flux, the  electronic part 4 is mounted onto the substrate
1. After the  electronic part 4 is located on the substrate 1 so as to align
the positions of the electrodes to be connected (i.e. after  the alignment of
the electronic part with the substrate), 15 mounting of the part 4 to the
substrate 1 is carried out by  heating so as to melt the bumps 6 and also
to solder to  



upper surfaces of the circuit electrodes 2. In this way, the  each of the
external connection electrodes 2 is electrically  connected to the
corresponding circuit electrode 5 as 20 predetermined and the electronic
part 4 is attached to the  substrate I through the solder connections
formed by the  solidification of the molten solder material. [0031] In the
above mounting step, the electronic part 4  is placed above the substrate
1, the bumps 6 are aligned  25 with the circuit electrodes 2 and then the
part 4 is lowered 18  onto the substrate 1. The bumps 6 having the applied
flux  thereon are landed on the circuit electrodes 2 so that the  flux 3 is
placed between the bumps 6 and the electrodes 2  (the second step or
electronic part mounting step). It is 5 noted that the electronic part 4 may
be pressed against the  substrate 1 by applying a predetermined force "F"
as shown  in Fig. 1(c) if necessary, so that bumps 6 each having an
average height are deformed in their height direction by the  applied force
to become lower. As a result, even though 10 the bumps have variation in
their heights more or less so  that their coplanarity is insufficient, the
variation in the  bump heights is suppressed, which improves the
coplanarity  of the bumps so that most of the bumps 6 can contact with
the upper surfaces of the circuit electrodes 2. In the case 15 wherein the
application of the force is employed, the next  



solder material melting step may be operated such that the  force
application is continued, or the applied force is  released so that only a
tare weight of the part 4 acts on the  substrate. 20 [0032] Contrary to the
average height bump 6, even  when the average height bumps 6 are
deformed so that the  electronic part 4 as a whole is further lowered by
thus  deformed amount, a lower end of the too low bump (6) (that  is, a
bump of which height is too short) still does not 25 contact the upper
surface of the circuit electrode 2, so that 19  there remains a gap between
the lower end of the too low  bump (6) and the upper surface of the circuit
electrode 2  (see Fig. 1(c)). It is noted that even though there is no  large
variation in the heights of the bumps 6, there may be 5 formed a gap
between the lower end of the bump 6 and the  upper surface of the circuit
electrode 2 when the electronic  part 4 is formed by providing bumps near
outer edges of a  lower surface of a thin substrate such as a resin
substrate  which is likely to warp. 10 [0033] The step of melting the bumps
6 and soldering  the first electrodes to the circuit electrodes 5 (the third
step or solder melting step) after mounting the electronic  part will be
explained. The substrate 1 on which the  electronic part 4 is mounted as
shown in Fig. 1(c) is heated 



15 so as to melt the bumps 6. Such heating may carried out in  any
suitable manner, and for example the substrate I  having the electronic
part 4 thereon is transferred into a  reflow oven to be heated. When
heating, the lower ends of  the average height bumps 6 are in contact with
the circuit 20 electrodes 2 while the flux 3 is present between the lower
ends of the too low bumps (6) and the circuit electrodes 2.  [0034]
Through above heating, the solder connections to  the circuit electrodes 2
are provided by means of the bumps  6 as well as the bumps (6).
However, during the formation 25 of the solder connections, behaviors of
the solder materials 20  of the bumps depend on whether the lower end of
the bump  is in contact with the circuit electrode 2. As shown in Fig.  2(b),
in the case wherein the lower end of the bump 6 is in  contact with the
circuit electrode 2, when the bump 6 is 5 melted by means of heating, the
solder material ea in the  molten state immediately wets and spreads over
the circuit  electrode 2 made of a material having a good wettability, so
that the external connection electrode 5 is connected with  the circuit
electrode 2 through the molten solder material 10 6a. At this stage, the
active component contained in the  flux 3 removes the oxide film formed
on the surface of the  bump 6 and/or the circuit electrode 2. Thereafter,
the  solder connections 16 are formed by cooling as shown in  



