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1
CHIP PACKAGE

This application claims priority to U.S. provisional appli-
cation No. 60/911,512, filed on Apr. 13, 2007, and to U.S.
provisional application No. 60/914,771, filed on Apr. 30,
2007, which are herein incorporated by reference in their
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a chip package, and, more specifi-
cally, to a chip package having fine-pitched metal bumps
connected to an external circuit through a flexible circuit film.

2. Brief Description of the Related Art

In the recent years, the development of advanced technol-
ogy is on the cutting edge. As a result, high-technology elec-
tronics manufacturing industries launch more feature-packed
and humanized electronic products. These new products that
hit the showroom are lighter, thinner, and smaller in design. In
the manufacturing of these electronic products, the key com-
ponent has to be the integrated circuit (IC) chip inside any
electronic product.

SUMMARY OF THE INVENTION

It is the objective of the invention to provide a chip package
with a semiconductor chip having fine-pitched metal bumps
connected to an external circuit through a flexible circuit film.

In order to reach the above objective, the present invention
provides a chip package including a substrate, a flexible cir-
cuit film, a first tin-containing joint, a second tin-containing
joint, a semiconductor chip, a first metal bump and a second
metal bump. The substrate includes multiple insulating layers
and multiple metal circuit layers between the insulating lay-
ers. The flexible circuit film is over a top surface of the
substrate, and the flexible circuit film includes a first polymer
layer over the top surface, a first metal trace on the first
polymer layer, a second metal trace on the first polymer layer
and a second polymer layer on the first and second metal
traces. The first tin-containing joint is between the first metal
trace and a first pad of the top surface, and the first metal trace
is connected to the first pad through the first tin-containing
joint. The second tin-containing joint is between the second
metal trace and a second pad of the top surface, and the second
metal trace is connected to the second pad through the second
tin-containing joint. The semiconductor chip is over the flex-
ible circuit film and directly over the top surface. The first
metal bump is between the semiconductor chip and the first
metal trace, and the second metal bump is between the semi-
conductor chip and the second metal trace, wherein a pitch
between the first and second metal bumps is less than 35
micrometers, such as between 5 and 25 micrometers.

In order to reach the above objective, the present invention
provides a chip package including a substrate, a flexible cir-
cuit film, an anisotropic conductive film (ACF), a semicon-
ductor chip, a first metal bump and a second metal bump. The
substrate includes a circuit structure in the substrate. The
flexible circuit film is over a top surface of the substrate, and
the flexible circuit film comprises a first polymer layer over
the top surface, a first metal trace on the first polymer layer, a
second metal trace on the first polymer layer and a second
polymer layer on the first and second metal traces. The aniso-
tropic conductive film is between the first metal trace and a
first pad of the top surface, and between the second metal
trace and a second pad of the top surface, wherein the first
metal trace is connected to the first pad through multiple
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metal particles in the anisotropic conductive film, and the
second metal trace is connected to the second pad through
multiple metal particles in the anisotropic conductive film.
The semiconductor chip is over the flexible circuit film and
directly over the top surface. The first metal bump is between
the semiconductor chip and the first metal trace, and the
second metal bump is between the semiconductor chip and
the second metal trace, wherein a pitch is between the first and
second metal bumps is less than 35 micrometers, such as
between 5 and 25 micrometers.

In order to reach the above objective, the present invention
provides a chip package including a substrate, a flexible cir-
cuit film, a first wireboning wire, a second wireboning wire, a
semiconductor chip, a first metal bump and a second metal
bump. The substrate includes a circuit structure in the sub-
strate. The flexible circuit film is over a top surface of the
substrate, and the flexible circuit film includes a first polymer
layer over the top surface, a first metal trace on the first
polymer layer, a second metal trace on the first polymer layer
and a second polymer layer on the first and second metal
traces. The first wireboning wire is connected to a first pad of
the top surface and to the first metal trace, and the second
wireboning wire is connected to a second pad of the top
surface and to the second metal trace. The semiconductor
chip is over the flexible circuit film and directly over the top
surface. The first metal bump is between the semiconductor
chip and the first metal trace, and the second metal bump is
between the semiconductor chip and the second metal trace,
wherein a pitch between the first and second metal bumps is
less than 35 micrometers, such as between 5 and 25 microme-
ters.

To enable the objectives, technical contents, characteristics
and accomplishments of the present invention, the embodi-
ments of the present invention are to be described in detail in
cooperation with the attached drawings below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 are cross-sectional views schematically
showing semiconductor chips according to the present inven-
tion.

FIGS. 1a-1e are cross-sectional views showing a process
for forming a semiconductor chip with metal bumps accord-
ing to the present invention.

FIGS. 3A-3K are cross-sectional views showing a process
for bonding a semiconductor chip with a flexible circuit film
using a chip-on-film (COF) technology and joining the flex-
ible circuit film with a rigid substrate according to one
embodiment of the present invention.

FIGS. 3L and 3M are perspective views showing two chip
packages each including a rigid substrate, a flexible circuit
film mounted on the rigid substrate and a semiconductor chip
joined with the flexible circuit film.

FIGS. 3N-3Q are cross-sectional views showing various
chip packages each including a rigid substrate, a flexible
circuit film mounted on the rigid substrate and a semiconduc-
tor chip joined with the flexible circuit film.

FIGS. 3R-3X are cross-sectional views showing a process
for bonding a semiconductor chip with a flexible circuit film
using a tape-automated-bonding (TAB) technology and join-
ing the flexible circuit film with a rigid substrate according to
another embodiment of the present invention.

FIG. 3Y is a cross-sectional view showing a chip package
including a rigid substrate, a flexible circuit film mounted on
the rigid substrate and a semiconductor chip joined with the
flexible circuit film.
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FIGS. 4A-4C are cross-sectional views showing a process
for bonding a semiconductor chip with a flexible circuit film
using a chip-on-film (COF) technology and bonding solder
balls with the flexible circuit film according to another
embodiment of the present invention.

FIG. 4D is a perspective view showing a chip package
including a flexible circuit film bonded with solder balls and
a semiconductor chip joined with the flexible circuit film.

FIGS. 5A-5E are cross-sectional views showing a process
for bonding a semiconductor chip with a flexible circuit film
using a chip-on-film (COF) technology and bonding solder
balls with the flexible circuit film according to another
embodiment of the present invention.

FIGS. 6 A-6G are cross-sectional views showing a process
for bonding a semiconductor chip with a flexible circuit film
using a chip-on-film (COF) technology and joining the flex-
ible circuit film with a rigid substrate according to another
embodiment of the present invention.

FIGS. 6H and 6] are perspective views showing two chip
packages each including a rigid substrate, a flexible circuit
film mounted on the rigid substrate and a semiconductor chip
joined with the flexible circuit film.

FIGS. 6J-6M are cross-sectional views showing various
chip packages each including a rigid substrate, a flexible
circuit film mounted on the rigid substrate and a semiconduc-
tor chip joined with the flexible circuit film.

FIGS. 6N-6S are cross-sectional views showing a process
for bonding a semiconductor chip with a flexible circuit film
using a tape-automated-bonding (TAB) technology and join-
ing the flexible circuit film with a rigid substrate according to
another embodiment of the present invention.

FIG. 6T is a cross-sectional view showing a chip package
including a rigid substrate, a flexible circuit film mounted on
the rigid substrate and a semiconductor chip joined with the
flexible circuit film.

FIGS. 7A-7F are cross-sectional views showing a process
for bonding a semiconductor chip with a flexible circuit film
using a chip-on-film (COF) technology and connecting the
flexible circuit film to a rigid substrate using a wirebinding
process according to another embodiment of the present
invention.

FIG. 7G 1is perspective view showing a chip package
including a rigid substrate, a flexible circuit film mounted on
the rigid substrate and a semiconductor chip joined with the
flexible circuit film.

FIGS. 7H-7M are cross-sectional views showing a process
for bonding a semiconductor chip with a flexible circuit film
using a tape-automated-bonding (TAB) technology and con-
necting the flexible circuit film to a rigid substrate using a
wirebinding process according to another embodiment of the
present invention.

FIGS. 8A-8K are cross-sectional views showing a process
for bonding a semiconductor chip with a flexible circuit film
using a chip-on-film (COF) technology, bonding an elec-
tronic device with the flexible circuit film using a chip-on-
film (COF) technology and joining the flexible circuit film
with a rigid substrate according to another embodiment of the
present invention.

FIGS. 81 and 8] are perspective views showing two chip
packages each including a rigid substrate, a flexible circuit
film mounted on the rigid substrate, a semiconductor chip
joined with the flexible circuit film and an electronic device
joined with the flexible circuit film.

FIGS. 8K-8T are cross-sectional views showing various
chip packages each including a rigid substrate, a flexible
circuit film mounted on the rigid substrate, a semiconductor
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chip joined with the flexible circuit film and an electronic
device joined with the flexible circuit film.

FIGS. 9A-9F are cross-sectional views showing a process
for bonding a semiconductor chip with a flexible circuit film
using a chip-on-film (COF) technology and joining the flex-
ible circuit film with a lead frame according to another
embodiment of the present invention.

FIGS. 9G and 9] are perspective views showing two chip
packages each including a lead frame, a flexible circuit film
mounted on the lead frame and a semiconductor chip joined
with the flexible circuit film.

FIGS. 9H-91 and 9K-9M are cross-sectional views show-
ing various chip packages each including a lead frame, a
flexible circuit film mounted on the lead frame and a semi-
conductor chip joined with the flexible circuit film.

FIGS. 10A-10B are cross-sectional views showing a pro-
cess for bonding a semiconductor chip with a flexible circuit
film using a chip-on-film (COF) technology and joining the
flexible circuit film with a lead frame according to another
embodiment of the present invention.

FIG. 10C is a perspective view showing a chip package
including a lead frame, a flexible circuit film mounted on the
lead frame and a semiconductor chip joined with the flexible
circuit film.

FIGS. 10D-10H are cross-sectional views showing various
chip packages each including a lead frame, a flexible circuit
film mounted on the lead frame and a semiconductor chip
joined with the flexible circuit film.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, a semiconductor chip 2 includes a
semiconductor substrate 4, multiple semiconductor devices
6, a metallization structure, multiple dielectric layers 8, a
passivation layer 10 and multiple metal bumps 12. The semi-
conductor substrate 4 may be a silicon substrate, a GaAs
substrate or a SiGe substrate.

The semiconductor devices 6 are formed in or over the
semiconductor substrate 4. The semiconductor devices 6 may
comprise a memory cell, alogic circuit, a passive device, such
as resistor, capacitor, inductor or filter, or an active device,
such as p-channel MOS device, n-channel MOS device,
CMOS (Complementary Metal Oxide Semiconductor)
device, BIT (Bipolar Junction Transistor) device or BICMOS
(Bipolar CMOS) device.

The metallization structure is formed over the semiconduc-
tor substrate 4, connected to the semiconductor devices 6. The
metallization structure comprises multiple patterned metal
layers 14 having a thickness t1 of less than 3 micrometers
(such as between 0.2 and 2 um) and multiple metal plugs 16.
For example, the patterned metal layers 14 and the metal
plugs 16 are principally made of copper, wherein each of the
patterned metal layers 14 has a copper-containing layer hav-
ing a thickness of less than 3 micrometers (such as between
0.2 and 2 um). Alternatively, the patterned metal layers 14 are
principally made of aluminum or aluminum-alloy, and the
metal plugs 16 are principally made of tungsten, wherein each
of' the patterned metal layers 14 has an aluminum-containing
layer having a thickness of less than 3 micrometers (such as
between 0.2 and 2 um). The patterned metal layers 14 may
include multiple metal lines each having a copper layer and an
adhesion/barrier layer on the bottom surface and sidewalls of
the copper layer, wherein the adhesion/barrier layer may be a
tantalum-containing layer, such as tantalum layer or tantalum
nitride layer. The patterned metal layers 14 can be formed by
a damascene process including sputtering an adhesion/barrier
layer on the bottom of an opening in one of the dielectric layer
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8, on the sidewall of the opening and on one of the dielectric
layer 8, sputtering a copper seed layer on the adhesion/barrier
layer, electroplating a copper bulk layer on the copper seed
layer, then removing the copper bulk layer, the copper seed
layer and the adhesion/barrier layer outside the opening using
a chemical mechanical polishing (CMP) process.

The dielectric layers 8 are located over the semiconductor
substrate 4 and interposed respectively between the neighbor-
ing patterned metal layers 14, and the neighboring patterned
metal layers 14 are interconnected through the metal plugs 16
inside the dielectric layer 8. The dielectric layers 8 are com-
monly formed by a chemical vapor deposition (CVD) pro-
cess. The material of the dielectric layers 8 may include
silicon oxide, silicon oxynitride, TEOS (Tetracthoxysilane), a
compound containing silicon, carbon, oxygen and hydrogen
(such as Si,C,0 H,), silicon nitride (such as Si;N,), FSG
(Fluorinated Silicate Glass), Black Diamond, SiLK, a porous
silicon oxide, a porous compound containing nitrogen, sili-
con carbon nitride (such as SiCN), oxygen and silicon, SOG
(Spin-On Glass), BPSG (borophosphosilicate glass), a pol-
yarylene ether, polybenzoxazole (PBO), or a material having
a low dielectric constant (K) of between 1.5 and 3, for
example. The dielectric layer 8 between the neighboring pat-
terned metal layers 14 has a thickness t2 of less than 3
micrometers, such as between 0.3 and 3 pm or between 0.3
and 2.5 pm.

The passivation layer 10 is formed over the semiconductor
devices 6, over the metallization structure (including the
metal layers 14 and the metal plugs 16) and over the dielectric
layers 8. The passivation layer 10 can protect the semicon-
ductor devices 6 and the metallization structure from being
damaged by moisture and foreign ion contamination. In other
words, mobile ions (such as sodium ion), transition metals
(such as gold, silver and copper) and impurities can be pre-
vented from penetrating through the passivation layer 10 to
the semiconductor devices 6, such as transistors, polysilicon
resistor elements and polysilicon-polysilicon capacitor ele-
ments, and to the metallization structure.

The passivation layer 10 is commonly made of silicon
oxide (such as Si0,), PSG (phosphosilicate glass), silicon
oxynitride, silicon nitride (such as Si;N,) or silicon carbon
nitride (such as SiCN). The passivation layer 10 on pads 18 of
the metallization structure and on the topmost metal layers 14
of the metallization structure typically has a thickness t3 of
more than 0.3 um, such as between 0.3 and 2 um or between
0.8 and 1.5 um. In a preferred case, the passivation layer 10
includes a topmost silicon nitride layer of the semiconductor
chip 2, wherein the topmost silicon nitride layer in the passi-
vation layer 10 has a thickness of more than 0.2 um, such as
between 0.3 and 1.2 pm, wherein the passivation layer has
first and second portions, and each of the metal bumps 12
shown in FIG. 1 has a metal portion between the first and
second portions of the passivation layer 10 and on the pad 18.
Fifteen methods for depositing the passivation layer 10 are
described as below.

In a first method, the passivation layer 10 is formed by
depositing a silicon oxide layer with a thickness of between
0.2 and 1.2 um using a CVD method and then depositing a
silicon nitride layer with a thickness of 0.2 and 1.2 um on the
silicon oxide layer using a CVD method.

In a second method, the passivation layer 10 is formed by
depositing a silicon oxide layer with a thickness of between
0.2 and 1.2 pmusing a CVD method, next depositing a silicon
oxynitride layer with a thickness of between 0.05 and 0.15 um
on the silicon oxide layer using a Plasma Enhanced CVD
(PECVD) method, and then depositing a silicon nitride layer
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with a thickness of between 0.2 and 1.2 um on the silicon
oxynitride layer using a CVD method.

In a third method, the passivation layer 10 is formed by
depositing a silicon oxynitride layer with a thickness of
between 0.05 and 0.15 um using a CVD method, next depos-
iting a silicon oxide layer with a thickness of between 0.2 and
1.2 um on the silicon oxynitride layer using a CVD method,
and then depositing a silicon nitride layer with a thickness of
between 0.2 and 1.2 um on the silicon oxide layer using a
CVD method.

In a fourth method, the passivation layer 10 is formed by
depositing a first silicon oxide layer with a thickness of
between 0.2 and 0.5 pm using a CVD method, next depositing
a second silicon oxide layer with a thickness of between 0.5
and 1 um on the first silicon oxide layer using a spin-coating
method, next depositing a third silicon oxide layer with a
thickness of between 0.2 and 0.5 pm on the second silicon
oxide layer using a CVD method, and then depositing a
silicon nitride layer with a thickness of 0.2 and 1.2 um on the
third silicon oxide using a CVD method.

In a fifth method, the passivation layer 10 is formed by
depositing a silicon oxide layer with a thickness of between
0.5 and 2 um using a High Density Plasma CVD (HDP-CVD)
method and then depositing a silicon nitride layer with a
thickness 0f 0.2 and 1.2 pm on the silicon oxide layer using a
CVD method.

In a sixth method, the passivation layer 10 is formed by
depositing an Undoped Silicate Glass (USG) layer with a
thickness of between 0.2 and 3 pum, next depositing an insu-
lating layer of TEOS, PSG or BPSG (borophosphosilicate
glass) with a thickness of between 0.5 and 3 um on the USG
layer, and then depositing a silicon nitride layer with a thick-
ness of 0.2 and 1.2 um on the insulating layer using a CVD
method.

In a seventh method, the passivation layer 10 is formed by
optionally depositing a first silicon oxynitride layer with a
thickness of between 0.05 and 0.15 um using a CVD method,
next depositing a silicon oxide layer with a thickness of
between 0.2 and 1.2 pm on the first silicon oxynitride layer
using a CVD method, next optionally depositing a second
silicon oxynitride layer with a thickness of between 0.05 and
0.15 um on the silicon oxide layer using a CVD method, next
depositing a silicon nitride layer with a thickness of between
0.2 and 1.2 um on the second silicon oxynitride layer or on the
silicon oxide using a CVD method, next optionally depositing
a third silicon oxynitride layer with a thickness of between
0.05 and 0.15 pum on the silicon nitride layer using a CVD
method, and then depositing a silicon oxide layer with a
thickness of between 0.2 and 1.2 pm on the third silicon
oxynitride layer or on the silicon nitride layer using a CVD
method.

In a eighth method, the passivation layer 10 is formed by
depositing a first silicon oxide layer with a thickness of
between 0.2 and 1.2 um using a CVD method, next depositing
a second silicon oxide layer with a thickness of between 0.5
and 1 um on the first silicon oxide layer using a spin-coating
method, next depositing a third silicon oxide layer with a
thickness of between 0.2 and 1.2 pm on the second silicon
oxide layer using a CVD method, next depositing a silicon
nitride layer with a thickness of between 0.2 and 1.2 ym on the
third silicon oxide layer using a CVD method, and then
depositing a fourth silicon oxide layer with a thickness of
between 0.2 and 1.2 pm on the silicon nitride layer using a
CVD method.

In a ninth method, the passivation layer 10 is formed by
depositing a first silicon oxide layer with a thickness of
between 0.5 and 2 umusing a HDP-CVD method, next depos-
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iting a silicon nitride layer with a thickness of between 0.2
and 1.2 um on the first silicon oxide layer using a CVD
method, and then depositing a second silicon oxide layer with
a thickness of between 0.5 and 2 pm on the silicon nitride
using a HDP-CVD method.

In a tenth method, the passivation layer 10 is formed by
depositing a first silicon nitride layer with a thickness of
between 0.2 and 1.2 um using a CVD method, next depositing
a silicon oxide layer with a thickness of between 0.2 and 1.2
um on the first silicon nitride layer using a CVD method, and
then depositing a second silicon nitride layer with a thickness
of' between 0.2 and 1.2 um on the silicon oxide layer using a
CVD method.

In a eleventh method, the passivation layer 10 is formed by
depositing a single layer of silicon nitride with a thickness of
between 0.2 and 1.5 um, and preferably of between 0.3 and
1.2 um, using a CVD method, by depositing a single layer of
silicon oxynitride with a thickness of between 0.2 and 1.5 um,
and preferably of between 0.3 and 1.2 um, using a CVD
method, or by depositing a single layer of silicon carbon
nitride with a thickness of between 0.2 and 1.5 pum, and
preferably of between 0.3 and 1.2 um, using a CVD method.

In a twelfth method, the passivation layer 10 is formed by
depositing a silicon oxide layer with a thickness of between
0.2 and 1.2 um using a CVD method and then depositing a
silicon carbon nitride layer with a thickness 0f0.2 and 1.2 um
on the silicon oxide layer using a CVD method.

In a thirteenth method, the passivation layer 10 is formed
by depositing a first silicon carbon nitride layer with a thick-
ness of between 0.2 and 1.2 um using a CVD method, next
depositing a silicon oxide layer with a thickness of between
0.2 and 1.2 um on the first silicon carbon nitride layer using a
CVD method, and then depositing a second silicon carbon
nitride layer with a thickness 0f 0.2 and 1.2 pm on the silicon
oxide layer using a CVD method.

In a fourteenth method, the passivation layer 10 is formed
by depositing a silicon carbon nitride layer with a thickness of
between 0.2 and 1.2 um using a CVD method, next depositing
a silicon oxide layer with a thickness of between 0.2 and 1.2
pum on the silicon carbon nitride layer using a CVD method,
and then depositing a silicon nitride layer with a thickness of
0.2 and 1.2 pum on the silicon oxide layer using a CVD
method.

In a fifteenth method, the passivation layer 10 is formed by
depositing a silicon nitride layer with a thickness of between
0.2 and 1.2 pmusing a CVD method, next depositing a silicon
oxide layer with a thickness of between 0.2 and 1.2 pm on the
silicon nitride layer using a CVD method, and then depositing
a silicon carbon nitride layer with a thickness of 0.2 and 1.2
um on the silicon oxide layer using a CVD method.

Openings 10q in the passivation layer 10 expose the pads
18 of the metallization structure used to input or output sig-
nals or to be connected to a power source or a ground refer-
ence. The neighboring pads 18 are separated from each other
by an insulating material. The pads 18 are provided by a
topmost metal layer under the passivation layer 10. Each of
the pads 18 has a thickness t4 of between 0.5 and 3 um, and the
pads 18 can be connected to the semiconductor devices 6
through the metal layers 14 and the metal plugs 16. The pads
18 may be composed of a sputtered aluminum layer or a
sputtered aluminum-copper-alloy layer with a thickness of
between 0.5 and 3 um. Alternatively, the pads 18 may include
a copper layer with a thickness of between 0.5 and 3 um, and
a barrier layer, such as tantalum or tantalum nitride, on a
bottom surface and sidewalls of the copper layer, wherein the
copper layer may include electroplated copper.
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Therefore, the pads 18 can be aluminum pads, principally
made of sputtered aluminum with a thickness of between 0.5
and 3 pum. Alternatively, the pads 18 can be copper pads,
principally made of electroplated copper with a thickness of
between 0.5 and 3 um.

The openings 10a may have a transverse dimension, from
a top view, of between 0.5 and 20 pm or between 20 and 200
um. The shape of the openings 10qa from a top view may be a
circle, and the diameter of the circle-shaped openings 10a
may be between 0.5 and 20 um or between 20 and 200 pm.
Alternatively, the shape of the openings 10a from a top view
may be a square, and the width of the square-shaped openings
10a may be between 0.5 and 20 pm or between 20 and 200
um. Alternatively, the shape of the openings 10a from a top
view may be a polygon, such as hexagon or octagon, and the
polygon-shaped openings 10a may have a width of between
0.5 and 20 um or between 20 and 200 pm. Alternatively, the
shape ofthe openings 10a from a top view may be a rectangle,
and the rectangle-shaped openings 10a may have a shorter
width of between 0.5 and 20 pm or between 20 and 200 pm.

