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(57) ABSTRACT

The present invention relates to a method for inhibiting
growth of intermetallic compounds, comprising the steps of:
(i) preparing a substrate element including a substrate on
which at least one layer of metal pad is deposited, wherein at
least one thin layer of solder is deposited onto the layer of
metal pad, and then carry out reflowing process; and (ii)
further depositing a bump of solder with an appropriate thick-
ness on the substrate element, characterized in that a thin
intermetallic compound is formed by the reaction of the thin
solder layer and the metal in the metal pad after appropriate
heat treatment of the thin solder layer. In the present inven-
tion, the formation of a thin intermetallic compound is able to
slow the growth of the intermetallic compound and to prevent
the transformation of the intermetallic compounds.
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Fig. 2A
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METHOD FOR INHIBITING GROWTH OF
INTERMETALLIC COMPOUNDS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a method for inhib-
iting growth of intermetallic compounds. Particularly, a
method for inhibiting growth of intermetallic compounds
formed by reacting a thin solder layer with a layer of metal
pad is shown. Furthermore, the present invention relates to a
structure of flip-chip bonding.

[0003] 2. Description of Related Art

[0004] The development tendency in semiconductor and
package technology is to increase the density of components
on achip, and the interconnections get smaller and smaller. At
present, the size (diameter) of a solder bump in flip-chip
bonding processes is about 100 um. Referring to F1G. 1, FIG.
2A, and FIG. 2B, a prior solder bump in flip-chip is shown. A
method of preparing the prior solder bump comprises: depos-
iting a layer of Cu pad (12) with the thickness of 5 pm onto a
silicon (Si) substrate(11); depositing a layer of Ni pad (13)
with the thickness of 3 um onto the layer of Cu pad (12); and
depositing a solder (14) with the thickness of 70-100 um onto
the layer of Ni pad (13), so that a semiconductor chip element
(1) comprising microbumps is formed. Furthermore, the
semiconductor chip element (1) is performed via a flip chip
process, namely the semiconductor chip element (1) is inter-
connected with the element (2), which is the silicon substrate
(21) having the layer of Cu pad (22) and the layer of Ni pad
(23). In the small bumps, such as the microbumps in 3D IC
(referring to FIG. 2B), the total bump height of the
microbump is about 20 pum, wherein the thickness of the
solder is up to 10 pm, and the layer of Cu pad or the layer of
Ni pad on the upper and under side (under-bump-metalliza-
tion, UBM) is about 8 pm respectively. Due to the bonding
process, at least 3 times reflowing processes, or using for a
while, the solder bumps will eventually totally transform to
bumps having intermetallic compounds, such as Cu—Sn,
Ni—Sn or Cu—Ni—Sn. It has been discovered that the said
intermetallic compounds are fragile so as to seriously affect
the mechanical properties of the solder bumps. For example,
when the elementisused in portable products, the bumps may
break if the products fall or are hit. In recent years, in order to
improve the problem noted above, a Ni layer is deposited on
the microbumps as a diffusion barrier layer. However, the cost
ofthis method is high, and a negative eftect on the mechanical
properties of the bumps is realized due to the high stress of Ni.
[0005] A tinsolder is commonly used as asolder in package
technology. An eutectic SuPb solder was bonded with Cu or
Ni in a melted state (about 220° C.) in early package indus-
tries. However, the eutectic SnPb solder will react with Cu to
form intermetallic compounds, such as Cu;—Sn and/or
Cu,—Sns. Since material having lead is harmful to the envi-
ronment and environmental protection responsibility is
becoming important, this kind of material of eutectic SnPb is
forbidden to use as a solder in a flip chip bump, and lead free
solder is used instead.