Fig. 2(c). 15 [0035] To the contrary, as to the bump (6), there is the  gap
between its lower end and the surface 2a of the circuit  electrode 2, and it
is conceivable that the connection by  means of the solder material 6a is
achieved through the  process as shown in Fig. 3. Fig. 3(a) shows a state
when 20 melting of the bump (6) as the solder portion has started by
heating in the reflow oven. With respect to the metal  powder 8 in the flux
3 between the lower end of the bump  (6) and the surface 2a of the circuit
electrode 2, a number  of elements which constitute the metal powder 8
are 25 present in their random orientations, so that a bridge(s) is 21  likely
to be formed from the elements which connects the  lower end of the
bump (6) and the surface 2a of the circuit  electrode 2 (see the portions
indicated with arrows "a" in  Fig. 3(a)). 5 [0036] The "bridge (or bridging)"
is herein intended to  mean a state of the elements of the metal powder 8
are in a  close condition to each other, so that they are present as if
existing successively in a string of the elements. It is  noted that a certain
element is separated from other 10 element(s) which is adjacent to said
certain element by a  short distance, or those elements contact with each
other.  The close condition is intended to mean a condition of the  



elements of the metal powder 8 in which an element is  separated by a
certain distance from other one or more 15 elements which are present
next to the former element such  that when the flowable solder material
which wets and  covers over the former element forms a film or mass
having  a certain thickness because of its surface tension, such  film or
mass having said certain thickness contacts said 20 other one or more
elements. The close condition includes  also an embodiment wherein said
element is in contact with  said other one or more elements. [0037]
Because many elements of the metal powder 8  are present in the close
condition as described above, an  25 amount of the molten solder material
which has contacted 22  with one end of the string of the metal powder
elements  covers and spreads over an element which is located at the
end so as to form a film or a mass having a certain  thickness thereon
(and preferably to enclose the element), 5 and then thus formed film or
mass contacts other  element(s) which is adjacent to the former element
at the  end, and covers and spreads over said other element(s) to  form a
film or a mass having a certain thickness, which  further covers and
spreads over further other element(s). 10 In this way, the molten solder
material which is formed by  melting of the solder portion spreads along
the strings of  



the metal powder elements in the close conditions while  wetting them in
turn from the elements at one ends of the  strings near the solder portion
to the elements at the other 15 ends of the strings. By covering and
spreading of the  molten solder material over the metal powder elements
in  the form of the strings, the solder material is transferred  along the
elements, so that it reaches the circuit electrode  surface 2a. When the
transfer of the solder material by 20 means of such spreading over and
covering continuously  lasts up to the other ends of the strings, the sting of
the  metal powder elements functions as a bridge which  connects the
lower end of the bump (6) and the surface 2a  of the circuit electrode 2 as
readily seen when comparing 25 Fig. 3(a) with Fig. 3(b). Such bridge
allows the molten 23  solder material 6a to reach the circuit electrode
surface 2a.  [0038] Since the metal having the higher melting point  (for
example, a noble metal such as gold, silver or the like)  than that of the
solder portion is used for the metal powder 5 8 in the flux according to the
present invention, it is  ensured that the metal powder 8 is present in a
solid state  even when it is heated to such a temperature that the  solder
portion get in a molten state. To the contrary, in a  soldering process using
a cream solder in which solder 10 particles are dispersed, the solder
particles are melted  



simultaneously with heating upon reflow, so that no bridge  is formed to
connect the lower end of the bump (6) and the  surface 2 of the circuit
electrode 2a across the gap  between them. On the other hand, the flux
according to the 15 present invention ensures the formation of the above
explained bridge. [0039] As to the flux according to the present invention,
it is particularly preferable to use the metal powder  elements 8 of the
above mentioned metal which have been 20 formed in the form of the
scale. In this embodiment, when  the elements are oriented in a direction
which is  perpendicular to a thickness direction of the scale,  particularly a
longitudinal direction of the element is  parallel or nearly parallel to the
bridging direction across 25 the gap between the lower end of the bump
(6) and the 24  surface 2a of the circuit electrode 2 (i.e. the lengthwise
direction of the sheet of Fig. 3), the metal powder 8 is  much more likely to
form the bridges, so that the bridges  are effectively formed even with a
relatively lower content 5 of the metal powder in the flux. [0040] When the
molten solder material 6a reaches the  electrode surface 2a through the
bridges as described  above, the flowable solder material 6a spreads over
the  electrode surface 2a having the good wettability. Due to 