Metal caps (not shown) having a thickness of between 0.4
and 5 pum, and preferably of between 0.4 and 2 um, can be
optionally formed on the pads 18 exposed by the openings
10q in the passivation layer 10 to prevent the pads 18 from
being oxidized or contaminated. The material of the metal
caps may include aluminum, an aluminum-copper alloy or an
Al—Si—Cu alloy. For example, when the pads 18 are copper
pads, the metal caps including aluminum are used to protect
the copper pads 18 from being oxidized. The metal caps may
comprise a barrier layer having a thickness of between 0.01
and 0.5 pm on the pads 18. The barrier layer may be made of
titanium, titanium nitride, titanium-tungsten alloy, tantalum,
tantalum nitride, chromium or nickel.

For example, the metal caps may include a tantalum-con-
taining layer, such as tantalum layer or tantalum-nitride layer,
having a thickness of between 0.01 and 0.5 um on the pads 18,
principally made of electroplated copper, exposed by the
opening 10a, and an aluminum-containing layer, such as alu-
minum layer or aluminum-copper-alloy layer, having a thick-
ness of between 0.4 and 3 pum on the tantalum-containing
layer.

The metal bumps 12 can be formed, respectively, on the
pads 18, such as aluminum pads or copper pads, exposed by
the openings 10a, and a pitch P1 between the neighboring
metal bumps 12 is greater than 5 micrometers or less than 35
micrometers, such as between 15 and 35 micrometers,
between 10 and 30 micrometers or between 5 and 20
micrometers. The metal bumps 12 can be formed of an adhe-
sion/barrier layer having a thickness of between 0.03 and 0.7
um, and preferably of between 0.25 and 0.35 pm, on the pads
18 exposed by the openings 10a and a metal layer having a
thickness of between 5 and 50 micrometers, and preferably of
between 10 and 25 micrometers, on the adhesion/barrier
layer. The adhesion/barrier layer may be titanium, a titanium-
tungsten alloy, titanium nitride, chromium, tantalum, tanta-
lum nitride or a composite of the above-mentioned materials,
and the adhesion/barrier layer can be formed by a physical
vapor deposition (PVD) process, such as a sputtering process
or an evaporation process. The metal layer may be gold,
copper, silver, nickel, palladium, tin or a composite of the
above-mentioned materials, and the metal layer may be
formed by a process including a sputtering process, an elec-
troplating process or an electroless plating process. Below,
the process of forming the metal bumps 12 is exemplified with
the case of forming the metal bumps 12 on the pads 18, such
as aluminum pads or copper pads, exposed by the openings
10a. Alternatively, the metal bumps 12 can be formed on the
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metal caps, such as aluminum caps, wherein the metal caps
are formed on the pads 18, such as copper pads, exposed by
the openings 10a.

FIGS. 1a-1e are schematically cross-sectional figures
showing a process of forming the metal bumps 12 on a semi-
conductor wafer 20. The above-mentioned semiconductor
chip 2 is cut from the semiconductor wafer 20. Before cutting
the semiconductor wafer 20, the metal bumps 12 are formed
on the semiconductor wafer 20.

Referring to FIG. 14, an adhesion/barrier layer 22 having a
thickness t5 of between 0.01 and 0.7 um, and preferably of
between 0.03 and 0.7 pm, can be formed on the passivation
layer 10 and on the pads 18, such as aluminum pads or copper
pads, exposed by the openings 10a. The adhesion/barrier
layer 22 can be formed by a physical vapor deposition (PVD)
process, such as a sputtering process or an evaporation pro-
cess. The material of the adhesion/barrier layer 22 may be
titanium, a titanium-tungsten alloy, titanium nitride, chro-
mium, tantalum, tantalum nitride or a composite of the above-
mentioned materials. In a case, the adhesion/barrier layer 22
can be formed by sputtering a titanium-tungsten-alloy layer
with a thickness of between 0.03 and 0.7 um, and preferably
of between 0.15 and 0.4 pm, on the passivation layer 10 and
on the pads 18, such as aluminum pads or copper pads,
exposed by the openings 10a. In another case, the adhesion/
barrier layer 22 can be formed by sputtering a titanium layer
with a thickness of between 0.01 and 0.7 um, and preferably
of'between 0.01 and 0.15 pm, on the passivation layer 10 and
on the pads 18, such as aluminum pads or copper pads,
exposed by the openings 10a. In another case, the adhesion/
barrier layer 22 can be formed by sputtering a titanium-nitride
layer with a thickness of between 0.01 and 0.1 um, and
preferably of between 0.01 and 0.02 um, on the passivation
layer 10 and on the pads 18, such as aluminum pads or copper
pads, exposed by the openings 10a. In another case, the adhe-
sion/barrier layer 22 can be formed by sputtering a titanium
layer with a thickness of between 0.01 and 0.15 um on the
passivation layer 10 and on the pads 18, such as aluminum
pads or copper pads, exposed by the openings 10a, and then
sputtering a titanium-tungsten-alloy layer with a thickness of
between 0.1 and 0.35 pm on the titanium layer. The adhesion/
barrier layer 22 is used to prevent the occurrence of interdif-
fusion between metal layers and to provide good adhesion
between the metal layers.

Next, a seed layer 24 having a thickness t6 of between 0.03
and 1 um, and preferably of between 0.05 and 0.2 um, can be
formed on the adhesion/barrier layer 22. The seed layer 24
can be formed by a physical vapor deposition (PVD) process,
such as a sputtering process or an evaporation process. The
seed layer 24 is beneficial to electroplating a metal layer
thereon.

For example, when the adhesion/barrier layer 22 is formed
by sputtering a titanium-containing layer, the seed layer 24
can be formed by sputtering a gold layer with a thickness of
between 0.03 and 1 pm, and preferably of between 0.05 and
0.2 pum, on the titanium-containing layer. When the adhesion/
barrier layer 22 is formed by sputtering a titanium-containing
layer, the seed layer 24 can be formed by sputtering a copper
layer with a thickness of between 0.03 and 1 pm, and prefer-
ably of between 0.1 and 0.5 pm, on the titanium-containing
layer. The above-mentioned titanium-containing layer can be
a single titanium-tungsten-alloy layer having a thickness of
between 0.03 and 0.7 pm, and preferably of between 0.15 and
0.4 um, a single titanium layer having a thickness of between
0.01 and 0.7 um, and preferably of between 0.01 and 0.15 pm,
a single titanium-nitride layer having a thickness of between
0.01 and 0.1 um, and preferably of between 0.01 and 0.02 pm,
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or a composite layer comprising a titanium layer having a
thickness of between 0.01 and 0.15 pm, and a titanium-tung-
sten-alloy layer, having a thickness of between 0.1 and 0.35
pum, on the titanium layer.

Referring to FIG. 15, a photoresist layer 26, such as posi-
tive-type photoresist layer or negative-type photoresist layer,
having a thickness of between 5 and 50 micrometers, and
preferably of between 10 and 25 micrometers, is spin-on
coated on the seed layer 24. Next, the photoresist layer 26 is
patterned with the processes of exposure and development to
form openings 26 in the photoresist layer 26 exposing the
seed layer 24. A 1x stepper or 1x contact aligner can be used
to expose the photoresist layer 26 during the process of expo-
sure.

For example, the photoresist layer 26 can be formed by
spin-on coating a positive-type photosensitive polymer layer
having a thickness of between 5 and 50 um, and preferably of
between 15 and 20 um, on the seed layer 24, then exposing the
photosensitive polymer layer using a 1x stepper or contact
aligner with at least two of G-line, H-line and I-line, wherein
G-line has a wavelength ranging from 434 to 438 nm, H-line
has a wavelength ranging from 403 to 407 nm, and I-line has
a wavelength ranging from 363 to 367 nm, then developing
the exposed polymer layer by spraying and puddling a devel-
oper on a wafer or by immersing a wafer into a developer, and
then cleaning the wafer using deionized wafer and drying the
wafer by sprining the wafer. After development, a scum
removal process of removing the residual polymeric material
or other contaminants from the seed layer 24 may be con-
ducted by using an O, plasma or a plasma containing fluorine
of' below 200 PPM and oxygen. By these processes, the pho-
toresist layer 26 can be patterned with the openings 26a in the
photoresist layer 26 exposing the seed layer 24.

Referring to FIG. 1¢, ametal layer 28 having a thickness t7
of'between 5 and 50 micrometers, and preferably of between
10 and 25 micrometers, can be electroplated and/or electro-
less plated on the seed layer 24 exposed by the openings 26a.
The material of the metal layer 28 may be gold, copper,
nickel, silver, tin, palladium or a composite of the above-
mentioned materials.

For example, the metal layer 28 may be formed by electro-
plating a gold layer with a thickness of between 5 and 50 um,
and preferably of between 10 and 25 micrometers, on the seed
layer 24, made of gold, exposed by the opening 264 with a
non-cyanide electroplating solution, such as a solution con-
taining gold sodium sulfite (Na; Au(SO;),) or a solution con-
taining gold ammonium sulfite (NH,);[Au(SO,),]), or with
an electroplating solution containing cyanide. Alternatively,
the metal layer 28 may be formed by electroplating a copper
layer having a thickness of between 0.5 and 45 pm, and
preferably of between 5 and 35 micrometers, on the seed layer
24, made of copper, exposed by the opening 264, then elec-
troplating a nickel layer having a thickness of between 0.5 and
5 um, and preferably of between 1 and 3 micrometers, on the
copper layer in the opening 26a, and then electroplating a
gold layer having a thickness of between 0.5 and 5 um, and
preferably of between 1 and 3 micrometers, on the nickel
layer in the opening 26a with a non-cyanide electroplating
solution, such as a solution containing gold sodium sulfite
(Na;Au(S0;),) or a solution containing gold ammonium
sulfite (NH,);[Au(SO;),]), or with an electroplating solu-
tion containing cyanide. Alternatively, the metal layer 28 may
be formed by electroplating a copper layer having a thickness
ofbetween 0.5 and 45 pum, and preferably of between 5 and 35
micrometers, on the seed layer 24, made of copper, exposed
by the opening 26a, and then electroplating a gold layer
having a thickness of between 0.5 and 5 um, and preferably of
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between 1 and 3 micrometers, on the copper layer in the
opening 264 with a non-cyanide electroplating solution, such
as a solution containing gold sodium sulfite (Na;Au(SO;),)
or a solution containing gold ammonium sulfite (NH,);[Au
(8O5),]), or with an electroplating solution containing cya-
nide. Alternatively, the metal layer 28 may be formed by
electroplating a nickel layer having a thickness of between
0.5 and 45 um, and preferably of between 5 and 35 microme-
ters, on the seed layer 24, made of copper, exposed by the
opening 26a, and then electroplating a gold layer having a
thickness of between 0.5 and 5 pum, and preferably of between
1 and 3 micrometers, on the nickel layer in the opening 26a
with a non-cyanide electroplating solution, such as a solution
containing gold sodium sulfite (Na;Au(SO,),) or a solution
containing gold ammonium sulfite (NH,);[Au(SO;),]), or
with an electroplating solution containing cyanide.

Referring to FIG. 1d, after the metal layer 28 is formed,
most of the photoresist layer 26 can be removed using an
organic solution with amide or a solution containing H,SO,
and H,0O,. However, some residuals from the photoresist
layer 26 could remain on the metal layer 28 and on the seed
layer 24. Thereafter, the residuals can be removed from the
metal layer 28 and from the seed layer 24 with a plasma, such
as O, plasma or plasma containing fluorine of below 200 PPM
and oxygen.

Referring to FIG. 1e, the seed layer 24 and the adhesion/
barrier layer 22 not under the metal layer 28 are subsequently
removed with a wet etching method or a dry etching method.
The dry etching method may be an Ar sputtering etching
process or a reactive ion etching (RIE) process. As to the wet
etching method, when the seed layer 24 is a gold layer, it can
be etched with an iodine-containing solution, such as solution
containing potassium iodide; when the seed layer 24 a copper
layer, it can be etched with a solution containing NH,OH or
with a solution containing H,SO,; when the adhesion/barrier
layer 22 is a titanium-tungsten-alloy layer, it can be etched
with a solution containing hydrogen peroxide or with a solu-
tion containing NH,OH and hydrogen peroxide; when the
adhesion/barrier layer 22 is a titanium layer, it can be etched
with a solution containing hydrogen fluoride or with a solu-
tion containing NH,OH and hydrogen peroxide; when the
adhesion/barrier layer 22 is a chromium layer, it can be etched
with a solution containing potassium ferricyanide.

Thereby, in the present invention, the metal bumps 12 can
be formed, respectively, on the pads 18, such as aluminum
pads or copper pads, exposed by the openings 10a, and the
pitch P1 between the neighboring metal bumps 12 is greater
than 5 micrometers or less than 35 micrometers, such as
between 15 and 35 micrometers, between 10 and 30
micrometers or between 5 and 20 micrometers. The metal
bumps 12 can be formed of the adhesion/barrier layer 22 on
the pads 18 and a bump metal layer (including the seed layer
24 and the metal layer 28 on the seed layer 24), having a
thickness of between 5 and 30 micrometers, and preferably of
between 10 and 25 micrometers, on the adhesion/barrier layer
22.

In a case, the metal bumps 12 may include a titanium-
containing layer on the pads 18 exposed by the openings 10a,
and a gold layer having a thickness of between 5 and 50
micrometers, and preferably of between 10 and 25 microme-
ters, on the titanium-containing layer. In another case, the
metal bumps 12 may include a titanium-containing layer on
the pads 18 exposed by the openings 10a, a copper layer
having a thickness of between 0.5 and 45 micrometers, and
preferably of between 5 and 35 micrometers, on the titanium-
containing layer, a nickel layer having a thickness of between
0.5 and 5 micrometers, and preferably of between 1 and 3
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micrometers, on the copper layer, and a gold layer having a
thickness of between 0.5 and 5 micrometers, and preferably
of between 1 and 3 micrometers, on the nickel layer. In
another case, the metal bumps 12 may include a titanium-
containing layer on the pads 18 exposed by the openings 10a,
a copper layer having a thickness of between 0.5 and 45
micrometers, and preferably of between 5 and 35 microme-
ters, on the titanium-containing layer, and a gold layer having
athickness of between 0.5 and 5 micrometers, and preferably
of between 1 and 3 micrometers, on the copper layer. In
another case, the metal bumps 12 may include a titanium-
containing layer on the pads 18 exposed by the openings 10a,
a copper layer, formed by a sputtering process, having a
thickness of between 0.03 and 1 pm, and preferably of
between 0.1 and 0.5 um, on the titanium-containing layer, a
nickel layer, formed by an electroplating process, having a
thickness of between 0.5 and 45 micrometers, and preferably
of' between 5 and 35 micrometers, on the copper layer, and a
gold layer, formed by an electroplating process, having a
thickness of between 0.5 and 5 micrometers, and preferably
of between 1 and 3 micrometers, on the nickel layer. The
above-mentioned titanium-containing layer can be a single
titanium-tungsten-alloy layer having a thickness of between
0.03 and 0.7 pm, and preferably of between 0.15 and 0.4 pm,
a single titanium layer having a thickness of between 0.01 and
0.7 um, and preferably of between 0.01 and 0.15 um, a single
titanium-nitride layer having a thickness of between 0.01 and
0.1 um, and preferably of between 0.01 and 0.02 pum, or a
composite layer comprising a titanium layer having a thick-
ness of between 0.01 and 0.15 um on the pads 18 exposed by
the openings 10a, and a titanium-tungsten-alloy layer having
athickness of between 0.1 and 0.35 pum on the titanium layer.

Multiple undercuts 29 may be formed under the seed layer
24 and under the metal layer 28 when the adhesion/barrier
layer 22 not under the metal layer 28 is removed using a wet
etching method. The adhesion/barrier layer 22 under the
metal layer 28 has a first sidewall recessed from a second
sidewall of the seed layer 24, wherein a distance D between
the first sidewall and the second sidewall is between 0.3 and
2 micrometers.

However, the undercuts 29 could result in the dramatical
drop of the contact area between the metal bump 12, espe-
cially fine pitch metal bump, and the passivation layer 10. For
avoiding the undesired undercuts 29, the adhesion/barrier
layer 22 not under the metal layer 28 can be alternatively
removed using the above-mentioned dry etching method.

After the metal bumps 12 are formed, the semiconductor
wafer 20 can be cut into the semiconductor chips 2 by a
mechanical cutting process. The fine-pitched metal bumps 12
are formed on the pads 18, of each semiconductor chips 2,
exposed by the openings 10a.

Referring to FIG. 2, alternatively, the semiconductor chip 2
cut from the semiconductor wafer includes the semiconduc-
tor substrate 4, the semiconductor devices 6, the metallization
structure (including the patterned metal layers 14 and the
metal plugs 16), the dielectric layers 8, the passivation layer
10, a polymer layer 30, multiple metal traces 32, the metal
bumps 12 and a polymer layer 34. The specification of the
semiconductor substrate 4, the semiconductor devices 6, the
metallization structure (including the patterned metal layers
14 and the metal plugs 16), the dielectric layers 8 and the
passivation layer 10 shown in FIG. 2 can be referred to as the
specification of the semiconductor substrate 4, the semicon-
ductor devices 6, the metallization structure (including the
patterned metal layers 14 and the metal plugs 16), the dielec-
tric layers 8 and the passivation layer 10 illustrated in FIG. 1.
The process, of forming the metallization structure (including
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the patterned metal layers 14 and the metal plugs 16), the
dielectric layers 8 and the passivation layer 10, as shown in
FIG. 2 can be referred to as the process, of forming the
metallization structure (including the patterned metal layers
14 and the metal plugs 16), the dielectric layers 8 and the
passivation layer 10, as illustrated in FIG. 1.

The polymer layer 30 having a thickness t8 of between 3
and 25 pm can be formed on the passivation layer 10 by a
process including a spin-on coating process, a lamination
process or a screen-printing process. The material of the
polymer layer 30 may include benzocyclobutane (BCB),
polyimide (PI), polybenzoxazole (PBO) or epoxy resin.

For example, the polymer layer 30 can be formed by spin-
on coating a negative-type photosensitive polyimide layer
having a thickness of between 6 and 50 um on the passivation
layer 10 and on the pads 18 exposed by the openings 10a, then
baking the spin-on coated polyimide layer, then exposing the
baked polyimide layer using a 1x stepper or 1x contact
aligner with at least two of G-line having a wavelength rang-
ing from 434 to 438 nm, H-line having a wavelength ranging
from 403 to 407 nm, and I-line having a wavelength ranging
from 363 to 367 nm, illuminating the baked polyimide layer,
that is, G-line and H-line, G-line and I-line, H-line and I-line,
or G-line, H-line and I-line illuminate the baked polyimide
layer, then developing the exposed polyimide layer to form a
patterned polyimide layer on the passivation layer 10, then
curing or heating the patterned polyimide layer at a peak
temperature of between 180 and 400° C. for a time of between
20 and 150 minutes in a nitrogen ambient or in an oxygen-free
ambient, the cured polyimide layer having a thickness of
between 3 and 25 pum, and then removing the residual poly-
meric material or other contaminants from the upper surface
of the pads 18 with an O, plasma or a plasma containing
fluorine of below 200 PPM and oxygen, such that the polymer
layer 30 can be formed on the passivation layer 10. For
example, the patterned polyimide layer can be cured or heated
at a temperature between 180 and 250° C. for a time of
between 20 and 150 minutes in a nitrogen ambient or in an
oxygen-free ambient. Alternatively, the patterned polyimide
layer can be cured or heated at a temperature between 250 and
290° C. foratime of between 20 and 150 minutes in a nitrogen
ambient or in an oxygen-free ambient. Alternatively, the pat-
terned polyimide layer can be cured or heated at a temperature
between 290 and 400° C. for a time of between 20 and 150
minutes in a nitrogen ambient or in an oxygen-free ambient.
Alternatively, the patterned polyimide layer can be cured or
heated at a temperature between 250 and 400° C. for a time of
between 20 and 150 minutes in a nitrogen ambient or in an
oxygen-free ambient.

Alternatively, the polymer layer 30 can be formed by spin-
on coating a positive-type photosensitive polybenzoxazole
layer having a thickness of between 3 and 25 pm on the
passivation layer 10 and on the pads 18 exposed by the open-
ings 10qa, then baking the spin-on coated polybenzoxazole
layer, then exposing the baked polybenzoxazole layer using a
1x stepper or 1x contact aligner with at least two of G-line
having a wavelength ranging from 434 to 438 nm, H-line
having a wavelength ranging from 403 to 407 nm, and I-line
having a wavelength ranging from 363 to 367 nm, illuminat-
ing the baked polyimide layer, that is, G-line and H-line,
G-line and I-line, H-line and I-line, or G-line, H-line and
I-line illuminate the baked polybenzoxazole layer, then
developing the exposed polybenzoxazole layer to form a pat-
terned polybenzoxazole layer on the passivation layer 10,
then curing or heating the patterned polybenzoxazole layer at
a peak temperature of between 150 and 250° C., and prefer-
ably of between 180 and 250° C., for a time of between 5 and
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180 minutes, and preferably of between 30 and 120 minutes,
in a nitrogen ambient or in an oxygen-free ambient, the cured
polybenzoxazole layer having a thickness of between 3 and
25 um, and then removing the residual polymeric material or
other contaminants from the upper surface of the pads 18 with
an O, plasma or a plasma containing fluorine of below 200
PPM and oxygen, such that the polymer layer 30 can be
formed on the passivation layer 10. Alternatively, the pat-
terned polybenzoxazole layer can be cured or heated at a
temperature between 200 and 400° C., and preferably of
between 250 and 350° C., for a time of between 5 and 180
minutes, and preferably of between 30 and 120 minutes, in a
nitrogen ambient or in an oxygen-free ambient.

Each of the metal traces 32 having a thickness t9 of
between 1 and 30 micrometers, and preferably of between 5
and 20 micrometers, can be formed on the passivation layer
10, on the polymer layer 30 and on the pads 18 exposed by the
openings 10a, wherein the metal trace 32 may connect one of
the pads 18 to another one of the pads 18. The metal traces 32
may include titanium, a titanium-tungsten alloy, titanium
nitride, chromium, tantalum, tantalum nitride, gold, copper,
nickel or a composite of the above-mentioned materials, and
the metal traces 32 may be formed by a process including a
sputtering process, an electroplating process or an electroless
plating process.

