
200200274-9  15 JAN 100?  SEMICONDUCTOR DEVICE, MANUFACTURING METHOD AND
APPARATUS FOR Tl SAM  BACKGROUND Or 'l`HE INVENTION  1. Field of the
Iaventt on The present invention relates to a semiconductor dcvicc, a.
method  and apparatus of fnanufactulringthe semiconductor device, acid
particularly  to a somieonductor devico having an electrode rstruature
connected by  lead-free solder bumps, a method of manufacturing this
semiconductor  device, and a mantfacturii apparatus used in this
s4micondw:tor  manufacturing method. 2. Description of the Relate&Art
Accompauyiug i, a int:rea ed functianulity and inc:rtamod density oil
semiconductor devices, there has been an increasing number of
eemitxmductotc packages connecting a multi pin. aemfconduotor chip to A
package substrate by solder bumps, and semiconductor packages having  ball
grid array (BGA) type external electrodes. In electrodes of this type of
semiconductor chip, the surface boundaries ofbonded sections vary In c
omposftion due to reactions between metals caused by heat history at the
time of assembly, heat history at the time of mounting the semiconductor
package and high temperature states and temperature changos in the LuIago
environment. This may cause degradation in reliability, and one important
element in addressing this problem is to select respective materials in
order  to give a met*I is ucmpusition allowing reliability to be kept. 



In order to do thin, as shown in Fig. 5, it is ccrmmnn practice, when
using solder composed of tin and lead as bumps, to use nickel or copper in
a  UBM layer 5, and to carry out banding using this UBM layer 5 formed to a
film thickness of at least Sinn. In the case of a nickel layer, tin and
nickel in  the solder react to form an interrastaliio compound it by which
the bump is  bonded. In the event of a copper layer, an interface forms an
intermetallic  compound 11 of the tin and copper and bonds. The reactivity
of copper and tin is higher than that of nickel and ice,  bent in either
case in the fused state at the time of bonding, and also under a
temperature a virom ent after bonding, a d u ion reaction is promoted  and
tin constituting the solder erodes the nickel or copper layer that is the
UBM layer 5. As a result, t hero are problems such as tin being consumed
at the bonding interface frarmming areas where lead density is high. and
Kirkendall voids due to diffusion of tin, which are likely to reduce
strength.  In order to solve use problems, currently, a method of for ring
a think  layer ofcopper or nickel is used, or high melting point lead -rich
solder with  reducing tin content is used. Hoovevci In rou:nL years t1wro
have been moves towards lead free  solder, mainly due to environmental
problems, making it necessary CO use  solder having tin as the main
component. With this type of solder With tin  as a main conduonont in the
case of urine canner or ufokel as the t MM laver  5 the above described
problems are more evident, and seriously not  reliability, Generally, in
order to solve these problems, from the standpoint of  solder wettability
and mechanical charaotoristics, there Is used solder  



having siivar, bismuth, antimony or 75ne. added to the main component of
tin, .g.  or solder that is a multiple tMrnprnie t alloy having slementa
for preventing  eating-away and diffusion of the VEX layer 5 formed from
copper and  nickel, added to silver, bismuth, antimony or zinc. However,
multiple component solder is generally supplied as solder  pastes or balks
to teeth electrocio, Which means that keeping mi,crosoopic  additional
elements uniform in the composition of each eleetroci is difficult.
Keeping uniformity of microscopic additional elements would increase
manufacturing eoste. Also, a result of having additional elements for
preventing eating  away and diffusion is that additional elements are
previously dissolved in  the tin that is the main ooruponent, and =siting
or solid-dissolution of the  UBM layer 6 into the solder at the timo of
bonding stops at the lower limit,  but the total amount of the TJBM layer 5
solved varies depending on the  bonding temperature. In order to bond
stably it is necessat'y to increase  the temperature:, normally excessively
dissolving the UBM layer 5. In  order to prevent this phenomenon of the
TJBM layer being a cessively  dissolved it is necessary to include a lot of
additional elements, but as a  result. (1w milting paint burmMM-s hkh and
then. stability at the tip or  manufacture must be taken into
consideration, which poses serious  questions for product design. Also, as
shown in Fig. 15, a reflow furnace for melting solder and  making bonding
sections is a system for passing through areas for  preliminary heating,
and actual heating and cooling that are temperature  



controlled by infra red rays or hot air, at a fixed speed using a conveyor,
but  with this system temperature control is di Moult as the device is
passed by  the conveyor through each Brea, it is not possible to form an in
ermetafo 4- compound of the bonding sections as was intended by the
material design,  and becauso of vibration of tho conveyor wbilo
transporting within the  furnace there is damage to a semiconductor wafer
or chip, with Bolder  bridges arising due to movement of the formed solder
causing reduction in  the product yield. Japanese Patent Application
Unexamined Publication No. 9.86120  discloses a solder bump electrode
structure allowing enhanced bonding  strength by preventing an
1ntermetallic compound from being formed by  diffusion of the solder and
barrier metal. More specifically; a barrier metal  layer, a first UBM
layer, a second UBM layer, and a solder bump axe  laminated in this order
on a bonding pad of the semic nductor chip- The  first UBM layer is allowed
to be alloyed with material of the solder bump.  The second UBM layer
includes metal, that is also iYn:l.u& d in the solder  bump and not allowed
to be alloyed with the barrier metal layer, wherein  the concentration of
the metal in Lhc sccund UBM layer is higher than that,  of the same metal
in the solder bump. SUZY OF THE INVENTION A first object of the present
invention is to provide a highly reliable  semiconductor chip electrode
structure that can control interface reaction of  bonding sections without
using solder of a multiple alloy metallic  composition with many
microscopic elexneute added, even in the case of  



using two- or three-element solder used conventionally, a seacZA otj*cc' ot
the preeeni mvenuon if co provute a )Uglily reliable semiconductor device
bAving the above-describeci electrode  structure, and a method of
manufacturing such a device. A third object of the present invention is to
provide a wemiconductor  manufacturing apparatus that can easily perform
ternperrature control of the  semiconductor chip, and can control melts of
solder and deposition of  intermetallic compound. In order to achieve the
above-described objects, a semiconduotor  device according to one aspect of
the present invention has at least solder  bumps formed of alloy solder on
a under-bump layer including first metal  formed on a wiring layer, and an
lntermeta&lic compound including metal  that is a main component of the
alloy solder with a second metal different  from iho metal that is the main
component of the alloy solder being formed   between a Bolder bump and the
under-bump layer, A semiconductor dovico of another aspect the present
invention a lee  has at least solder bumps formed of alloy solder on a
underbump layer  including first metal formed on a wiring latiyer, and has
an alloy layer, made  of a combination of an intermetallic compound of a
metal that is a main  component of the alloy solder and a second metal
diftlarent from the aortal  that is a main component of the alloy solder,
and an intermotallic compound  of the first metal included in the
under-bump layer and metal that is the  uiciu component of the alloy
solder, formed between the solder bumps and  the under-bump layer  A
semiconductor device of yet another aspect of the present  



invention further has at least solder bumps formed of alloy solder on a
under bump layer including first metal formed an a wiring layer; and an
intermetallic compound including a second metal, temporarily arranged on
the under bump layer and constituting a metal layer for dissolving into the
alloy solder at the time of formation of the solder bumps, and a metal that
is a main component of the alloy solder, formed botwoen the solder bumps
and  the under-bump layer. A semiconductor dovice of a furthax aspect odthe
present invention  still further hoa at lest solder bumps formed of allur
solder on a.  under-bump layer including first metal formed on a wiring
layer, and an  alloy layer that is a combination of an Intermotallic
compound, including a  second metal, temporarily arranged on the under-bump
layer and  constituting a metal layer for dissolving into the alloy solder
at the time of  A&wLtion.of tbn ,der bumpe, and a .motal that is a main
component of tho  alloy solder, and an intermetallic compound of the first
metal included in  the wader bump layer and metal that is tho main
component of the alloy  solder, formed betwwa-the solder bumps and the
under bump layer. In the pVcacnt in'vontion, It is possible to have a co
guration. Where  metal that is a main component of the alloy solder is tin,
the next most  prevalent component after tin is silver, and copper is added
to the alloy.  solder. In the present invention, it is also, preferable for
the second metal  constituting the metal layer to be a metal && rent from
copper oe the first  metal, and to be made of a metal constituting the
intermetallic,compound  with tin. 