10 such spreading of the solder material 6a over the electrode  surface,
the flux near the electrode surface 2a is displaced  outside thereof, so that
the external connection electrode 5  is connected entirely to the surface of
the circuit electrode  2 even when the bump (6) is used which causes the
gap 15 between itself and the circuit electrode 2. The same is  applicable
when the metal powder is made of the thin  pieces. [0041 ] In the above
embodiment also, connection is  improved by means of the active
component contained in  20 the flux 3. The formation of the bridges as
described above ensures the good solder connection even when the oxide
film on the bump surface is only partly removed, so that the  active
component contained in the flux 3 does not  necessarily have to have a
strong activity. In other words, 25 the addition of the metal powder 8
allows to use a flux 25  which contains an active component having a less
activity,  and in this case, the circuit electrode is unlikely to be  corroded
by such less active component in the flux even  when the flux remains
after the formation of the solder 5 connection. Therefore, when the flux
according to the  present invention is used, reliability of the solder
connection can be ensured even in a washing-free soldering  process
wherein a washing step for the removal of the  



remaining flux is not carried out. 10 [0042] Fig. 3(c) shows a state in which
cooling has been  carried out in the fourth step or cooling step after
completing the heating sequence in the reflow step (solder  melting step).
That is, the molten solder material 6a which  is formed by melting the
bump is solidified by cooling, so 15 that the solder connection 16 s formed
which connects the  external connection electrode 5 and the circuit
electrode 2  through soldering. In the solder connection in the vicinity  of
the electrode surface 2a, the metal powder 8 remains  which has been
included in the solder material during the 20 soldering process, and such
powder may be in the form of  an alloy or a solid solution. [0043] It is
noted that a flux residue (comprising for  example a resin component and
an active component)  remains on the surface 2a of the circuit electrode 2
and in 25 its vicinity together with an amount of the metal powder 26
which has not been included in the solder connection 16  (see Fig. 3(c)).
The residue is formed through the  evaporation of the solvent component
from the flux 3. The  flux according to the present invention contains the
metal 5 powder in the range between 1 % and 9 % by volume,  preferably
between 2 % and 7 % by volume, and more  preferably 3 % and 5 % by
volume as described above.  



Since such contents are relatively small, poor insulation is  very unlikely to
occur between electrodes which are 10 adjacent to each other or between
an electrode and a wiring  after the formation of the solder connections.
Particularly,  when the active component has a less activity, the poor
insulation is much more unlikely to occur. When the poor  insulation is
caused by the migration, such small contents 15 of the metal powder in
the flux according to the present  invention are advantageous. [0044] Fig.
2(c) shows a state wherein all of the solder  connections 16 are formed so
as to connect the external  connection electrodes 5 with the circuit
electrodes 2. As to 20 the combination of the external connection
electrodes 5  with the circuit electrodes 2, even the too low bumps (6)
which form the gaps between their lower ends and the  circuit electrodes 2
allow to effectively carry out soldering  when the flux according to the
present invention and the 25 soldering process according to the present
invention are 27  employed. [0045] In the above, one example of the flux
supplying  manner is shown in which the flux 3 is supplied to the  bumps 6
by transfer in the flux application step, but various 5 other manners may
be employed. For example, the flux 3 is  supplied onto the electrodes 2 by
ejecting the flux with a  