In a case, the metal traces 32 may include a titanium-
containing layer on the pads 18 exposed by the openings 10a,
on the passivation layer 10 and on the polymer layer 30, and
a gold layer having a thickness of between 1 and 30 microme-
ters, and preferably of between 5 and 20 micrometers, on the
titanium-containing layer. In another case, the metal traces 32
may include a titanium-containing layer on the pads 18
exposed by the openings 10a, on the passivation layer 10 and
onthe polymer layer 30, and a copper layer having a thickness
of'between 1 and 30 micrometers, and preferably of between
5 and 20 micrometers, on the titanium-containing layer. In
another case, the metal traces 32 may include a titanium-
containing layer on the pads 18 exposed by the openings 10a,
on the passivation layer 10 and on the polymer layer 30, and
a nickel layer having a thickness of between 1 and 30
micrometers, and preferably of between 5 and 20 microme-
ters, on the titanium-containing layer. In another case, the
metal traces 32 may include a titanium-containing layer on
the pads 18 exposed by the openings 10a, on the passivation
layer 10 and on the polymer layer 30, a copper layer having a
thickness of between 1 and 25 micrometers, and preferably of
between 3 and 15 micrometers, on the titanium-tungsten-
alloy layer, a nickel layer having a thickness of between 0.5
and 2.5 micrometers, and preferably of between 1 and 2.5
micrometers, on the copper layer, and a gold layer having a
thickness of between 0.5 and 2.5 micrometers, and preferably
of between 1 and 2.5 micrometers, on the nickel layer. In
another case, the metal traces 32 may include a titanium-
containing layer on the pads 18 exposed by the openings 10a,
on the passivation layer 10 and on the polymer layer 30, a
copper layer having a thickness of between 1 and 25 um, and
preferably of between 3 and 15 micrometers, on the titanium-
containing layer, and a gold layer having a thickness of
between 0.5 and 5 micrometers, and preferably of between 2
and 5 micrometers, on the copper layer. In another case, the
metal traces 32 may include a titanium-containing layer on
the pads 18 exposed by the openings 10a, on the passivation
layer 10 and on the polymer layer 30, a copper layer, formed
by a sputtering process, having a thickness of between 0.03
and 1 pm, and preferably of between 0.1 and 0.5 um, on the
titanium-containing layer, a nickel layer, formed by an elec-
troplating process, having a thickness of between 0.5 and 25
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micrometers, and preferably of between 3 and 15 microme-
ters, on the sputtered copper layer, and a gold layer, formed by
an electroplating process, having a thickness of between 0.5
and 5 micrometers, and preferably of between 2 and 5
micrometers, on the nickel layer. In another case, the metal
traces 32 may include a titanium-containing layer on the pads
18 exposed by the openings 10a, on the passivation layer 10
and on the polymer layer 30, a copper layer, formed by a
sputtering process, having a thickness of between 0.03 and 1
um, and preferably of between 0.1 and 0.5 pm, on the tita-
nium-containing layer, and a nickel layer, formed by an elec-
troplating process, having a thickness of between 0.5 and 25
micrometers, and preferably of between 3 and 15 microme-
ters, on the sputtered copper layer. The above-mentioned
titanium-containing layer can be a single titanium-tungsten-
alloy layer having a thickness of between 0.03 and 0.7 pm,
and preferably of between 0.15 and 0.4 pum, a single titanium
layer having a thickness of between 0.01 and 0.7 pm, and
preferably of between 0.01 and 0.15 pm, a single titanium-
nitride layer having a thickness of between 0.01 and 0.1 pm,
and preferably of between 0.01 and 0.02 um, or a composite
layer comprising a titanium layer having a thickness of
between 0.01 and 0.15 um, and a titanium-tungsten-alloy
layer, having a thickness of between 0.1 and 0.35 pum, on the
titanium layer.

The polymer layer 34 having a thickness t10 of between 1
and 25 um can be formed on the passivation layer 10, on the
metal traces 32 and on the polymer layer 30 by a process
including a spin-on coating process, a lamination process or a
screen-printing process. The polymer layer 34 uncovers the
metal bumps 12 on the metal traces 32, with openings 34a in
the polymer layer 34 being over the metal traces 32 having the
metal bumps 12 formed thereon. The material of'the polymer
layer 34 may include benzocyclobutane (BCB), polyimide
(PD), polybenzoxazole (PBO) or epoxy resin.

For example, the polymer layer 34 can be formed by spin-
on coating a negative-type photosensitive polyimide layer
having a thickness of between 2 and 50 um on the passivation
layer 10, on the metal traces 32, on the metal bumps 12 and on
the polymer layer 30, then baking the spin-on coated polyim-
ide layer, then exposing the baked polyimide layer using a 1x
stepper or 1x contact aligner with at least two of G-line having
a wavelength ranging from 434 to 438 nm, H-line having a
wavelength ranging from 403 to 407 nm, and I-line having a
wavelength ranging from 363 to 367 nm, illuminating the
baked polyimide layer, that is, G-line and H-line, G-line and
I-line, H-line and I-line, or G-line, H-line and I-line illumi-
nate the baked polyimide layer, then developing the exposed
polyimide layer to uncover the metal bumps 12, then curing or
heating the developed polyimide layer at a peak temperature
of between 180 and 400° C. for a time of between 20 and 150
minutes in a nitrogen ambient or in an oxygen-free ambient,
the cured polyimide layer having a thickness of between 3 and
25 um, and then removing the residual polymeric material or
other contaminants from the upper surface of the metal bumps
12 and from the upper surface of the metal traces 32 with an
O, plasma or a plasma containing fluorine of below 200 PPM
and oxygen, such that the polymer layer 34 can be formed on
the passivation layer 10, on the metal traces 32 and on the
polymer layer 30, uncovering the metal bumps 12. For
example, the developed polyimide layer can be cured or
heated at a temperature between 180 and 250° C. for a time of
between 20 and 150 minutes in a nitrogen ambient or in an
oxygen-free ambient. Alternatively, the developed polyimide
layer can be cured or heated at a temperature between 250 and
290° C. foratime of between 20 and 150 minutes in a nitrogen
ambient or in an oxygen-free ambient. Alternatively, the
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developed polyimide layer can be cured or heated at a tem-
perature between 290 and 400° C. for a time of between 20
and 150 minutes in a nitrogen ambient or in an oxygen-free
ambient. Alternatively, the developed polyimide layer can be
cured or heated at a temperature between 250 and 400° C. for
a time of between 20 and 150 minutes in a nitrogen ambient
or in an oxygen-free ambient.

Alternatively, the polymer layer 34 can be formed by spin-
on coating a positive-type photosensitive polybenzoxazole
layer having a thickness of between 3 and 25 pm on the
passivation layer 10, on the metal traces 32 and on the poly-
mer layer 30, then baking the spin-on coated polybenzox-
azole layer, then exposing the baked polybenzoxazole layer
using a 1x stepper or 1x contact aligner with at least two of
G-line having a wavelength ranging from 434 to 438 nm,
H-line having a wavelength ranging from 403 to 407 nm, and
I-line having a wavelength ranging from 363 to 367 nm,
illuminating the baked polyimide layer, that is, G-line and
H-line, G-line and I-line, H-line and I-line, or G-line, H-line
and I-line illuminate the baked polybenzoxazole layer, then
developing the exposed polybenzoxazole layer to uncover the
metal bumps 12, then curing or heating the developed poly-
benzoxazole layer at a peak temperature of between 200 and
400° C., and preferably of between 250 and 350° C., for a time
of' between 5 and 180 minutes, and preferably of between 30
and 120 minutes, in a nitrogen ambient or in an oxygen-free
ambient, the cured polybenzoxazole layer having a thickness
of between 3 and 25 pum, and then removing the residual
polymeric material or other contaminants from the upper
surface of the metal bumps 12 and from the upper surface of
the metal traces 32 with an O, plasma or a plasma containing
fluorine of below 200 PPM and oxygen, such that the polymer
layer 34 can be formed on the passivation layer 10, on the
metal traces 32 and on the polymer layer 30, uncovering the
metal bumps 12.

The metal bumps 12 are on the metal traces 32 exposed by
the openings 34a, and the pitch P2 between the neighboring
metal bumps 12 is greater than 5 micrometers or less than 35
micrometers, such as between 15 and 35 micrometers,
between 10 and 30 micrometers or between 5 and 20
micrometers. The metal bumps 12 may include titanium, a
titanium-tungsten alloy, titanium nitride, chromium, tanta-
lum, tantalum nitride, gold, copper, silver, nickel, palladium,
tin or a composite of the above-mentioned materials, and the
metal bumps 12 may be formed by a process including a
sputtering process, an electroplating process or an electroless
plating process.

For example, the specification of the metal bumps 12
shown in FIG. 2 can be referred to as the specification of the
metal bumps 12 illustrated in FIG. 1 and FIGS. 1a-1e. Alter-
natively, the metal bumps 12 can be formed by electroplating
a gold layer with a thickness of between 5 and 50 microme-
ters, and preferably of between 10 and 25 micrometers,
directly on the gold layer of the metal traces 32, directly on the
copper layer of the metal traces 32 or directly on the nickel
layer of metal traces 32. Alternatively, the metal bumps 12 can
be formed by electroplating a copper layer with a thickness of
between 5 and 50 micrometers, and preferably of between 10
and 25 micrometers, directly on the gold layer of the metal
traces 32, directly onthe copper layer of the metal traces 32 or
directly on the nickel layer of metal traces 32. Alternatively,
the metal bumps 12 can be formed by electroplating a copper
layer with a thickness of between 0.5 and 45 micrometers, and
preferably of between 5 and 35 micrometers, directly on the
gold layer of the metal traces 32, directly on the copper layer
of the metal traces 32 or directly on the nickel layer of metal
traces 32, and then electroplating a gold layer with a thickness
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of'between 0.5 and 5 micrometers, and preferably of between
1 and 3 micrometers, on the electroplated copper layer. Alter-
natively, the metal bumps 12 can be formed by electroplating
a copper layer with a thickness of between 0.5 and 45
micrometers, and preferably of between 5 and 35 microme-
ters, directly on the gold layer of the metal traces 32, directly
on the copper layer of the metal traces 32 or directly on the
nickel layer of metal traces 32, then electroplating a nickel
layer with a thickness of between 0.5 and 5 micrometers, and
preferably of between 1 and 3 micrometers, on the electro-
plated copper layer, and then electroplating a gold layer with
athickness of between 0.5 and 5 micrometers, and preferably
of between 1 and 3 micrometers, on the electroplated nickel
layer.

The above-mentioned metal bumps 12 of the semiconduc-
tor chip 2 can be joined with any one of various flexible circuit
films 36, 38, 40, 42, 44, 46 and 48 as illustrated in the follow-
ing embodiments.

Embodiment 1

FIG. 3A is a schematically cross-sectional figure showing
a chip-on-film (COF) package. A flexible circuit film 36
includes a polymer layer 200, a polymer layer 220 and mul-
tiple copper traces 210 between the polymer layers 200 and
220, wherein openings 2004 in the polymer layer 200 expose
first contact points of the copper traces 210 and openings
220aq in the polymer layer 220 expose second contact points
of'the copper traces 210. Each of the copper traces 210 has a
thickness t11 of between 3 and 30 micrometers, of between 5
and 20 micrometers or of between 4 and 10 micrometers.
Alternatively, the copper traces 210 can be replaced by gold
traces having a thickness of between 3 and 30 pm, of between
5 and 20 micrometers or of between 4 and 10 micrometers.
Alternatively, the copper traces 210 can be replaced by silver
traces having a thickness of between 3 and 30 pm, of between
5 and 20 micrometers or of between 4 and 10 micrometers.

The polymer layer 200 has a thickness t13 of between 10
and 100 micrometers, of between 15 and 30 micrometers or of
between 20 and 80 micrometers, and the material of the
polymer layer 200 may be polybenzoxazole, expoxy, polyes-
ter or polyimide. The polymer layer 220 has a thickness t14 of
between 5 and 30 micrometers, and preferably of between 5
and 15 micrometers, and the material of the polymer layer
220 may be polybenzoxazole, expoxy, polyester or polyim-
ide.

The flexible circuit film 36 further comprises a wetting
layer 240a on the first contact points of the copper traces 210
exposed by the openings 2004, and a wetting layer 2405 on
the second contact points of the copper traces 210 exposed by
the openings 220a to be joined with the metal bumps 12
preformed on the metal pads 18 or on the metal traces 32 of
the semiconductor chip 2 shown in FIG. 1 or 2.

The metal bumps 12 of the semiconductor chip 2 are
bonded with the copper traces 210 of the flexible circuit film
36 exposed by the openings 220q through an interface bond-
ing layer 250. Two methods for bonding the metal bumps 12
of'the semiconductor chip 2 with the copper traces 210 of the
flexible circuit film 36 are described as shown in FIG. 3B and
FIG. 3C.

Referring to FIGS. 3B and 3C, the flexible circuit film 36
can be connected to the semiconductor chip 2. The flexible
circuit film 36 has the wetting layer 240a to be joined with a
substrate 300 shown in FIG. 3E, and the wetting layer 2405 to
be joined with the metal bumps 12 preformed on the metal
pads 18 or on the metal traces 32 of the semiconductor chip 2
shown in FIG. 1 or 2. The wetting layer 240qa having a thick-
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ness of between 0.05 and 5 micrometers, and preferably of
between 0.1 and 1 micrometer, may be gold, copper, nickel,
silver, palladium, tin or a composite of the above-mentioned
materials. For example, the wetting layer 240a may be a
tin-containing layer, such as pure tin, a tin-silver alloy, a
tin-silver-copper alloy or a tin-lead alloy, having a thickness
of between 0.05 and 5 micrometers, and preferably of
between 0.1 and 1 micrometer, directly on the first contact
points of the copper traces 210. Alternatively, the wetting
layer 240a may be a gold layer having a thickness of between
0.05 and 5 micrometers, and preferably of between 0.1 and 1
micrometer, directly on the first contact points of the copper
traces 210; optionally, a nickel layer having a thickness
between 0.05 and 1 micrometer may be between the copper
traces 210 and the gold layer. The wetting layer 2405 having
a thickness of between 0.05 and 2 micrometers, and prefer-
ably of between 0.1 and 1 micrometer, may be gold, copper,
nickel, silver, palladium, tin or a composite of the above-
mentioned materials. For example, the wetting layer 2405
may be a tin-containing layer, such as pure tin, a tin-silver
alloy, a tin-silver-copper alloy or a tin-lead alloy, having a
thickness of between 0.05 and 2 micrometers, and preferably
of between 0.1 and 1 micrometer, directly on the second
contact points of the copper traces 210. Alternatively, the
wetting layer 2405 may be a gold layer having a thickness of
between 0.05 and 2 micrometers, and preferably of between
0.1 and 1 micrometer, directly on the second contact points of
the copper traces 210; optionally, a nickel layer having a
thickness between 0.05 and 1 micrometer may be between the
copper traces 210 and the gold layer.

In a first case, referring to FIG. 3B, the metal bumps 12
have the above-mentioned gold layer, at the tips of the metal
bumps 12, capable of being used to be joined with the wetting
layer 2405 of pure tin or an above-mentioned tin alloy using
gang bonding, which process is described as below. First, the
semiconductor chip 2 is held by vacuum adsorption on a stage
600 kept at a temperature of between 250 and 500° C., and
preferably of between 350 and 450° C. Next, the flexible
circuit film 36 is thermally pressed on the metal bumps 12 of
the semiconductor chip 2 at a force of between 20 and 150N,
and preferably of between 50 and 90N, for a time of between
0.1 and 10 seconds, and preferably of between 0.5 and 3
seconds, by a tool head 610 kept at a temperature of between
150 and 450° C., and preferably of between 250 and 400° C.,
optionally applying ultrasonic waves to the metal bumps 12
and to the wetting layer 2405 of the flexible circuit film 36, to
join the wetting layer 2405 with the metal bumps 12. Refer-
ring to FIGS. 3A and 3B, in the step of joining the wetting
layer 2405 with the metal bumps 12, the interface bonding
layer 250, such as a metal alloy, may be formed between the
metal bumps 12 and the copper traces 210. The interface
bonding layer 250 has a thickness t12 of between 0.2 and 10
micrometers, and preferably of between 0.4 and 5 microme-
ters. When the wetting layer 2405 before bonded with the
gold layer of the metal bumps 12 is pure tin, the interface
bonding layer 250 is a tin-gold alloy having a thickness of
between 0.2 and 10 micrometers or of between 0.4 and 5
micrometers, wherein an atomic ratio of tin to gold in the
tin-gold alloy is between 0.2 and 0.3. When the wetting layer
2405 before bonded with the gold layer of the metal bumps 12
is a tin-silver-copper alloy, the interface bonding layer 250 is
a tin-silver-gold-copper alloy having a thickness of between
0.2 and 10 micrometers or of between 0.4 and 5 micrometers.
When the wetting layer 2405 before bonded with the gold
layer of the metal bumps 12 is a tin-silver alloy, the interface
bonding layer 250 is a tin-silver-gold alloy having a thickness
of between 0.2 and 10 micrometers or of between 0.4 and 5
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micrometers. When the wetting layer 2405 before bonded
with the gold layer of the metal bumps 12 is a tin-lead alloy,
the interface bonding layer 250 is a tin-lead-gold alloy having
a thickness of between 0.2 and 10 micrometers or of between
0.4 and 5 micrometers. Next, the tool head 610 is removed
from the flexible circuit film 36. Next, the semiconductor chip
2 bonded with the flexible circuit film 36 is removed from the
stage 600.

The metal bumps 12 bonded with the copper traces 210 of
the flexible circuit film 36 have a thickness of between 5 and
50 micrometers, and preferably of between 10 and 25
micrometers. For example, the metal bumps 12 between the
semiconductor chip 2 and the interface bonding layer 250
may include a titanium-containing layer on the pads 18
exposed by the openings 10a, and a gold layer having a
thickness of between 5 and 50 micrometers, and preferably of
between 10 and 25 micrometers, on the titanium-containing
layer and between the titanium-containing layer and the inter-
face bonding layer 250. Alternatively, the metal bumps 12
between the semiconductor chip 2 and the interface bonding
layer 250 may include a titanium-containing layer on the pads
18 exposed by the openings 10a, and a copper layer having a
thickness of between 5 and 50 micrometers, and preferably of
between 10 and 25 micrometers, on the titanium-containing
layer and between the titanium-containing layer and the inter-
face bonding layer 250. Alternatively, the metal bumps 12
between the semiconductor chip 2 and the interface bonding
layer 250 may include a titanium-containing layer on the pads
18 exposed by the openings 10a, a copper layer having a
thickness of between 0.5 and 45 micrometers, and preferably
of'between 5 and 35 micrometers, on the titanium-containing
layer and between the titanium-containing layer and the inter-
face bonding layer 250, a nickel layer having a thickness of
between 0.5 and 5 micrometers, and preferably of between 1
and 3 micrometers, on the copper layer and between the
copper layer and the interface bonding layer 250, and a gold
layer having a thickness of between 0.5 and 5 micrometers,
and preferably of between 1 and 3 micrometers, on the nickel
layer and between the nickel layer and the interface bonding
layer 250. Alternatively, the metal bumps 12 between the
semiconductor chip 2 and the interface bonding layer 250
may include a titanium-containing layer on the pads 18
exposed by the openings 10a, a copper layer having a thick-
ness of between 0.5 and 45 micrometers, and preferably of
between 5 and 35 micrometers, on the titanium-containing
layer and between the titanium-containing layer and the inter-
face bonding layer 250, and a nickel layer having a thickness
of'between 0.5 and 5 micrometers, and preferably of between
1 and 3 micrometers, on the copper layer and between the
copper layer and the interface bonding layer 250. Alterna-
tively, the metal bumps 12 between the semiconductor chip 2
and the interface bonding layer 250 may include a titanium-
containing layer on the pads 18 exposed by the openings 10a,
a copper layer having a thickness of between 0.5 and 45
micrometers, and preferably of between 5 and 35 microme-
ters, on the titanium-containing layer and between the tita-
nium-containing layer and the interface bonding layer 250,
and a gold layer having a thickness of between 0.5 and 5
micrometers, and preferably of between 1 and 3 micrometers,
on the copper layer and between the copper layer and the
interface bonding layer 250. Alternatively, the metal bumps
12 between the semiconductor chip 2 and the interface bond-
ing layer 250 may include a titanium-containing layer on the
pads 18 exposed by the openings 10a, a copper layer, formed
by a sputtering process, having a thickness of between 0.03
and 1 pm, and preferably of between 0.1 and 0.5 um, on the
titanium-containing layer and between the titanium-contain-
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ing layer and the interface bonding layer 250, a nickel layer,
formed by an electroplating process, having a thickness of
between 0.5 and 45 micrometers, and preferably of between 5
and 35 micrometers, on the sputtered copper layer and
between the sputtered copper layer and the interface bonding
layer 250, and a gold layer, formed by an electroplating pro-
cess, having a thickness of between 0.5 and 5 micrometers,
and preferably of between 1 and 3 micrometers, on the nickel
layer and between the nickel layer and the interface bonding
layer 250. Alternatively, the metal bumps 12 between the
semiconductor chip 2 and the interface bonding layer 250
may include a titanium-containing layer on the pads 18
exposed by the openings 10a, a copper layer, formed by a
sputtering process, having a thickness of between 0.03 and 1
um, and preferably of between 0.1 and 0.5 pm, on the tita-
nium-containing layer and between the titanium-containing
layer and the interface bonding layer 250, and a nickel layer,
formed by an electroplating process, having a thickness of
between 0.5 and 45 micrometers, and preferably of between 5
and 35 micrometers, on the sputtered copper layer and
between the sputtered copper layer and the interface bonding
layer 250. The above-mentioned titanium-containing layer
can be a single titanium-tungsten-alloy layer having a thick-
ness of between 0.03 and 0.7 um, and preferably of between
0.15 and 0.4 um, a single titanium layer having a thickness of
between 0.01 and 0.7 pm, and preferably of between 0.01 and
0.15 um, a single titanium-nitride layer having a thickness of
between 0.01 and 0.1 pm, and preferably of between 0.01 and
0.02 pm, or a composite layer comprising a titanium layer
having a thickness of between 0.01 and 0.15 pm, and a tita-
nium-tungsten-alloy layer, having a thickness of between 0.1
and 0.35 pum, on the titanium layer.

In a second case, referring to FIG. 3B, the metal bumps 12
have the above-mentioned gold layer, at the tips of the metal
bumps 12, capable of being used to be joined with a gold layer
of'the wetting layer 2405 using gang bonding, which process
is described as below. First, the semiconductor chip 2 is held
by vacuum adsorption on the stage 600 kept at a temperature
of between 250 and 500° C., and preferably of between 350
and 450° C. Next, the flexible circuit film 36 is thermally
pressed on the metal bumps 12 of the semiconductor chip 2 at
aforce of between 20 and 150N, and preferably of between 70
and 120N, for a time of between 0.1 and 10 seconds, and
preferably of between 0.5 and 3 seconds, by the tool head 610
kept at a temperature of between 150 and 450° C., and pref-
erably of between 250 and 400° C., optionally applying ultra-
sonic waves to the metal bumps 12 and to the wetting layer
2405 of the flexible circuit film 36, to join the gold layer of the
wetting layer 2405 with the above-mentioned gold layer of
the metal bumps 12. Next, the tool head 610 is removed from
the flexible circuit film 36. Next, the semiconductor chip 2
bonded with the flexible circuit film 36 is removed from the
stage 600.