It is also preferable in the present invention the first mnotal  included
in the under-bump layer to include nickel, and for the under-bummp  layer
to be formed as a laminated film oomprieing a laminated film of nickel  or
nickel alloy of differing film quality, or laminated film of nickel or
nickel alloy, and copper or copper alloy, In the present invention, it is
also preferable'to have a structure  where an contact layer is arranged
between the wiring layer and the  under-bump layer, and the contact layer
includes tttanitun ox  titaniurnitungsten alloy. A semiconductor device
manufacturing method of one aspect of the  pxosent invention ftrr
manufacturing a semiconductor device cx#mpriaes at  least eulder bumps of
alloy solder funned on a wiring layer via a under-bump layer including a
first metal, in which when forming the solder  bump., after temporarily
fusing alloy solder having a send metal added  different from a metal that
is a first component, a metallic compound  including the second metal and
metal that Is a main component of the alloy  solder deposited at an
interface between the under-bump layer and the  solder bumps by cooling. A
semiconductor device manufacturing method of another aspect of  the present
invention comprises the stew of forming a under'bump layer,  including a
first metal footed of & ,first intermetall c compound at an  interface on a
wiring layer thro ugh reaction with alloy solder, supplying  alloy solder
heaving a second metal different from main component metal  added, and
forming an alloy layer being a combination of the first  nteraxotall
compound and a mew ad iutormetaliic compound of a main  



metal of the alloy solder and a second metal, at an interface between the
under-bump layer and the alloy solder by cooling the alloy solder after
temporary fusing. A semiconductor device manufacturing method of a further
aspect of  the present invention, is for forming a semiconductor device
comprising at -$- loast solder bumps of alloy solder formed on a wiring
layer via a  under,buxap layer including a first metal, in which, when
forming u metal  layer made from a socomd motel on the undor-bump layer and
forming the  solder bumps, after temporarily fua;dng the entire metal layer
on the alloy  solder, an izi ermetallic compound in ludiug the second metal
and a metal  being a main component of the alloy solder is deposited at an
irsterfam  between the under-bump layer and the solder bumps by cooling A
semkonduetor device man,ufaetujring method of another aspect the  present
invention comprises the steps of forming a under-bump layer,  indttding a
first metal eonatit+mting a f irst intermetallio compound at an  interface
no a wiring layer through reaction with alloy solder, forming a  metal
layer, made from a second metal coustttuting a sownrl infi rrn t aide
compound through reaction with the alloy solder, supplying the alloy
solder,  and, after temporary fusing of the alloy eoider, forming an alloy
layer that ie  a combination of the first intermetallic compound and the
second  intexmetallia compound at an interface between the under-bump layer
and  the alloy solder by cooling. A semiconductor device manufacturing
method of yet another aspect  the present invention comprises the steps of
forming a underbump layer,  



including a first metal constituting a first intermetallic compound at an
interface on a wiring layer through reaction with alloy solder, forming a.
metal layer made from a second metal constituting a second intermetallic
compound through reaction with the alloy solder, forming a. thin Film of
tin  on the metal layer and previously forming an alloy layer of the second
metal  end the tin, and supplying the alloy solder. With the present
invention, when forming the solder bumps, it is preferable to tarty out 1
using of the alloy solder and deposition of the  inteimetallie compound by
setting a temperature of an. interfue between  the solder bumps and the
contact layer to a specified temperature gradient  lower than a maximum
temperature. It is also re&rable with Woe preaent invcnl iun, when rurming
the  solder bumps, to mount the semiconductor device on a stage, and to
carry  out fusing of the alloy solder and depoattlon of the intermetallic
compound  by causing a heating plate and a cooling plate movably provided
at a lower  part of the stage to be segueutiaW brought into contact with
the stage. In the Present invention.. it is also preferable, at the time of
heating  using the heating plate, to also heat the scm.icondttctor device
.Gram above by  non-contact heating means provided at an upper part of the
semiconductor  dovicr., and at the time of cooling wing the cooling plate,
while continuing  heating using the non-contact heating means, to increase
a temperature  gradient of an interface between the top of the solder bumps
and the contact  layer to promote deposition to the interface between the
int ermetallie  compound and the contact layer. It is further preferable,
with the present invention, to have a  



structure where the heating using the heating plate and, the coaling usi
the cooling Plate are carried out under it vacuum atmosphere of a speted
gas, and for the specified gas to include either an inert gas or it
reductive  gal. It is still Author preferable, with the present invention,
for the  contact layer to be a single film or a lsminale of a plurality of
films of any of  nickel, nickel alloy, copper or copper alloy formed by
sputtering, or to be a single film or a laminate of a plurality of is of
any of nickel, nickel alloy, -10- copper or copper alloy formed by
sputtering, nonsleetrolytic plating or  elec:4rulyLic pla Ung, or a
laminate Mm of these. It is also prtrable in the present invention for the
metal layer to  indude a copper thin film formed by any one of sputtering,
nonelecttrolytie  plating or electrolytic plating, or by a plurality of
methods. In tho present invocation, it is also preferable to set the film
thick ness of the metal layer so that the metal layer flags totally into
the  alloy solder when fusing the alley solder, and so that when cooling
the alloy  solder at least some of the alloy solder is deposited. The
present invention, can also have a structure where the alloy  solder is
supplied using a ball or pellet formed to a specified amount, or  using
solder paste. A ramicctnductar manuf*cturing apparatus of the present
invention  comprises at least a stage for mounting a sample, heating means
far heating  the sample from below, and coaling means for forcibly cooling
the sample  from below 



Another aspect of the semiconductor manufacturing apparatus, of  the
present invention comprises at least a stage for mounting a  semiconductor
device having snider, heating means for heating the  semiconductor device,
and cooling means for cooling the semiconductor  device from below In the
present invention, it is possible to have a structure where the  heating
means is made from a heating plate with a built-ixY heater, the  cooling
means is made from a cooling plate with a built in cxmling medium,  And
heating and cooling are carried out by sequentially bringing the heating
plate and the cooling plate Into contact With a laver surface of the etago
to conduct heat. In the semiconductor manufacturing apparatus of tho
present  invention, it is further possible to have a structure comprising
non-contact  heating means at an upper part of the stale for heating the
sample ar the  uemiconducLor device from above without cuntacL With the
above described semiconductor chip electrode structure,  compared to the
related ext structure where tin type multiple component  alloy solder is
supplied to a under-bump layer, and a single intc=etallic  compound layer
is formed using tin at as interface between the under-hump  layer and
bumps, and the under-bump layer, by heat fusion, a solder allay  making
layer for preventing melting and diffusion of the tin is farmed thihly,
tin type two element or three element alloy solder is supplied in solder
paste  or wilder ball Farm, and a solder alloy layer 6, having an
iatermeetallic Layer  combined with every two tin and solder alloy making
layers and tin and  under-bump layers, is formed by carrying out heat
fusion. 



lu this way, by thinly providing a solder alloy making layer in  advanne on
the under-bump layer, the obtained solder bump structure is  comprised of
two or three element alloy solder with tin se. a main component,  a first
intermetallic compound from reaction of tin in the solder and the  solder
alloy making layer, and a second intarmetallic layer from reaction of  tin
in the solder with the underbump layer, and constitutew a boundary
intdexfece at a combined solder alloy layer. WWith the combined solder
alloy layer that is a combination, of the  fiat and second intermetallic
compounds, since when melting the solder the  whole of the thin solder
alloy making layer becomes the first intermetailtc  compound layer axnd is
formed at substantially the same time as the second intermetafic compound
is formed, the first intermetallic compound acts to  Mt off a diffusion
path where the second int etaMe compound is grown. Also, since the combined
solder alloy layer is formed from different  materials, a concentration
gradient is discontinuous and the grain boundary  is dense compared to a
single layer, making, it possible to suppress the  advancement of
diffusion. Further, since the melting point of the deposited  internxetalie
compound is higher than the melting point of the solder alloy,  there is
the effect of preventing the intermetallic compound dissolving in the
eulder, even if the solder is malted again during subsequent manufacturing
processes or mounting. Accordingly, the intermotallic compound layer, of
the tin within the  solder and the undex-bump layer, grown due to diffusion
under normal  circumstances, suppresses growth due to the Ent intermetallie
compound  being arranged in a dit usion path such as the grain boundazy or
the like,  