dispenser 9 as shown in Fig. 4(a). In other embodiment,  the flux 3 is
attached once to a transfer pin 10, and then  the attached flux is
transferred to the circuit electrodes 2. 10 [0046] In a further embodiment,
the flux 3 is supplied  onto the circuit electrodes 2 by screen printing as
shown in  Fig. 4(c). That is, a mask plate 11 having predetermined
perforated patterned openings 11 which correspond to the  circuit
electrodes 2 is placed on the substrate I and the 15 patterned openings
11a are filled with the flux 3 using a  squeegee 12 so as to place the flux 3
on the surfaces of  the circuit electrodes 2. It is of course possible to
supply  the flux to any one of the solder portion and the electrode  to be
connected, or to the both. 20 [0047] Then, with reference to Figs. 5 and 6,
relationships will be explained between the metal powder  content of the
flux and connection quality of the solder  connection of the bump 6 to the
circuit electrode 2 which is  formed using the flux. 25 [0048] (Preparation
of Flux) 28  Fluxes were prepared each of which contained a rosin as the
resin component (including the active component),  an alcohol and
benzene as the solvents and further a metal  powder in a different content.
The weight ratio of the resin 5 to the solvents was 3:2. The metal powder
was in the form  



of the scale and made of silver. The contents of the metal  powder in the
fluxes were 0.50 % by volume, 1.00 % by  volume, 3.00 % by volume,
6.00 % by volume, 9.00 % by  volume and 12.00 % by volume,
respectively. It is noted 10 that the maximum size averages of the used
metal powders  were in the range between 5 pm and 20 pm. [0049] In
addition, other fluxes were prepared each of  which contained a rosin as
the resin component (including  the active component), an alcohol as the
solvent, aniline 15 hydrochloride as an additional (or the other) active
component and further a metal powder in a different content.  The weight
ratio among the resin, the solvent and the  additional active component
was 20:10:1. The metal powder  was in the form of the scale and made of
silver. The 20 contents of the metal powder in the fluxes were 0.50 % by
volume, 1.00 % by volume, 3.00 % by volume, 6.00 % by  volume, 9.00 %
by volume and 12.00 % by volume,  respectively. It is noted that the
maximum size averages of  the used metal powders were in the range
between 5 pm  25 and 20 pm. 29  [0050] (Mounting of Electronic Part)
Using thus prepared fluxes, a model electronic part 4  were mounted onto
a substrate by soldering, and then a  poor connection ratio of the solder
connection was obtained. 



5 The soldering was carried out as explained with reference  to Figs. I and
2 in the above. As the electronic part 4,  WLCSP (wafer level chip size
package having 112 pins with  a pitch of 0.5 mm, available from Casio
Micronics Co., Ltd.)  which had bumps as the solder portions (made of
Tin-Silver 10 based lead-free solder, having a bump height of 0.25 mm
and a ball diameter of 0.3 mm) on its external connection  electrodes was
used. It is noted that the bumps at the four  corners of the electronic part
were intentionally made too  low. The height difference of the too low
bumps from the 15 other bumps was 0.05 mm. After the electronic part
having  the flux on the bumps is placed on the substrate while  forcing it
against the substrate, the substrate was  transferred to a reflow oven
where soldering was carried  out. Other electronic part having the above
height  20 difference of 0.1 mm was also mounted. [0051] (Estimation of
Connection) Fig. 5 shows a relationship between a metal powder  content
in the flux and a poor connection ratio, and  indicates a frequency in
percentage figures of the poor 25 connection occurrence in which a bump
6 has not been 30  connected to a circuit electrode 2 after soldering when
various fluxes having different metal powders were used.  [0052] As seen
from the graph shown in Fig. 5, when  



