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METHOD OF ASSEMBLING CHIPS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of application Ser.
No. 11/123,328, filed on May 6, 2005, now pending, which is
adivision of application Ser. No. 10/695,630, filed on Oct. 27,
2003, now U.S. Pat. No. 7,242,099.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates in general to a method of
assembling chips, and more particular, to a method of assem-
bling chips with an enhanced packaging yield.

[0004] 2. Related Art of the Invention

[0005] In the modern information explosive society, elec-
tronic products are everywhere in our daily lives. Accompa-
nied with the continuously developed electronic technology,
more complex and more humanized products are updated
every single moment. The exterior design of the electronic
products is also driven by the trend for being light, thin, short
and small. For example, in the field of semiconductor pack-
age, many high-density semiconductor package techniques
have been developed, such as the system in a package, the flip
chip (F/C) structure, and the ball grid array (BGA).

[0006] Normally, the pattern of the systemized package
structure includes multiple chips packaged in an encapsulat-
ing material. Such package structure has the advantages of
short interconnection between chips and greatly reduced vol-
ume for wiring layout. However, there is some difficulty in the
fabrication process thereof. For example, when two flip chips
are connected to each other, misalignment problem fre-
quently occurs as shown in FIGS. 1 to 5, which illustrate the
flip chip connecting process.

[0007] In FIG. 1, first and second flip chips 110, 130 are
provided. The first flip chip 110 has a first chip 112 and a first
bump 122. The first chip has several first terminals 114
exposed at the surface of the first chip 112. Each of the first
bumps 122 is positioned on the corresponding first terminal
114. The first bumps 122 are in ball patterns. The second flip
chip 130 includes a second chip 132 and multiple second
bumps 143. The second flip chip 130 further has multiple
second terminals 134 exposed at the surface of the second
chip 132. Each of the second bumps 142 is located on the
corresponding second terminal 134. The second bumps 142
have ball shape.

[0008] The first chip and the second chip are then con-
nected to each other. The first bumps 122 are dipped with flux
150 as shown in FIG. 2. The first flip chip 110 is then turned
up side down, such that each first bump 122 is aligned and
pressed on one corresponding second bump 142. Meanwhile,
the joint between the first bump 122 and the second bump 142
is covered with the flux 150 as shown in FIG. 3. As both the
first and second bumps 122 and 142 are in ball shape, a sliding
motion between the first and second bumps 122 and 142 is
inevitable when the first bumps 122 are pressed on the second
bumps 142. Therefore, a displacement or shift between the
first and second bumps 122 and 142 is caused.

[0009] A reflow process is then performed allowing each
first bump 122 and the corresponding second bump 142
melted to form a common connecting block 160, while the
flux 150 flows to an external surface of the connecting block
160 to cover the connecting block 160 as shown in FI1G. 4. In
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case that a serious sliding motion occurs for pressing the first
bumps 122 on the second bumps 142, the neighboring blocks
160 may contact each other during the reflow process. A short
circuit is thus caused to reduce the package yield.

[0010] After the reflow process, a solution (not shown) is
applied to remove the residual flux 150 on the blocks 160 to
form the structure as shown in FIG. 5.

[0011] Intheabove bump-connecting process, the height of
the connecting blocks 160 is limited, such that the distance
between the first and second chip 112 and 132 is too small. In
the following glue dispensing or encapsulating process, the
encapsulating material (not shown) can hardly flowing
between the first and second chips 112 and 132, such that void
is formed therebetween, and the reliability of the package is
degraded.

SUMMARY OF THE INVENTION

[0012] The present invention provides a method of assem-
bling chips with greatly enhanced assemble reliability.
[0013] The present invention provides a method of assem-
bling carriers between which the distance is increased.
[0014] Before a detailed description of the present inven-
tion, the space prepositions are first defined. The preposition
“on” means the relative geometric relationship between two
objects being or being not in contact with each other. For
example, when A is on B, A can be disposed on B with or
without a direct contact in between.

[0015] The method of assembling chips provided by the
present invention comprises the following steps. A first chip
and a second chip are provided. At least a conductive pillar is
formed on the first chip, and at least a conductive connecting
material is formed on the conductive pillar. The conductive
connecting material is connected to the second chip, such that
the first chip and the second chip are electrically connected to
each other via the conductive pillar and the conductive con-
necting material. Thereby, in the connecting process, the con-
ductive connecting material is carried on the second chip or
the conductive connecting material on the second chip with a
surface contact. The sliding motion between the conductive
connecting material on the conductive pillar and the second
chip or on the conductive connecting material of the second
chip can be suppressed. The first and second chips can thus be
connected with accurate alignment, and the short circuit
effect between the connecting members is avoided.

[0016] The present invention provides a method of assem-
bling carriers including the following steps. A first chip and a
second chip are provided. At least a conductive pillar is
formed on the first chip, and at least a conductive connecting
material is formed on the second chip. The conductive pillar
is connected to the conductive connecting material, such that
the first carrier and the second carrier are electrically con-
nected to each other via the conductive pillar and the conduc-
tive connecting material. Thereby, the conductive pillar is
pressed on the conductive connecting material on the second
chip with a surface contact, and the sliding motion between
the conductive pillar and the conductive connecting material
on the second chip is effectively avoided. The first and second
chips can be properly aligned and connected. The short circuit
can thus be prevented.

[0017] The present invention further provides a method of
fabricating a multi-chip package module. A first chip, a sec-
ond chip and a carrier are provided. Multiple conductive
pillars are formed on the first chip, and a conductive connect-
ing material is formed on the conductive pillars. The conduc-
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tive pillars are connected to the second chip via the conduc-
tive connecting material, such that the second chip is attached
to and electrical connected to the first chip via the conductive
pillars and the conductive connecting material. The first chip
is then mounted to and electrically connected to the carrier.
[0018] The present invention further provides a method of
fabricating a multi-chip package module. A first chip, a sec-
ond chip and a carrier are provided. Multiple conductive
pillars are formed on the first chip, and a conductive connect-
ing material is formed on the second chip. The conductive
pillars are connected to the conductive connecting material,
such that the second chip is attached to and electrical con-
nected to the first chip via the conductive pillars and the
conductive connecting material. The first chip is then
mounted to and electrically connected to the carrier.