achieving the effect of obtaining a highly reliable bonding interface
having.  low deterioration with age with respect to temperature variations
due to  repeating hest history during assembly and.usage conditions afar
assembly. With the semiconductor manufacturing apparatus of the present
invention, a stage for mounting a semiconductor chip, a heat s aurce for
heating the stage and a cooling source for forcibly cooling the stage are
included, it is possible to select a different heating rate and cowling
rate for  each of the preparatory heating, actual heating and cooling
stages, and in  particular it is possible to make the cooling rate
extremely fast, and it is  then pa nubble to f1arm an intarmetallic
compound that is a combined at al&  interface of solder and the under-bump
layer by cooling from the rear  surface of the semiconductor chip. Also, in
order to make these effects m.oro striking, a non-co orttaot type heat
source is provided above the scmiconductox  chip, and the semiconductor
chip is also b oatod from above when cooling  from the cooling plate, to
enable increase in the temperature gradient above  and below the
semiconductor chip, specifically the top and bottom of the  solder, and to
enable even further promotion of deposition and formation of  the combined
Intermetallic compound at the solder Interface. BRIEF DESCRIPTION OF THE
DRAWINGS  Fig lie a crow sectional view showing the structure of a
semiconductor device according to a first embodiment of the present
invention; Fig. 2 is a cross sectional viow showing the structure of the
som.iconduotor dov oo according a the first embodiment of the present
invention before solder bump formation using a solder ball; 



Fig. 8 its a cross sectional view showing the structure of the
semiiconduetor device according to the first embodiment of the present
invention before solder bump formation using solder pasta; Fig. 4 is a
cross sectional view showing the structure of a  semiconductor device
according to a third cn bodimanL of the: prexenL  invention; Fig, 5 is a
cross sectional view showing the conventional structure of  a semiconductor
devvic; Fig. 6 is a cross sectional viow showing the structure of a se
iconductor device according to a second embodiment of the present
invention;  Fig. 7A is a cross sectional view showing the structure of the
semiconductor dovico according to the second embodiment of the present
invention bed solder bump fcarmahian using a solder bail and a wettability
improving layer; Fig. 713 is a cross sectional view showing the structure
of the  eemiconduotor device according to the second embodiment of the
present  invention before solder bump formation using a solder ball and not
using a  we ttability-improving layer- Fig. $A is a cross sectional view
showing the structure of the  semiconductor device according to the second
embodiment of the present  invention before solder bump formation using
solder paste and a wet tability  improving layer; Fig. OR in a cross
sectional view showing the structure of the  semiconductor device according
to the second embodiment of the present  



invention before solder bump formation using solder paste and not using a
wettabilirimproving layer; Fig. 9 is a cross sectional view showing an
example of a reflow  apparatus for forming the semiconductor device
according to the second  embodiment of the present invenVt6n; Fig. 1.0 is a
cross sectional view showing another example of a reflow  apparatus for
forming the semiconductor doviee according to the second  embodiment of
the. present invention; Fig. IlA is a flow charm showing ax' example of a
manufacturing  process for the semiconductor devim according to the second
embodiment of  the present Invention; 15- Fig. 11 8 is a flow chart showing
another example of a manafa uring pruc ss for the aumlwnductor dovico
according to the second  embodiment of the present inventions Figs. 12A1` C
are diagrams showing a. partial manufacturing  process for the
semiconductor device according to the second embodiment of  the present
invontion, Fig. 1.1 is a diagram showing timing of the heating and tooling
in the  manufacturing process for the stn couduvtor device according to the
second  embodiincut of the present invention; Fig. 14 is a cross sec. nal
view showing the structure of a  conventional semiconductor device; and
Fig. -15 is a schematic diagram showing the structure of a  conventional
solder reflow apparatus. 



DESCRIPTION OF THE P b'1IRRED EMBODIMENTS  First embodiment First of all, a
semiconductor device according to a trst embodiment  of the present
invention, and a method of manufacturing this semiconductor  device, will
be described in detail with reference to Figs. 1-8. Fig.1 shows  the bump
structure of the semiconductor device. Fig. 2 shows the electrode
structure before forming solder bump in the case of supplying solder as a
solder ball, and Fitgg. 8 shows the electrode structure before forming
solder  bump in the case of supplying solder as solder paste. As shown in
Fig. 2, on wiring 2 of a semiconductor chip 1, an 18  electrode is formed,
which is composed of a contact layer 4 for obtaining  intimate contact with
a metal constituting the wiring 2, a. TJBM  (utLder-bump metal) layer 5
turned into alloy through roaot inn with solder,  and a solder alloy making
layer 8 thinly farmed using metal that is difforent  to the UBM layer 5
allowed to be alloyed with the solder A Lwo-element or  threc-elomont
solder bah 9 with tin as a main component and containing no  kacl is
supplied onto this eleotr'ode. In this state, when the soldcx ball 9 is
heated and fusod, the solder  alloy making layer 8 reacts complataly with
tin in the solder, and is  temporarily dissolved in the tin- Tin in the
solder then simultaneously  dissolves the UBM layer 5. Since the overall
amount dissolved in the tin in  the solder is determined by the melting
temperature, if cooling is  commenced in this state an intermetallie
compound layer is formed at the  bonding intcrfaec, but in the case of this
embodiment a combined solder  



alloy layer 6, being a omb&ned layex of the intermetallic compound, is
formed because metal constituting the solder alloy making layer 8 being
dissolved in the tin and metal constituting the UBM layer are both
simultaneously subjected to deposition of intermeta l lic cxompound at the
bonding int mhos. The important point here is that with respect to the
solder alloy  malcir X layer fA, there is only an amount Lbat can be
dissolved with respect  to tin in the tin-based two- or three-element alloy
solder ball 0 and it is  necessary to dotormino Mm thickness takinginto
consideration that it will  be deposited at the time of cooling. When the
dissolved amount is small,  the solder bump 7 directly dissolved in tin is
solidified without being  deposited at the time of cooling, which means
that snob a combined film of intermetallic compound is not farmed. Fig. 1,
shows a cross section of the Holder bump 7 obtained in the  above wary.
Once a combined solder alloy layer 6 has been formed as an  intermetallic
compound combined layer, the molting point of the  Intermctallic compound
is high, and therefore the phenomenon of the UBM  layer 5 at the bonding
interface diksvlving does not occur, evert with a heat  history above the
solder melting temperature at the time of assembly. Fur ,her, Uie diffusion
ph,nomcnon oa need by a heat history below the  melting temperature is also
suppressed becauso the internietellic compound  combined layer is enanged
at the grain boundary. In order to be more specific, a description will now
be given #br use of  a typical metal composition in the case of using
eutectic solder having 913.5  weight % tin and 3.8 weight's silver in a
tin-based two-element alloy solder  



ball 9 as 1eade solder. The wiring 2 of the eomieonductor chip 1 is
normally formed with  aluminum or aluminum alloy. The contact layer 4 of
titanium or  titaniunnltungsten alloy etc;., the U2M layer 5 of ni
lco]/vanndium alloy etc.,  and the solder alloy making layer 8 of copper
ete- are formed by sequential  sputtering to form an eleotrodo, here, the
film thickness of per making  up the solder alloy meking layer 8 is
preferably such that it dissolves  completely at the time of dissolving,
with respect to the propartion of tin  contained within the solder ball. 9,
and enables deposition at the interface as  an intermetallic compound at
the tithe of cooling and solidfication, that is, a  eitpereataratad amount.
However, if the amount of copper Supplied is  exceBsive, it will be
necessary to take care because there will be severe  unevenness on the
surface of the formed solder bump 7, and wettability at . i8 . the time of
fusing will deteriorate with a possibility of voids occurring.  Titanium of
titanium/tungsten alloy is usr d in the contact layer 4,  but it Is also
possible to use chrome or chrome/copper alloy, and similarly  although
nickel/vanadium alloy has been used iu. the UBM layer 6 it is also
possiblo to use xdokol, uickel/phosphorous alloy, nickelltungsten alloy,
nickel  chrome alloy, copper or copper alloy. Also, the solder alloy making
layer 5  that is one feature of the present invention uses copper, but it
is also  possible w urn a maiorial that is different front the UBM layer 5
and is ti  metal constituting an intermetallic compound with tin in the
solder. Also, with this embodiment, the [IBM layer 5 and the solder alloy
making layer 8 are both formed by sputtering, but they can also be formed  