[0006] Currently, lead free solder, such as tin-silver or tin-
silver-copper, etc, with a melting point about 50° C. higher
than the prior eutectic SuPb solder, is commonly used. Sub-
sequently, lead free solder should be performed in a bonding
process at 250-260° C. However, most of the lead free solders
react with Cu and Ni relatively fast and form a thick interme-
tallic compound (e.g. Cu—Sn compound). The mechanical
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properties of the solder bumps are good and can absorb stress,
but the formed Cu—Sn intermetallic compounds have unsat-
isfactory mechanical properties (e.g. fragility). Therefore,
when an entire structure having a thick Cu—Sn intermetallic
compound undergoes stress, a brittle fracture within the
Cu—Sn intermetallic compound is easy to occur, and will
cause the entire structure to break.

[0007] Cu reacts with Sn rapidly, the reaction and subse-
quent growth even happens at room temperature. The growth
of the intermetallic compounds (e.g. Cu,Sns) can not be
inhibited or controlled in the prior art. Generally, in the solder
bump with a big size (e.g. the solder bump in flip chip), the
intermetallic compound formed on the solder bump will not
seriously affect the mechanical properties. Conversely, in a
solder bump with a very small size (e.g. microbumpsin3D IC
process), where the volume of the solder on the microbump is
only one hundredth of the volume of the solder bump in
typical flip chip processes, due to the bonding process, at least
10 times reflowing processes, or using for a while, the
microbumps will quickly transform to bumps having Cu—Sn
intermetallic compounds, which are fragile and will seriously
affect the mechanical properties of the microbumps.

[0008] At present, a method for resolving the problem is
that a Ni layer is deposited on the microbumps as a diffusion
barrier layer. However, the cost of this method is high, and the
negative effect on the mechanical properties of the bumps is
realized due to the high stress of Ni.

[0009] In other prior art, Cu and Ni are deposited by the
method of co-sputtering. However, the cost of the method is
high, and a higher thickness film can not be formed by using
the method. In addition, the speed of the reaction of lead free
solder with Cu and Ni is much faster than the speed of the
reaction of solder having lead with Cuand Ni, so that lead free
solder can not be used in the method.

[0010] U.S. Pat. No. 6,716,738 B2 (Date of patent: Apr. 6,
2004) discloses “Method of fabrication multilayered UBM
for flip chip interconnections by electroplating.” The patent
relates to a method of electroplating a Cu—Ni alloy layer by
adjusting current density. The Cu—Ni alloy layer is used for
controlling the stress and the components of the metal layers,
wherein Ni layer is used as a reaction barrier layer to inhibit
the growth of compounds formed by the reaction of the solder
with Cuand Ni. However, the process of electroplating the Cu
layer and the Ni layer at the same time is complicated, and the
components and the stress of the metal layers are hard to
control. The yielding rate and stabilities of the metal layers is
bad. Moreover, Cu also reacts with the solder.

[0011] U.S. Pat. No. 6,602,777 (Date of patent: Aug. 5,
2003) discloses “Method for controlling the formation of
intermetallic compound in solder joints.” The patent relates to
the intermetallic compound (e.g. (Cu, Ni )sSns or (Ni,_
»Cu,);5n,) formed by the reaction between a solder and a Ni
layer being controlled by adjusting the concentration of Cuin
the solder. However, the growth of the intermetallic com-
pounds formed by the solder and Cu can not be controlled by
this method.

[0012] Taiwan Patent No. 1338344 (Date of patent: Mar. 1,
2011) discloses “Semiconductor chip with solder bump sup-
pressing growth of inter-metallic compound and method of
fabricating the same.” The patent relates to how materials of
the penetration layer penetrate into the solder bump to change
the solder bump into a multi-component solder bump, so that
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the growth of the intermetallic compound is suppressed.
However, the suppression of the Cu—Sn intermetallic com-
pound is limited.

[0013] The public reference (“Retarding growth of Ni;P
crystalline layer in Ni(P) substrate by reacting with Cu-bear-
ing Sn(Cu) solders™, S. J. Wang, C.Y. Liu, Scripta Materialia
49 (2003) 813-818) relates to the reaction of the solder and Ni
controlled by adjusting the concentration of Cu in the
SN—Cu solder, so that the Ni;P formation is inhibited. How-
ever, the growth of the Cu—Sn or Ni—Sn compounds is not
inhibited.