almost no metal powder is contained in the flux, the poor 5 connection
ratio is large. On the other hand, when the  metal powder content is not
smaller than 1 % by volume,  the poor connection ratio is zero at any
metal powder  content. Therefore, from a view point of the connection
quality, the metal powder content is preferably not smaller  10 than 1 % by
volume. [0053] (Estimation of Insulation) The solder connections were
formed using the fluxes  which were prepared as described above, and
they were  estimated by subjecting them to a voltage application test 15
under a high temperature and a high humidity according to  an
IPC-Association Connecting Electronics Industries  standard, IPC/JEDEC
J-STD-020C). [0054] For the estimation, an FR-4 substrate was used,
which had a type 2 comb-tooth electrode according to JIS Z  20 3284.3 on
which a pre-coating of a lead-free solder (Sn 3Ag-0.5Cu) was formed to
have a thickness of 30 pm. On  the solder pre-coating of the substrate, the
above prepared  flux was applied by screen printing while using a metal
mask having perforated patterned openings (each having an 25 opening
width of 300 pm and a thickness of 50 pm). The 31  substrate was
subjected to a reflow step (preheating  temperature: 150 CO to 170 CO for
60 seconds, a peak  



temperature: 240 C) so as to simulate a substrate in which  soldering has
been completed. 5 [0055] Then, the substrate was subjected to the
voltage  application test under the high temperature and the high  humidity
test (applied voltage: 20 V, temperature: 85 CO,  humidity: 85 %),
resistances between the electrodes were  measured. Fig. 6 shows a
relationship between the metal 10 powder content and the insulation
resistance, which  indicates the insulation resistances when the metal
powder  content was changed differently. That is, Fig. 6 shows
resistances measured in the voltage application test under  the high
temperature and the high humidity test which 15 simulates a substrate in
which soldering has been  completed. [0056] As seen from the graph of
Fig. 6, the insulation  resistance decreases when the metal powder
content in the  flux is increased, which means that excessive addition of
20 the metal powder 8 degrades the insulation after soldering.  It is noted
that when the insulation resistance is smaller  than 1010 0 which is a
lower limit of allowable insulation  resistance, flux remaining after
soldering should be  removed by washing the substrate. However, when
the 25 metal powder content is not larger than 9 % by volume, no 32
washing is required after soldering, which results in that  



the flux according to the present invention can be used as a  washing-free
flux (i.e. a flux without necessity of washing).  [0057] When a mixing ratio
of the metal powder 8 is 5 selected such that the metal powder content in
the flux is in  the range between 1 % and 9 % by volume, the washing-
free flux 3 is realized which provides high connection  qualities in both of
the connection and the insulation. As a  result, with an electronic part
having lead-free solder 10 bumps which are hard and unlikely to be
deformed, even  though there is a gap between a bump and a circuit
electrode due to the variation of the bump sizes, such flux  effectively
prevents the occurrence of defective mounting  wherein such bump is not
appropriately connected to the 15 circuit electrode. Further, the flux
ensures the good  insulation even in the washing-free process wherein a
washing step for the removal of the remaining flux after  soldering is
omitted. [0058] Thus, the soldering process in an electronic part  20
mounting process while using the flux according to the  present invention
wherein an external connection  electrode(s) 5 on which a bump(s) 6 is
formed is soldered  to a circuit electrode 2, comprises: the first step of
applying the flux 3 according to the  25 present invention to at least one of
the bump(s) 6 and the 33  



circuit electrode(s) 2, the second step of aligning the bump(s) 6 with the
circuit electrode(s) 2 so that the flux 3 is placed between  the bump(s) 6
and the circuit electrode(s) 2, 5 the third step of heating and melt the
bump(s) 6 so as  to make the molten solder material wet and spread over
surfaces of the metal powder 8, whereby the molten solder  material
reaches the circuit electrode(s) 2, and the fourth step of solidifying the
molten solder  10 material by cooling it after the third step. [0059] By
means of the above soldering process, even  when there is a gap(s)
between the bump(s) 6 and the  circuit electrode(s) 2, the bridge(s)
formed by the metal  powder 8 surely directs the molten solder material to
the 15 circuit electrode(s) 2, so that poor solder connection due  the
gap(s) is prevented. [0060) It is noted that in the above described
embodiment, one example has been explained wherein the  first electrode
corresponds to the external connection 20 electrode 5 formed on the
electronic part 4, the solder  portion corresponds to the bump 6 as the
solder portion,  and the external connection electrode as the first electrode
5 is soldered to the circuit electrode 5 as the second  electrode, and that
the present invention is not limited to 25 such an example. For example,
the present invention is 