by electrolytic plating or nonelectrulytic plating, or in combination with
sputtering, and it Is also possible to use different material and to have a
laminate structure formed by a combination of different mothode. For
example, as the UBM layer 5, it is possible to have a structure where*
nickel  formed by electrolytic plating is laminated on nickel or copper
formed by  sputtering. By adjusting condition, at t tizae of film formation
it is  possible to have a granular structure with small grain size to
improve film  -quality. Also, since the solder alloy making layer $ uses a
material such as  copper which is likely to be subjected to surface
oxidation, it is possible to  provide extremely thin gold or a layer for
preventing oxidation to promote  solder wettability on the solder alloy
making layer 8 far the purpose of  preventing oxidation to improve solder
wst tability. In addition, although this example shows a tin based
two-elwuont  alloy used as the molder, it is also possible use a
three-element alloy solder  having microscopic amounts of copper added to
the solder, or to use othor .1~1.  multiple-element alloy solders. Also,
although in this embodiment a  structure where the solder alloy making
layer 8 is formed on the UBM i$yor  6 is disclosed, in the case whore an
element constituting the solder alloy  making layer 8 is added in to the
solder, it is possible to do away with the  solder alloy making layer 8.
Second embo ent Next, in a sen condui or device according to a second
em-bod moot of  the present invention and a method and apparatus of
manufac(uriing this  semiconductor device will be described with reference
to Fig. U to Fig. Is. 



As shown in Fig. 6, a combined solder alloy layer 6 is formed  between the
tJBM layer a and the, solder bump 7. no combined solder  alloy layer 6 is
made of a combination of an intermetallic compound of a  metal that is a
main component of the bolder and a metal constituting a  UBM layer 6, and a
second intexmetallio compound coiupxised of the main  component of the
solder and a mat.ai previously added in microscopic  amount, to the alloy
solder or thinly &)rmed in advance on the UBM layer 6.  In heating and
cooling processes at the time of forming the solder bump,  this combined
solder alloy layer 6 is deposited at an interface according to a
composition of the Bolder bumps and conditiona, and thorcforo it is made
possible to control the structure. Referring to Fig. S. a manufacturing
process including the heating  and cooling processes for obtaining the
above structure, and a  manufacturing device, will be described In dotal.
The semiconductor chip  la to which solder has been supplied is arranged on
a stage 19 Inside a  reflow machine, and a retlow area 18 is made capable
of being decompressed -20- and filled with hart gas or reductive gas. There
is also a head plate 20  and a cooling plate 21 at a rear surface: of the
sLuge i9, and temperature  control is carried out by bringing either of
these plates into cantaxet with the  rear surface of the stage 19 to
conduct }mat. Here, since heat is conducted  stably and offic:ienLly,
carbon, which has high thermal conductivity and is  easy to machine is used
in the stage 19 and the heating plato 20, while.  corrosion resistant
stainless steel is used in the cooling plate 21. With this embodiment,
carbon is used as the stage 19 and the  



heating plate 20, but it is possible use another material as long as it is
a  material with high thermal conductivity, or to select a suitable
vorabination  of materials. Also, curvature of the stage 1.9 is preferably
made as low as  possible, azd formed as thin as possible to make heat
capacity smell. When heating or cno}ing the s ernicx,nduc for chip '[ a,
the reflow area  1.8 is filled with inert gas as required. As the gas the
reflow area 18 is filled.  with, a gas that prevents oxidation of the
solder eurface and has an  oxidation reduction effect, for example,
nitrogen or argon as an inert gas,  hydrogen or a gas including hydrogen as
a reduction gas is used. In the  cooling system, as well as the system of
bringing the cooing plate 21 that is  water-cooled into contact with the
stage 19, it is possible to use a system  where a coolant gas is brown
against the rear ssurftoe of the stage 19, and. it  is in fact possible to
select any system that a cooling eapacity capable of  realizing the effects
of the present invention. Also, by providing a non-contact type heat source
22 such as infrared  rays above Lhe reflow area 18, it becomes possible to
heat the solder from  above, end to cool the semiconductor chip la from the
rear surface, and by  increasing the temperature gradient between above and
below the semiconductor chip la, it is made easy to deposit a prvred
intermetailir.  c apound at the solder bonding interface and it becomes
possible to carry  fine temperature control in order to form the combined
solder allay, layer 8, eI owzn in Fig. ID, the semiconductor nanufacturing
apparatus, as  well as the above cles a ribed devie structure, it is also
possible to as imble 8  heat source, or cooling source, or indeed both a
heat source and cooling  source, into the stage 19a, and heating and
cooling can be realized by  



building in a heater or through flow of a heating medium and a cooling
:medium. The form of the semiconductor on which solder bumps are formed  is
noc limited to chip-type, and can also be collectively formed on a wafer.
Next, a manufacturing procedure for the aemiiconductor devioe  according to
this embodiment will described with, reference to Fig, it and  'Fig. 12.
Fig. 1XA t~1hcrwe a pro lure fear the c ass of usi:g o ily a heating;
plate 20 and a cooling plate 21 as the heattng/coolinng source, and
performing  reflow in a normal atmosphere, while Fig. J B shows a procedure
for the  case of further ua3ix g a non- tact type heat source 22 as the
heat source,  and Wing the roflow area 1S with an inert gas. First of all,
in stops 5101 and 8201, a specified amount of solder  alloy and flux are
supplied to the TTDM layer b of the semloonducto clop 1,  or to the solder
alloy making layer 8 formed on the UBM layer 8- As a  supply system, it is
possible to appropriately select a system capable of  supplying the
specified amount of solder, such as the solder ball loading  system shown
in Fig. 7, the electrolytic solder plating system shown in frig.  8, or
another solder paste priut;ing system. Next, in step S102 and S202, the
semiconductor chip la to which  solder has been supplied is mounted on the
stage 19 inside tho rof low apparatus (refer to Pig. 12A). After the reflow
area 18 is settled and  decompressed to a specified pressure (step S208),
the refow area 18 is filled  with nitrogen, hydrogon or a mixed gas
containing hydrogen (step $204).  This process is carried out in order to
improve wettabillty of the solder by  masking the rofow area 18 a hypoxic
concen.Lration or a reductive  atmosphere. When there is no inconvenience
caused by wettability it is  



possible to suitably omit the process, as shown in Fig. 11A. Next, in step
5108 and S2W5, the heating plate 20 that has been  heated to a set
temperature is brought into contact with the rear surface of  the stage 19,
and the temperature of the solder is raised to a specified  temperature
higher than the melting point to melt the solcicr (refer to Fig.  12B). In
the case of an apparatus provided with the non-contact type heat  source
22, heating is carried out by iTten Ling this heat acu=P. as well. In  this
hefting process, mead constituting the M layer 5 dissolves into the  solder
at the contact interface with the molten solder. Also, in the case  where a
wettability improvement layer 17 is formed as an upper layer of the  UBM
layer 5, the wettabfity improvement layer 17 =d the TJBM layer 5  dissolve
in the solder one after the other. der that, in step $104 and S205, the
berating plate 20 in taken  away from the stage 19 and the cooling plate 21
is brought into contact with  the rear surface of the stage 19 to commence
cooling (refer to Fig. i2C). Here, since the semiconductor chip is is
cooled from the reverse surface side,  the temperature drops suddenly from
the top of Fig. 12C to the bottom,  g-enertatint; a large temperature
gradient, and the molten solder is solidfied  from the UBM layer 5 side. In
this solid.1ftoation process, an intermetallic  compound having a higher
melting point than the solder becomes a core for the UB11 layer 6 being
deposited, and a primary phase of an intermetallio  compound of tin and
atoms oftbe U1M layer 5 are deposited oloso to the  UBM layer 5. The
intermetallic compauna that will be deposited is an  intermeta .c compound
of a metal comprising tin, 'being the maul  