[0019] Inoneembodiment ofthe present invention, a multi-
chip package module is provided. The package module
includes a first chip, a second chip, multiple conductive pil-
lars and a carrier. The conductive pillars are located between
the first and second chips, while the first chip is mounted to
the carrier and electrically connected thereto. The carrier
includes a substrate, a ceramic substrate, or a leadframe.
[0020] An assembly structure is further provided in the
present invention, including a first chip, a second chip and a
conductive pillar located between the first and second chips.
[0021] Accordingly, as the melting point of the conductive
pillar is configured higher than the connecting temperature of
the conductive connecting material, such that the conductive
pillar is not melted during the reflow process to maintain the
space between the first and second chips. Therefore, a proper
space between the first and second chips is sufficiently large,
allowing the packaging material easily filled between the first
and second chips in the following encapsulating process. In
addition, a lead-free material can be used for forming the
conductive pillar and the conductive connecting material to
meet the environmental requirement.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] These, as well as other features of the present inven-
tion, will become more apparent upon reference to the draw-
ings.

[0023] FIGS. 1 to 5 are cross sectional views showing the

connecting process of flip chips.

[0024] FIGS. 6 and 7 are cross sectional views showing the
method of assembling carriers according to a first embodi-
ment of the present invention.

[0025] FIGS. 8A, 8B and 9 are cross sectional views show-
ing the method of assembling carriers according to a second
embodiment of the present invention.

[0026] FIG. 10 is a cross sectional views showing the
method of assembling carriers according to a third embodi-
ment of the present invention.

[0027] FIG. 11 is a cross sectional views showing the
method of assembling carriers according to a fourth embodi-
ment of the present invention.

[0028] FIGS. 12A and 12B are cross sectional views show-
ing the method of assembling carriers according to a fifth
embodiment of the present invention.

[0029] FIGS. 13 and 14 are cross sectional views showing
a method of assembling carriers in a sixth embodiment of the
present invention.

[0030] FIGS. 13A and 13B are laterally cross-sectional
views showing conductive pillars 230 and 262 in a sixth
embodiment of the present invention.
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[0031] FIGS. 1510 21 are cross sectional views showing the
process of forming the conductive pillar and the conductive
connecting material on the second carrier as shown in the
sixth embodiment.

[0032] FIGS. 22 to 29 are cross sectional enlarged views
showing a first example of fabricating a multi-chip package
module according to the present invention.

[0033] FIGS. 30 to 32 are cross sectional enlarged views
showing a third example of fabricating a multi-chip package
module according to the present invention.

[0034] FIG. 33 to 36 are cross sectional enlarged views
showing a third example of fabricating a multi-chip package
module according to the present invention.

[0035] FIGS. 37 to 42 are cross sectional enlarged views
showing a fourth example of fabricating a multi-chip package
module according to the present invention.

[0036] FIG. 43 is a cross sectional enlarged view showing a
fifth example of fabricating a multi-chip package module
according to the present invention.

[0037] FIGS. 44 and 45 show the method of assembling
chips according to an embodiment of the present invention.
[0038] FIGS. 44A, 44B and 44C show constructions of
forming a conductive pillar and an under-bump-metallurgy
layer over a bump pad.

[0039] FIGS. 46 and 47 show the structure of assembling
chips according to other embodiments of the present inven-
tion.

[0040] FIG. 48 shows the method of assembling chips
according to another embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0041] Referring to FIGS. 6 and 7, a cross sectional sche-
matic view of a method for assembling carriers according to
the first embodiment of the present invention is shown. As
shown in FIG. 6, two carriers 210, 220, that is, the first and
second carriers 210 and 220 are provided. The first carrier 210
has multiple terminals 212 exposed at a surface thereof. The
second carrier 220 has multiple terminals 222 exposed at a
surface thereof. The first and second carrier 210 and 220 each
includes a chip, a substrate or a ceramic substrate.

[0042] Multiple conductive pillars 230 are formed on the
terminals 212 of the first carrier 210, while a conductive
connecting material 240 is formed on each of the terminals
222 of the second carrier 220. The material of the conductive
pillars 230 is selected from tin, lead, copper, gold, silver, zinc,
bismuth, magnesium, antimony, indium and an alloy thereof.
The conductive connecting material 240 is in a paste form and
can be formed by mixing metal particles and a flux. The
conductive connecting material 240 can be formed on each
terminal 222 ofthe second carrier 220 via screen printing. The
metal particles include particles of tin, lead, copper, gold,
silver, zinc, bismuth, magnesium, antimony, indium and an
alloy thereof.

[0043] The first carrier 210 is flipped with each conductive
pillar 230 facing and aligned with the conductive connecting
material 240, such that each conductive pillar 230 is pressed
on the conductive connecting material 240. A reflow process
is performed allowing the metal particles of the conductive
connecting material 240 melted and cured into a connecting
block 241 to connect the conductive pillars 230 with the
terminals 222 of the second carrier 220. The melting point of
the conductive pillars 230 is higher than the fusion tempera-
ture of the conductive connecting material 240. In this
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embodiment, the connecting block is connected to only one
side of the conductive pillars 230. The flux of the conductive
connecting material 230 flows to a surface of the connecting
block 241. A solution is used to remove the residual flux on
the surface of the connecting block 241 to form the structure
as shown in FIG. 7.

[0044] Referring to FIGS. 8A, 8B and 9, a method of con-
necting carriers in a second embodiment of the present inven-
tion is shown. The members denoted by the same numeral
references in the first and second embodiments indicate the
same devices, and an addition description is not further pro-
vided. Referring to FIGS. 8A and 8B, the conductive con-
necting materials 242a and 2425 are in solid form such as
pillar or ball (the conductive connecting material 242a is in a
ball form in FIG. 8 A and the conductive connecting material
242b is in a pillar form in FIG. 8B). The material of the
conductive connecting materials 242a and 2425 includes tin,
lead, copper, gold, silver, zinc, bismuth, magnesium, anti-
mony, indium or an alloy of the above materials. The melting
point of the conductive pillar 230 is higher than the fusion
temperature of the conductive connecting materials 242a and
242b. The conductive connecting material 242a are solder
balls and the solder balls 2424 have a ball height al greater
than 15 micrometers. The conductive connecting material
242b is solder bumps and the solder bumps 242a have a bump
height a2 greater than 15 micrometers.