[0014] In order to improve upon the problems and disad-
vantages as stated above, the present invention provides a
method for controlling the growth of the thickness of the
intermetallic compound formed between the solder and Cu,
namely the intermetallic compound (e.g. Sn—Cu compound)
formed by the rapid reaction of the solder and Cu prior to a
bonding process, and inhibiting the growth of the thickness of
intermetallic compounds after the bonding process.

SUMMARY OF THE INVENTION

[0015] The object of the present invention is to provide a
method for inhibiting growth of intermetallic compounds,
comprising the steps of:

[0016] (i) preparing a substrate element, including:

[0017] (i-1) depositing at least one layer of metal pad on
a substrate;
[0018] (i-2) depositing at least one thin layer of solder

onto the layer of metal pad, and then performing a heat
treatment to obtain the substrate element, wherein the
heat treatment may be a reflowing process in liquid or a
solid state aging process; and depositing a bump of
solder with an appropriate thickness on the substrate
element; and

[0019] (ii) performing a following bonding process with
the substrate element and other elements.

[0020] The present invention is particularly used for inhib-
iting the growth of the intermetallic compounds formed by
reacting a thin solder layer with a Cu pad in package technol-
ogy. According to the said method of the present invention, a
thin layer of solder is deposited onto the layer of metal pad on
the substrate prior to achip bonding process, and then the heat
treatment is performed. Furthermore, the following flip chip
bonding process is performed. Herein, the thin solder layer is
reacted with the metal in the metal pad to form a thin inter-
metallic compound first, so as to change the features and
forms of the intermetallic compounds. Since the thin inter-
metallic compound is formed by the reaction of the thin solder
layer and the metal in the metal pad prior to the bonding
process, the formation rate of intermetallic compounds of
solder bumps after the bonding process is inhibited.

[0021] Referring to FIG. 3, a scheme of illustrating the
method according to the present invention is shown. A layer
of metal pad is deposited on a substrate (Step: S201), a thin
layer of solder is deposited on the layer of metal pad (Step:
S301), and then a high temperature heat treatment is per-
formed to obtain a substrate element. Herein, a thin interme-
tallic compound is formed by the reaction of the thin solder
layer and the metal in the metal pad after the high temperature
heat treatment is performed (Step: S401). Then, a bump of
solder with an appropriate thickness is deposited on the sub-
strate element (Step: S501). Once the substrate element is
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prepared by the steps of S101, S201, S301, S401, and S501,
a following bonding process can be further performed (Step:
S601).
[0022] In the method of the present invention, the thin
intermetallic compound formed by the reaction of the thin
solder layer and the metal in the metal pad can reduce chan-
nels between the metal pad and the solder so as to avoid the
metal atoms in the metal pad reacting with the solder, and is
used for isolating the metal in the metal pad from the solder
bumps, so that the growth of the intermetallic compounds of
the solder bumps can be efficiently inhibited. When a semi-
conductor element (e.g. a semiconductor chip) is performed
via a flip chip bonding process, the thin intermetallic com-
pound is formed between the solder and the metal pad on the
substrate first, which can avoid the permeation of the metal
atoms in the metal pad into the solder bumps. Therefore, the
formation of the intermetallic compounds of the solder
bumps after a reflowing process or multi-reflowing processes
is reduced. On the other hand, the reducing rate of the metal
atoms in the metal pad is also decreased.
[0023] It is another object of the present invention to pro-
vide a structure of flip-chip bonding or an interface of a
solder, comprising:
[0024] (A) a substrate element, including:
[0025] (A-1) a substrate;
[0026] (A-2) at least one layer of metal pad, which is
deposited on the substrate;
[0027] (A-3) at least one thin layer of solder, which is
deposited on the layer of metal pad; and
[0028] (A-4)abump of solder with an appropriate thick-
ness, which is deposited on the substrate element;
[0029] wherein the substrate element (A) can be bonded
with other substrate elements in flip chip by a reflowing
process to obtain the structure of flip-chip bonding, wherein
the substrate element (A) comprises a thin intermetallic com-
pound with continuous laminated or similar continuous lami-
nated structure formed by the reaction of the thin solder and
the metal in the metal pad prior to the flip chip bonding
process.
[0030] In the structure of the present invention, the thin
intermetallic compound is used for isolating the metal in the
metal pad from the solder bumps (interconnects). Therefore,
the growth of the intermetallic compounds of the solder
bumps is efficiently inhibited.
[0031] In the present invention, the method of depositing
the layer of metal pad or the solder is not limited therein,
which can be any depositing technique in the prior art, such as
copper is deposited by a solution of copper sulphate, and
Sn—Ag solder is deposited by a solution of Sn,P,0, and Agl.
[0032] Inthe present invention, the substrate is not limited
therein, which can be a semiconductor chip, a silicon chip,
polymers, or glass according to an embodiment of the present
invention.
[0033] Inthe presentinvention, the metal of the metal padis
not limited therein, which can be copper, nickel, gold, or
alloys thereof, and preferably copper according to an embodi-
ment of the present invention. The range of thickness of the
metal pad according to the present invention may be from
several um to 100 pm.
[0034] In the present invention, the solder is not limited
therein, which can be lead free solder, and preferably lead free
solder according to an embodiment of the present invention.
[0035] The said thin solder layer may be 4 um or less, and
preferably 2 um according to an embodiment of the present
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invention. In the present invention, the thickness of the solder
bump is 100 um or less, and preferably 20 pm after a bonding
process.