component of the Balder, and the UBM layer S. and an intermetallic
compound of a metal comprising tin that is the main component of the
solder and a metal iiffiexrnt#ront tho MM ley r. 5 inside the solder, for
example a metal constituting the solder allay Wig layer 8, or an
intexrnetallic compound of a metal comprising fin and a metal constituting
the wettability improvement layer 17. Theme intermotellic compounds are
simultaneously deposited In the vicinity of the UBM layer 5 with both
phases causing formation of a'rombined solder alloy layer 6 (refer to Fig.
h),  thus completing bump formation (step 5165, S2OS)_ A LGmparaturs
gradient inside the solder during the cooling process is intended to make
the  cooling rate extremely fast and. to make deposition of a primary phase
in the  vicinity of tRhe URM layer easy, so the cooling rate can be made
fast, for  example, preferably. greater than 29t per second. In Increasing
the cooling rate in the vicinity of the UBM layer 5  interface, heating
using the heating plate below the eta-go 19 and heating  using the
non-contact type heat source 22 such as the infrared rays provided  abovo
the reflow area 18 are carried out simu tanoously, and heating is c
ontinuoualy performed from tine upper part using the nowcontact type heat
source 22 oven silur cooling using the cooling late 21 in step 208 has
started.  By such c m}binatioxn of heating from below and cooling from
above, a  temperature difference of tho semiconductor chip to which solder
has been 24'  supplied is increased, which enables eAfectivo deposition of
the intermetallic  compound. This operation will be described with
reference to Pig, 18. Fig. 18  



shows surface temperature of the stage 19, timing for switching the heating
plate 20 and the coaling pl he 21, and ON/Off Liming 1,r the non`c contact
type beat source 22_ The non*coutact type heat source 22 is put into an ON
state from heating initialization, and the semiconductor chip la is heated
from above and below At a point in time when a specified temperature
higher than the melting point of the solder is reached, or when a specified
time has elapsed from when the specified temperature higher than the
melting point of the solder haxc been reached, a swich is made from the
heating plate 20 to the o cling plate 21 to commence cooling, but the
non-contact typo., heat source 22 is kept in the ON state until the
temperature falls to a temperature TI a few degrees (in this drawing. ,M)
lower than the molting point of the solder. By doing this, a tomporacure
gradient inside the solder lose to the melting point is further in=used,
and  it is possible to reliably doposit the intormc to fie compound in the
vicinity of  the (IBM layer 5. To curry oub this type of control, a
temperature sensor is provided for  detecting temperature of the stage 19
or surface temperature of the  semiconductor chip, it is necessary only to
switch plates and switch the  non-contact type heat source 22 on and off,
and work is simplified by  providing control means to automatically carry
out these operations in the  xelaw apparatus. Also, with this embodiment,
solder iormWon oii the  semiconductor chip has been disclosed, but it is
possible to form solder with  a similar method even if a semiconductor
vader is handled. $5 _ in this way, with the semiconductor manufacturing
snetbnd  



according Lo the pxuscmt, invention and the memii onduetor manufacturing
apparatus used in the manufacturing method, it is possible to accurately
control temperature of a semiconductor chip and a tomperature gradient of
front and rear surface by adjusting set temperature of the heating plate
20,  the cooling plate 21 and the non-contact typo heat source 22, cad
ON/OFF  timing, and it is possible to reliably depcu*it An i iterxnetallic
compound at  the interface of the sober bump 7 and the UBM layer S. Also,
the  semiconductor obip la or a semiconductor wafer do not need to be
conveyed  dining a ref[ow process, which means that there is no possibility
of damage  ar bridges due to movement of the formed solder, and it is
possible to  improve product yield, Embodiments of the present invention
des+aad will, new be  deem-bed specially in more detail with reference to
examples of the  present invention. Example i A sped- Be manufacturing
method for the semiconductor device  shown in the first embodiment ofthe
present invention will be doscribcd  with reference to 'ig, 2. First of
all, titanium and titanium/tungeten alloy  are sequentially sputtered can
aluminum allay wiring 2 formed on the se onductor chip 1, as a contact
layer 4. A ellvanadium alloy having  a tlxiekness of about 1-5 gym, ve a
ISM layer 5, and copper as a solder alloy  making layer 8 are formed by
sputtering an this contact layer 4. The copper  islm thickness at this time
is optimally about 0.8 pm in the ease of the, electrode having a diameter
of about 120 pm formed by the setluontial  sputtering and the solder ball
having a diameter of about 160 pm uLr&dcs from  



a outootic alloy of tin and silvor, A eutee io molder ball 9 having 96.6
weight % tin and ax weight 94  silver is supplied together with flux to the
electrode thus formed, heal od to u  tomperaturo of at least 22IOC, which
is tho melting point of the eutectic  solder ball, and the solder ball 9 is
malted. The solder ball 9 completely  disaalvos copper of the solder alloy
making layer a, and with cooling the  solder takes on a hemispherical
shape, and the solder alloy layer 6 that is a  comb#nation of the
nickel/tin iutermetallic compound and the copper/tin  intormotallic
compound is farmed, thus completing bonding. When.the cross section of the
thus formed solder buts is ana ed.  as shown In Fig. 1, the above described
comblaed solder alloy layer 6 that is  a combination of the nie kelftin
i'atermetallic compound and the copper/aitvar  inteimetallic compound Is
formed at an interface, and it is confirmed that  there is almost no copper
in the solder. Because of the existence ref the combined solder alloy layer
6 that is  a combination of the nickelltin intermetallic compound and the
copper/silver  intexmetallic compound at an i aterfaeo, oven if heat
histott greater than the  melting temperature of the solder is applied
afterwards, this solder bump 7  exhibits the effect of suppressing
formation of a reactive layer causing sift lowering of reliability due to
dissolving or diffusion of the nickel  that is the RM-layer 5. This effect
and the state in which the combined solder layer exists  will now be
described. Diffusion of the combined solder etlloy layer b is  suppressed
because the combined solder alloy layer 6 exists in such a state that
mutual diffhsion paths for each of the xtickelltin intermetalSic  



compound and the copper/tin intermetallic compound are blocked ofr, and ill
another state tin toms an inter -etallaic compound with respect to a solid
solution of nickel and copper and exists as a threaolomcat intermetaJlic
compound, and even if this three-element intermetallic compound exists,
paths for diffusion, are cut off by the combinod nickel and copper, to
suppress  mutual diffusion. Here, the alloy solder layer 8 has been
optimized to about 0.8 pin,  but this effect is sufficiently embIbitod with
a f In thicknose of fee= 0.6 1=  to 1.2 pm. The film thickne of the
contnc:t layer 4 and the UkM layer 5  can also be suitably varied according
to the conditions of semiconductor  device manufacture. 1e 2 Nex6 a second
example of the present invention will be described.  Similarly to the above
described first example, with the semiconductor  device according to this
example an electrode is formed by sequentially  sputtering titanium and
titanium/tungsten allay as an contact layer 4 on  aluminum alloy wiring 2
formed on a semiconductor chip 1, forming  nickelivanadium alloy to a
thickness of 1 - 5 pun as a U1M layer on the  contact layer 4 by
sputtering, and also sputtering capper as a solder alloy  making layer 8_
The copper Film thickness at Shia Lime is optimally about  O.81m, in the
case of the electrode formed by the sequential sputtering  having a dii
unater of about 120 pm and the solder ball 9 made from eutectic  alloy of
tin and silver having a diameter of about 1150 pm. This example is
characterized by the fact that tin is further supplied   at a thickness of
0.5 to 1.0 pm onto this copper solder alloy making layer 8, 



and a combined solder alloy layer 6 that is a combination of an
intexmetallic  compound of copper and tin and an intermetallic compound of
nickel arid tin  is tormad in advance by heating to at least 220t, and even
if opec ifed solder is supplied to form a bump after that, the same effects
as in the above  described first example can be obtained. With the first
and second examples, the aOe boa been shown of  supplying solder in the
form of a solder ball 9, buh iE is also possible to  supply the solder as
solder paste 10, as shown in Fig. 8. +~xamp.  hlexk a third example of the
present example will be described with  reference to Fig. 4. Fig. 4 shows
the structure ofA semiconductor device  implementing the semiconductor chip
having the structure shown in the  first example of the present invention.
As elwwn in Fig. 4, a flip chip type  scmlconduator device has titanitun
and titaniumltungston alloy siaquentlslly  sputtered on aluminum alloy
wiring 2 formed on the semiconductor chip 1,  as a contact layer 4. A
nickel/vanadium alloy having a bickuess of about 1 5 jim is formed by
sputtering an this contact layer 4 as it UBM layer 5, and  copper is also
Ibrmed by aputteriug as a solder alloy making layer 8. The  copper fi1m
thickness at this time is optimally about O.Bpin in the case of the
electrode formed by the sequential sputtering having a diameter of about
120 and the solder ball 9 made Prom outoctic alloy of and silver  having a
diameter of about 150 pm. A eutectic solder ball, 9 formed having 96.5
weight % tin and 3.5  weight % slaver is supplied together with flux to the
electrode thus formed,  heatod to a temperature of at least 221t. which is
the malting point of the  