[0045] The conductive pillars 230 are formed on the termi-
nals 212 of the first carrier 210 and the conductive connecting
materials 242a and 2425 are formed on the terminals 222 of
the second carrier 220. The conductive connecting materials
242q and 242b are dipped with a flux (not shown). The first
carrier 210 is flipped to press each of the conductive pillars
230 to the corresponding conductive connecting materials
242q and 242b. A reflow process is performed to melt the
conductive connecting materials 242a and 2425 for covering
the conductive pillars 230 as shown in FIG. 9. A solution is
used to remove the flux remained on the conductive connect-
ing materials 242q and 2425.

[0046] FIG. 10 shows the method of assembling carriers
according to a third embodiment of the present invention. The
members denoted by the same numeral references in this and
the first embodiments indicate the same devices, and an addi-
tion description is not further provided. In this embodiment,
when the conductive pillars 230 are formed on the terminals
212 of the first carrier 210, the conductive connecting mate-
rial 244 is formed on the conductive pillars 230. The conduc-
tive connecting material 244 is in solid form such as pillar or
ball. The material of the conductive connecting material 244
includes tin, lead, copper, gold, silver, zinc, bismuth, magne-
sium, antimony, indium or an alloy of the above materials.
The melting point of the conductive pillar 230 is higher than
the fusion temperature of the conductive connecting material
244. The process of the conductive pillars 230 and the con-
ductive connecting material 244 is incorporated by reference
to Chinese Patent Application Nos. 90104979 and 91100092.
After forming the conductive connecting material 244 on the
conductive pillars 230, the first carrier 244 is turned up side
down. A reflow process is performed to connect the conduc-
tive connecting material 244 with the terminal 222 of the
second carrier 220. Thereby, the first and second carriers 210
and 220 are electrically connected via the conductive pillars
230 and the conductive connecting material 244. In addition,
the paste-like conductive connecting material 230 can also be
formed on the conductive pillar 230 by dipping adhesion. The
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paste-like conductive connecting material 230 includes a
mixture of multiple metal particles and a flux. The metal
particles include tin, lead, copper, gold, silver, zinc, bismuth,
magnesium, antimony, indium or an alloy of the above met-
als.

[0047] FIG. 11 shows the method of assembling carriers
according to a fourth embodiment of the present invention.
The members denoted by the same numeral references in this
and the third embodiments indicate the same devices, and an
addition description is not further provided. In this embodi-
ment, before connecting the carriers, the conductive pillars
230 are formed on the terminals 212 of the first carrier 210,
and the conductive connecting material 244 is formed on the
conductive pillars 230. In addition, a conductive connecting
material 246 is further formed on the terminals 222 of the
second carrier 220. The conductive connecting material 246
includes paste mixed with metal particles and a flux. The
conductive connecting material 246 can be formed on the
terminals 222 of the second carrier 220 by screen-printing.
The metal particles of the conductive connecting material 246
include tin, lead, copper, gold, silver, zinc, bismuth, magne-
sium, indium or an alloy of these materials. The first carrier
210 is then flipped, allowing the conductive pillars 230
aligned with the corresponding conductive connecting mate-
rial 246. The conductive connecting material 244 on the con-
ductive pillars 230 are then pressed on the conductive con-
necting material 246. A reflow process is performed, such that
the metal particles in the conductive connecting material 246
are merged and cured with the conductive connecting mate-
rial 244 to form a connecting block (not shown), while the
flux of the conductive connecting material 246 flows to a
surface of the connecting block. The connecting block can be
merged at one side of the conductive pillars 230 or to cover the
conductive pillars 230. A solution is used to remove the
residual flux on the connecting block. By curing the conduc-
tive connecting material 244 and the metal particles in the
conductive connecting material 246, the conductive pillars
230 can be connected to the terminals 222 of the second
carrier 220. Preferably, the melting point of the conductive
pillars 230 is higher than the fusion temperature of the con-
ductive connecting materials 244 and 246.

[0048] FIGS. 12A and 12B are cross sectional views show-
ing the method of assembling carriers according to a fifth
embodiment of the present invention. The members denoted
by the same numeral references in this and the third embodi-
ments indicate the same devices, and an addition description
is not further provided. The conductive connecting materials
248a, 248b can be in solid form with pattern such as ball or
pillar (the conductive connecting material 248a has a ball
shape in FIG. 12A, and the conductive connecting material
248b has a pillar shape, as shown in FIG. 12B). The material
of the conductive connecting materials 248a and 248b
includes tin, lead, copper, gold, silver, zinc, bismuth, magne-
sium, antimony, indium, or an alloy thereof. Preferably, the
melting point of the conductive pillars 230 is higher than the
adhesion temperature between the conductive connecting
materials 248a and 248b. When after the conductive pillars
230 are formed on the terminals 212 of the first carrier 210,
the conductive connecting material 244 is formed on the
conductive pillars 230, and the conductive connecting mate-
rials 248a and 248b are formed on the terminals 222 of the
second carrier 220, the conductive connecting materials 248a
and 248b are dipped with a flux. The first carrier 210 is flipped
to press each conductive pillar 230 on the conductive con-
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necting materials 2484 and 248b. A reflow process is then
performed to merge the conductive connecting materials
248a, 248b with the conductive connecting material 244 to
form a connecting block (not shown). The connecting block
can be formed at one side of the conductive pillars or to cover
the conductive pillars. A solution is then used to remove the
residual flux on the connecting block.

[0049] According to the above, as the melting point of the
conductive pillar is higher than the fusion temperature of the
conductive connecting material, such that the conductive pil-
lar will not be melted in the reflow process. A sufficient large
distance between the first carrier and the second carrier can
thus be maintained thereby. Therefore, in the subsequent
encapsulating process, the encapsulating material is easily to
fill between the first and second carriers.