[0036] The method for inhibiting growth of intermetallic
compounds according to the present invention is particularly
used in the area of 3D IC industries (e.g. 3D IC package
technology), central processing unit (CPU), mobile phones,
image processing chip, dynamic random access memory
(DRAM), etc.

[0037] Other objects, advantages, and novel features of the
invention will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG.1isaschematic diagram ofa prior solder bump
in flip chip;

[0039] FIG.2Aisa SEM cross-sectional image of the prior
solder bump in flip chip;

[0040] FIG. 2B is a SEM cross-sectional image of a prior
microbump in flip chip with the thickness of 20 pum;

[0041] FIG. 3 is a scheme of illustrating a method accord-
ing to the present invention;

[0042] FIG. 4A is a schematic diagram of an embodiment
of a substrate element having a thin solder layer according to
the method of the present invention;

[0043] FIG. 4B is a schematic diagram of an embodiment
of a substrate element having a solder layer according to the
method of the present invention;

[0044] FIG.5AisaSEM cross-sectional image ofa Cupad
having the thickness of 5 pm on which a thin solder layer
having the thickness of 2 um is deposited according to the
method of the present invention;

[0045] FIG. 5B is a SEM cross-sectional image of the Cu
pad having the thickness of 5 um on which the thin solder
layer having the thickness of 2 um is deposited according to
the method of the present invention, wherein the Cu pad with
the thin solder layer has been performed a reflowing process
at 260° C. for 10 pmin;

[0046] FIG. 6A is a SEM cross-sectional image of a 2-um-
SnAg specimen having a solder layer with an appropriate
thickness according to the method of the present invention,
wherein the solder bump having the thickness of 20 um is
further deposited on 2-um-SnAg specimen after a pre-reflow-
ing process for 10 umin, and a second reflowing process is
performed at 260° C. for 1 pmin;

[0047] FIG. 6B is a SEM cross-sectional image of the
2-um-SnAg specimen having the solder layer with an appro-
priate thickness according to the method of the present inven-
tion, wherein the solder bump having the thickness of 20 um
1s further deposited on 2-um-SnAg specimen after the pre-
reflowing process for 10 umin, and the second reflowing
process is performed at 260° C. for 5 umin;