eutectic solder ball, and the solder ball 9 is dissolved. The solder ball 9
completely die olves copper of the solder alloy making layer S. and with
cooling the solder takes on a hemispherical shape, and the solder alloy
layer  6 that is a ccumbination of the nickel/tin intermeGallic: compound
and the  copper/tin intermetaliic compound is :wmed at an interface, to
form a solder  bump 7. On the other hand, a substrata 12 having electrodes
that have been  auppliod with holder having the same composition as the
solder bump 7 is  prepared in advance, the semiconduotor chip 1
is'positioned on the  electrodes ofthii substrate 12, and than heated and
melted to bond them  together. After bonding, gaps between the solder bumps
7 are filled with  sealing resin 14 in order to improve mechanical strength
and moisture  resistance:. After that, solder having the same composition
as the solder  bumps 7 of the semiconductor chip I is then heated and
meltad to be  attached as BGA external terminals 13. Hero, the solder bump
7 ofthe semiconductor 1 initially being  attached is repeatedly subjected
to beating to higher than the melting point  in this manufacturing process,
but since with the solder bumps 7 of the  present invention it is possible
to control dissolving and diffusion of the  UBM layer, it is possible to
provide a highly reliable semiconductor device  with good yield. Next. a
method of manufacturing a semiconductor device using the  semiconductor
manufacturing apparatus raprosented by the second  embodiment of the
present invention will now be described with rofronc+a to  Fig_ 7 and ft.
8. Fig. 7 and Fig. 8 show the structure of-it semiconductor  



chip according to a fourth example, with Fig. 7A,, 8A in each case showing
the carne tore of a wettahility improvement layer provided on a U'BM Layer,
and Fig. 7B, 8B in each ease showing the struetuxe with no wettability
improvement layer As shown in Figs. IA and 7B, the semiconduetor chip of
this exatuple  has a nickel/phosphorus layer of a (WM layer 5 formed using
a  nonelectrotytic plating method on Al electrodes to a thickness of about
5 pm,  and gold plating is applied on this nicake.Uplhosphvrtis layer to a
thickness of  about 0.015 pm ns a we tability improvement layer 17. The
diameter of the  electrodes is about 120 pm. Also, solder is supplied using
a ball motoring  method, using balls of 160 yz diameter and a compveition
of tin 96.5 weight %/silver 3.6 weight %/copper 0.5 weight %. After that,
the semiconductor chip la-supplied with Bolder is  mounted on a stage 19
inside a reflow apparatus, and the inside of the  reflow area 18 9s first
decompressed to about IUPa and then filled with  nitrogen gas. After the
pressure inside the reflow area 18 has been  returned to atmo9pheric
pteseure, the tLow amount of the nitro n is set to  about I5 liters/minute.
Next, the heating plate 20 that has been heated to  about 29M Is brought
into contact wath the stage 19, and about 75 seconds  after a temperature
of 2201C is reached, which is the melting point of the  solder, the heating
plate 20 is taken away, followed by bringing the cooling  plate 21 into
contact with the stage 19 and cooling to room, temperature. In  this case,
the maximum temperature is 265:E 2, time above the melting  point is 85:k 2
seconds, and cooling rate is about 40C per second. As a  result of t sting
performed by the inventors of this application, it was  



confirmed that if the cooling rate was at least 2C per second the effects
of  the present invention were achieved. Also, when the timing for
switching between the heating plate 20  and tho cooling plate 21 that are
brought into contact with the stage 19 is  controlled based on temperature,
the system will be susceptible to the  effects of vatiationa in temperature
between lots, so it iaa preferehle to  control based on time at a
temperature greater than the melting point. With respect to the
semiconductor chip formed using the above  described method, the bump cross
section was observed and elementary  analysis performed, and it was
conftned that an intermetallic compound,  comprised of approximately 1 Jim
of tin, copper and nickel at a MM layer  5/eo1der bumps 7 interface, covers
the UBM layer 5. This can be considered  as a layer formed by combination
of intormotollic compounds of tin and  copper, and tin and nil_ A
semiconductor chip (Fig. 6) with bumps having the structure of the  present
invention attached sand a semiconductor chip (Fig. 14) with bumps
manufactured using a conventional reflow process attached were kept for
3,000 hours inside an oven at tSot, and the rates at which the UBM layer 6
(nonolcctrolyti Ni layer) were eaten away due to scM phase diffusion  were
v:umpxred in each. As a result of this, it was confirmed that WMpared  to
the Ni layer of the semiconductor chip having bumps formed with the
conventional. process being eaten away by 1.2 pm, with the present
invention the Ni layer was eaten sway by 9.1 pm, thus confirming that the
effect of preventing eating away due to dissolving and diffusion of the UBM
layer 5 wan significant. 



With the above described fourth oxamplc, the case where solder is  supplied
in the form of solder balls 9 has been shown, but it is also possible  to
supply the solder as solder paste 10, as shown in Fig. 8. .32.  Next, a
semiconductor device of it fifth example of the present invention will be
described. This example covers a manufacturing method  for a semiconductor
device u.th g ft ref low apparatus provided with a  non-contact type heat
source. The semiconductor chip of this example has a T M layer 5 of nickel
vanadium formed by sputtering on Al electrodes via a contact layer to  a
thiekneee of about 1 dm, and a copper wettability improvement layer 17 is
formed on this M lWor 5 to a thickness of about 0.4 plm, by sputtering.
The size of the electrode is the same as In the fourth example, a diameter
of  about 120 pm. Solder Is supplied onto the semiconductor chip 1 by means
of'a ball mounting method for mounting two-element euteotic solder having
a oomposltion of tin 96.5 weight %/ silver 3.5 weight % and having a
diameter of 1.50 gm. Decompression and nitrogen gas flow amount after
mounting the  semiconductor chip on the stage 19 of the flow apparatus are
the aame as  for the fourth example With this example, a device provided
with a  nun-contact type heat sous 22 (infrared heater) above the refiow
area 18 is  need, and heating is carried out using both the heating plate
20 and the  non-cont ct type hoat source 22. The temperature of the heating
plate 20  is sot to 285x, and the timing for switching from the heating
plate 20 to the  cooling plate 21 is the same as in the fourth example;
namely 75 seconds  



after the melting point of 220' has been exceeded. The non-contact type
heat source 22 Is turned (c)Ifl when the temperature of the rear surface of
the stage 19 is 2151C, which is 6t lower than the melting point of the
solder. * In this case, the maum temperature is 262:k 2t, time above the
melting point is 84 t 2 seconds, and caofYng rst is shout 4CC: per second.
Similarly to the fourth embodiment, dei cribed above, it is sufiic'leat
that the  cooling rate is 2t per second or more. The cross seetion of the
Remiconductot' chip to which bumps fv tied  using the above described
method have been attached was observed and  elementaxy analysis performed,
and it was con&med that an intermetallle  compound comprised of tin, copper
and nickel, similarly to the fourth  example, was formed to a thickness of
0.8pm at the UBM layer 5/solder  bumps 7 intorface. With the fourth
example, since three-element solder of  tin/silver/copper is supplied onto
the UBM layer 5 (nickeD, solder supply  using an electrolytic plating
method. is not possible, but with this example it . is possible to use
two-element solder of tin/silver because a copper layer is  formed in
advance on the UDM layer 5 (ni2tl), and solder supply using an,
electrolytic plating method is also possible. As has been described above,
a solder alloy making layer for  preventing dissolving and diffusion of tin
is thinly formed, alloy solder is  supplied in solder paste or solder ball
form, and a solder alloy layer is  forced by heating and melting. The
solder alloy layer is comprised o 'aa  combination of two intermetallic
compounds, one intermotall c compound  being formed from metal constituting
the solder and the solder alloy making  