[0050] Referring to FIGS. 13 and 14, the method of assem-
bling carriers in a sixth embodiment of the present invention
is illustrated. Those denoted by the same reference numerals
in FIG. 1 indicate the same devices or members and are not
described again. After providing the first and second carriers
210 and 220, conductive pillars 230 are formed on each
terminal 212 of the first carrier 210. The material of the
conductive pillar 230 includes tin, lead, copper, gold, silver,
zine, bismuth, magnesium, antimony, indium or an alloy of
the above materials. Conductive pillars 262 and a conductive
connecting material 264 are further formed on each terminal
222 of the second carrier 220. The conductive pillars 262 are
located on each terminal 222, while the conductive connect-
ing material 264 is formed on the conductive pillars 262 and
has a bottom surface 266 in contact with the conductive pillars
262. The materials of the conductive pillars 262 and the
conductive connecting material 264 includes tin, lead, cop-
per, gold, silver, zinc, bismuth, magnesium, antimony,
indium or an alloy of the above materials. Further, the melting
points of the conductive pillars 230 and 262 are higher than
the temperature, and the conductive connecting material 264
extends beyond the conductive connecting material 264 with
the bottom surface thereof exposed. Preferably, the cross
section of the conductive pillars 262 is substantially the same
as that of the conductive pillars 230. The minimum distance d
between the edge of the conductive connecting material 264
and the edge of the conductive pillars 262 is no shorter than
about 5 microns. Preferably, the height of the conductive
pillars 230 is higher than that of the conductive pillars 262 and
the height a3 of the conductive pillar 262 is smaller than 25
micrometers. The conductive pillars 230 and 262 have a cross
section with the same shape and dimension. Alternatively, the
conductive pillars 230 and 262 have a cross section with the
substantially similar shape and substantially close dimension.
The conductive pillars 230 and 262 have a laterally cross-
section with square shaped, for example, and the substantially
close dimensions w1 and w2 are within 10 micrometers per
side, as shown in FIGS. 13A and 13B. Alternatively, the
conductive pillars 230 and 262 have a laterally cross-section
with circular shaped.

[0051] The conductive connecting material 264 is dipped
with a flux and flipped to align each conductive pillar 230 with
the conductive connecting material 264. The conductive pil-
lars 230 are thus pressed on the conductive connecting mate-
rial 264, and a reflow process is performed. The conductive
connecting material 240 is thus in a fusion state to cover the
conductive pillars 230 and 262 in a manner as shown in FIG.
14. A solution is then used to remove the flux remaining on the
conductive connecting material 264.
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[0052] The fabrication method ofthe conductive pillars 262
and the conductive connecting material 264 is introduced as
follows. In FIGS. 15 to 21, the sixth embodiment for forming
the conductive pillars and the conductive connecting material
on the second carrier is illustrated. Referring to FIG. 15, a
second carrier 220 is provided, and a glue layer 282 is formed
on the second carrier 220 by sputtering or evaporation. The
material of the glue layer 282 includes titanium, titanium-
tungsten alloy, titanium-nitrogen alloy or chromium.

[0053] A photoresist layer 290 is formed on the glue layer
282 by adhesion or spin-coating. The exposure, development
are then performed to transfer a pattern to the photoresist
layer 290, which then comprises a plurality of openings 292
exposing the glue layer 282 over the terminals 222 of the
second carrier 220 as shown in FIG. 16. Using electroplating,
a conductive pillar 262 is formed in each opening 292 of the
photoresist layer 290 and located on the glue layer 220
exposed thereby to form the pattern as shown in FIG. 17. The
material for forming the conductive pillars 262 includes tin,
lead, copper, gold, silver, zinc, bismuth, magnesium, anti-
mony, indium or an alloy of the above materials. By electro-
plating, the conductive connecting material 264 is formed in
the openings 292 of the photoresist layer 290 and located on
the conductive pillars 262 as shown in FIG. 18. The material
for forming the conductive connecting material 264 includes
tin, lead, copper, gold, silver, zinc, bismuth, magnesium, anti-
mony, indium or an alloy of the above materials. Preferably,
the melting point of the conductive pillars 262 is higher than
the connecting temperature of the conductive connecting
material 264. The photoresist layer 290 is then removed to
expose the glue layer 282 as shown in FIG. 19.

[0054] A wet etching process is then performed using the
conductive pillars 262 and the conductive connecting mate-
rial 264 as mask to remove the exposed glue layer 282 to form
the structure as shown in FIG. 20. A wet etching process is
further performed with the conductive connecting material
264 as a mask, so that the sidewall of the conductive pillars
262 are etched to result in reduction in cross section thereof.
Consequently, the bottom surface 266 of the conductive con-
necting material 264 is exposed as shown in FIG. 21. The
shortest distance between the edge ofthe conductive connect-
ing material 264 and the edge of the conductive pillars 262 is
no smaller than 5 microns.

[0055] Accordingly, as the melting point of the conductive
pillars is higher than the connecting temperature of the con-
ductive connecting material, the conductive pillars will not be
fused during the reflow process to properly support the dis-
tance between the first and second carriers. Therefore, a suf-
ficiently large space between the first and second carriers can
be maintained, allowing the packaging material filled
between the first and second carriers easily in the following
encapsulating process.

[0056] In addition, during the connecting process, the con-
ductive pillar is supported on the conductive connecting
material of the second carrier with a surface contact, such that
the sliding motion between the conductive pillar and the
conductive connecting material of the second carrier can be
suppressed. As a result, the first and second carriers can be
connected with precise alignment to avoid the short circuit of
the connecting structures.

[0057] During the connecting process, the conductive con-
necting material formed on the conductive pillar can be sup-
ported on the conductive connecting material formed on the
second carrier with a surface contact. Therefore, the sliding
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motion between the conductive connecting material on the
conductive pillars and the conductive connecting material on
the second carrier is suppressed, so that the first and second
carriers can be connected with a precise alignment to avoid
short circuit.

[0058] Further, the conductive pillars and the conductive
connecting material can be formed of unleaded material for
environmental concern.