[0048] FIG. 6C is a SEM cross-sectional image of the
2-um-SnAg specimen having the solder layer with an appro-
priate thickness according to the method of the present inven-
tion, wherein the solder bump having the thickness of 20 pm
is further deposited on 2-um-SnAg specimen after the pre-
reflowing process for 10 umin, and the second reflowing
process is performed at 260° C. for 10 pmin;

[0049] FIG.7AisaSEM cross-sectional image ofa 19-um-
SnAg specimen according to the method of the present inven-
tion, wherein the 19-um-SnAg specimen has been performed
a reflowing process at 260° C. for 1 pmin;
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[0050] FIG. 7B is a SEM cross-sectional image of the
19-um-SnAg specimen according to the method of the
present invention, wherein the 19-um-SnAg specimen has
been performed a reflowing process at 260° C. for 5 pmin;
[0051] FIG. 7C is a SEM cross-sectional image of the
19-um-SnAg specimen according to the method of the
present invention, wherein the 19-um-SnAg specimen has
been performed a reflowing process at 260° C. for 10 umin;
[0052] FIG. 8isachange chart of the thickness of a Cu—Sn
intermetallic compound as the reflowing time increases at
260° C.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0053] Herein below, the present invention will be
described in detail with reference to the embodiments. The
present invention may, however, be embodied in many differ-
ent forms and should not be construed as being limited to the
embodiments set forth herein. Rather, these embodiments are
provided to fully convey the concept of the invention to those
skilled in the art.

[0054] First, a 2-um-SnAg/Cu pad specimen, which is a
specimen having a thin solder layer, is prepared.

[0055] A first specimen having a thin solder layer (2-pm-
SnAg specimen) and a second specimen having a solder layer
(19-um-SnAg specimen) are prepared.

[0056] Referring to FIG. 4A, the first specimen having a
thin solder layer, 2-um-SnAg specimen, is prepared by the
following steps:

[0057] First, a silicon chip is used as a first substrate (31),
on which a first Cu pad with the thickness of 5 um (Cu UBM)
(321,322, 32n; hereinafter referred to as “32”) is deposited. A
SnAg lead free solder layer with the thickness of 2 pm (331,
332, 33n; hereinafter referred to as “33”) is deposited on the
first Cu pad (32). Then, a reflowing process is performed at
260° C. for 10 pmin. A first thin Cu—Sn intermetallic com-
pound (Cu—Sn IMC) is formed by the reaction of Cu and the
lead free solder after the reflowing and cooling processes of
the lead free solder, so that the 2-um-SnAg specimen is
obtained.

[0058] Referring to FIG. 4B, the second specimen having a
solder layer, 19-um-SnAg specimen, is prepared.

[0059] The other silicon chip is used as a second substrate
(41), on which a second Cu pad with the thickness of 20 pm
(Cu UBM) (421, 422, 42p; hereinafter referred to as “42”) is
deposited. A SnAg lead free solder layer with the thickness of
19 um (431, 432, 43%; hereinafter referred to as “43”) is
deposited on the second Cu pad (42). Then, a reflowing pro-
cess is performed at 260° C. for 1-10 pmin. A second Cu—Sn
intermetallic compound (Cu—Sn IMC) is formed by the
reaction of Cu and the lead free solder after the reflowing and
cooling processes of the lead free solder, so that the 19-um-
SnAg specimen is obtained.

[0060] Inthe above processes, the thin Cu—=Sn intermetal-
lic compound is formed by the reaction of the Cu atoms in the
first Cu pad and the thin solder layer (33) prior to a bonding
process, wherein the thin Cu—Sn intermetallic compound
can inhibit Cu atoms to react with the solder through the thin
Cu—Sn intermetallic compound, so that the first Cu pad (32)
is isolated from the solder bumps (interconnections).

[0061] Inthe embodiment of the present invention, SEM is
used for detecting the cross-sectional images of the structures
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of the said specimens, which are performed reflowing pro-
cesses at 260° C. for 5 umin and 10 pmin to test the solder
bumps.