Thereby, the pads 18 of the semiconductor chip 2 can be
connected to the copper traces 210 of the flexible circuit film
36 through gold joints formed by joining the gold layer of the
wetting layer 2405 with the above-mentioned gold layer of
the metal bumps 12. For example, the metal bumps 12
between the semiconductor chip 2 and the copper traces 210
may include a titanium-containing layer on the pads 18
exposed by the openings 10qa, and a gold joint having a thick-
ness of between 5 and 50 micrometers, and preferably of
between 10 and 25 micrometers on the titanium-containing
layer and between the titanium-containing layer and the cop-
per traces 210. Alternatively, the metal bumps 12 between the
semiconductor chip 2 and the copper traces 210 may include
a titanium-containing layer on the pads 18 exposed by the
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openings 10q, a copper layer having a thickness of between
0.5 and 45 micrometers, and preferably of between 5 and 35
micrometers, on the titanium-containing layer and between
the titanium-containing layer and the copper traces 210, a
nickel layer having a thickness of between 0.5 and 5
micrometers, and preferably of between 1 and 3 micrometers,
on the copper layer and between the copper layer and the
copper traces 210, and a gold joint having a thickness of
between 0.5 and 5 micrometers, and preferably of between 1
and 3 micrometers, on the nickel layer and between the nickel
layer and the copper traces 210. Alternatively, the metal
bumps 12 between the semiconductor chip 2 and the copper
traces 210 may include a titanium-containing layer on the
pads 18 exposed by the openings 10q, a copper layer having
a thickness of between 0.5 and 45 micrometers, and prefer-
ably of between 5 and 35 pum, on the titanium-containing layer
and between the titanium-containing layer and the copper
traces 210, and a gold joint having a thickness of between 0.5
and 5 micrometers, and preferably of between 1 and 3
micrometers, on the copper layer and between the copper
layer and the copper traces 210. Alternatively, the metal
bumps 12 between the semiconductor chip 2 and the copper
traces 210 may include a titanium-containing layer on the
pads 18 exposed by the openings 10a, a copper layer, formed
by a sputtering process, having a thickness of between 0.03
and 1 pm, and preferably of between 0.1 and 0.5 um, on the
titanium-containing layer and between the titanium-contain-
ing layer and the copper traces 210, a nickel layer, formed by
an electroplating process, having a thickness of between 0.5
and 45 micrometers, and preferably of between 5 and 35
micrometers, on the sputtered copper layer and between the
sputtered copper layer and the copper traces 210, and a gold
joint having a thickness of between 0.5 and 5 micrometers,
and preferably of between 1 and 3 micrometers, on the nickel
layer and between the nickel layer and the copper traces 210.
The above-mentioned titanium-containing layer can be a
single titanium-tungsten-alloy layer having a thickness of
between 0.03 and 0.7 pm, and preferably of between 0.15 and
0.4 um, a single titanium layer having a thickness of between
0.01 and 0.7 um, and preferably of between 0.01 and 0.15 pm,
a single titanium-nitride layer having a thickness of between
0.01 and 0.1 um, and preferably of between 0.01 and 0.02 pm,
or a composite layer comprising a titanium layer having a
thickness of between 0.01 and 0.15 pum, and a titanium-tung-
sten-alloy layer, having a thickness of between 0.1 and 0.35
pum, on the titanium layer.

In a first case, referring to FIG. 3C, the metal bumps 12
have the above-mentioned gold layer, at the tips of the metal
bumps 12, capable of being used to be joined with the wetting
layer 2405 of pure tin or an above-mentioned tin alloy using
flip-chip bonding, which process is described as below. First,
the flexible circuit film 36 is placed on a stage 600a kept at a
temperature of between 150 and 450° C., and preferably of
between 250 and 400° C., and the semiconductor chip 2 is
held by vacuum adsorption on a tool head 610a kept at a
temperature of between 250 and 500° C., of between 350 and
450° C. or of between 100 and 500° C. Next, the semicon-
ductor chip 2 is thermally pressed on the wetting layer 24056 of
the flexible circuit film 36 at a force of between 20 and 150N,
and preferably of between 50 and 90N, for a time of between
0.1 and 10 seconds, and preferably of between 0.5 and 3
seconds, by the tool head 610a kept at a temperature of
between 250 and 500° C., of between 350 and 450° C. or of
between 100 and 500° C., optionally applying ultrasonic
waves to the metal bumps 12 and to the wetting layer 2405 of
the flexible circuit film 36, to join the metal bumps 12 with the
wetting layer 2405. Referring to FIGS. 3A and 3C, in the step
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ofjoining the metal bumps 12 with the wetting layer 2406, the
interface bonding layer 250, such as a metal alloy, may be
formed between the metal bumps 12 and the copper traces
210. The specification of the interface bonding layer 250
formed in the process as illustrated in the first case shown in
FIG. 3C can be referred to as the specification of the interface
bonding layer 250 formed in the process as illustrated in the
first case shown in FIGS. 3A and 3B. Next, the tool head 610a
is removed from the semiconductor chip 2. Next, the flexible
circuit film 36 bonded with the semiconductor chip 2 is
removed from the stage 600a. The specification of the metal
bumps 12, between the semiconductor chip 2 and the inter-
face bonding layer 250, formed in the process as illustrated in
the first case shown in FIG. 3C can be referred to as the
specification of the metal bumps 12, between the semicon-
ductor chip 2 and the interface bonding layer 250, formed in
the process as illustrated in the first case shown in FIGS. 3A
and 3B.

In a second case, referring to FIG. 3C, the metal bumps 12
have the above-mentioned gold layer, at the tips of the metal
bumps 12, capable of being used to be joined with a gold layer
of the wetting layer 24056 using flip-chip bonding, which
process is described as below. First, the flexible circuit film 36
is placed on the stage 600a kept at a temperature of between
150 and 450° C., and preferably of between 250 and 400° C.,
and the semiconductor chip 2 is held by vacuum adsorption
on the tool head 610a kept at a temperature of between 250
and 500° C., of between 350 and 450° C. or of between 100
and 500° C. Next, the semiconductor chip 2 is thermally
pressed on the wetting layer 2405 of the flexible circuit film
36 at a force of between 20 and 150N, and preferably of
between 70 and 120N, for a time of between 0.1 and 10
seconds, and preferably of between 0.5 and 3 seconds, by the
tool head 610a kept at a temperature of between 250 and 500°
C., of between 350 and 450° C. or of between 100 and 500°
C., optionally applying ultrasonic waves to the metal bumps
12 and to the wetting layer 2405 of the flexible circuit film 36,
to join the above-mentioned gold layer of the metal bumps 12
with the gold layer of the wetting layer 2405. Next, the tool
head 610q is removed from the semiconductor chip 2. Next,
the flexible circuit film 36 bonded with the semiconductor
chip 2 is removed from the stage 600a. Thereby, the pads 18
of the semiconductor chip 2 can be connected to the copper
traces 210 of the flexible circuit film 36 through gold joints
formed by joining the above-mentioned gold layer of the
metal bumps 12 with the gold layer of the wetting layer 2405.
The specification of the metal bumps 12, between the semi-
conductor chip 2 and the flexible circuit film 36, formed in the
process as illustrated in the second case shown in FIG. 3C can
be referred to as the specification of the metal bumps 12,
between the semiconductor chip 2 and the copper traces 210,
formed in the process as illustrated in the second case shown
in FIG. 3B.

Referring to FIG. 3D, a polymer layer 260 is filled into the
gap between the semiconductor chip 2 and the flexible circuit
film 36, enclosing the metal bumps 12, by dispensing a poly-
mer on the flexible circuit film 36 close to the semiconductor
chip 2, with the polymer flowing into the gap between the
semiconductor chip 2 and the flexible circuit film 36, and then
curing the flowing polymer at a temperature of between 100
and 250° C. The material of the polymer layer 260 may be
expoxy, polyester, polybenzoxazole or polyimide.

Referring to FIG. 3E, a substrate 300 comprises a circuit
structure in the substrate 300, an insulating layer 320, an
insulating layer 330, metal pads 310a¢ and metal pads 3105.
The circuit structure comprises copper traces (including 340a
and 3405) each having a thickness between 5 and 30
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micrometers. Openings 320q in the insulating layer 320
expose the topmost copper traces 340a and openings 330a in
the insulating layer 330 expose the bottommost copper traces
3405. The metal pads 310a are on the topmost copper traces
340a exposed by the openings 3204, and the metal pads 3105
are on the bottommost copper traces 3405 exposed by the
openings 330a. The metal pads 310a are connected to the
metal pads 3105 through the copper traces (comprising the
copper traces 340a and 34056) in the substrate 300.

Each of the insulating layers 320 and 330 has a thickness of
between 5 and 40 micrometers, of between 5 and 10
micrometers or of between 10 and 20 micrometers, and may
comprise epoxy, polyester, polybenzoxazole or polyimide.
Each of the metal pads 310a and 3105 has a thickness of
between 0.1 and 3 micrometers, and may be gold, copper,
silver, nickel, tin, palladium or a composite of the above-
mentioned materials. For example, the metal pads 310a can
be formed by electroless plating a nickel layer having a thick-
ness of between 0.05 and 1 pm on the topmost copper traces
340a exposed by the openings 3204, and electroless plating a
gold layer having a thickness of between 0.05 and 2 microme-
ters, and preferably of between 0.05 and 0.3 micrometers, on
the nickel layer in the openings 320a. Alternatively, the metal
pads 310a can be formed by electroless plating a nickel layer
having a thickness of between 0.05 and 1 um on the topmost
copper traces 340a exposed by the openings 320q, and elec-
troless plating a tin layer having a thickness of between 0.05
and 2 micrometers, and preferably of between 0.05 and 0.3
micrometers, on the nickel layer in the openings 320q. Alter-
natively, the metal pads 310a can be formed by electroless
plating a gold layer having a thickness of between 0.05 and 2
micrometers, and preferably of between 0.05 and 0.3
micrometers, on the topmost copper traces 340a exposed by
the openings 320a. For example, the metal pads 31056 can be
formed by electroless plating a nickel layer having a thickness
of between 0.05 and 1 pm on the bottommost copper traces
3405 exposed by the openings 3304, and electroless plating a
gold layer having a thickness of between 0.05 and 2 microme-
ters, and preferably of between 0.05 and 0.3 micrometers, on
the nickel layer in the openings 330a. Alternatively, the metal
pads 3105 can be formed by electroless plating a nickel layer
having a thickness of between 0.05 and 1 um on the bottom-
most copper traces 3405 exposed by the openings 330a, and
electroless plating a tin layer having a thickness of between
0.05 and 2 micrometers, and preferably of between 0.05 and
0.3 micrometers, on the nickel layer in the openings 330a.
Alternatively, the metal pads 3105 can be formed by electro-
less plating a gold layer having a thickness of between 0.05
and 2 micrometers, and preferably of between 0.05 and 0.3
micrometers, on the bottommost copper traces 3405 exposed
by the openings 330a.

In a case, the substrate 300 may comprise a core layer, such
as a glass fiber reinforced epoxy with a thickness of between
200 and 2,000 um, multiple copper circuit layers respectively
over and under the core layer, and multiple polymer layers
between the neighboring copper circuit layers. The copper
circuit layers provide the circuit structure in the substrate 300.
The metal pads 310a and 3105 are respectively on the copper
traces 340a of the topmost copper circuit layer and on the
copper traces 3405 of the bottommost copper circuit layer.

In another case, the substrate 300 may comprise multiple
copper circuit layers and multiple ceramic layers between the
neighboring copper circuit layers. The copper circuit layers
provide the circuit structure in the substrate 300. The metal
pads 310a and 3105 are respectively on the copper traces
340aq of the topmost copper circuit layer and on the copper
traces 3405 of the bottommost copper circuit layer.
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The substrate 300 may be a ball grid array (BGA) substrate
with a thickness t15 of between 200 and 2,000 um. Alterna-
tively, the substrate 300 may be a glass fiber reinforced epoxy
based substrate with a thickness t15 of between 200 and 2,000
um. Alternatively, the substrate 300 may be a silicon substrate
with a thickness t5 of between 200 and 2,000 um. Alterna-
tively, the substrate 300 may be a ceramic substrate with a
thickness t15 of between 200 and 2,000 um. Alternatively, the
substrate 300 may be an organic substrate with a thickness t15
of' between 200 and 2,000 pm.

Referring to FIG. 3F, metal joints 410a, such as tin-con-
taining joints, are formed on the metal pads 310a by screen
printing a solder paste containing flux and solder, such as pure
tin, a tin-silver alloy, a tin-silver-copper alloy or a tin-lead
alloy, on the metal pads 310a and then reflowing the solder
paste. The metal joints 410a may be formed of pure tin, a
tin-silver alloy, a tin-silver-copper alloy or a tin-lead alloy.
Two methods of bonding the flexible circuit film 36 with the
substrate 300 are described as follow.

In afirstcase, referring to FIGS. 3F and 3G, when the metal
joints 410q are tin-containing joints, the metal joints 410a can
be used to be joined with the wetting layer 240q of pure tin or
an above-mentioned tin alloy using a heat press process,
which method is described as below. First, the substrate 300 is
placed on a stage kept at a temperature of between 150 and
350° C., and preferably of between 200 and 300° C. Next, the
flexible circuit film 36 is thermally pressed on the metal joints
410q on the metal pads 3104 of the substrate 300 at a force of
between 20 and 150N, and preferably of between 50 and 90N,
for a time of between 0.1 and 10 seconds, and preferably of
between 0.5 and 3 seconds, by a tool head kept at a tempera-
ture of between 250 and 500° C., and preferably of between
350 and 450° C., to join the wetting layer 240a with the metal
joints 410a. In the step of joining the wetting layer 240a with
the metal joints 410a, metal joints 41056 can be formed
between the first contact points of the copper traces 210 and
the topmost copper traces 340a of the substrate 300. The
metal joints 4105 can be tin-containing joints having a thick-
ness t16 of between 20 and 150 micrometers or of between 15
and 50 micrometers, wherein the tin-containing joints may
include pure tin, a tin-silver alloy, a tin-silver-copper alloy or
a tin-lead alloy. The tin-containing joints may include a tin-
gold alloy, a tin-silver-gold alloy, a tin-silver-gold-copper
alloy or a tin-lead-gold alloy at the bottom side of the tin-
containing joints due to the reaction between tin in the metal
joints 410qa and gold at the top of the metal pads 310a. Next,
the tool head is removed from the flexible circuit film 36.
Next, the substrate 300 bonded with the flexible circuit film
36 is removed from the stage.

In a second case, referring to FIGS. 3F and 3G, when the
metal joints 410a are tin-containing joints, the metal joints
410a can be used to be joined with a gold layer of the wetting
layer 240a using a heat press process, which method is
described as below. First, the substrate 300 is placed on a
stage kept at a temperature of between 150 and 350° C., and
preferably of between 200 and 300° C. Next, the flexible
circuit film 36 is thermally pressed on the metal joints 410a on
the metal pads 310a of the substrate 300 at a force of between
20 and 150N, and preferably of between 50 and 90N, for a
time of between 0.1 and 10 seconds, and preferably of
between 0.5 and 3 seconds, by a tool head kept at a tempera-
ture of between 250 and 500° C., and preferably of between
350 and 450° C., to join the wetting layer 240a with the metal
joints 410a. In the step of joining the wetting layer 240a with
the metal joints 410q, the metal joints 4105 can be formed
between the first contact points of the copper traces 210 and
the topmost copper traces 340a of the substrate 300. The
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metal joints 4105 can be tin-containing joints having a thick-
ness t16 of between 20 and 150 micrometers or of between 15
and 50 micrometers. The tin-containing joints may include a
tin-silver-gold-copper alloy, a tin-silver-gold alloy or a tin-
gold alloy atthe top side of the tin-containing joints due to the
reaction between tin in the metal joints 410a and gold at the
top of the wetting layer 2404. The tin-containing joints may
include a tin-gold alloy, a tin-silver-gold alloy or a tin-silver-
gold-copper alloy at the bottom side of the tin-containing
joints due to the reaction between tin in the metal joints 410a
and gold at the top of the metal pads 310a. Next, the tool head
is removed from the flexible circuit film 36. Next, the sub-
strate 300 bonded with the flexible circuit film 36 is removed
from the stage.

Referring to FIG. 3H, after the flexible circuit film 36 is
bonded with the substrate 300, a polymer layer 350 can be
filled into the gap between the flexible circuit film 36 and the
substrate 300, enclosing the metal joints 4105, by dispensing
apolymer on the substrate 300 close to the flexible circuit film
36, with the polymer flowing into the gap between the flexible
circuit film 36 and the substrate 300, and then curing the
flowing polymer at a temperature of between 100 and 250° C.
The material of the polymer layer 350 may be expoxy, poly-
ester or polyimide, and the polymer layer 350 has a thickness
t17 of between 1 and 30 micrometers.

Referring to FIG. 31, a polymer compound 360 is formed
on the semiconductor chip 2, on the flexible circuit film 36
and on a peripheral region of the substrate 300 by molding an
epoxy-based polymer with carbon fillers therein on the semi-
conductor chip 2, on the flexible circuit film 36 and on the
peripheral region of the substrate 300 at a temperature of
between 130 and 250° C. Alternatively, the polymer com-
pound 360 can be polyimide, polybenzoxazole (PBO) or
polyester. Preferably, the polymer compound 360 has a value
of'Young’s modulus less than 0.5 GPa.

Referring to FIGS. 3] and 3K, solder balls 501 shown in
FIG. 3] may be being placed, in a ball-grid-array arrange-
ment, on a flux or solder paste 505 preformed on the metal
pads 3105 of the substrate 300 using a ball placement process
to form solder balls 502 shown in FIG. 3K on the substrate
300. The solder balls 502 can be formed by printing the flux
or solder paste 505 on the metal pads 3105, next placing the
solder balls 501, such as pure tin, a tin-silver alloy, a tin-lead
alloy or a tin-silver-copper alloy, having a diameter of
between 0.25 and 1.2 millimeters on the flux or solder paste
505, next reflowing the solder balls 501 at a peak temperature
of'between 230 and 270° C., and then cleaning the remaining
flux from the substrate 300. The solder balls 502 have a
diameter of between 0.2 and 1.2 millimeters, and the solder
balls 502 may include pure tin, a tin-silver alloy, a tin-silver-
copper alloy or a tin-lead alloy.

For example, during the step of reflowing the solder balls
501, when the metal pads 3105 have a bottommost metal layer
of'gold, the gold layer of the metal pads 3105 is solved in the
solderballs 502. Preferably, the metal pads 3105 have anickel
layer between the gold layer and the copper traces 3405. The
nickel layer serves as a barrier layer preventing copper in the
copper traces 3405 from being solved in the solder balls 502
after the solder balls 502 are formed on the substrate 300. In
the case of gold serving as a bottommost metal layer of the
metal pads 3105, the solder balls 502, after being joined with
the substrate 300, may include a portion, of a tin-silver-gold-
copper alloy, a tin-silver-gold alloy, a tin-gold alloy or a
tin-lead-gold alloy, on the nickel layer of the metal pads 3106
and under the copper traces 3405 of the substrate 300 due to
the reaction between gold in the metal pads 3106 and tin in the
solder balls 501 during reflowing the solder balls 501.
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After the solder balls 502 are formed on the substrate 300,
the substrate 300 and the polymer compound 360 can be
optionally cut into multiple units.

FIG. 3L is a perspective view showing FIG. 3K. The fine-
pitched metal bumps 12 of the semiconductor chip 2 can be
fanned out through the copper traces 210 of the flexible circuit
film 36 by bonding the semiconductor chip 2 with the flexible
circuit film 36. The flexible circuit film 36 is also bonded with
the substrate 300 to connect the fine-pitched metal bumps 12
of the semiconductor chip 2 with the circuit structure of the
substrate 300. Thereby, the semiconductor chip 2 has the
fine-pitched metal bumps 12 connected to an external circuit,
such as a printed circuit board (PCB) comprising a glass fiber
as a core, through the copper traces 210 of the flexible circuit
film 36 and the circuit structure of the substrate 300.

Alternatively, referring to FIGS. 3M and 3N, the step of
forming the polymer compound 360, as shown in FIG. 3], can
be omitted, that is, the semiconductor chip 2 and the flexible
circuit film 36 are uncovered by any polymer compound.
Alternatively, referring to FIG. 30, the step of forming the
polymer layer 350, as shown in FIG. 3H, can be omitted.
Alternatively, referring to FIG. 3P, the steps of forming the
polymer layer 350, as shown in FIG. 3H, and of forming the
polymer compound 360, as shown in FIG. 31, can be omitted,
that is, the semiconductor chip 2 and the flexible circuit film
36 are uncovered by any polymer compound.

Alternatively, the solder balls 502 can be omitted, as shown
in FIG. 31. The substrate 300 can be optionally sawed into
multiple units. After sawing the substrate 300, the metal pads
3105 of the substrate 300 can be joined with a solder, con-
taining pure tin, a tin-silver alloy, a tin-lead alloy or a tin-
silver-copper alloy, preformed on an external circuit or can
contact with contact points of a socket.

Alternatively, the polymer compound 360 and the solder
balls 502 can be omitted, as shown in FIG. 3H. The semicon-
ductor chip 2 and the flexible circuit film 36 are uncovered by
any polymer compound. The substrate 300 can be optionally
sawed into multiple units. After sawing the substrate 300, the
metal pads 3105 of the substrate 300 can be joined with a
solder, containing pure tin, a tin-silver alloy, atin-lead alloy or
a tin-silver-copper alloy, preformed on an external circuit or
can contact with contact points of a socket.

Alternatively, the polymer layer 350 and the solder balls
502 can be omitted, as shown in FIG. 3Q. The substrate 300
can be optionally sawed into multiple units. After sawing the
substrate 300, the metal pads 3105 of the substrate 300 can be
joined with a solder, containing pure tin, a tin-silver alloy, a
tin-lead alloy or a tin-silver-copper alloy, preformed on an
external circuit or can contact with contact points of a socket.

Alternatively, the polymer layer 350, the polymer com-
pound 360 and the solder balls 502 can be omitted, as shown
in FIG. 3G. The semiconductor chip 2 and the flexible circuit
film 36 are uncovered by any polymer compound. The sub-
strate 300 can be optionally sawed into multiple units. After
sawing the substrate 300, the metal pads 3105 of the substrate
300 can be joined with a solder, containing pure tin, a tin-
silver alloy, a tin-lead alloy or a tin-silver-copper alloy, pre-
formed on an external circuit or can contact with contact
points of a socket.

FIG. 3R is a schematically cross-sectional figure showing
a chip package including the semiconductor chip 2 joined
with a flexible circuit substrate 38 using a tape-automated-
bonding (TAB) technology. The above-mentioned flexible
circuit film 36 can be replaced by the flexible circuit film 38.
The flexible circuit film 38 includes the polymer layer 200,
the polymer layer 220, the wetting layer 240q, the wetting
layer 2405 and the copper traces 210 between the polymer
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layers 200 and 220, wherein the openings 200« in the polymer
layer 200 expose contact points of the copper traces 210, and
the polymer layers 200 and 220 uncover top and bottom sides
of the copper traces 210 at the center portion of the flexible
circuit film 38. The wetting layer 240q is on the contact points
of'the copper traces 210 exposed by the openings 200« in the
polymer layer 200, and the wetting layer 2405 is on the
copper traces 210 at the center portion of the flexible circuit
film 38. The specification of the polymer layer 200, the poly-
mer layer 220 and the copper traces 210 shown in FIG. 3R can
be referred to as the specification of the polymer layer 200, the
polymer layer 220 and the copper traces 210 illustrated in
FIG. 3A. The specification of the wetting layer 240a shown in
FIG. 3R can be referred to as the specification of the wetting
layer 240q illustrated in FIGS. 3B and 3C. Alternatively, the
copper traces 210 can be replaced by gold traces having a
thickness of between 3 and 30 um, of between 5 and 20
micrometers or of between 4 and 10 micrometers. Alterna-
tively, the copper traces 210 can be replaced by silver traces
having a thickness of between 3 and 30 um, of between 5 and
20 micrometers or of between 4 and 10 micrometers.

The metal bumps 12 of the semiconductor chip 2 are
bonded with the copper traces 210 at the center portion of the
flexible circuit film 38 through the interface bonding layer
250. A method for bonding the metal bumps 12 of the semi-
conductor chip 2 with the copper traces 210 at the center
portion of the flexible circuit film 38 is described as shown in
FIG. 3S.