[0059] The package structure of the multi-chip package
module fabricated by the above method is discussed as fol-
lows. FIGS. 13 to 20 show a cross sectional enlarged sche-
matic drawing of a method for fabricating a multi-chip pack-
age module. The method described in any of the previous
embodiments can be applied to connect chips and connecting
the chip and substrate in this embodiment. In the following
description, only one method is illustrated. The connecting
structure between chips and between chip and substrate is
similar to the connecting structure between carriers as dis-
cussed in the previous embodiment. Only one kind of struc-
ture is illustrated in the following figures.

[0060] The fabrication method of multi-chip package struc-
ture by applying the above connecting method between car-
riers is further described as follows. Referring to FIGS. 22 to
29, a first embodiment for fabricating a multi-chip module is
illustrated. The method for connecting chip and substrate as
mentioned above can be applied in this embodiment. In the
following description, the method for connecting the carriers
is not repeated.

[0061] InFIG.22,afirst chip 310 and a second chip 320 are
provided. The first chip 210 has multiple terminals 312
exposed at an active surface 314 of the first chip 310. The
second chip has multiple terminals 322 exposed at an active
surface 324 thereof. The first chip 310 includes digital logic
chip, while the second chip 320 includes memory chip. Mul-
tiple conductive pillars 330 are formed on the terminals 312
of'the first chip 310. A conductive connecting material 340 is
formed on the terminals 322 of the second chip 320. The
melting point of the conductive pillars 330 is higher than the
fusion temperature of the conductive connecting material
340.

[0062] A merging process between the chips is then per-
formed. The merging process includes a reflow process, for
example. The conductive connecting material 340 is merged
with the conductive pillars 330 on the central portion of the
first chip 310; thereby, the second chip 320 is fixed to the
central portion ofthe first chip 310. The first and second chips
310 and 320 are thus electrically connected via the conductive
pillars 330 and the conductive connecting material 340 as
shown in FIG. 14.

[0063] Referring to FIG. 24, a carrier 350 such as an
organic, glass, ceramic or metal substrate is provided. The
carrier 350 includes a surface 352 and a rear surface 354
opposing to the surface 352. The carrier 350 has a plurality of
terminals 356 and 358 exposed at the surfaces 352 and 354,
respectively. The carrier 350 further includes an opening 359
perforating through the center thereof. A conductive connect-
ing material 360 is formed on the terminals 356 of the carrier
350. The melting point of the conductive pillars 330 is higher
than the fusion temperature of the conductive connecting
material 360.

[0064] The connecting process between the chip and the
substrate is then performed. For example, a reflow process is
performed to merge the conductive connecting material 360
and the conductive pillars 330 located at a periphery of the
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first chip 310, such that the first chip can be mounted to the
carrier 350. Meanwhile, the second chip 320 is accommo-
dated in the opening 359. Via the conductive pillars 330
formed at the periphery of the first chip 310 and the conduc-
tive connecting material 360, the first chip 310 is electrically
connected to the carrier 350 as shown in FIG. 25.

[0065] A film 370 can be adhered to the rear surface 354 to
seal the opening 359 of the carrier 350 at the rear surface 354
as shown in FIG. 26. By glue dispensing, a first encapsulating
material 380 is filled in the opening 359 of the carrier 350, and
spaces between the first chip 310 and second chip 320 and
between the first chip 310 and the carrier 350. The encapsu-
lating material 380 covers the second chip 320 as shown in
FIG. 27. The film 370 is then removed from the rear surface
354 of the carrier 350 to form the structure as shown in FIG.
28. By ball planting, a plurality of solder balls 390 are formed
on the terminals 358 on the rear surface 354 of the carrier 350
as shown in FIG. 29. The multi-chip package module 300 is
thus formed. The connection between the multi-chip package
module 300 and an external circuit is established via the
solder balls 390.

[0066] In the previous embodiment, the encapsulating
material is filled in the opening, the spaces between the first
and second chips, and between the first chip and the carrier
using glue dispensing. However, the present invention is not
limited to the method only. Other methods, such as those
illustrated in FIGS. 30 to 32 which illustrate a second embodi-
ment of multi-chip package module, can also be applied. The
devices denoted with the same numeral references as the first
embodiment indicated the same or the similar members. The
description is not repeated hereinafter.

[0067] Referring to FIG. 30, following the process of the
first embodiment, the film 370 is adhered to the rear surface
354 of the carrier 350. The first encapsulating material 382 is
filled in the opening 359 of the carrier 350, the space between
the chips 310 and 320, and the space between the first chip
310 and the carrier 350 using glue injection. Thereby, the first
chip 310 and the second chip 320 are covered with the encap-
sulating material 380. The film 370 is then removed from the
rear surface 354 of the carrier 350 to form the structure as
shown in FIG. 31. A plurality of solder balls 390 are then
formed on the terminals 358 on the rear surface 354 of the
carrier 350 via ball planting to form the structure as shown in
FIG. 32. Thereby, the multi-chip package module 302 is
formed and the electric connection between the multi-chip
package module 302 and an external circuit is established via
the solder balls 390.

[0068] Inthe above embodiment, the first chip is connected
to the carrier after the first chip and the second chip are
connected to each other. It is appreciated that the present
invention is not limited to such sequence only. The sequence
of connecting the first chip and the second chip after mount-
ing the first chip to the carrier can also be applied in the
present invention. FIGS. 33 to 36 show a third embodiment of
fabricating multi-chip package module according to such
sequence. In FIGS. 24 to 27, the devices denoted by the same
numeral references as the first embodiment indicate the same
or similar devices.

[0069] Referring to FIG. 33, a first chip 310 and a carrier
350 are provided. Multiple conductive pillars 330 are formed
on the terminals 312 of the first chip 310, and a conductive
connecting material 332 is formed on the conductive pillars
330. The methods of fabricating the conductive pillars 330
and the conductive connecting material 332 are incorporated
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by reference to the Chinese Patent Application Nos.
90104979 and 91100092. The melting point of the conductive
pillars 330 is higher than the fusion temperature of the con-
ductive connecting material 332.