layer, and the other intermctatlic compound being formed from motel
constituting the solder and a IUBM layer. By thinly providing the solder
alloy making layer on an upper part of the ITBM layer in advance, an
obtained solder bump structure has ix banding interface formed by. tho'
alloy  solder and a combined intermetallic compound layer which Is formed
by .34- combining a first inte.rmetallic compound formed by a reaction
between  metal constituting the solder and the soldor alloy making layer
and a second  intermetallic compound formed by a reaction between metal
constituting the  solder and the UBM layer When the combined intermetallio
compound  layer that is a combination of the first aiad second
intermetatile compounds  is formed, the first intermotallie compound is
formed by the entire thin  solder alloy making layer at almost the as me
time as the second  intermetalIic compound. Accordingly, the first
intermeta] is compound layer has the function  of blocking a d usiou path
that allows growth of the second int etallic  compound. Under normal
circumstances the intermetallic compound layer  of tho tin in the solder
and the UBM layer would be grown due to d 'union.  However; growth of the
second intermetal is copu mcl is suppressed due to  the fact that the first
intermetallic compound is arranged In diffusion paths  such as the grain
boundary, and therefctire it is possible to obtain as highly  reliable
bonding interface that degrades little with age with respect to  repeated
heat history during assembly, or temperature variations duo to  .uaagf:
midi ions after packaging, and it is possiblo to pxuvide a  semiconductor
device having a solder bump structure that can be formed at  



low cost using a conventional tin.-based two-element alloy. Also, the
structure of solder bump connection sections formed on the  electrodes of
the sera iconductor chip proposed in the present invention  suppresses
dissolving and diffusion of the UBM layer into the solder by  forming the
combined intermetallic compound layer at the ZJBM layer  interface, and it
is posaible to provide a highly rellablo semiconductor devise that does not
suffer from any lowering of strangfh due to abnormal growth of the
intermetallie compound layer oven if there is a heat hi,4Fory greater  than
the melting point at the time of package assembly or heat history  under
actual usage conditions. This has particularly noticeable effects in  the
case oflead free solder which has an increased proportion of tin  contained
therein compared with tinilead outactic solder and therefo,t has a  lot of
problems with respect to reliability Further, with the present invention f
ne temperature control of the  son iconduotor dovic a is possible duo to
the fact that a heating phis and a  cooling plate for heating and filing
the semiconductor chip from below, and  also a non-contact type heat source
for heating the semiconductor chip from  above, are provided in the ref low
apparatus, and by heating the  semiconductor chip from above using the
uowcontact type heat source, even  after switching from the heating plate
to the cooling plate, it is possible Co  increase a temperature gradient of
the front and rear surface of the  semiconductor chip and it is possible to
form the intermetallic compound  layer of the UBM layer as expected from
material design. With the re ow  apparatus according to the present
invention, since it is not necessary to  convey a semiconductor chip or
semiconductor wafer during the process,  



there is no possibility of damage to the somicoaduotor chip or of bridges
occurring due to movement of the formed solder, resulting in improved
product yield. The present invention is not limited to the above described
emhodimeritr~ and examples and it should be understood that wariours
modifications are passible within the scope of the appended claims without
departing from the technical concept of the present invention. -3$ What is
claimed is: 111111ll1111 S 1. A semiconductor device having at least it
adder bump formed  at alloy solder on an under-bump layer including first
metal: rmed on a  wiring layer, comprising.' an intermet allia compound
including metal that is a main  component of the alloy solder and second
natal difforont from the motel  that is the main component of the alloy
solder wherein the intermetall;c  compound is formed between the solder
bump and the under-bump layer. 2. Asomioonciuclur devicca having at l+sst a
solder bump formed  of alloy solder on an under-bump layer including first
metal formed on a  wiring Layer, comprising; an alloy layer composed of a
combination of an intermetallic  compound of metal that is a main component
of the alloy solder and second  metd different from. tho motel that is the
main component of tho alloy solider, and an intermeta lic compound of the
first metal included in the  unde-bump layer and the metal that is the main
component of the alloy  



solder, wherein the alloy layer ie formed between the solder bump and the
under bump layer. 3. A semiconductor device having at IKast a colder bump
farmed  of alloy solder on an under~bump layer including first metal formed
on a  wiring layor, comprising: an intermetallic compound formed between
the solder bump' -~- I1I110J 1111111111111111111111 L N s  and the
under-bump layer, wherein the intermetadho compound includes:  socond metal
ccrostituting a metal layer that is temporarily arranged on the under-bump
layer and is than dissolved into the alloy solder on  formation. of the
solder bump; and metal that is a main component of the alloy solder. 4. A
"miconductor device having at least a solder bump formed  of alloy solder
an an under-bump layer including first metal formed on a  wiring layer,
comprising: an alloy layer formed between the solder bump and the
under-bump layer, wherein the alloy layer is composed of a combimtion of
an .inl,irmeta lie compound composed of second metal constituting a metal
layer that is temporarily arranged on the underbump layer and is  then.
dissolved into the alloy solder an formation at the solder bump, and  metal
that is a main component of the alloy solder and an intermetallic compound
of the first metal Included is the  under-bump layer and the metal that is
the main component of the alloy  solder. 



5. The semiconductor device according to any of claims 1-4,  wherein the
metal that is the main component of the alloy solder is tin. a. The
eemiccnductor device smarding to chum fr. wherein  metal that is a second
main component of the alloy solder after the tin is  silver.
1lllll11111111ilIji 111I111NI1 C L S 7. Th e semiconductor device of claim
6. wherein. nipper is  added to the alloy solder S. The semiconductor
device awm*ng to any of claims 1-4,  wherein the second metal is one of
copper and a metal which is difront  from the first metal and is allowed to
form an mlermetallic connpound with  The aemiconductor device according to
any of claims 14, ,wherein the first metal included in the under-bump layer
includes nickel.  10. The semiconductor device according to claim 9,
wherein the  under-bump layer is a laminated. film formed from one of n kel
and nickel  alloy with different Ed qualities. 11, The semiconductor dovicc
adding to Claim 9, wh is the  under-bump layer is. a laminated film formed
from one of nickel and nickel  s-lloy and one of copper and copper alloy.
12. The semiconductor device according to claim 10 or 11,  wherein tho
nickel alloy includes one selected horn a group consisting of
nickelfvanadium alloy, nickellphosphoroua alloy and nickel, titanium alloy.
13. The semiconductor device according to any of clsfms 1-4,  wherein a
concatat layer is provided between the wiring layer and the  



under-bump layer. C M S 14. The semiconductor device of claim 18, whoroin
the contact  layer includes one of titanium and titaniumltungsten alloy.
15. A method for manufacturing n semiconductor device  comprising at least
a. Bolder bump of alloy solder formed on a wiring layer  vita im under-bump
layer including first metal, comprising the'steps of  fusing alloy solder
having second metal different from main component motal of the solder bump
added thereto; and cooling the fused alloy solder to deposit an
intermetallio  compound including the second metal and the main component
metal of the  alloy solder aL an interface between the under-bump layer and
the solder  hump. 16. A method for zaanufa cturing a semiconductor device,
comprising the steps of forming on a wiring layer, an underbump layer luc1i
ding  first metal which is to form a first interrnetsllic compound at an
inLorfaccr  through reactRion with alloy solder; supplying alloy solder
having second metal differoxxt from  main component metal added thezteto;
and forming an alloy layer at an interface between the  under-bump layer
and the alloy solder by temporary fusing the alloy solder  before cooling,
wherein the alloy layer is a combination of the first  ixrtermetallic
compound and a second intermetallitc compound of the main  component metal
of the alloy snider and the second metal. 