Referring to FIG. 38, the flexible circuit film 38 can be
connected to the semiconductor chip 2. The flexible circuit
film 38 has the wetting layer 240a to be joined with the
substrate 300 shown in FIG. 3E, and the wetting layer 2405 to
be joined with the metal bumps 12 on the semiconductor chip
2. The wetting layer 2405 is formed on the top and bottom
sides of the copper traces 210, uncovered by the polymer
layers 200 and 220, at the center portion of the flexible circuit
film 38, and the wetting layer 2405 having a thickness of
between 0.05 and 2 micrometers, and preferably of between
0.1 and 1 micrometer, may be gold, copper, nickel, silver,
palladium, tin or a composite of the above-mentioned mate-
rials. For example, the wetting layer 2405 may be a tin-
containing layer, such as pure tin, a tin-silver alloy, a tin-lead
alloy or a tin-silver-copper alloy, having a thickness of
between 0.05 and 2 micrometers, and preferably of between
0.1 and 1 micrometer, on the top and bottom sides of the
copper traces 210, uncovered by the polymer layers 200 and
220, at the center portion of the flexible circuit film 38. Alter-
natively, the wetting layer 24056 may be a gold layer having a
thickness of between 0.05 and 2 micrometers, and preferably
of'between 0.1 and 1 micrometer, on the top and bottom sides
of'the copper traces 210, uncovered by the polymer layers 200
and 220, at the center portion of the flexible circuit film 38.

Ina first case, referring to FIG. 3S, the metal bumps 12 have
the above-mentioned gold layer, at the tips of the metal bumps
12, capable of being used to be joined with the wetting layer
2406 of pure tin or an above-mentioned tin alloy, which
method is described as below. First, the semiconductor chip 2
is held by vacuum adsorption on a stage 6005 kept at a
temperature of between 250 and 500° C., and preferably of
between 350 and 450° C. Next, the flexible circuit film 38 is
thermally pressed on the metal bumps 12 of the semiconduc-
tor chip 2 at a force of between 20 and 150N, and preferably
of between 50 and 90N, for a time of between 0.1 and 10
seconds, and preferably of between 0.5 and 3 seconds, by a
tool head 6105 kept at a temperature of between 150 and 450°
C., and preferably of between 250 and 400° C., optionally
applying ultrasonic waves to the metal bumps 12 and to the
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wetting layer 2405 of the flexible circuit film 38, to join the
wetting layer 2405 with the metal bumps 12. Referring to
FIGS. 3R and 38, in the step of joining the wetting layer 2405
with the metal bumps 12, the interface bonding layer 250,
such as a metal alloy, may be formed between the metal
bumps 12 and the copper traces 210. The interface bonding
layer 250 has a thickness t12 of between 0.2 and 10 microme-
ters, and preferably of between 0.4 and 5 micrometers. When
the wetting layer 2405 before bonded with the gold layer of
the metal bumps 12 is pure tin, the interface bonding layer 250
is a tin-gold alloy having a thickness of between 0.2 and 10
micrometers or of between 0.4 and 5 micrometers, wherein an
atomic ratio of tin to gold in the tin-gold alloy is between 0.2
and 0.3. When the wetting layer 24056 before bonded with the
gold layer of the metal bumps 12 is a tin-silver alloy, the
interface bonding layer 250 is a tin-silver-gold alloy having a
thickness of between 0.2 and 10 micrometers or of between
0.4 and 5 micrometers. When the wetting layer 2405 before
bonded with the gold layer of the metal bumps 12 is a tin-
silver-copper alloy, the interface bonding layer 250 is a tin-
silver-gold-copper alloy having a thickness of between 0.2
and 10 micrometers or of between 0.4 and 5 micrometers.
Next, the tool head 6105 is removed from the flexible circuit
film 38. Next, the semiconductor chip 2 bonded with the
flexible circuit film 38 is removed from the stage 6005. The
metal bumps 12 bonded with the copper traces 210 of the
flexible circuit film 38 have a thickness of between 5 and 50
micrometers, and preferably of between 10 and 25 microme-
ters, and the specification of the metal bumps 12, between the
semiconductor chip 2 and the interface bonding layer 250,
formed in the process as illustrated in the first case shown in
FIGS. 3R and 38 can be referred to as the specification of the
metal bumps 12, between the semiconductor chip 2 and the
interface bonding layer 250, formed in the process as illus-
trated in the first case shown in FIGS. 3A and 3B.

In a second case, referring to FIG. 3S, the metal bumps 12
have the above-mentioned gold layer, at the tips of the metal
bumps 12, capable of being used to be joined with a gold layer
of the wetting layer 2405, which method is described as
below. First, the semiconductor chip 2 is held by vacuum
adsorption on the stage 6005 kept at a temperature of between
250 and 500° C., and preferably of between 350 and 450° C.
Next, the flexible circuit film 38 is thermally pressed on the
metal bumps 12 of the semiconductor chip 2 at a force of
between 20 and 150N, and preferably of between 70 and
120N, for a time of between 0.1 and 10 seconds, and prefer-
ably of between 0.5 and 3 seconds, by the tool head 6105 kept
at a temperature of between 150 and 450° C., and preferably
of between 250 and 400° C., optionally applying ultrasonic
waves to the metal bumps 12 and to the wetting layer 2405 of
the flexible circuit film 38, to join the gold layer of the wetting
layer 2405 with the above-mentioned gold layer of the metal
bumps 12. Next, the tool head 6105 is removed from the
flexible circuit film 38. Next, the semiconductor chip 2
bonded with the flexible circuit film 38 is removed from the
stage 6005. Thereby, the pads 18 of the semiconductor chip 2
can be connected to the copper traces 210 of the flexible
circuit film 38 through gold joints formed by joining the gold
layer of the wetting layer 2405 with the above-mentioned
goldlayer of the metal bumps 12. The metal bumps 12 bonded
with the copper traces 210 of the flexible circuit film 38 have
a thickness of between 5 and 50 micrometers, and preferably
of between 10 and 25 micrometers. The specification of the
metal bumps 12, between the semiconductor chip 2 and the
copper traces 210, formed in the process as illustrated in the
second case shown in FIG. 3S can be referred to as the
specification of the metal bumps 12, between the semicon-
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ductor chip 2 and the copper traces 210, formed in the process
as illustrated in the second case shown in FIG. 3B.

Referring to FIG. 3T, the polymer layer 260 can be formed
by dispensing a polymer on the semiconductor chip 2 with the
polymer enclosing the metal bumps 12 and the copper traces
210 at the center portion of the flexible circuit film 38, and
then curing the polymer at a temperature of between 100 and
250° C. The material of the polymer layer 260 may be expoxy,
polyester or polyimide.

The metal joints 410q, such as tin-containing joints, are
formed on the metal pads 310a of the substrate 300 shown in
FIG. 3E by screen printing a solder paste containing flux and
solder, such as pure tin, a tin-silver alloy, a tin-silver-copper
alloy or a tin-lead alloy, on the metal pads 310a and then
reflowing the solder paste. The metal joints 410a may be
formed of pure tin, a tin-silver alloy, a tin-silver-copper alloy
or a tin-lead alloy. The specification of the substrate 300
shown in FIG. 3T can be referred to as the specification of the
substrate 300 illustrated in FIG. 3E. Two methods of bonding
the flexible circuit film 38 with the substrate 300 are described
as follow.

In afirst case, referring to FIGS. 3T and 3U, when the metal
joints 410a are tin-containing joints, the metal joints 410a can
be used to be joined with the wetting layer 240q of pure tin or
an above-mentioned tin alloy using a heat press process,
which method which process is described as below. First, the
substrate 300 is placed on a stage kept at a temperature of
between 150 and 350° C., and preferably of between 200 and
300° C. Next, the flexible circuit film 38 is thermally pressed
on the metal joints 4104 on the metal pads 3104 of the sub-
strate 300 at a force of between 20 and 150N, and preferably
of between 50 and 90N, for a time of between 0.1 and 10
seconds, and preferably of between 0.5 and 3 seconds, by a
tool head kept at a temperature of between 250 and 500° C.,
and preferably of between 350 and 450° C., to join the wetting
layer 240a with the metal joints 410a. In the step of joining
the wetting layer 240a with the metal joints 410qa, the metal
joints 4105 can be formed between the contact points of the
copper traces 210 and the topmost copper traces 340q of the
substrate 300. Next, the tool head is removed from the flexible
circuit film 38. Next, the substrate 300 bonded with the flex-
ible circuit film 38 is removed from the stage. The specifica-
tion of the metal joints 4105, between the contact points of the
copper traces 210 and the topmost copper traces 340q of the
substrate 300, formed in the process as illustrated in the first
case shown in FIGS. 3T and 3U can be referred to as the
specification of the metal joints 4105, between the first con-
tact points of the copper traces 210 and the topmost copper
traces 340qa of the substrate 300, formed in the process as
illustrated in the first case shown in FIGS. 3F and 3G.

In a second case, referring to FIGS. 3T and 3U, when the
metal joints 410a are tin-containing joints, the metal joints
410a can be used to be joined with a gold layer of the wetting
layer 240a using a heat press process, which method is
described as below. First, the substrate 300 is placed on a
stage kept at a temperature of between 150 and 350° C., and
preferably of between 200 and 300° C. Next, the flexible
circuit film 38 is thermally pressed on the metal joints 410a on
the metal pads 310a of the substrate 300 at a force of between
20 and 150N, and preferably of between 50 and 90N, for a
time of between 0.1 and 10 seconds, and preferably of
between 0.5 and 3 seconds, by a tool head kept at a tempera-
ture of between 250 and 500° C., and preferably of between
350 and 450° C., to join the wetting layer 240a with the metal
joints 410a. In the step of joining the wetting layer 240a with
the metal joints 410a, the metal joints 4105 can be formed
between the contact points of the copper traces 210 and the
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topmost copper traces 340a of the substrate 300. Next, the
tool head is removed from the flexible circuit film 38. Next,
the substrate 300 is removed from the stage. The specification
of the metal joints 4105, between the contact points of the
copper traces 210 and the topmost copper traces 340a of the
substrate 300, formed in the process as illustrated in the
second case shown in FIGS. 3T and 3U can be referred to as
the specification of the metal joints 4105, between the first
contact points of the copper traces 210 and the topmost cop-
per traces 340a of the substrate 300, formed in the process as
illustrated in the second case shown in FIGS. 3F and 3G.

Referring to FIG. 3V, after the flexible circuit film 38 is
bonded with the substrate 300, the polymer layer 350 can be
optionally filled into the gap between the flexible circuit film
38 and the substrate 300, enclosing the metal joints 4105, by
dispensing a polymer on the substrate 300 close to the flexible
circuit film 38, with the polymer flowing into the gap between
the flexible circuit film 38 and the substrate 300, and then
curing the flowing polymer at a temperature of between 100
and 250° C. The material of the polymer layer 350 may be
expoxy, polyester or polyimide, and the polymer layer 350
has a thickness t17 of between 1 and 30 micrometers.

Referring to FIG. 3W, the polymer compound 360 can be
optionally formed on the semiconductor chip 2, on the flex-
ible circuit film 38 and on the substrate 300 by molding an
epoxy-based polymer with carbon fillers therein on the semi-
conductor chip 2, on the flexible circuit film 38 and the
peripheral region of the substrate 300 at a temperature of
between 130 and 250° C. Alternatively, the polymer com-
pound 360 can be polyimide or polyester. Preferably, the
polymer compound 360 has a value of Young’s modulus less
than 0.5 GPa.

Referring to FIG. 3X, after the polymer compound 360 is
formed, the solder balls 502 may be formed, in a ball-grid-
array arrangement, on the metal pads 3105 of the substrate
300 using a ball placement process. The process, of forming
the solder balls 502 on the metal pads 3105 of the substrate
300, as shown in FIG. 3X can be referred to as the process, of
forming the solder balls 502 on the metal pads 3105 of the
substrate 300, as illustrated in FIGS. 3J and 3K. The specifi-
cation of the solder balls 502 shown in FIG. 3X can be
referred to as the specification of the solder balls 502 illus-
trated in FIGS. 3J and 3K. Optionally, the substrate 300 canbe
sawed after the solder balls 502 are formed on the metal pads
3105 of the substrate 300.

Thereby, the fine-pitched metal bumps 12 of the semicon-
ductor chip 2 can be fanned out through the copper traces 210
of the flexible circuit film 38 by bonding the semiconductor
chip 2 with the flexible circuit film 38. The flexible circuit film
38 is also bonded with the substrate 300 to connect the fine-
pitched metal bumps 12 of the semiconductor chip 2 with the
circuit structure of the substrate 300. The semiconductor chip
2 has the fine-pitched metal bumps 12 connected to an exter-
nal circuit, such as a printed circuit board (PCB) comprising
a glass fiber as a core, through the copper traces 210 of the
flexible circuit film 38 and the circuit structure of the substrate
300.

Alternatively, the step of forming the polymer compound
360, as shown in FIG. 3W, can be omitted, that is, the semi-
conductor chip 2 and the flexible circuit film 38 are uncovered
by any polymer compound. Alternatively, the step of forming
the polymer layer 350, as shown in FIG. 3V, can be omitted.
Alternatively, the steps of forming the polymer layer 350, as
shown in FIG. 3V, and of forming the polymer compound
360, as shown in FIG. 3W, can be omitted, that is, the semi-
conductor chip 2 and the flexible circuit film 38 are uncovered
by any polymer compound.
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Alternatively, the solder balls 502 can be omitted, as shown
in FIG. 3W. The substrate 300 can be optionally sawed into
multiple units. After sawing the substrate 300, the metal pads
3105 of the substrate 300 can be joined with a solder, con-
taining pure tin, a tin-silver alloy, a tin-lead alloy or a tin-
silver-copper alloy, preformed on an external circuit or can
contact with contact points of a socket.

Alternatively, the polymer compound 360 and the solder
balls 502 can be omitted, as shown in FIG. 3V. The semicon-
ductor chip 2 and the flexible circuit film 38 are uncovered by
any polymer compound. The substrate 300 can be optionally
sawed into multiple units. After sawing the substrate 300, the
metal pads 3105 of the substrate 300 can be joined with a
solder, containing pure tin, a tin-silver alloy, atin-lead alloy or
a tin-silver-copper alloy, preformed on an external circuit or
can contact with contact points of a socket.

Alternatively, the polymer layer 350 and the solder balls
502 can be omitted, as shown in FIG. 3Y. The substrate 300
can be optionally sawed into multiple units. After sawing the
substrate 300, the metal pads 3105 of the substrate 300 can be
joined with a solder, containing pure tin, a tin-silver alloy, a
tin-lead alloy or a tin-silver-copper alloy, preformed on an
external circuit or can contact with contact points of a socket.

Alternatively, the polymer layer 350, the polymer com-
pound 360 and the solder balls 502 can be omitted, as shown
in FIG. 3U. The semiconductor chip 2 and the flexible circuit
film 38 are uncovered by any polymer compound. The sub-
strate 300 can be optionally sawed into multiple units. After
sawing the substrate 300, the metal pads 3105 of the substrate
300 can be joined with a solder, containing pure tin, a tin-
silver alloy, a tin-lead alloy or a tin-silver-copper alloy, pre-
formed on an external circuit or can contact with contact
points of a socket.

Embodiment 2

Referring to FIG. 4A, after the step shown in FIG. 3D, a
polymer compound 360 is formed on the semiconductor chip
2 and on the flexible circuit film 36 by molding an epoxy-
based polymer with carbon fillers therein on the semiconduc-
tor chip 2 and on the flexible circuit film 36 at a temperature
of' between 130 and 250° C. Alternatively, the polymer com-
pound 360 can be polyimide or polyester. Preferably, the
polymer compound 360 has a value of Young’s modulus less
than 0.5 GPa.

Referring to FIGS. 4B and 4C, after the polymer com-
pound 360 is formed, solder balls 501 shown in FIG. 4B are
placed, in a ball-grid-array arrangement, on a flux or solder
paste 505 preformed on the wetting layer 2404 of the flexible
circuit film 36 using a ball placement process to form solder
balls 502 shown in FIG. 4C on the flexible circuit film 36. The
solder balls 502 can be formed by printing the flux or solder
paste 505 on the wetting layer 240qa, next placing the solder
balls 501, such as pure tin, a tin-silver alloy, a tin-lead alloy or
a tin-silver-copper alloy, having a diameter of between 0.25
and 1.2 millimeters on the flux or solder paste 505, next
reflowing the solder balls 501 at a peak temperature of
between 230 and 270° C., and then cleaning the remaining
flux from the flexible circuit film 36. The solder balls 502 have
a diameter of between 0.2 and 1.2 millimeters, and the solder
balls 502 may include pure tin, a tin-silver alloy, a tin-silver-
copper alloy or a tin-lead alloy.

For example, during the step of reflowing the solder balls
501, when the wetting layer 240q is a tin-containing layer,
such as pure tin, a tin-silver alloy, a tin-silver-copper alloy or
atin-lead alloy, the tin-containing layer is solved in the solder
balls 502.
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Alternatively, during the step of reflowing the solder balls
501, when the wetting layer 240qa is a gold layer, the gold
layer is solved in the solder balls 502. The solder balls 502,
after being joined with the flexible circuit film 36, include a
portion, of a tin-silver-gold-copper alloy, a tin-silver-gold
alloy, a tin-gold alloy or a tin-lead-gold alloy, on the copper
traces 210 of the flexible circuit film 36 due to the reaction
between gold in the wetting layer 240a and tin in the solder
balls 501 during reflowing the solder balls 501.

After the solder balls 502 are formed on the flexible circuit
film 36, the flexible circuit film 36 and the polymer compound
360 can be cut into multiple units.

FIG. 4D is a perspective view showing FIG. 4C. The fine-
pitched metal bumps 12 of the semiconductor chip 2 can be
fanned out through the copper traces 210 of the flexible circuit
film 36 by bonding the semiconductor chip 2 with the flexible
circuit film 36. Thereby, the semiconductor chip 2 has the
fine-pitched metal bumps 12 connected to an external circuit,
such as a printed circuit board (PCB) comprising a glass fiber
as a core, through the copper traces 210 of the flexible circuit
film 36 and the solder balls 502.

FIG. 5A is a schematically cross-sectional figure showing
a chip-on-film package. The above-mentioned flexible circuit
film 36 can be replaced by a flexible circuit film 40. The
flexible circuit film 40 includes the polymer layer 200, the
polymer layer 220, the wetting layer 2405, metal pads 245
and the copper traces 210 between the polymer layers 200 and
220. The metal pads 245 are formed on first contact points of
the copper traces 210 exposed by openings in the polymer
layer 200, and the openings are filled up with the metal pads
245. The wetting layer 2405 are formed on second contact
points of the copper traces 210 exposed by the openings 220a
in the polymer layer 220. The specification of the polymer
layer 200, the polymer layer 220 and the copper traces 210
shown in FIG. 5A can be referred to as the specification of the
polymer layer 200, the polymer layer 220 and the copper
traces 210 illustrated in FIG. 3A. The specification of the
wetting layer 2405 shown in F1G. 5A can be referred to as the
specification of the wetting layer 2405 illustrated in FIGS. 3B
and 3C. The specification of the interface bonding layer 250
shown in FIG. 5A can be referred to as the specification of the
interface bonding layer 250 formed in the process as illus-
trated in the first case shown in FIGS. 3A and 3B. Alterna-
tively, the copper traces 210 can be replaced by gold traces
having a thickness of between 3 and 30 um, of between 5 and
20 micrometers or of between 4 and 10 micrometers. Alter-
natively, the copper traces 210 can bereplaced by silver traces
having a thickness of between 3 and 30 um, of between 5 and
20 micrometers or of between 4 and 10 micrometers.

The material of the metal pads 245 may be gold, copper,
nickel, silver, tin, palladium or a composite of the above-
mentioned materials, and the metal pads 245 have a thickness
t18 of between 4 and 10 micrometers, of between 15 and 30
micrometers or of between 10 and 100 micrometers. In a case,
the metal pads 245 may be formed by electroplating or elec-
troless plating a gold layer with a thickness of between 4 and
10 micrometers, of between 15 and 30 micrometers or of
between 10 and 100 micrometers on the first contact points of
the copper traces 210 exposed by the openings in the polymer
layer 200, and the openings in the polymer layer 200 are filled
up with the gold layer. In another case, the metal pads 245
may be formed by electroplating or electroless plating a tin-
containing layer, such as pure tin, a tin-silver alloy, a tin-
silver-copper alloy or a tin-lead alloy, with a thickness of
between 4 and 10 micrometers, of between 15 and 30
micrometers or of between 10 and 100 micrometers on the
first contact points of the copper traces 210 exposed by the
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openings in the polymer layer 200, and the openings are filled
up with the tin-containing layer. In another case, the metal
pads 245 may be formed by electroplating or electroless
plating a copper layer with a thickness of between 4 and 10
micrometers, of between 15 and 30 micrometers or of
between 10 and 100 micrometers on the first contact points of
the copper traces 210 exposed by the openings in the polymer
layer 200, and the openings are filled up with the copper layer.
In another case, the metal pads 245 may be formed by elec-
troplating a nickel layer with a thickness of between 0.5 and
5 micrometers, and preferably of between 1 and 3 microme-
ters, on the first contact points of the copper traces 210
exposed by the openings in the polymer layer 200, and then
electroplating a gold layer with a thickness of between 0.05
and 2 micrometers, and preferably of between 0.05 and 0.5
micrometers, on the nickel layer in the openings in the poly-
mer layer 200, wherein the openings in the polymer layer 200
are filled up with the nickel layer and the gold layer. In another
case, the metal pads 245 may be formed by electroless plating
anickel layer with a thickness of between 0.5 and 5 microme-
ters, and preferably of between 1 and 3 micrometers, on the
first contact points of the copper traces 210 exposed by the
openings in the polymer layer 200, and then electroless plat-
ing a gold layer with a thickness of between 0.05 and 2
micrometers, and preferably of between 0.05 and 0.5
micrometers, on the nickel layer in the openings in the poly-
mer layer 200, wherein the openings in the polymer layer 200
are filled up with the nickel layer and the gold layer. In another
case, the metal pads 245 may be formed by electroplating a
nickel layer with a thickness of between 0.5 and 5 microme-
ters, and preferably of between 1 and 3 micrometers, on the
first contact points of the copper traces 210 exposed by the
openings in the polymer layer 200, and then electroplating a
tin-containing layer, such as pure tin, a tin-silver alloy, a
tin-silver-copper alloy or a tin-lead alloy, with a thickness of
between 0.05 and 2 micrometers, and preferably of between
0.05 and 0.5 micrometers, on the nickel layer in the openings
in the polymer layer 200, wherein the openings in the polymer
layer 200 are filled up with the nickel layer and the tin-
containing layer. In another case, the metal pads 245 may be
formed by electroless plating a nickel layer with a thickness
of'between 0.5 and 5 micrometers, and preferably of between
1 and 3 micrometers, on the first contact points of the copper
traces 210 exposed by the openings in the polymer layer 200,
and then electroless plating a tin-containing layer, such as
pure tin, a tin-silver alloy, a tin-silver-copper alloy or a tin-
lead alloy, with a thickness of between 0.05 and 2 microme-
ters, and preferably of between 0.05 and 0.5 micrometers, on
the nickel layer in the openings in the polymer layer 200,
wherein the openings in the polymer layer 200 are filled up
with the nickel layer and the tin-containing layer.