[0062] Referring to FIGS.5A, and 5B, the said 2-um-SnAg
specimen is shown. FIG. 5A shows a SEM cross-sectional
image of the thus-prepared 2-um-SnAg specimen. FIG. 5B
shows a SEM cross-sectional image of the 2-um-SnAg speci-
men after a reflowing process for 10 umin. After the reflowing
process for 10 pmin, the above lead free solder is completely
reacted to the Cu—Sn intermetallic compound, which is
observed obviously. The structure of the Cu—Sn intermetal-
lic compound is a laminated structure. Therefore, the Cu—Sn
intermetallic compound with laminated structure is used for
inhibiting Cu atoms to permeate into the barrier layer of the
solder during a following bonding process.

[0063] Referring to FIGS. 6A, 6B, and 6C, a solder bump
having the thickness of 20 um is deposited on the 2-um-SnAg
specimen after a pre-reflowing process at 260° C. for 10 pmin,
and then a second reflowing process is performed at 260° C.
The SEM cross-sectional images of the 2-um-SnAg specimen
are shown respectively after the second reflowing process for
1 min (FIG. 6A), 5 umin (FIG. 6B), and 10 umin (FIG. 6C). As
shown in FIG. 6C, the thin Cu—Sn intermetallic compound
maintains the laminated structure afier the second reflowing
process for 10 umin. Therefore, the thin Cu—Sn intermetallic
compound can inhibit Cu atoms to permeate into the solder,
so that Cu atoms are difficult to react with the solder.

[0064] In the other aspect, the result of the test shows the
Cu—Sn intermetallic compound grows relatively fast when
the thin solder layer is not first deposited on the Cu pad. The
SEM cross-sectional images of the 19-um-SnAg specimen
are shown respectively after a reflowing process for 1 pmin
(FIG. 7A), 5 umin (FIG. 7B), and 10 pmin (FIG. 7C). Refer-
ring to FIGS. 7A, 7B, and 7C, it is seen the thickness of the
Cu—Sn intermetallic compound increases as the reflowing
time increases. The shape of the Cu—Sn intermetallic com-
pound is semicircular, so that Cu atoms are easy to permeate
into the solder through the Cu—Sn intermetallic compound,
and react with the solder. Therefore, the thickness of the
Cu—Sn intermetallic compound increases significantly as
the reflowing time increases.

[0065] Referring to FIG. 8, a change chart is shown indi-
cating the thicknesses of Cu—Sn intermetallic compounds as
the reflowing time increases. As shownin FIG. 8, the Cu—Sn
intermetallic compound of the 2-um-SnAg specimen, which
is already performed the pre-reflowing process for 10 pmin,
does not significantly increase the thickness of the Cu—Sn
intermetallic compound as the second reflowing time
increases, and only increases about 0.2 pm. However, the
thickness of the Cui—Sn intermetallic compound of the 19-m-
SnAg specimen increases 1.6 um after a reflowing process for
10 pmin. Therefore, this proves the growth of the thickness of
the Cu—Sn intermetallic compound can be inhibited via the
thin solder layer being deposited on the metal pad prior to a
bonding process, according to the method of the present
invention. Meanwhile, the Cu pad is isolated from the solder
bumps, so that the thickness reducing rate of the Cu pad is
decreased apparently.

[0066] In addition, according to the method for inhibiting
the growth of the intermetallic compounds of the present
invention, the mechanism inhibiting the growth of the inter-
metallic compounds is caused by the following reasons:
[0067] (1) If the thin solder is not deposited on the metal
pad prior to the bonding process, the Cu—Sn intermetallic