[0070] The connecting process of the chip and the substrate
is performed. For example, a reflow process is performed to
connect the conductive connecting material 332 at a periph-
ery of the first chip 310 with the terminals 356 of the carrier
350. Thereby, the first chip 310 is mounted and electrically
connected to the carrier 350 via the conductive pillars 330 and
the conductive connecting material 332 as shown in FIG. 34.
[0071] Referring to FIG. 35, a second chip 320 is provided,
and a conductive connecting material 342 is formed on the
terminals 322 of the second chip 320. Preferably, the melting
point of the conductive pillars 330 is higher than the fusion
temperature of the conductive connecting material 342. The
chip connecting process is then performed. For example, a
reflow process is performed to merge the conductive connect-
ing material 342 on the terminal 322 of the second chip 320
and the conductive connecting material 332 on the conductive
pillars 330 formed on the central portion of the first chip 310
to form a connecting block 344 which covers the conductive
pillars 330 on the central portion of the first chip 310. As
shown in FIG. 36, to accommodate the second chip 320 in the
opening 359, the second chip 320 is mounted on a central
portion of the first chip 310. The first chip 310 and the second
chip 320 are electrically connected via the conductive pillars
330 and the connecting block 344. The glue dispensing or
injection step is then performed as illustrated in the first and
second embodiments.

[0072] Inthe above embodiments, the conductive pillarand
the conductive connecting material are used to electrically
connect the first chip and the carrier. However, the present
invention is not limited to such electric connection. Other
method such as wire bonding can also be used for electrically
connecting the first chip and the carrier as shown in FIGS. 37
to 42, which illustrate the cross sectional view of the multi-
chip package module fabrication in a fourth embodiment of
the present invention.

[0073] InFIG. 37, afirst chip 410 and a second chip 420 are
provided. The first chip 410 has an active surface 414 and a
rear surface 416 opposing to the active surface 414. The first
chip 410 has a plurality of terminals 412 formed on the active
surface 414. A plurality of conductive pillars 430 is formed on
the terminals 412 of the active surface 414 of the first chip
410. A conductive connecting material 432 is formed on the
conductive pillars 430. The method for forming the conduc-
tive pillars 430 and the conductive connecting material 432 is
incorporated by reference to the Chinese Patent Application
Nos. 90104979 and 91100092. The melting point of the con-
ductive pillars 430 is higher than the fusion temperature of the
conductive connecting material 432.

[0074] The connecting process between the chips is per-
formed. For example, a reflow process is performed to con-
nect the terminals 422 of the second chip 420 to the conduc-
tive connecting material 432 on the conductive pillars 430 on
the central portion of the first chip 410. The second chip 420
can thus be mounted to the central portion of the first chip 410.
The first chip 410 can thus be electrically connected to the
second chip 420 via the conductive pillars 430 and the con-
ductive connecting material 432 as shown in FIG. 38.
[0075] Referring to FIG. 39, a carrier 450 such as a sub-
strate or a ceramic substrate is provided. The carrier 450 has
a surface 452 and a rear surface 454 opposing to the surface
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452. The carrier 450 has a chip frame 459, multiple terminals
456 and 458. The chip frame 459 and the terminals 456 are
exposed at the surface 452, while the terminals 458 are
exposed at the rear surface 454. For example, the terminals
456 are formed in two rows at a periphery of the chip frame
459, while the terminals 458 are formed in an array on the rear
surface 454. An adhesive material 460 is then used to adhere
the rear surface 416 of'the first chip 410 to the chip frame 459
of the carrier 450.

[0076] The first chip 410 and the carrier 450 are electrically
connected via wire bonding. The wire 470 has one end con-
nected to one of the terminals 412 at the periphery of the
active surface 414 of the first chip 410, and the other end
connected to one of the terminals 456 as shown in FIG. 40.
[0077] An encapsulating material 480 is formed by injec-
tion to cover the first chip 410, the second chip 420, the wire
470 and the surface 452 of the carrier 450. The encapsulating
material 480 fills the space between the first chip 410 and the
second chip 420 as shown in FIG. 41. A plurality of solder
balls 490 is then formed using ball planting on the terminals
458 of the rear surface 454 of the carrier 450 as shown in FIG.
42. The multi-chip package module is thus fabricated. The
electric connection between the multi-chip package module
and an external circuit (not shown) is established via the
solder balls 390.

[0078] In the above embodiments, the carrier includes a
substrate or a ceramic substrate. However, the present inven-
tion is not limited thereto. The carrier also includes a lead-
frame as shown in FIG. 43, which illustrates the multi-chip
package module in a fifth embodiment of the present inven-
tion. The carrier 550 includes a chip frame 552 and multiple
leads 554 surrounding the chip frame 552. In this embodi-
ment, the first chip 510 and the second chip 520 are connected
before connecting to the carrier. An adhesive 560 is used to
adhere the rear surface 516 of the first chip 510 to the chip
frame 552 of the carrier 550. The first chip 510 is then elec-
trically connected to the leads 554 of the leadframe 550 via
wire bonding. The wires 570 have one ends connected to the
terminals 512 at the periphery of the active surface 514 of the
first chip, and the other ends connected to one ends of the
leads 554. A encapsulating material 580 is formed by injec-
tion to cover the first chip 510, the second chip 520, the wires
570, the chip frame 552 of the carrier 550, and the ends of the
leads 554 near the chip frame 552. The encapsulating material
580 also fills the space between the first chip 510 and the
second chip 520. A trimming and forming process is then
performed to cut the dam bar exposed between the leads 554
of the encapsulating material 580. The exposed portions of
the leads 554 are then bent into the gull wing type as shown in
FIG. 34. The electrical connection between the multi-chip
package module and an external circuit is thus established via
the leads 554 of the carrier 550.

[0079] Referring to FIGS. 44 and 45, showing the method
of assembling chips according to an embodiment of the
present invention, there are two chips 610, 710 bonded using
a flip-chip technology. In FIG. 44, the chip 610 is provided
with bumps 620 shaped like balls. The chip 610 has multiple
metal contacts 630 formed on an active surface 612 of the chip
610. An under-bump-metallurgy (UBM) layer 640 is formed
on the metal contacts 630. The under-bump-metallurgy layer
640 can be a single-layer structure or a multi-layer structure
made of one or several of the materials selected from copper,
nickel and gold. For example, the under-bump-metallurgy
layer 640 can be constructed, stacking from the bonding pads,
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from a titanium layer and a copper layer, or a titanium layer,
a copper layer and a nickel layer, or a titanium layer, a copper
layer, a nickel layer and a gold layer, or a titanium-tungsten-
alloy layer and a gold layer, or a chromium layer, a copper
layer and a nickel layer.