The metal bumps 12 of the semiconductor chip 2 are
bonded with the copper traces 210, exposed by the openings
220a, of the flexible circuit film 40 through the interface
bonding layer 250. The methods, of bonding the metal bumps
12 of the semiconductor chip 2 with the copper traces 210 of
the flexible circuit film 40, as shown in FIG. 5A can be
referred to as the methods, of bonding the metal bumps 12 of
the semiconductor chip 2 with the copper traces 210 of the
flexible circuit film 36, as illustrated in the first and second
cases shown in FIGS. 3B and 3C. When the step of bonding a
gold layer of the metal bumps 12 with the wetting layer 2405
of'a tin-containing layer is performed, the specification of the
metal bumps 12 between the semiconductor chip 2 and the
interface bonding layer 250 shown in FIG. 5A can be referred
to as the specification of the metal bumps 12, between the
semiconductor chip 2 and the interface bonding layer 250,

20

25

30

35

40

45

50

55

60

65

34

formed in the process as illustrated in the first case shown in
FIGS. 3A and 3B. Alternatively, when the step of bonding a
gold layer of the metal bumps 12 with the wetting layer 2405
of a gold layer is performed, the specification of the metal
bumps 12 between the semiconductor chip 2 and the copper
traces 210 shown in FIG. 5A can be referred to as the speci-
fication of the metal bumps 12, between the semiconductor
chip 2 and the copper traces 210, formed in the process as
illustrated in the second case shown in FIG. 3B.

Referring to FIG. 5B, after the semiconductor chip 2 is
bonded with the flexible circuit film 40, the polymer layer 260
is filled into the gap between the semiconductor chip 2 and the
flexible circuit film 40, enclosing the metal bumps 12, by
dispensing a polymer on the flexible circuit film 40 close to
the semiconductor chip 2, with the polymer flowing into the
gap between the semiconductor chip 2 and the flexible circuit
film 40, and then curing the flowing polymer at a temperature
of'between 100 and 250° C. The material of the polymer layer
260 may be expoxy, polyester, polybenzoxazole or polyim-
ide.

Referring to FIG. 5C, after the polymer layer 260 is
formed, the polymer compound 360 is formed on the semi-
conductor chip 2 and on the flexible circuit film 40 by mold-
ing an epoxy-based polymer with carbon fillers therein on the
semiconductor chip 2 and on the flexible circuit film 40 at a
temperature of between 130 and 250° C. Alternatively, the
polymer compound 360 can be polyimide or polyester. Pref-
erably, the polymer compound 360 has a value of Young’s
modulus less than 0.5 GPa.

Referring to FIGS. 5D and 5E, after the polymer com-
pound 360 is formed, the solder balls 501 shown in FIG. 5D
are placed, in a ball-grid-array arrangement, on the flux or
solder paste 505 preformed on the metal pads 245 of the
flexible circuit film 40 using a ball placement process to form
the solder balls 502 shown in FIG. SE on the flexible circuit
film 40. The solder balls 502 can be formed by printing the
flux or solder paste 505 on the metal pads 245, next placing
the solder balls 501, such as pure tin, a tin-silver alloy, a
tin-silver-copper alloy or a tin-lead alloy, having a diameter of
between 0.25 and 1.2 millimeters on the flux or solder paste
505, next reflowing the solder balls 501 at a peak temperature
of'between 230 and 270° C., and then cleaning the remaining
flux from the flexible circuit film 40. The solder balls 502 have
a diameter of between 0.2 and 1.2 millimeters, and the solder
balls 502 may include pure tin, a tin-silver alloy, a tin-silver-
copper alloy or a tin-lead alloy.

For example, during the step of reflowing the solder balls
501, when the metal pads 245 have a bottommost metal layer
of gold, the gold layer of the metal pads 245 is solved in the
solder balls 502. Preferably, the metal pads 245 have a nickel
layer between the gold layer and the copper traces 210. The
nickel layer serves as a barrier layer preventing copper in the
copper traces 210 from being solved in the solder balls 502
after the solder balls 502 are formed on the flexible circuit
film 40. In the case of gold serving as a bottommost metal
layer of the metal pads 245, the solder balls 502, after being
joined with the flexible circuit film 40, may include a portion,
of'a tin-gold alloy, a tin-silver-gold-copper alloy, a tin-silver-
gold alloy or a tin-lead-gold alloy, on the nickel layer of the
metal pads 245 and under the first contact points of the copper
traces 210 due to the reaction between gold in the metal pads
245 and tin in the solder balls 501 during reflowing the solder
balls 501.

Alternatively, during the step of reflowing the solder balls
501, when the metal pads 245 have a bottommost metal layer
of copper, all or a part of the copper layer of the metal pads
245 may be solved in the solder balls 502. In the case of
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copper serving as a bottommost metal layer of the metal pads
245, the solder balls 502, after being joined with the flexible
circuit film 40, may include a portion, of a tin-silver-copper
alloy, a tin-lead-copper alloy or a tin-copper alloy, under the
first contact points of the copper traces 210 due to the reaction
between copper in the metal pads 245 and tin in the solder
balls 501 during reflowing the solder balls 501.

After the solder balls 502 are formed on the flexible circuit
film 40, the flexible circuit film 40 and the polymer compound
360 can be cut into multiple units.

Alternatively, the solder balls 502 can be omitted, as shown
in FIG. 5C. The flexible circuit film 40 is sawed into multiple
units. After sawing the flexible circuit film 40, the metal pads
245 of the flexible circuit film 40 can be joined with a solder,
containing pure tin, a tin-silver alloy, a tin-lead alloy or a
tin-silver-copper alloy, preformed on an external circuit or
can contact with contact points of a socket.

Thereby, the fine-pitched metal bumps 12 of the semicon-
ductor chip 2 can be fanned out through the copper traces 210
of the flexible circuit film 40 by bonding the semiconductor
chip 2 with the flexible circuit film 40. The semiconductor
chip 2 has the fine-pitched metal bumps 12 connected to an
external circuit, such as a printed circuit board (PCB) com-
prising a glass fiber as a core, through the coppertraces 210 of
the flexible circuit film 40.

Embodiment 3

FIG. 6A is a schematically cross-sectional figure showing
a chip-on-film package. A flexible circuit film 42 includes a
polymer layer 200, a polymer layer 220, a wetting layer 2405,
a wetting layer 240c¢ and copper traces 210 between the poly-
mer layers 200 and 220, wherein the polymer layers 200 and
220 uncover top and bottom sides of the copper traces 210 at
the outer portion of the flexible circuit film 42. The wetting
layer 2405 is on contact points, exposed by openings 220a, of
the copper traces 210 in the polymer layer 220. The wetting
layer 240c¢ is on the copper traces 210 at the outer portion of
the flexible circuit film 42. The specification of the polymer
layer 200, the polymer layer 220 and the copper traces 210
shown in FIG. 6 A can be referred to as the specification of the
polymer layer 200, the polymer layer 220 and the copper
traces 210 illustrated in FIG. 3A. The specification of the
wetting layer 2405 shown in FIG. 6 A can be referred to as the
specification of the wetting layer 2405 illustrated in FIGS. 3B
and 3C. Alternatively, the copper traces 210 can be replaced
by gold traces having a thickness of between 3 and 30 pum, of
between 5 and 20 micrometers or of between 4 and 10
micrometers. Alternatively, the copper traces 210 can be
replaced by silver traces having a thickness of between 3 and
30 um, of between 5 and 20 micrometers or of between 4 and
10 micrometers.

The wetting layer 240c¢ having a thickness of between 0.05
and 2 micrometers, and preferably of between 0.1 and 1
micrometer, may be gold, copper, nickel, silver, tin or a com-
posite of the above-mentioned materials. For example, the
wetting layer 240¢ may be a tin-containing layer, such as pure
tin, a tin-silver alloy, a tin-lead alloy or a tin-silver-copper
alloy, having a thickness of between 0.05 and 2 micrometers,
and preferably of between 0.1 and 1 micrometer, on the cop-
per traces 210 at the outer portion of the flexible circuit film
42. Alternatively, the wetting layer 240c may be a gold layer
having a thickness of between 0.05 and 2 micrometers, and
preferably of between 0.1 and 1 micrometer, on the copper
traces 210 at the outer portion of the flexible circuit film 42.

The metal bumps 12 of the semiconductor chip 2 are
bonded with the copper traces 210, exposed by the openings
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220a, of the flexible circuit film 42 through an interface
bonding layer 250. The specification of the interface bonding
layer 250 shown in FIG. 6A can be referred to as the specifi-
cation of the interface bonding layer 250 formed in the pro-
cess as illustrated in the first case shown in FIGS. 3A and 3B.
The methods, of bonding the metal bumps 12 of the semicon-
ductor chip 2 with the copper traces 210 of the flexible circuit
film 42, as shown in FIG. 6A can be referred to as the meth-
ods, of bonding the metal bumps 12 of the semiconductor
chip 2 with the copper traces 210 of the flexible circuit film
36, as illustrated in the first and second cases shown in FIGS.
3B and 3C. When the step of bonding a gold layer of the metal
bumps 12 with the wetting layer 2405 of a tin-containing
layer is performed, the specification of the metal bumps 12
between the semiconductor chip 2 and the interface bonding
layer 250 shown in FIG. 6A can be referred to as the specifi-
cation of the metal bumps 12, between the semiconductor
chip 2 and the interface bonding layer 250, formed in the
process as illustrated in the first case shown in FIGS. 3A and
3B. Alternatively, when the step of bonding a gold layer of the
metal bumps 12 with the wetting layer 2405 of a gold layer is
performed, the specification of the metal bumps 12 between
the semiconductor chip 2 and the copper traces 210 shown in
FIG. 6A can be referred to as the specification of the metal
bumps 12, between the semiconductor chip 2 and the copper
traces 210, formed in the process as illustrated in the second
case shown in FIG. 3B.

Referring to FIG. 6B, a polymer layer 260 is filled into the
gap between the semiconductor chip 2 and the flexible circuit
film 42, enclosing the metal bumps 12, by dispensing a poly-
mer on the flexible circuit film 42 close to the semiconductor
chip 2, with the polymer flowing into the gap between the
semiconductor chip 2 and the flexible circuit film 42, and then
curing the flowing polymer at a temperature of between 100
and 250° C. The material of the polymer layer 260 may be
expoxy, polyester, polybenzoxazole or polyimide.

Metal joints 410¢, such as tin-containing joints, are formed
on the metal pads 310a of the substrate 300 shown in FIG. 3E
by screen printing a solder paste containing flux and solder,
such as pure tin, a tin-silver alloy, a tin-silver-copper alloy or
atin-lead alloy, on the metal pads 310qa and then reflowing the
solder paste. The metal joints 410a may be formed of pure tin,
a tin-silver alloy, a tin-silver-copper alloy or a tin-lead alloy.
The specification of the substrate 300 shown in FIG. 6B can
be referred to as the specification of the substrate 300 illus-
trated in FIGS. 3E. Two methods of bonding the flexible
circuit film 42 with the substrate 300 are described as follow.

Inafirstcase, referring to FIGS. 6B and 6C, when the metal
joints 410c¢ are tin-containing joints, the metal joints 410c¢ can
be used to be joined with the wetting layer 240c¢ of pure tin or
an above-mentioned tin alloy using a heat press process,
which method is described as below. First, the substrate 300 is
placed on a stage kept at a temperature of between 150 and
350° C., and preferably of between 200 and 300° C. Next, the
flexible circuit film 42 is thermally pressed on the metal joints
410c¢ on the metal pads 310« of the substrate 300 at a force of
between 20 and 150N, and preferably of between 50 and 90N,
for a time of between 0.1 and 10 seconds, and preferably of
between 0.5 and 3 seconds, by a tool head kept at a tempera-
ture of between 250 and 500° C., and preferably of between
350 and 450° C., to join the wetting layer 240¢ with the metal
joints 410c¢. In the step of joining the wetting layer 240¢ with
the metal joints 410c¢, metal joints 4104 can be formed
between the topmost copper traces 340a of the substrate 300
and the copper traces 210 at the outer portion of the flexible
circuit film 42. The metal joints 4104 can be tin-containing
joints having a thickness t19 of between 0.5 and 100
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micrometers, and preferably of between 1 and 10 microme-
ters, wherein the tin-containing joints may include pure tin, a
tin-silver alloy, a tin-lead alloy or a tin-silver-copper alloy.
The tin-containing joints may include a tin-gold alloy, a tin-
silver-gold alloy, a tin-silver-gold-copper alloy or a tin-lead-
gold alloy at the bottom side of the tin-containing joints due to
the reaction between tin in the metal joints 410¢ and gold at
the top of the metal pads 310a. Preferably, the metal pads
310q have a nickel layer between the metal joints 4104 and
the copper traces 340a. The nickel layer serves as a barrier
layer preventing copper in the copper traces 340a from being
solved in the metal joints 4104 after the metal joints 410d are
formed between the flexible circuit film 42 and the substrate
300. Next, the tool head is removed from the flexible circuit
film 42. Next, the substrate 300 bonded with flexible circuit
film 42 is removed from the stage.

In a second case, referring to FIGS. 6B and 6C, when the
metal joints 410c are tin-containing joints, the metal joints
410c can be used to be joined with a gold layer of the wetting
layer 240¢ using a heat press process, which method is
described as below. First, the substrate 300 is placed on a
stage kept at a temperature of between 150 and 350° C., and
preferably of between 200 and 300° C. Next, the flexible
circuit film 42 is thermally pressed on the metal joints 410c on
the metal pads 310a of the substrate 300 at a force of between
20 and 150N, and preferably of between 50 and 90N, for a
time of between 0.1 and 10 seconds, and preferably of
between 0.5 and 3 seconds, by a tool head kept at a tempera-
ture of between 250 and 500° C., and preferably of between
350and 450° C., to join the wetting layer 240¢ with the metal
joints 410c. In the step of joining the wetting layer 240¢ with
the metal joints 410c, the metal joints 4104 can be formed
between the topmost copper traces 340a of the substrate 300
and the copper traces 210 at the outer portion of the flexible
circuit film 42. The metal joints 4104 can be tin-containing
joints having a thickness t19 of between 0.5 and 100
micrometers, and preferably of between 1 and 10 microme-
ters. The tin-containing joints may include a tin-silver-gold-
copper alloy, a tin-silver-gold alloy, a tin-gold alloy or a
tin-lead-gold alloy at the top side of the tin-containing joints
due to the reaction between tin in the metal joints 410¢ and
gold at the top of the wetting layer 240c. The tin-containing
joints may include a tin-gold alloy, a tin-silver-gold alloy, a
tin-silver-gold-copper alloy or a tin-lead-gold alloy at the
bottom side of the tin-containing joints due to the reaction
between tin in the metal joints 410¢ and gold at the top of the
metal pads 310a. Preferably, the metal pads 310a have a
nickel layer between the metal joints 4104 and the copper
traces 340q. The nickel layer serves as a barrier layer prevent-
ing copper in the copper traces 340a from being solved in the
metal joints 4104 after the metal joints 4104 are formed
between the flexible circuit film 42 and the substrate 300.
Next, the tool head is removed from the flexible circuit film
42. Next, the substrate 300 bonded with the flexible circuit
film 42 is removed from the stage.

Referring to FIG. 6C, there is no opening in the polymer
layer 200 exposing the copper traces 210 to lead the copper
traces 210 to be connected to the substrate 300. Alternatively,
the metal joints 4104 can be replaced by an anisotropic con-
ductive film (ACF). The anisotropic conductive film can be
preformed on the metal pads 310a of the substrate 300 shown
in FIG. 3E, and then the wetting layer 240c¢ on the copper
traces 210 at the outer portion of the flexible circuit film 42
can be pressed on the anisotropic conductive film, such that
metal particles in the anisotropic conductive film connects the
wetting layer 240c¢ of the flexible circuit film 42 to the metal
pads 310a of the substrate 300.
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Referring to FIG. 6D, after the flexible circuit film 42 is
bonded with the substrate 300, a polymer layer 350a can be
filled into the gap between the flexible circuit film 42 and the
substrate 300, enclosing the metal joints 4104 and the wetting
layer 240c, by dispensing a polymer on the substrate 300
close to the flexible circuit film 42, with the polymer flowing
into the gap between the flexible circuit film 42 and the
substrate 300, and then curing the flowing polymer at a tem-
perature of between 100 and 250° C. The material of the
polymer layer 350a may be expoxy, polyester or polyimide,
and the polymer layer 350a between the flexible circuit film
42 and the substrate 300 has a thickness t20 of between 1 and
30 micrometers.

Referring to FIG. 6E, a polymer compound 360 is formed
on the semiconductor chip 2, on the flexible circuit film 42
and on a peripheral region of the substrate 300 by molding an
epoxy-based polymer with carbon fillers therein on the semi-
conductor chip 2, on the flexible circuit film 42 and on the
peripheral region of the substrate 300 at a temperature of
between 130 and 250° C. Alternatively, the polymer com-
pound 360 can be polyimide or polyester. Preferably, the
polymer compound 360 has a value of Young’s modulus less
than 0.5 GPa.

Referring to FIGS. 6F and 6G, solder balls 501 shown in
FIG. 6F may be being placed, in a ball-grid-array arrange-
ment, on a flux or solder paste 505 preformed on the metal
pads 3105 of the substrate 300 using a ball placement process
to form solder balls 502 shown in FIG. 6G on the substrate
300. The solder balls 502 can be formed by printing the flux
or solder paste 505 on the metal pads 3105, next placing the
solder balls 501, such as pure tin, a tin-silver alloy, a tin-lead
alloy or a tin-silver-copper alloy, having a diameter of
between 0.25 and 1.2 millimeters on the flux or solder paste
505, next reflowing the solder balls 501 at a peak temperature
of'between 230 and 270° C., and then cleaning the remaining
flux from the substrate 300. The solder balls 502 have a
diameter of between 0.2 and 1.2 millimeters, and the solder
balls 502 may include pure tin, a tin-silver alloy, a tin-silver-
copper alloy or a tin-lead alloy.

For example, during the step of reflowing the solder balls
501, when the metal pads 3105 have a bottommost metal layer
of'gold, the gold layer of the metal pads 3105 is solved in the
solderballs 502. Preferably, the metal pads 3105 have anickel
layer between the gold layer and the copper traces 34056. The
nickel layer serves as a barrier layer preventing copper in the
copper traces 3405 from being solved in the solder balls 502
after the solder balls 502 are formed on the substrate 300. In
the case of gold serving as a bottommost metal layer of the
metal pads 3105, the solder balls 502, after being joined with
the substrate 300, may include a portion, of a tin-silver-gold-
copper alloy, a tin-silver-gold alloy, a tin-gold alloy or a
tin-lead-gold alloy, on the nickel layer of the metal pads 3105
and under the copper traces 3405 of the substrate 300 due to
the reaction between gold in the metal pads 3105 and tinin the
solder balls 501 during reflowing the solder balls 501.

After the solder balls 502 are formed on the substrate 300,
the substrate 300 and the polymer compound 360 can be
optionally cut into multiple units.

FIG. 6H is a perspective view showing FIG. 6G. The fine-
pitched metal bumps 12 of the semiconductor chip 2 can be
fanned out through the copper traces 210 of the flexible circuit
film 42 by bonding the semiconductor chip 2 with the flexible
circuit film 42. The flexible circuit film 42 is also bonded with
the substrate 300 to connect the fine-pitched metal bumps 12
of the semiconductor chip 2 with the circuit structure of the
substrate 300. Thereby, the semiconductor chip 2 has the
fine-pitched metal bumps 12 connected to an external circuit,
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such as a printed circuit board (PCB) comprising a glass fiber
as a core, through the copper traces 210 of the flexible circuit
film 42 and the circuit structure of the substrate 300.

Alternatively, referring to FIGS. 61 and 6], the step of
forming the polymer compound 360, as shown in FIG. 6E,
can be omitted, that is, the semiconductor chip 2 and the
flexible circuit film 42 are uncovered by any polymer com-
pound. Alternatively, referring to FIG. 6K, the step of forming
the polymer layer 3504, as shown in FIG. 6D, can be omitted.
Alternatively, referring to FIG. 6L, the steps of forming the
polymer layer 350qa, as shown in FIG. 6D, and of forming the
polymer compound 360, as shown in FIG. 6E, can be omitted,
that is, the semiconductor chip 2 and the flexible circuit film
42 are uncovered by any polymer compound.

Alternatively, the solder balls 502 can be omitted, as shown
in FIG. 6E. The substrate 300 can be optionally sawed into
multiple units. After sawing the substrate 300, the metal pads
3105 of the substrate 300 can be joined with a solder, con-
taining pure tin, a tin-silver alloy, a tin-lead alloy or a tin-
silver-copper alloy, preformed on an external circuit or can
contact with contact points of a socket.

Alternatively, the polymer compound 360 and the solder
balls 502 can be omitted, as shown in FIG. 6D. The semicon-
ductor chip 2 and the flexible circuit film 42 are uncovered by
any polymer compound. The substrate 300 can be optionally
sawed into multiple units. After sawing the substrate 300, the
metal pads 3105 of the substrate 300 can be joined with a
solder, containing pure tin, a tin-silver alloy, atin-lead alloy or
a tin-silver-copper alloy, preformed on an external circuit or
can contact with contact points of a socket.

Alternatively, the polymer layer 3504 and the solder balls
502 can be omitted, as shown in FIG. 6M. The substrate 300
can be optionally sawed into multiple units. After sawing the
substrate 300, the metal pads 3105 of the substrate 300 can be
joined with a solder, containing pure tin, a tin-silver alloy, a
tin-lead alloy or a tin-silver-copper alloy, preformed on an
external circuit or can contact with contact points of a socket.

Alternatively, the polymer layer 3504, the polymer com-
pound 360 and the solder balls 502 can be omitted, as shown
in FIG. 6C. The semiconductor chip 2 and the flexible circuit
film 42 are uncovered by any polymer compound. The sub-
strate 300 can be optionally sawed into multiple units. After
sawing the substrate 300, the metal pads 3105 of the substrate
300 can be joined with a solder, containing pure tin, a tin-
silver alloy, a tin-lead alloy or a tin-silver-copper alloy, pre-
formed on an external circuit or can contact with contact
points of a socket.

FIG. 6N is a schematically cross-sectional figure showing
a chip package including the semiconductor chip 2 joined
with a flexible circuit substrate 44 using a tape-automated-
bonding (TAB) technology. The above-mentioned flexible
circuit film 42 can be replaced by the flexible circuit film 44.
The flexible circuit film 44 includes the polymer layer 200,
the polymer layer 220, the wetting layer 2404, the wetting
layer 240c¢ and the copper traces 210 between the polymer
layers 200 and 220, wherein the polymer layers 200 and 220
uncover top and bottom sides of the copper traces 210 at the
center portion and the outer portion of the flexible circuit film
44. The wetting layer 2405 is on the copper traces 210 at the
center portion of the flexible circuit film 44, and the wetting
layer 240c¢ is on the copper traces 210 at the outer portion of
the flexible circuit film 44. The specification of the polymer
layer 200, the polymer layer 220 and the copper traces 210
shown in FIG. 6N can be referred to as the specification of the
polymer layer 200, the polymer layer 220 and the copper
traces 210 illustrated in FIG. 3A. The specification of the
wetting layer 2405 shown in FIG. 6N can be referred to as the
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specification of the wetting layer 24056 illustrated in FIG. 3S.
The specification of the wetting layer 240¢ shown in FIG. 6N
can be referred to as the specification of the wetting layer
240c illustrated in FIG. 6A. Alternatively, the copper traces
210 can be replaced by gold traces having a thickness of
between 3 and 30 um, of between 5 and 20 micrometers or of
between 4 and 10 micrometers. Alternatively, the copper
traces 210 can be replaced by silver traces having a thickness
of'between 3 and 30 um, of between 5 and 20 micrometers or
of between 4 and 10 micrometers.