140 jjiiijiijij IT Amethod for manufacturing a eemieanduotor device with at
least a Bolder bump made of alloy solder formed on a wiring layer via an
under-b ump layer including first metal, comprising the steps oD forming a
Metal layer of second metal on the under-b ump  layer; and when forming the
solder bump, fusing the entire metal layer  into the a11oy solder and then
cooling it to deposit an !Atermetallie  compound including the second metal
and the main component metal of the  a11oy solder at an interface between
the wider-bump layer and the eol&r  bump. 18. A semiconductor device
manufacturing inothod, oamprieing  the steps of: forming, on a wiring
layer, an underbump layer, including  first metal which is to form a first
imtarmetallic compound at in intorfaco  thro ugh reaction with at ley
Golder; Ming a metal layer made of second metal which is to fora  it second
intarmetallic compound through reaction with the alloy solder;  supplying
the alloy solder; and forming an alloy layer at an interface between the
under-bump Layer and the alloy solder by cooling after temporary fusing of
the alloy solder, wherein the alloy layer is a c ombinatioit of the first.
intormetallie compound and the second intarmetallic compound. IS. The
semiconductor device manufacturing Method according 



1lfitll111111~~11~111111 -41- C e L to claim 17 or 18, whstein an oxidation
prevention film mode of.gold is  further thinly farmed on tho metal layer.
Zt). A semiconductor device manufacturing method, comprising  the steps of
forming, on a wiring layer, an under-bump layer including  first metal
which is to form a first interm,etallic compound at an interface  through
reaction with alloy solder, forming a metal layor made of second metal
which, is to form  a second intermetaLhc compound trough reaction with the
alloy soldsT;  forming a thin film of tin on the metal layer and ibtmlztg
an alloy layer of the second metal and the tin; and  supplying the alloy
solder 21- The somimnductor device mamufacturing method cording  to aW
ofelaims 15- 18 and 20, further compruang the atep of, before forming  the
under-bump layer an the wiring layer, forming a contact layer for
maintaining adhesion of the wiring layer and the under-btuap lays m 22. The
semiconductor device manuf cctuxring method according  to any of claims
18-18 and 20, wherein, when forming the solder bump,  fusing of the alloy
solder and deposition of the mtermetallic compound are  carried out by
vatting it temperature of gun interface of the solder bump with  the
under-bump layer to lower than a temperature at the top of the solder  bump
an a epacified temperature gradient. I 1IIIIiI IllhJj 11111 11111 1I 111 



M s  42 ZR. The APmic onduc.to ' device m4nufMcturixrg muthnrl according
to any of claims 15.18 and 24, wherein, when forming the solder bump,
fusing of the alloy solder and deposition of the intermetallic compound arc
carried out by mounting the semiconductor device on a stage and causing a
heating plate and a cooling plats movably provided at a lower part of the
stage to be sequentially brought into contact with the stage. 24. The
semiconductor device manufacturing method according  to claim 23, wherein,
at the time of heating using the heating plate, the  semiconductor device
is also heated from above by a non-contact heater  provided at an upper
part of the semiconductor device, and at the time of  cooling using the
cooling plate, while continuing heating using the  neon-contact heater, a
temperature gradient between the top of solder bump  and the interface of
the solder bump with the under-bump layer is increased  to promote
deposition to the interface of the intormetall compound with  the
under-bump dyer. 25. The semiconductor device manufacturing method
according  to claim 23 or 24, wherein cooling using the cooling plate is
carried out at  cooling rate of at least 2'G per seronch 26. The semicondu
r device manufacturing method according  to any of claims 23-25, wherein
the heating using the heating plate and the  cooling using the cooling
plate are carried out under a vacuum atmosphere  of a specified gas.
I1111I11I1I11[111111111III1111 -43- 



c L n 27. The semiconductor device manufacturing method scscusrding  to
chin. 26, wherein the spocified gas includes Ono of an inert gas and a
reductive gas. 28. The semic:ondnrtor device manukoturing method acoorditxg
to claim 27, wherein the inert gas comprises one of nitrogen and argon, and
the reductive gas comprises one of hydrogen and a mixed gas including
hydrogen. 29. Ths term ductor device manufacturing method aeoordltxg  to
any of claims 16.18 and 20, wherein the under-bump layer is formed firom
one of a single film and it laminutc of a plurality or nhn s need of one
selected from a group consisting ofntc kel, nicked zd,&oy, copper and
copper  alloy which are formed by ssputtcriiag. 30. The semiconductor
device manufacturing method according  to any of claims 15-18 and 20,
wherein the under-bump layer is fi mod from  one of a single film and a
laminate of a plurality of fin' s made of one  selected from a group
consietiug of nickel, nickel alloy, copper and copper a 11oy which are
formed by one of noneleotrolytic plating and electrolytic  plating. $1. The
semiconductor device manufacturing method according  to any of claims 18.18
and 20, wherein the underbump layer is formed as a  laminate film of a film
made of one selected from a group consisting of nickel,  nil kel alloy,
copper and copper alloy which are wed by the spattering and 4 . 1III
I11111111111III1IIIIIII a Alm made of one selected from it grasp consisting
of nickel, nickel allay,  



oopper and copper allay which arc formed by one of noonolectrolytio plating
and eleerolytic plating. 82. The semiconductor device manufacturing method
according  to any of rims 15-18 and 20, whcrcin.tho metal layer includes a
copper  thin film formed by at least one of sputtering, non,electrolytic
plating, and  elootxolytic plating. 33. The semiconductor device
manufacturing method according  to claim 82, wherein a Mm thickness of the
metal layer is set so that the  metal layer fuss totally ink 4he alluy
*older when fusing the alloy molder,  and; when cooling the alloy solder,
at least some of metal ofthe meta! layer  is deposited from the alloy
solder. 84. The semiconductor device manufactw ing method wording  to any
of claims 16-18 arid, 20, whorci n. the alloy solder is supplied as one of
a ball, and pellet farmed to a specified amount. 85. The eemicondtwtor
device manufacturing method according  to any of ebima 15-18 and 20,
wherein the alloy solder is supplied as solder  Paste. $6. The
semiconductor device manufacturing method according  to any of claim 10-18
and 20, wherein the main component of the alloy  solder is tin. 46
IN11101111111 87. The semiconductor dovlco manufcturing method ateording
to claim 36, wherein a second main component of the alloy solder after tin
is  silver. 38. The semiconductor device manufacturing method according  



to claim g9 or $7, wherein coppor is added to the alloy fielder 39. A
somicxmductor manufacturing apparatus comprising:  a std for mouutiag a
sample; a heating section for heating the sample; and  a cooling seat%on
for cooling the sample from below 40. The semiconductor manufacturing
apparatus according to  claim 39, wherein the sample is a soniiconductur
devim having solder,  41. The somiconduat=.or manufsaturing apparatus
according to claim 99 or 40, wherein the heating section comprises a
heating plate with a  bufttin heater, the cooling sectiox- comprises a
cowling plate with a built-in  cooling medium, wherein hea tang end conltrg
are carried out by sequentially  hinging the heating plate and the cooling
plate into contact with a lower  surface of the -stage to conduct hea4_ 42.
The semiconductor manufacturing apparatus ac irding to  claim 39 or 40,
wherein at least one of the heating section and the cooling  section is
built-in to the stage. -46- 43. The semiconductor manufacturing apparatus
according to  claim 39, further comprising: a non contac4 heating section
provided at an upper part of  the stage, for heating the sample from above
without contact, 44. The eemioonductor manufacturing apparatus *wording to
claim 40, further comprising: a non-contact heating section provided at an
upper part of  the stage, for heating the semiconductor device from above
without contact.  



45. The semir;onductr manufacturing btpparatus according to  claim 43,
ether comprising: a temperature sensor for maasuring a temperature of the
stage and a surface of the sample, and a controller for hldapendently
controlling the cooling scction  and the non:-contact heating section by
reference to an output from the  temperature sensor so that a temperature
gradient of an upper surface and  a lower surface of the sample becomas a
sp(c)ciied value. 46. The semiconductor manufacturing apparatus according
to  claim 44,further comprising: a temperature sensor for measuring a
temperature of the  stage and a surface of the semiconductor doviec, and a
controil'er for independently controlling the cooling section  and the
non-oontact heating section by reference to an output from the 47 -
111111111111111111111111111111 C L a temperature Sensor 80 tI at a
temperature gradieu( of an upper eur&c : and a lower surface of the
somiconductor dovico bocommoe a specified value.  47. An electrode
attucture comprising: an under-bump layer;  a spider bump; and an
intermetellic compound foamed between the under-bump  Iaye, and the solder
bump. 