[0080] The bumps 620 are formed on the under-bump-
metallurgy layer 640. The bumps 620 have a height h larger
than 15 microns, for example. The material constituting the
bumps 620 comprises a tin-lead alloy, a tin-silver alloy, a
tin-silver-copper alloy, a tin-bismuth alloy, a tin-silver-in-
dium alloy, a tin-bismuth-zinc alloy, a tin-zinc alloy, a tin-
bismuth-silver-copper alloy, a tin-silver-copper-antimony
alloy, a tin-antimony alloy or a tin-zinc-indium-silver alloy.
[0081] The chip 710 has multiple electronic devices 712,
such as transistors or MOS devices, formed on a surface of a
semiconductor substrate 711, wherein the semiconductor
substrate 711 is, for example, silicon. Multiple dielectric lay-
ers 722, 724, and 726 are stacked on the semiconductor sub-
strate 711 and have a plurality of via holes 728 (only shown
one of them). Multiple fine-line interconnection layers 732,
734, and 736 are disposed on the dielectric layers 722, 724,
and 726, respectively, and the circuit layer 736 has multiple
original pads 738. The fine-line interconnection layers 732,
734, and 736 are electrically connected with each other
through the via holes 728 and are electrically connected to the
electronic devices 712. The fine-line interconnection layers
732, 734, and 736 are formed, for example, by depositing
aluminum or an aluminum alloy using a PVD process or by
depositing copper or a copper alloy using electroplating pro-
cesses and damascene processes.

[0082] A passivation layer 740 is formed over the dielectric
layers 722, 724, and 726 and over the circuit layers 732, 734
and 736. The passivation layer 740 has a thickness t, for
example, larger than 0.35 micrometers. It should be noted that
the passivation layer 740 should have enough thickness to
prevent moisture, impurities, mobile ions or transitional
metal elements from penetrating therethrough. The passiva-
tion layer 740 can be a silicon-dioxide layer, a silicon-nitride
layer, a phosphosilicate glass (PSG) layer, a silicon-oxyni-
tride layer or a composite structure comprising the above-
mentioned layers. The passivation layer 740 has openings 742
exposing the original pads 738. The openings 742 have a
width larger than about 0.1 micrometers, for example.
[0083] The chip 710 further comprises a post-passivation
metal scheme 750 formed over the passivation layer 740. The
post-passivation metal scheme 750 comprises a gold layer
752 and an adhesion/barrier layer 754, wherein the gold layer
752 is positioned over the adhesion/barrier layer 754. The
gold layer 752 has a thickness g larger than 1 micron and can
be formed by electroplating. The adhesion/barrier layer 754
comprises a titanium-tungsten alloy, titanium, titanium-ni-
tride or tantalum-nitride. The post-passivation metal scheme
750 comprises redistribution transition lines 751, a plurality
of bump pads 753 and a plurality of wire-bonding pads 755,
and the redistribution transition lines 751 connects the bump
pads 753 or the wire-bonding pads 755 to the original pads
738.

[0084] After the post-passivation metal scheme 750 is
formed over the passivation layer 740, multiple connecting
pads 760 are formed over the bump pads 753, wherein the
connecting pads 760 have a height z larger than 3 microns, for
example. An under-bump-metallurgy (UBM) layer 770 can
be formed between the connecting pads 760 and the bump
pads 753. The material constituting the connecting pads 760
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comprises a high lead solder, atin-lead alloy, a tin-silver alloy,
a tin-silver-copper alloy, a tin-bismuth alloy, a tin-silver-in-
dium alloy, a tin-bismuth-zinc alloy, a tin-zinc alloy, a tin-
bismuth-silver-copper alloy, a tin-silver-copper-antimony
alloy, a tin-antimony alloy or a tin-zinc-indium-silver alloy.

[0085] The under-bump-metallurgy layer 770 can be a
multi-layer structure, as shown in FIGS. 44A, 44B and 44C.
In FIG. 44 A, the under-bump-metallurgy layer 770 comprises
a titanium layer 7724, a copper layer 7726 and a nickel layer
772c¢. The titanium layer 772a is positioned on the bump pads
753; the copper layer 7725 is positioned on the titanium layer
772a; the nickel layer 772c¢ is positioned on the copper layer
772b; the connecting pads 760 are formed on the nickel layer
772¢. In FIG. 44B, the under-bump-metallurgy layer 770
comprises a titanium-tungsten-alloy layer 774a, a copper
layer 774b and a nickel layer 774¢. The titanium-tungsten-
alloy layer 774a is positioned on the bump pads 753; the
copper layer 774b is positioned on the titanium-tungsten-
alloy layer 774a; the nickel layer 774c¢ is positioned on the
copper layer 774b; the connecting pads 760 are formed on the
nickel layer 774c¢. In FIG. 44C, the under-bump-metallurgy
layer 770 comprises a chromium layer 7764, a copper layer
776b and a nickel layer 776c. The chromium layer 776a is
positioned on the bump pads 753; the copper layer 7765 is
positioned on the chromium layer 776a; the nickel layer 776¢
is positioned on the copper layer 7765; the connecting pads
760 are formed on the nickel layer 776c.

[0086] After the bumps 620 are formed on the chip 610 and
the connecting pads 760 are formed on the chip 710, a reflow
process can be performed to joint the bumps 620 with the
connecting pads 760, as shown in FIG. 45. Thereafter, an
underfill 780 is filled between the chips 610 and 710 and
covers the bumps 620. A wire-bonding process can be per-
formed to form multiple wires 790 connecting the wire-bond-
ing pads 755 to an external circuit, such as circuit substrate.
[0087] The same reference numerals are used throughout
FIGS. 44, 45, 46, 47 and 48 to designate the same or similar
elements. FIG. 46 shows the method of assembling chips
according to another embodiment of the present invention.
Polymer layers 810 and 820 are made of, for example, poly-
imide, benzocyclobutene, porous dielectric material,
parylene, or elastomer. The polymer layer 810 is formed
between the circuit layer 750 and the passivation layer 740
and has a plurality of via-holes 812, through which the circuit
layer 750 is connected to the original pads 738. The polymer
layer 820 is formed on the circuit layer 750 and has a plurality
of'openings 822 and 824 exposing the bump pads 753 and the
wire-bonding pads 755, respectively.