The metal bumps 12 of the semiconductor chip 2 are
bonded with the copper traces 210 at the center portion of the
flexible circuit film 44 through the interface bonding layer
250. The specification of the interface bonding layer 250
shown in FIG. 6N can be referred to as the specification of the
interface bonding layer 250 formed in the process as illus-
trated in the first case shown in FIGS. 3R and 3S. The method,
of bonding the metal bumps 12 of the semiconductor chip 2
with the copper traces 210 of the flexible circuit film 44, as
shown in FIG. 6N can be referred to as the method, of bonding
the metal bumps 12 of the semiconductor chip 2 with the
copper traces 210 of the flexible circuit film 38, as illustrated
in the first and second cases shown in FIG. 3R. When the step
of bonding a gold layer of the metal bumps 12 with the
wetting layer 2405 of a tin-containing layer is performed, the
specification of the metal bumps 12 between the semiconduc-
tor chip 2 and the interface bonding layer 250 shown in FIG.
6N can be referred to as the specification of the metal bumps
12, between the semiconductor chip 2 and the interface bond-
ing layer 250, formed in the process as illustrated in the first
case shown in FIGS. 3A and 3B. Alternatively, when the step
of bonding a gold layer of the metal bumps 12 with the
wetting layer 2405 of a gold layer is performed, the specifi-
cation of the metal bumps 12 between the semiconductor chip
2 and the copper traces 210 shown in FIG. 6N can be referred
to as the specification of the metal bumps 12, between the
semiconductor chip 2 and the copper traces 210, formed in the
process as illustrated in the second case shown in FIG. 3B.

Referring to FIG. 60, the polymer layer 260 can be formed
by dispensing a polymer on the semiconductor chip 2 with the
polymer enclosing the metal bumps 12 and the copper traces
210 at the center portion of the flexible circuit film 44, and
then curing the polymer at a temperature of between 100 and
250° C. The material of the polymer layer 260 may be expoxy,
polyester or polyimide.

The metal joints 410c¢, such as tin-containing joints, are
formed on the metal pads 310a of the substrate 300 shown in
FIG. 3E by screen printing a solder paste containing flux and
solder, such as pure tin, a tin-silver alloy, a tin-silver-copper
alloy or a tin-lead alloy, on the metal pads 310a and then
reflowing the solder paste. The metal joints 410a may be
formed of pure tin, a tin-silver alloy, a tin-silver-copper alloy
or a tin-lead alloy. The specification of the substrate 300
shown in FIG. 60 can be referred to as the specification of the
substrate 300 illustrated in FIG. 3E.

Referring to FIG. 6P, after the polymer layer 260 is formed,
the flexible circuit film 44 is bonded with the substrate 300.
There is no opening in the polymer layer 200 exposing the
copper traces 210 to lead the copper traces 210 to be con-
nected to the substrate 300. The methods of bonding the
flexible circuit film 44 with the substrate 300, as shown in
FIG. 6P, can be referred to as the methods of bonding the
flexible circuit film 42 with the substrate 300, as illustrated in
the first and second cases shown in FIGS. 6B and 6C.

Alternatively, the metal joints 4104 can be replaced by an
anisotropic conductive film (ACF). The anisotropic conduc-
tive film can be preformed on the metal pads 310a of the
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substrate 300 shown in FIG. 3E, and then the wetting layer
240c¢ on the copper traces 210 at the outer portion of the
flexible circuit film 44 can be pressed on the anisotropic
conductive film, such that metal particles in the anisotropic
conductive film connects the wetting layer 240c¢ of the flex-
ible circuit film 44 to the metal pads 310a of the substrate 300.

Referring to FIG. 6Q, after the flexible circuit film 44 is
bonded with the substrate 300, the polymer layer 350a can be
optionally filled into the gap between the flexible circuit film
44 and the substrate 300, enclosing the metal joints 4104 and
the wetting layer 240c¢, by dispensing a polymer on the sub-
strate 300 close to the flexible circuit film 44, with the poly-
mer flowing into the gap between the flexible circuit film 44
and the substrate 300, and then curing the flowing polymer at
a temperature of between 100 and 250° C. The specification
of the polymer layer 350a shown in FIG. 6Q can be referred
to as the specification of the polymer layer 3504 illustrated in
FIG. 6D.

Referring to FIG. 6R, the polymer compound 360 can be
optionally formed on the semiconductor chip 2, on the flex-
ible circuit film 44 and on a peripheral region of the substrate
300 by molding an epoxy-based polymer with carbon fillers
therein on the semiconductor chip 2, on the flexible circuit
film 44 and the peripheral region of the substrate 300 at a
temperature of between 130 and 250° C. Alternatively, the
polymer compound 360 can be polyimide or polyester. Pref-
erably, the polymer compound 360 has a value of Young’s
modulus less than 0.5 GPa.

Referring to FIG. 6S, after the polymer compound 360 is
formed, the solder balls 502 may be formed, in a ball-grid-
array arrangement, on the metal pads 3105 of the substrate
300 using a ball placement process. The process, of forming
the solder balls 502 on the metal pads 3105 of the substrate
300, as shown in FIG. 6S can be referred to as the process, of
forming the solder balls 502 on the metal pads 3105 of the
substrate 300, as illustrated in FIGS. 6F and 6G. The speci-
fication of the solder balls 502 shown in FIG. 6S can be
referred to as the specification of the solder balls 502 illus-
trated in FIGS. 6F and 6G.

Thereby, the fine-pitched metal bumps 12 of the semicon-
ductor chip 2 can be fanned out through the copper traces 210
of the flexible circuit film 44 by bonding the semiconductor
chip 2 with the flexible circuit film 44. The flexible circuit film
44 is also bonded with the substrate 300 to connect the fine-
pitched metal bumps 12 of the semiconductor chip 2 with the
circuit structure of the substrate 300. The semiconductor chip
2 has the fine-pitched metal bumps 12 connected to an exter-
nal circuit, such as a printed circuit board (PCB) comprising
a glass fiber as a core, through the copper traces 210 of the
flexible circuit film 44 and the circuit structure of the substrate
300.

Alternatively, the step of forming the polymer compound
360, as shown in FIG. 6R, can be omitted, that is, the semi-
conductor chip 2 and the flexible circuit film 44 are uncovered
by any polymer compound. Alternatively, the step of forming
the polymer layer 3504, as shown in FIG. 6Q, can be omitted.
Alternatively, the steps of forming the polymer layer 350aq, as
shown in FIG. 6Q, and of forming the polymer compound
360, as shown in FIG. 6R, can be omitted, that is, the semi-
conductor chip 2 and the flexible circuit film 44 are uncovered
by any polymer compound.

Alternatively, the solder balls 502 can be omitted, as shown
in FIG. 6R. The substrate 300 can be optionally sawed into
multiple units. After sawing the substrate 300, the metal pads
3105 of the substrate 300 can be joined with a solder, con-
taining pure tin, a tin-silver alloy, a tin-lead alloy or a tin-
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silver-copper alloy, preformed on an external circuit or can
contact with contact points of a socket.

Alternatively, the polymer compound 360 and the solder
balls 502 can be omitted, as shown in FIG. 6Q. The semicon-
ductor chip 2 and the flexible circuit film 44 are uncovered by
any polymer compound. The substrate 300 can be optionally
sawed into multiple units. After sawing the substrate 300, the
metal pads 3105 of the substrate 300 can be joined with a
solder, containing pure tin, a tin-silver alloy, atin-lead alloy or
a tin-silver-copper alloy, preformed on an external circuit or
can contact with contact points of a socket.

Alternatively, the polymer layer 350q and the solder balls
502 can be omitted, as shown in FIG. 6T. The substrate 300
can be optionally sawed into multiple units. After sawing the
substrate 300, the metal pads 3105 of the substrate 300 can be
joined with a solder, containing pure tin, a tin-silver alloy, a
tin-lead alloy or a tin-silver-copper alloy, preformed on an
external circuit or can contact with contact points of a socket.

Alternatively, the polymer layer 350a, the polymer com-
pound 360 and the solder balls 502 can be omitted, as shown
in FIG. 6P. The semiconductor chip 2 and the flexible circuit
film 44 are uncovered by any polymer compound. The sub-
strate 300 can be optionally sawed into multiple units. After
sawing the substrate 300, the metal pads 3105 of the substrate
300 can be joined with a solder, containing pure tin, a tin-
silver alloy, a tin-lead alloy or a tin-silver-copper alloy, pre-
formed on an external circuit or can contact with contact
points of a socket.

Embodiment 4

FIG. 7A is a schematically cross-sectional figure showing
a chip-on-film package. A flexible circuit film 46 includes a
polymer layer 200, a polymer layer 220, a wirebondable layer
230, a wetting layer 2405 and copper traces 210 between the
polymer layers 200 and 220. The wirebondable layer 230 is
on first contact points, exposed by openings 2205, of the
copper traces 210 in the polymer layer 220, and the wetting
layer 2405 is on second contact points, exposed by openings
220a, of the copper traces 210 in the polymer layer 220. The
specification of the polymer layer 200, the polymer layer 220
and the copper traces 210 shown in FIG. 7A can be referred to
as the specification of the polymer layer 200, the polymer
layer 220 and the copper traces 210 illustrated in FIG. 3A.
The specification of the wetting layer 24056 shown in FIG. 7A
can be referred to as the specification of the wetting layer
2405 illustrated in FIGS. 3B and 3C. Alternatively, the copper
traces 210 can be replaced by gold traces having a thickness
of'between 3 and 30 um, of between 5 and 20 micrometers or
of between 4 and 10 micrometers. Alternatively, the copper
traces 210 can be replaced by silver traces having a thickness
of'between 3 and 30 um, of between 5 and 20 micrometers or
of between 4 and 10 micrometers.

The wirebondable layer 230 having a thickness of between
0.05 and 2 micrometers, and preferably of between 0.1 and 1
micrometer, may be gold, copper, aluminum, nickel, silver,
palladium or a composite of the above-mentioned materials.
For example, the wirebondable layer 230 may be a gold layer
having a thickness of between 0.05 and 2 micrometers, and
preferably of between 0.05 and 1 micrometer, on the first
contact points, exposed by the openings 2205, of the copper
traces 210 in the polymer layer 220. Alternatively, the wire-
bondable layer 230 may be a palladium layer having a thick-
ness of between 0.05 and 2 micrometers, and preferably of
between 0.05 and 1 micrometer, on the first contact points,
exposed by the openings 2205, of the copper traces 210 in the
polymer layer 220. Alternatively, the wirebondable layer 230
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may be a silver layer having a thickness of between 0.05 and
2 micrometers, and preferably of between 0.1 and 1 microme-
ter, on the first contact points, exposed by the openings 2205,
of the copper traces 210 in the polymer layer 220. Alterna-
tively, the wirebondable layer 230 may be an aluminum layer
having a thickness of between 0.05 and 2 micrometers, and
preferably of between 0.1 and 1 micrometer, on the first
contact points, exposed by the openings 2205, of the copper
traces 210 in the polymer layer 220. Alternatively, the wire-
bondable layer 230 comprises a nickel layer having a thick-
ness of between 0.05 and 1 micrometer on the first contact
points, exposed by the openings 2205, of the copper traces
210 in the polymer layer 220, and a gold layer having a
thickness of between 0.05 and 1 micrometer on the nickel
layer.

The metal bumps 12 of the semiconductor chip 2 are
bonded with the copper traces 210, exposed by the openings
220a, of the flexible circuit film 46 through an interface
bonding layer 250. The specification of the interface bonding
layer 250 shown in FIG. 7A can be referred to as the specifi-
cation of the interface bonding layer 250 formed in the pro-
cess as illustrated in the first case shown in FIGS. 3A and 3B.
The methods, of bonding the metal bumps 12 of the semicon-
ductor chip 2 with the copper traces 210 of the flexible circuit
film 46, as shown in FIG. 7A can be referred to as the meth-
ods, of bonding the metal bumps 12 of the semiconductor
chip 2 with the copper traces 210 of the flexible circuit film
36, as illustrated in the first and second cases shown in FIGS.
3B and 3C. When the step of bonding a gold layer of the metal
bumps 12 with the wetting layer 2405 of a tin-containing
layer is performed, the specification of the metal bumps 12
between the semiconductor chip 2 and the interface bonding
layer 250 shown in FIG. 7A can be referred to as the specifi-
cation of the metal bumps 12, between the semiconductor
chip 2 and the interface bonding layer 250, formed in the
process as illustrated in the first case shown in FIGS. 3A and
3B. Alternatively, when the step of bonding a gold layer of the
metal bumps 12 with the wetting layer 2405 of a gold layer is
performed, the specification of the metal bumps 12 between
the semiconductor chip 2 and the copper traces 210 shown in
FIG. 7A can be referred to as the specification of the metal
bumps 12, between the semiconductor chip 2 and the copper
traces 210, formed in the process as illustrated in the second
case shown in FIG. 3B.

Referring to FIG. 7B, a polymer layer 260 is filled into the
gap between the semiconductor chip 2 and the flexible circuit
film 46, enclosing the metal bumps 12, by dispensing a poly-
mer on the flexible circuit film 46 close to the semiconductor
chip 2, with the polymer flowing into the gap between the
semiconductor chip 2 and the flexible circuit film 46, and then
curing the flowing polymer at a temperature of between 100
and 250° C. The material of the polymer layer 260 may be
expoxy, polyester, polybenzoxazole or polyimide.

A substrate 300a comprises a circuit structure in the sub-
strate 300qa, an insulating layer 320, an insulating layer 330,
wirebonding pads 310c¢ and metal pads 3105. The circuit
structure comprises copper traces (including 340a and 3405)
each having a thickness between 5 and 30 micrometers. The
wirebonding pads 310¢ are formed on the topmost copper
traces 340a exposed by openings in the insulating layer 320,
and the openings may be filled up with the wirebonding pads
310c. The metal pads 3106 are formed on the bottommost
copper traces 3405 exposed by openings 330¢ in the insulat-
ing layer 330. The wirebonding pads 310c are connected to
the metal pads 3105 through the copper traces (comprising
the copper traces 340a and 3405) in the substrate 300a. The
specification of the metal pads 3105, the insulating layer 320
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and the insulating layer 330 shown in FIG. 7B can be referred
to as the specification of the metal pads 3105, the insulating
layer 320 and the insulating layer 330 illustrated in FIG. 3E.

The material of the wirebonding pads 310¢ may be gold,
copper, nickel, aluminum, palladium, silver or a composite of
the above-mentioned materials, and the wirebonding pads
310c have a thickness t21 of between 0.05 and 2 micrometers,
and preferably of between 0.1 and 1 micrometer. For
example, the wirebonding pads 310¢ may be formed by elec-
troplating or electroless plating a gold layer with a thickness
of between 0.05 and 2 micrometers, and preferably of
between 0.05 and 1 micrometer, on the topmost copper traces
340q exposed by openings in the insulating layer 320, and the
openings in the insulating layer 320 may be filled up with the
gold layer. Alternatively, the wirebonding pads 310¢ may be
formed by electroplating or electroless plating a palladium
layer with a thickness of between 0.05 and 2 micrometers, and
preferably of between 0.05 and 1 micrometer, on the topmost
copper traces 340a exposed by openings in the insulating
layer 320, and the openings in the insulating layer 320 may be
filled up with the palladium layer. Alternatively, the wireb-
onding pads 310c¢ may be formed by electroplating or elec-
troless plating a silver layer with a thickness of between 0.05
and 2 micrometers, and preferably of between 0.1 and 1
micrometer, on the topmost copper traces 340a exposed by
openings in the insulating layer 320, and the openings in the
insulating layer 320 may be filled up with the silver layer.
Alternatively, the wirebonding pads 310¢ may be formed by
electroplating or electroless plating an aluminum layer with a
thickness of between 0.05 and 2 micrometers, and preferably
of between 0.1 and 1 micrometer, on the topmost copper
traces 340a exposed by openings in the insulating layer 320,
and the openings in the insulating layer 320 may be filled up
with the aluminum layer. Alternatively, the wirebonding pads
310c¢ may be formed by electroless plating a nickel layer with
athickness of between 0.05 and 1 micrometer on the topmost
copper traces 340a exposed by openings in the insulating
layer 320, and electroless plating a gold layer with a thickness
of between 0.05 and 1 micrometer on the nickel layer in the
openings in the insulating layer 320, and the openings in the
insulating layer 320 may be filled up with the nickel layer and
the gold layer.

In a case, the substrate 300a may comprise a core layer,
such as a glass fiber reinforced epoxy with a thickness of
between 200 and 2,000 pm, multiple copper circuit layers
respectively over and under the core layer, and multiple poly-
mer layers between the neighboring copper circuit layers. The
copper circuit layers provide the circuit structure in the sub-
strate 300a. The wirebonding pads 310c¢ are on the copper
traces 340qa of the topmost copper circuit layer, and the metal
pads 3105 are on the copper traces 3405 of the bottommost
copper circuit layer.

In another case, the substrate 300a may comprise multiple
copper circuit layers and multiple ceramic layers between the
neighboring copper circuit layers. The copper circuit layers
provide the circuit structure in the substrate 300a. The wire-
bonding pads 310c are on the copper traces 340a of the
topmost copper circuit layer, and the metal pads 3105 are on
the copper traces 3405 of the bottommost copper circuit layer.

The substrate 300a may be a ball grid array (BGA) sub-
strate with a thickness 122 of between 200 and 2,000 um.
Alternatively, the substrate 300a may be a glass fiber rein-
forced epoxy based substrate with a thickness 122 of between
200 and 2,000 um. Alternatively, the substrate 300a may be a
silicon substrate with a thickness t22 of between 200 and
2,000 pm. Alternatively, the substrate 300a may be a ceramic
substrate with a thickness t22 of between 200 and 2,000 um.
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Alternatively, the substrate 300a may be an organic substrate
with a thickness t22 of between 200 and 2,000 pum.

Referring to FIGS. 7B and 7C, a glue material 650 is first
formed on the insulating layer 320 of the substrate 300a by a
dispensing process after the semiconductor chip 2 is bonded
with the flexible circuit film 46. Next, the polymer layer 200
of the flexible circuit film 46 adheres onto the glue material
650, and then the glue material 650 is baked at a temperature
of between 100 and 200° C. and to a thickness t23 between 5
and 30 micrometers if the glue material 650 is an epoxy.
Alternatively, the glue material 650 can be polyimide, silver-
filed epoxy or polyester. Thereby, the flexible circuit film 46
can be joined with the substrate 3004. In another word, the
flexible circuit film 46 boned with the semiconductor chip 2
can be joined with the substrate 300q using the glue material
650.

Referring to FIG. 7C, there is no opening in the polymer
layer 200 exposing the copper traces 210 to lead the copper
traces 210 to be connected to the substrate 300a.

Referring to FIG. 7D, after the flexible circuit film 46 is
joined with the substrate 300q, wireboning wires 400 having
adiameter of between 12 and 40 micrometers are bonded with
the wirebondable layer 230 and with the wirebonding pads
310c¢ via a wire-bonding process. The wireboning wires 400
may be gold wires with a diameter of between 12 and 40
micrometers. Thereby, the wirebondable layer 230 of the
flexible circuit film 46 can be electrically connected to the
wirebonding pads 310¢ of the substrate 300a through the
wireboning wires 400.

Referring to FIG. 7E, a polymer compound 360 is formed
on the semiconductor chip 2, on the flexible circuit film 46
and on a peripheral region of the substrate 300a by molding
an epoxy-based polymer with carbon fillers therein on the
semiconductor chip 2, on the flexible circuit film 46 and on
the peripheral region of the substrate 300q at a temperature of
between 130 and 250° C. The polymer compound 360
encloses the wireboning wires 400, to protect the wireboning
wires 400. Alternatively, the polymer compound 360 can be
polyimide or polyester. Preferably, the polymer compound
360 has a value of Young’s modulus less than 0.5 GPa.

Referring to FIG. 7F, after the polymer compound 360 is
formed, the solder balls 502 may be formed, in a ball-grid-
array arrangement, on the metal pads 3105 of the substrate
300q using a ball placement process. The process, of forming
the solder balls 502 on the metal pads 3105 of the substrate
300aq, as shown in FIG. 7F can be referred to as the process, of
forming the solder balls 502 on the metal pads 3105 of the
substrate 300, as illustrated in FIGS. 3J and 3K. The specifi-
cation of the solder balls 502 shown in FIG. 7F can be referred
to as the specification of the solder balls 502 illustrated in
FIGS. 3] and 3K. After the solder balls 502 are formed on the
substrate 3004, the substrate 3004 and the polymer compound
360 can be optionally cut into multiple units.

FIG. 7G is a perspective view showing FIG. 7F. The fine-
pitched metal bumps 12 of the semiconductor chip 2 can be
fanned out through the copper traces 210 of the flexible circuit
film 46 by bonding the semiconductor chip 2 with the flexible
circuit film 46. The flexible circuit film 46 is also joined with
the substrate 300a, and the wireboning wires 400 connect the
flexible circuit film 46 to the substrate 300a. Thereby, the
semiconductor chip 2 has the fine-pitched metal bumps 12
connected to an external circuit, such as a printed circuit
board (PCB) comprising a glass fiber as a core, through the
copper traces 210 of the flexible circuit film 46, the wireb-
onding wires 400 and the circuit structure of the substrate
300a.
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Alternatively, the solder balls 502 can be omitted, as shown
in FIG. 7E. The substrate 300a can be optionally sawed into
multiple units. After sawing the substrate 300a, the metal
pads 3105 of the substrate 3004 can be joined with a solder,
containing pure tin, a tin-silver alloy, a tin-lead alloy or a
tin-silver-copper alloy, preformed on an external circuit or
can contact with contact points of a socket.

FIG. 7H is a schematically cross-sectional figure showing
a chip package including the semiconductor chip 2 joined
with a flexible circuit substrate 48 using a tape-automated-
bonding (TAB) technology. The above-mentioned flexible
circuit film 46 can be replaced by the flexible circuit film 48.
The flexible circuit film 48 includes the polymer layer 200,
the polymer layer 220, the wirebondable layer 230, the wet-
ting layer 2405 and the copper traces 210 between the poly-
mer layers 200 and 220, wherein the openings 2205 in the
polymer layer 220 expose contact points of the copper traces
210, and the polymer layers 200 and 220 uncover top and
bottom sides of the copper traces 210 at the center portion of
the flexible circuit film 48. The wirebondable layer 230 is on
the contact points, exposed by openings 2205, of the copper
traces 210 in the polymer layer 220, and the wetting layer
2405 is on the copper traces 210 at the center portion of the
flexible circuit film 48. The specification of the polymer layer
200, the polymer layer 220 and the copper traces 210 shown
in FIG. 7H can be referred to as the specification of the
polymer layer 200, the polymer layer 220 and the copper
traces 210 illustrated in FIG. 3A. The specification of the
wirebondable layer 230 shown in FIG. 7H can be referred to
as the specification of the wirebondable layer 230 illustrated
in FIG. 7A. The specification of the wetting layer 2406 shown
in FIG. 7H can be referred to as the specification of the
wetting layer 2405 illustrated in FIG. 3S. Alternatively, the
copper traces 210 can be replaced by gold traces having a
thickness of between 3 and 30 pum, of between 5 and 20
micrometers or of between 4 and 10 micrometers. Alterna-
tively, the copper traces 210 can be replaced by silver traces
having a thickness of between 3 and 30 um, of between 5 and
20 micrometers or of between 4 and 10 micrometers.