Feb. 14, 2013

compound (e.g. Cu,Sns compound) with similar semicircular
structure will be formed. The shape of the Cu—Sn interme-
tallic compound in 19-um-SnAg specimen after the reflowing
process for 1 pmin is shown in FIG. 7A. The residue of the
solder bump of the 19-um-SnAg specimen is etched by etch-
ing solutions so as to observe the shape of the Cu—=Sn inter-
metallic compounds. There are many channels in the CuSny
with semicircular structure, so that Cu atoms can permeate
into the solder, and react with the solder through the channels.
[0068] Furthermore, the thin solder layer is deposited on
the metal pad prior to the bonding process as the method of
the present invention. After the pre-reflowing process for 10
wmin, the Cu Sn; or CuySn compounds having similar lami-
nated structure with few channels on 2-um-SnAg specimen
are formed. The solder is only 2 pm, and consumed com-
pletely after the reflowing process for 10 umin, so that the
channels in the Cu—Sn intermetallic compounds are closed.
Therefore, when a solder having an appropriate thickness is
further deposited on the 2-um-SnAg specimen, the reaction of
Cu atoms and the solder on the 2-um-SnAg specimen can be
inhibited efficiently.

[0069] (2) The thin solder layer has a very thin thickness
(e.g. only 2 um), and it is consumed completely after the
reflowing process. Cu,Sns compounds can be totally or par-
tially transformed to Cu;Sn compounds with laminated struc-
ture. The underlying Cu is not easy to permeate into the
solder, so that the reaction of Cu atoms and the solder can be
inhibited efficiently, and the growth of the thickness of the
Cu—Sn intermetallic compound can be also inhibited.
[0070] The method of the present invention is proved to
inhibit the growth of the intermetallic compounds according
to the above embodiment. Once the growth of the intermetal-
lic compounds can be inhibited, the growth of Sn whiskers
can also be inhibited. Therefore, the present invention is used
for inhibiting the growth of Sn whiskers.

[0071] Although the present invention has been explained
in relation to its preferred embodiment, it is to be understood
that many other possible modifications and variations can be
made without departing from the spirit and scope of the
invention as hereinafter claimed.

What is claimed is:

1. A method for inhibiting growth of intermetallic com-
pounds, comprising the steps of:

(1) preparing a substrate element, including:

(i-1) depositing at least one layer of metal pad on a
substrate;

(1-2) depositing at least one thin layer of solder onto the
layer of metal pad, and then performing a heat treat-
ment to obtain the substrate element; and depositing a
bump of solder with an appropriate thickness on the
substrate element; and

(i) performing a following bonding process with the sub-

strate element and other elements;

wherein a thin intermetallic compound is formed by the

reaction of the thin solder layer and the metal in the

metal pad after the heat treatment of the thin solder layer
prior to the flip-chip bonding process.

2. The method for inhibiting growth of intermetallic com-
pounds according to claim 1, wherein the substrate is a semi-
conductor chip or a silicon chip.

3. The method for inhibiting growth of intermetallic com-
pounds according to claim 1, wherein the metal in the metal
pad is copper.
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4. The method for inhibiting growth of intermetallic com-
pounds according to claim 1, wherein the solder is lead free
solder.

5. The method for inhibiting growth of intermetallic com-
pounds according to claim 1, wherein the thickness of the thin
solder layer is 4 pm or less.

6. A structure of a flip-chip bonding, comprising:

(B) a substrate element, including:

(A-1) a substrate;

(A-2) at least one layer of metal pad, which is deposited
on the substrate;

(A-3) at least one thin layer of solder, which is deposited
on the layer of metal pad; and

(A-4) a bump of solder with an appropriate thickness,
which is deposited on the substrate element after a
heat treatment of the thin solder layer;
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characterized in that the substrate element (A) comprises a
thin intermetallic compound with continuous laminated
structure formed thereon by the reaction of the thin
solder layer and the metal in the metal pad after the heat
treatment prior to a flip-chip bonding process.

7. The structure according to claim 6, wherein the substrate

is a semiconductor chip or a silicon chip.

8. The structure according to claim 6, wherein the metal in

the metal pad is copper.

9. The structure according to claim 6, wherein the solder is

lead free solder.

10. The structure according to claim 6, wherein the thick-

ness of the thin solder layer is 4 pm or less.