[0088] There can be multiple circuit layers 750a, 7505,
750¢ formed on the passivation layer 740, as shown in FIG.
47. FIG. 47 shows the method of assembling chips according
to another embodiment of the present invention. A polymer
layer 8104 is formed between the circuit layer 750q and the
passivation layer 740. Polymer layers 8105 and 810c¢ are
formed between the circuit layers 750a, 75056, 750c. A poly-
mer layer 810d is formed on the circuit layer 750c. The
polymer layer 810a, 8105, 810¢, 8104 are made of polyimide,
benzocyclobutene, porous dielectric material, parylene, or
elastomer.

[0089] FIG. 48 shows the method of assembling chips
according to another embodiment of the present invention.
Bumps 620 are formed on the chip 710, while connecting
pads 760 are formed on the chip 610. An under-bump-metal-
lurgy layer 640 can be formed between the gold layer 752 and
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the bumps 620. An under-bump-metallurgy layer 770 can be
formed between the metal contacts 630 and the connecting
pads 760. The material and the construction of the bumps 620,
connecting pads 760 and under-bump-metallurgy layers 640
and 770 can be referred to the elements with the same refer-
ence number in the above description. The bumps 620 have a
height h larger than 15 microns, for example.

[0090] Accordingly, the present invention has the following
advantages.
[0091] 1. As the melting point of the conductive pillars is

higher than the fusion temperature of the conductive connect-
ing material, such that the conductive pillar will not be melted
during the reflow process. The distance between the first and
second chips can thus be maintained thereby, allowing the
encapsulating material to fill the space between the first and
second chips in the subsequent process.

[0092] 2. The conductive pillars are supported by the con-
ductive connecting material on the second chip with surface
contact, so that the sliding motion between the conductive
pillars and the conductive connecting material on the second
chip is suppressed. The first and second chips can thus be
connected with precise alignment to avoid short circuit.
[0093] 3. The conductive connecting material on the con-
ductive pillars is supported by the second chip or by the
conductive connecting material on the second chip with a
surface contact, so that the sliding motion is suppressed. The
first and second chips can thus be connected with precise
alignment to avoid short circuit.

[0094] 4. Unleaded material can be used for forming the
conductive pillars and the conductive connecting material for
environmental concern.

[0095] Other embodiments of the invention will appear to
those skilled in the art from consideration of the specification
and practice of the invention disclosed herein. It is intended
that the specification and examples to be considered as exem-
plary only, with a true scope and spirit of the invention being
indicated by the following claims.

1-20. (canceled)

21. A chip package comprising:

a first substrate;

a chip over said first substrate;

a copper pillar between said chip and said first substrate,
wherein said copper pillar has a thickness greater than a
vertical distance between said copper pillar and said first
substrate; and

a tin-containing layer between said copper pillar and said
first substrate and on a sidewall of said copper pillar.

22. The chip package of claim 21, wherein said tin-con-
taining layer comprises silver.

23. The chip package of claim 21, wherein said tin-con-
taining layer comprises lead.

24. The chip package of claim 21, wherein said copper
pillar is between a pad of said chip and said first substrate,
wherein said copper pillar is connected to said pad, and
wherein said copper pillar has a transverse dimension less
than that of said pad.

25. The chip package of claim 21 further comprising an
encapsulating material between said chip and said first sub-
strate, wherein said encapsulating material contacts with said
chip and said first substrate.

26. The chip package of claim 21 further comprising a
second substrate and a metal bump between said chip and said
second substrate.
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27. The chip package of claim 26 further comprising a
solder ball under said second substrate, wherein said solder
ball is connected to said second substrate, and wherein said
chip is over said second substrate.

28. The chip package of claim 21, wherein said first sub-
strate comprises a ceramic substrate.

29. A chip package comprising:

a first substrate;

a chip over said first substrate;

a copper pillar between said chip and said first substrate,
wherein said copper pillar has a thickness greater than a
vertical distance between said copper pillar and said first
substrate;

a tin-and-gold-containing layer between said copper pillar
and said first substrate, wherein said thickness of said
copper pillar is greater than that of said tin-and-gold-
containing layer; and

a tin-containing layer on a sidewall of said copper pillar.

30. The chip package of claim 29, wherein said tin-con-
taining layer comprises silver.

31. The chip package of claim 29, wherein said tin-con-
taining layer comprises lead.

32. The chip package of claim 29, wherein said copper
pillar is between a pad of said chip and said first substrate,
wherein said copper pillar is connected to said pad, and
wherein said copper pillar has a transverse dimension less
than that of said pad.

33. The chip package of claim 29 further comprising an
encapsulating material between said chip and said first sub-
strate, wherein said encapsulating material contacts with said
chip and said first substrate.

34. The chip package of claim 29 further comprising a
second substrate and a metal bump between said chip and said
second substrate.

35. The chip package of claim 34 further comprising a
solder ball under said second substrate, wherein said solder
ball is connected to said second substrate, and wherein said
chip is over said second substrate.

36. The chip package of claim 29, wherein said first sub-
strate comprises a ceramic substrate.

37. A chip package comprising:

a substrate;

a chip over said substrate;

a copper pillar between said chip and said substrate,
wherein said copper pillar has a thickness greater than a
vertical distance between said copper pillar and said
substrate; and

atin-containing layer between said chip and said substrate,
wherein said tin-containing layer covers a bottom sur-
face of said copper pillar and a sidewall of said copper
pillar.

38. The chip package of claim 37, wherein said tin-con-

taining layer comprises silver.

39. The chip package of claim 37, wherein said tin-con-
taining layer comprises lead.

40. The chip package of claim 37, wherein said copper
pillar is between a pad of said chip and said substrate, wherein
said copper pillar is connected to said pad, and wherein said
copper pillar has a transverse dimension less than that of said
pad.