34  also applicable to an embodiment wherein the first  electrode is a
circuit electrode formed on a substrate, and  the solder portion is a
pre-coating of a solder formed on  such a circuit electrode. 5 [0061 ] It is
noted that the soldering process which uses  the flux according to the
present invention makes the  washing step of the substrate after soldering
unnecessary  as explained above. However, in other embodiment, the
washing step may be carried out after soldering, and such 10 washing
removes the remaining flux so that it further  improves the insulation.
Industrial Applicability [0062] The flux according to the present invention
makes  15 it possible to provide the high quality solder connection  without
the poor connection nor the insulation degradation,  which is very useful
upon the formation of the electric  connection by means of the lead-free
solder, for example,  in the soldering process wherein an electronic part is
20 soldered to a substrate. Cross-Reference to the Related Applications
[0063] The present application claims the priorities  based on Japanese
Patent Application Nos. 2004-021090  25 (filed on January 29, 2004 and
entitled "flux for soldering 35  



and process of soldering) and 2004-327440 (filed on  November 11, 2004
and entitled "flux for soldering and  process of soldering). The contents of
those applications  are incorporated herein by reference in their entirety.
LLOYD WISE  36 CLAIMS  1. A flux for soldering which is placed between
a  solder portion formed on a first electrode and a second  electrode when
the first electrode is soldered to the second  electrode, wherein the flux
comprises: 5 a liquid base material comprising a resin component  which
is dissolved in a solvent, an active component which removes an oxide,
and a metal powder of which constituting elements are  comprised of
cores and coatings around the cores, 10 the coatings are made of a metal
of which melting  point is higher than that of a solder material which forms
the solder portion, and the flux contains the metal powder in an amount in
the  range between 1 % and 9 % by volume based on a volume  15 of the
flux. 2. The flux according to claim 1 wherein the metal  which forms the
coating of the metal powder element is at  least one selected from the
group consisting of gold, silver  



and palladium each having a purity of not smaller than 90 %. 20 3. The
flux according to claim 1 or 2 wherein the  metal forms the coating of the
metal powder element is  unlikely to form a natural oxide film on a surface
of the  metal powder. 4. The flux according to any one of claims 1 to 3  25
wherein the flux contains a rosin or a modified rosin as the I.LOY[)) WISE
37 resin component and the active component 5 The flux according to
claim 4 wherein the flux  contains, in addition to the active component
derived from  the rosin or the modified rosin, other active component. 5 6.
A soldering process with which a first electrode  having a solder portion
thereon is soldered to a second  electrode, wherein the process
comprises, a fist step of supplying the flux according to the any  one of
claims 1 to 5 to at least one of the solder portion  10 and the second
electrode. a second step of aligning the first electrode with the  second
electrode so as to locate the flux between the  solder portion and the
second electrode, a third step of heating so as to melt the solder portion,
15 so that a molten solder material from the solder portion  becomes in
contact with the second electrode. and 



a fourth step of solidifying the molten solder material  after the third step.
7. The soldering process according to claim 6  20 wherein the solder
portion is a bump which is formed on the  first electrode. 8. The soldering
process according to claim 6 or 7  wherein the first electrode is an external
connection  electrode of an electronic part. 25 9. The soldering process
according to any one of 110yfj VVISE  38 claims 6 to 8 wherein the
second electrode is an  electrode of a circuit formed on a substrate. 10.
The soldering process according to any one of  claims 6 to 9 wherein
supplying the flux is carried out in  5 a flux application step wherein a film
of the flux is formed, and then a lower end portion of the solder portion is
made  in contact with the film. 11. The soldering process according to any
one of  claims 6 to 10 wherein solidifying the molten solder  10 material is
carried out in a cooling step wherein the molten  solder material is cooled. 