The metal bumps 12 of the semiconductor chip 2 are
bonded with the copper traces 210 at the center portion of the
flexible circuit film 48 through the interface bonding layer
250. The specification of the interface bonding layer 250
shown in FIG. 7H can be referred to as the specification of the
interface bonding layer 250 formed in the process as illus-
trated in the first case shown in FIGS. 3R and 3S. The method,
of bonding the metal bumps 12 of the semiconductor chip 2
with the copper traces 210 of the flexible circuit film 48, as
shown in FIG. 7H can be referred to as the method, of bonding
the metal bumps 12 of the semiconductor chip 2 with the
copper traces 210 of the flexible circuit film 38, as illustrated
in the first and second cases shown in FIGS. 3R and 3S. When
the step of bonding a gold layer of the metal bumps 12 with
the wetting layer 2405 of a tin-containing layer is performed,
the specification of the metal bumps 12 between the semicon-
ductor chip 2 and the interface bonding layer 250 shown in
FIG. 7TH can be referred to as the specification of the metal
bumps 12, between the semiconductor chip 2 and the inter-
face bonding layer 250, formed in the process as illustrated in
the first case shown in FIGS. 3R and 3S. Alternatively, when
the step of bonding a gold layer of the metal bumps 12 with
the wetting layer 2405 of a gold layer is performed, the
specification of the metal bumps 12 between the semiconduc-
tor chip 2 and the copper traces 210 shown in FIG. 7H can be
referred to as the specification of the metal bumps 12,
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between the semiconductor chip 2 and the copper traces 210,
formed in the as illustrated in the second case shown in FIG.
3S.

Referring to FIG. 71, the polymer layer 260 can be formed
by dispensing a polymer on the semiconductor chip 2 with the
polymer enclosing the metal bumps 12 and the copper traces
210 at the center portion of the flexible circuit film 48, and
then curing the polymer at a temperature of between 100 and
250° C. The material of the polymer layer 260 may be expoxy,
polyester or polyimide. The specification of the substrate
300a shown in FIG. 71 can be referred to as the specification
of the substrate 300q illustrated in FIG. 7B.

Referring to FIGS. 71 and 7], the glue material 650 is first
formed on the insulating layer 320 of the substrate 300a by a
dispensing process after the semiconductor chip 2 is bonded
with the flexible circuit film 48. Next, the polymer layer 200
of the flexible circuit film 48 adheres onto the glue material
650, and then the glue material 650 is baked at a temperature
of between 100 and 200° C. and to a thickness t23 between 5
and 30 micrometers if the glue material 650 is an epoxy.
Alternatively, the glue material 650 can be polyimide or poly-
ester. Thereby, the flexible circuit film 48 can be joined with
the substrate 300a. In another word, the flexible circuit film
48 boned with the semiconductor chip 2 can be joined with
the substrate 300a using the glue material 650.

Referring to FIG. 7], there is no opening in the polymer
layer 200 exposing the copper traces 210 to lead the copper
traces 210 to be connected to the substrate 300a.

Referring to FIG. 7K, after the flexible circuit film 48 is
joined with the substrate 300q, the wireboning wires 400
having a diameter of between 12 and 40 micrometers are
bonded with the wirebondable layer 230 and with the wireb-
onding pads 310c¢ via a wire-bonding process. The wirebon-
ing wires 400 may be gold wires with a diameter of between
12 and 40 micrometers. Thereby, the wirebondable layer 230
of'the flexible circuit film 48 can be electrically connected to
the wirebonding pads 310c of the substrate 300a through the
wireboning wires 400.

Referring to FIG. 7L, the polymer compound 360 is
formed on the semiconductor chip 2, on the flexible circuit
film 48 and on a peripheral region of the substrate 300a by
molding an epoxy-based polymer with carbon fillers therein
on the semiconductor chip 2, on the flexible circuit film 48
and on the peripheral region of the substrate 300q at a tem-
perature of between 130 and 250° C. The polymer compound
360 encloses the wireboning wires 400, to protect the wireb-
oning wires 400. Alternatively, the polymer compound 360
can be polyimide or polyester. Preferably, the polymer com-
pound 360 has a value of Young’s modulus less than 0.5 GPa.

Referring to FIG. 7M, after the polymer compound 360 is
formed, the solder balls 502 may be formed, in a ball-grid-
array arrangement, on the metal pads 3105 of the substrate
300q using a ball placement process. The process, of forming
the solder balls 502 on the metal pads 3105 of the substrate
300aq, as shown in FIG. 7M can be referred to as the process,
of forming the solder balls 502 on the metal pads 31056 of the
substrate 300, as illustrated in FIGS. 3J and 3K. The specifi-
cation of the solder balls 502 shown in FIG. 7M can be
referred to as the specification of the solder balls 502 illus-
trated in FIGS. 3] and 3K. After the solder balls 502 are
formed on the substrate 300a, the substrate 300a and the
polymer compound 360 can be optionally cut into multiple
units.

The fine-pitched metal bumps 12 of the semiconductor
chip 2 can be fanned out through the copper traces 210 of the
flexible circuit film 48 by bonding the semiconductor chip 2
with the flexible circuit film 48. The flexible circuit film 48 is
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also joined with the substrate 3004, and the wireboning wires
400 connect the flexible circuit film 48 to the substrate 300a.
Thereby, the semiconductor chip 2 has the fine-pitched metal
bumps 12 connected to an external circuit, such as a printed
circuit board (PCB) comprising a glass fiber as a core,
through the copper traces 210 of the flexible circuit film 48,
the wirebonding wires 400 and the circuit structure of the
substrate 300a.

Alternatively, the solder balls 502 can be omitted, as shown
in FIG. 7L. The substrate 300a can be optionally sawed into
multiple units. After sawing the substrate 300a, the metal
pads 3105 of the substrate 3004 can be joined with a solder,
containing pure tin, a tin-silver alloy, a tin-lead alloy or a
tin-silver-copper alloy, preformed on an external circuit or
can contact with contact points of a socket.

Embodiment 5

FIG. 8A is a schematically cross-sectional figure showing
a chip-on-film package. A flexible circuit film 42 includes a
polymer layer 200, a polymer layer 220, a wetting layer 2405,
a wetting layer 240c¢ and copper traces 210 between the poly-
mer layers 200 and 220, wherein the polymer layers 200 and
220 uncover top and bottom sides of the copper traces 210 at
the outer portion of the flexible circuit film 42, and openings
220a in the polymer layer 220 expose contact points 71, 72,
73 and 74 of the copper traces 210. The wetting layer 2405 is
on the contact points 71, 72, 73 and 74 of the copper traces
210 exposed by the openings 220a in the polymer layer 220.
The wetting layer 240c¢ is on the copper traces 210 at the outer
portion of the flexible circuit film 42. The specification of the
polymer layer 200, the polymer layer 220 and the copper
traces 210 shown in FIG. 8A can be referred to as the speci-
fication of the polymer layer 200, the polymer layer 220 and
and the copper traces 210 illustrated in FIG. 3A. The speci-
fication of the wetting layer 2405 shown in FIG. 8A can be
referred to as the specification of the wetting layer 2405
illustrated in FIGS. 3B and 3C. The specification of the wet-
ting layer 240c¢ shown in FIG. 8A can be referred to as the
specification of the wetting layer 240c¢ illustrated in FIG. 6 A.
Alternatively, the copper traces 210 can be replaced by gold
traces having a thickness of between 3 and 30 um, of between
5 and 20 micrometers or of between 4 and 10 micrometers.
Alternatively, the copper traces 210 can be replaced by silver
traces having a thickness of between 3 and 30 um, of between
5 and 20 micrometers or of between 4 and 10 micrometers.

The metal bumps 12 of the semiconductor chip 2 are
bonded with the contact points 71 and 72, exposed by the
openings 220a, of the copper traces 210 of the flexible circuit
film 42 through an interface bonding layer 250, and multiple
metal bumps 62 of an electronic device 60 are bonded with the
contact points 73 and 74, exposed by the openings 220a, of
the copper traces 210 of the flexible circuit film 42 through an
interface bonding layer 255. The electronic device 60 can be
a passive device, such as resistor, capacitor or inductor, or
another semiconductor chip. The semiconductor chip 2 is
connected to the electronic device 60 through the copper trace
210 at the center portion of the flexible circuit film 42. A
method for bonding the metal bumps 12 of the semiconductor
chip 2 with the contact points 71 and 72 of the copper traces
210 of the flexible circuit film 42, and for bonding the metal
bumps 62 of the electronic device 60 with the contact points
73 and 74 of the copper traces 210 of the flexible circuit film
42 are described as shown in FIG. 8B and FIG. 8C.

Referring to FIGS. 8B and 8C, the flexible circuit film 42
can be connected to the semiconductor chip 2 and to the
electronic device 60. The flexible circuit film 42 has the
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wetting layer 240¢ to be joined with the substrate 300 shown
in FIG. 3E, and the wetting layer 2405 to be joined with the
metal bumps 12 of the semiconductor chip 2 and with the
metal bumps 62 of the electronic device 60. The metal bumps
62 of the electronic device 60 having a thickness of between
5 and 200 micrometers, and preferably of between 10 and 50
micrometers, may comprise gold, copper, nickel, silver, tin,
palladium or a composite of the above-mentioned materials.
A pitch between the neighboring metal bumps 62 is greater
than 1 micrometer, greater than 5 micrometers, less than 35
micrometers, less than 30 micrometers, less than 25
micrometers or less than 20 micrometers, such as between 1
and 30 micrometers or between 2 and 20 micrometers. For
example, the metal bumps 62 may be gold bumps having a
thickness of between 5 and 200 micrometers, and preferably
of between 10 and 50 micrometers. Alternatively, the metal
bumps 62 may be copper bumps having a thickness of
between 5 and 200 micrometers, and preferably of between
10 and 50 micrometers. Alternatively, the metal bumps 62
may be tin-containing bumps having a thickness of between 5
and 200 micrometers, and preferably of between 10 and 50
micrometers, wherein the tin-containing bumps may be made
of a lead-free solder, such as a tin-silver alloy or a tin-silver-
copper alloy, of an eutectic solder, such as a tin-lead alloy, or
of'a high-lead solder containing more than 90 weight percent
of lead. Alternatively, the metal bumps 62 may comprise a
copper layer having a thickness of between 0.5 and 45
micrometers, and preferably of between 5 and 35 microme-
ters, a nickel layer having a thickness of between 0.5 and 5
micrometers, and preferably of between 1 and 3 micrometers,
on the copper layer, and a gold layer having a thickness of
between 0.5 and 5 micrometers, and preferably of between 1
and 3 micrometers, on the nickel layer.

In a first case, referring to FIGS. 8B and 8C, the metal
bumps 12 and 62 have the above-mentioned gold layer, at the
tips of the metal bumps 12 and 62, capable of being used to be
joined with the wetting layer 2405 of pure tin or an above-
mentioned tin alloy using flip-chip bonding, which method is
described as below. First, the flexible circuit film 42 is placed
ona stage 6004 kept at a temperature of between 150 and 450°
C., and preferably of between 250 and 400° C., and the
semiconductor chip 2 is held by vacuum adsorption on a tool
head 610a kept at a temperature of between 250 and 500° C.,
of between 350 and 450° C. or of between 100 and 500° C.
Next, the semiconductor chip 2 is thermally pressed on the
wetting layer 2405 of the flexible circuit film 42 at a force of
between 20 and 150N, and preferably of between 50 and 90N,
for a time of between 0.1 and 10 seconds, and preferably of
between 0.5 and 3 seconds, by the tool head 610a kept at a
temperature of between 250 and 500° C., of between 350 and
450° C. or of between 100 and 500° C., optionally applying
ultrasonic waves to the metal bumps 12 and to the wetting
layer 2405 of the flexible circuit film 42, to join the metal
bumps 12 with the wetting layer 2405. In the step of joining
the metal bumps 12 with the wetting layer 2405, the interface
bonding layer 250, such as a metal alloy, may be formed
between the metal bumps 12 and the contact points 71 and 72
of the copper traces 210. The interface bonding layer 250
between the metal bumps 12 and the contact points 71 and 72
of'the copper traces 210 has a thickness of between 0.2 and 10
micrometers or of between 0.4 and 5 micrometers. When the
wetting layer 2405 before bonded with the gold layer of the
metal bumps 12 is pure tin, the interface bonding layer 250 is
a tin-gold alloy having a thickness of between 0.2 and 10
micrometers or of between 0.4 and 5 micrometers, wherein an
atomic ratio of tin to gold in the tin-gold alloy is between 0.2
and 0.3. When the wetting layer 24056 before bonded with the
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gold layer of the metal bumps 12 is a tin-silver-copper alloy,
the interface bonding layer 250 is a tin-silver-gold-copper
alloy having a thickness of between 0.2 and 10 micrometers
or of between 0.4 and 5 micrometers. When the wetting layer
2405 before bonded with the gold layer of the metal bumps 12
is a tin-silver alloy, the interface bonding layer 250 is a tin-
silver-gold alloy having a thickness of between 0.2 and 10
micrometers or of between 0.4 and 5 micrometers. Next, the
tool head 610q is removed from the semiconductor chip 2.
Next, the electronic device 60 is held by vacuum adsorption
on the tool head 610a kept at a temperature of between 250
and 500° C., of between 350 and 450° C. or of between 100
and 500° C. Next, the electronic device 60 is thermally
pressed on the wetting layer 2405 of the flexible circuit film
42 at a force of between 20 and 150N, and preferably of
between 50 and 90N, for a time of between 0.1 and 10 sec-
onds, and preferably of between 0.5 and 3 seconds, by the tool
head 610a kept at a temperature of between 250 and 500° C.,
of between 350 and 450° C. or of between 100 and 500° C.,
optionally applying ultrasonic waves to the metal bumps 62
and to the wetting layer 2405 of the flexible circuit film 42, to
join the metal bumps 62 with the wetting layer 2405. Refer-
ring to FIGS. 8A and 8C, in the step of joining the metal
bumps 62 with the wetting layer 2405, the interface bonding
layer 255, such as a metal alloy, may be formed between the
metal bumps 62 and the contact points 73 and 74 of the copper
traces 210. The interface bonding layer 255 between the
metal bumps 62 and the contact points 73 and 74 of the copper
traces 210 has a thickness of between 0.2 and 10 micrometers
or of between 0.4 and 5 micrometers. When the wetting layer
2405 before bonded with the gold layer of the metal bumps 62
is pure tin, the interface bonding layer 255 is a tin-gold alloy
having a thickness of between 0.2 and 10 micrometers or of
between 0.4 and 5 micrometers, wherein an atomic ratio of tin
to gold in the tin-gold alloy is between 0.2 and 0.3. When the
wetting layer 2405 before bonded with the gold layer of the
metal bumps 62 is a tin-silver-copper alloy, the interface
bonding layer 255 is a tin-silver-gold-copper alloy having a
thickness of between 0.2 and 10 micrometers or of between
0.4 and 5 micrometers. When the wetting layer 2405 before
bonded with the gold layer of the metal bumps 62 is a tin-
silver alloy, the interface bonding layer 255 is a tin-silver-
gold alloy having a thickness of between 0.2 and 10 microme-
ters or of between 0.4 and 5 micrometers. Next, the tool head
610a is removed from the electronic device 60. Next, the
flexible circuit film 42 bonded with the semiconductor chip 2
and with the electronic device 60 is removed from the stage
600a.

The specification of the metal bumps 12 between the semi-
conductor chip 2 and the interface bonding layer 250 shown
in FIGS. 8A and 8C can be referred to as the specification of
the metal bumps 12, between the semiconductor chip 2 and
the interface bonding layer 250, formed in the process as
illustrated in the first case shown in FIGS. 3A and 3B.

The metal bumps 62 bonded with the contact points 73 and
74 of the copper traces 210 of the flexible circuit film 42 have
athickness of between 5 and 200 micrometers, and preferably
of between 10 and 50 micrometers. For example, the metal
bumps 62 between the electronic device 60 and the interface
bonding layer 255 may include a gold layer having a thick-
ness of between 5 and 200 micrometers, and preferably of
between 10 and 50 micrometers, between the electronic
device 60 and the interface bonding layer 255. Alternatively,
the metal bumps 62 between the electronic device 60 and the
interface bonding layer 255 may include a copper layer hav-
ing a thickness of between 5 and 200 micrometers, and pref-
erably of between 10 and 50 micrometers, between the elec-
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tronic device 60 and the interface bonding layer 255.
Alternatively, the metal bumps 62 between the electronic
device 60 and the interface bonding layer 255 may include a
copper layer having a thickness of between 0.5 and 45
micrometers, and preferably of between 5 and 35 microme-
ters, between the electronic device 60 and the interface bond-
ing layer 255, a nickel layer having a thickness of between 0.5
and 5 micrometers, and preferably of between 1 and 3
micrometers, on the copper layer and between the copper
layer and the interface bonding layer 255, and a gold layer
having a thickness of between 0.5 and 5 micrometers, and
preferably of between 1 and 3 micrometers, on the nickel
layer and between the nickel layer and the interface bonding
layer 255. Alternatively, the metal bumps 62 between the
electronic device 60 and the interface bonding layer 255 may
include a copper layer having a thickness of between 0.5 and
45 micrometers, and preferably of between 5 and 35
micrometers, between the electronic device 60 and the inter-
face bonding layer 255, and a nickel layer having a thickness
of'between 0.5 and 5 micrometers, and preferably of between
1 and 3 micrometers, on the copper layer and between the
copper layer and the interface bonding layer 255. Alterna-
tively, the metal bumps 62 between the electronic device 60
and the interface bonding layer 255 may include a copper
layer having a thickness of between 0.5 and 45 micrometers,
and preferably of between 5 and 35 micrometers, between the
electronic device 60 and the interface bonding layer 255, and
agold layer having a thickness of between 0.5 and 5 microme-
ters, and preferably of between 1 and 3 micrometers, on the
copper layer and between the copper layer and the interface
bonding layer 255.

In a second case, referring to FIGS. 8B and 8C, the metal
bumps 12 and 62 have the above-mentioned gold layer, at the
tips of the metal bumps 12 and 62, capable of being used to be
joined with a gold layer of the wetting layer 2405 using
flip-chip bonding, which method is described as below. First,
the flexible circuit film 42 is placed on the stage 600a kept at
a temperature of between 150 and 450° C., and preferably of
between 250 and 400° C., and the semiconductor chip 2 is
held by vacuum adsorption on the tool head 610a kept at a
temperature of between 250 and 500° C., of between 350 and
450° C. or of between 100 and 500° C. Next, the semicon-
ductor chip 2 is thermally pressed on the wetting layer 24056 of
the flexible circuit film 42 at a force of between 20 and 150N,
and preferably of between 70 and 120N, for atime of between
0.1 and 10 seconds, and preferably of between 0.5 and 3
seconds, by the tool head 610a kept at a temperature of
between 250 and 500° C., of between 350 and 450° C. or of
between 100 and 500° C., optionally applying ultrasonic
waves to the metal bumps 12 and to the wetting layer 2405 of
the flexible circuit film 42, to join the above-mentioned gold
layer of the metal bumps 12 with the gold layer of the wetting
layer 2405. Next, the tool head 610a is removed from the
semiconductor chip 2. Next, the electronic device 60 is held
by vacuum adsorption on the tool head 610a kept at a tem-
perature of between 250 and 500° C., of between 350 and
450° C. or of between 100 and 500° C. Next, the electronic
device 60 is thermally pressed on the wetting layer 2405 of
the flexible circuit film 42 at a force of between 20 and 150N,
and preferably of between 70 and 120N, for atime of between
0.1 and 10 seconds, and preferably of between 0.5 and 3
seconds, by the tool head 610a kept at a temperature of
between 250 and 500° C., of between 350 and 450° C. or of
between 100 and 500° C., optionally applying ultrasonic
waves to the metal bumps 62 and to the wetting layer 2405 of
the flexible circuit film 42, to join the above-mentioned gold
layer of the metal bumps 62 with the gold layer of the wetting
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layer 2405. Next, the tool head 610a is removed from the
electronic device 60. Next, the flexible circuit film 42 bonded
with the semiconductor chip 2 and with the electronic device
60 is removed from the stage 600a.

Thereby, the pads 18 of the semiconductor chip 2 can be
connected to the contact points 71 and 72 of the copper traces
210 of the flexible circuit film 42 through gold joints formed
by joining the above-mentioned gold layer of the metal
bumps 12 with the gold layer of the wetting layer 24056. The
specification of the metal bumps 12, between the semicon-
ductor chip 2 and the copper traces 210, formed in the process
as illustrated in the second case shown in FIGS. 8B and 8C
can be referred to as the specification of the metal bumps 12,
between the semiconductor chip 2 and the copper traces 210,
formed in the process as illustrated in the second case shown
in FIG. 3B.

The electronic device 60 can be connected to the contact
points 73 and 74 ofthe copper traces 210 of the flexible circuit
film 42 through gold joints formed by joining the above-
mentioned gold layer of the metal bumps 62 with the gold
layer of the wetting layer 2405. For example, the metal bumps
62 between the electronic device 60 and the contact points 73
and 74 of the copper traces 210 may include a gold joint
having a thickness of between 5 and 200 micrometers, and
preferably of between 10 and 50 micrometers, between the
electronic device 60 and the contact points 73 and 74 of the
copper traces 210. Alternatively, the metal bumps 62 between
the electronic device 60 and the contact points 73 and 74 of
the copper traces 210 may include a copper layer having a
thickness of between 0.5 and 45 micrometers, and preferably
of between 5 and 35 micrometers, between the electronic
device 60 and the contact points 73 and 74 of the copper traces
210, a nickel layer having a thickness of between 0.5 and 5
micrometers, and preferably of between 1 and 3 micrometers,
on the copper layer and between the copper layer and the
contact points 73 and 74 of the copper traces 210, and a gold
joint having a thickness of between 0.5 and 5 micrometers,
and preferably of between 1 and 3 micrometers, on the nickel
layer and between the nickel layer and the contact points 73
and 74 of the copper traces 210. Alternatively, the metal
bumps 62 between between the electronic device 60 and the
contact points 73 and 74 of the copper traces 210 may include
a copper layer having a thickness of between 0.5 and 45
micrometers, and preferably of between 5 and 35 pm,
between the electronic device 60 and the contact points 73
and 74 of the copper traces 210, and a gold joint having a
thickness of between 0.5 and 5 micrometers, and preferably
of between 1 and 3 micrometers, on the copper layer and
between the copper layer and the contact points 73 and 74 of
the copper traces 210.

Referring to FIG. 8D, a polymer layer 260 is filled into the
gap between the semiconductor chip 2 and the flexible circuit
film 42 and into the gap between the electronic device 60 and
the flexible circuit film 42, enclosing the metal bumps 12 and
62, by dispensing a polymer on the flexible circuit film 42
close to the semiconductor chip 2 and close to the electronic
device 60, with the polymer flowing into the gap between the
semiconductor chip 2 and the flexible circuit film 42 and into
the gap between the electronic device 60 and the flexible
circuit film 42, and then curing the flowing polymer at a
temperature of between 100 and 250° C. The material of the
polymer layer 260 may be expoxy, polyester, polybenzox-
azole or polyimide.

Referring to FIG. 8E, the flexible circuit film 42 is joined
with the substrate 300 shown in FIG. 6B by joining the wet-
ting layer 240¢ of the flexible circuit film 42 with the metal
joints 410¢, shown in FIG. 6B, screen printed on the metal
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pads 3104 of the substrate 300 in advance, wherein the metal
joints 410¢ may be pure tin, a tin-silver alloy, a tin-silver-
copper alloy or a tin-lead alloy. There is no opening in the
polymer layer 200 exposing the copper traces 210 to lead the
copper traces 210 to be connected to the substrate 300. The
methods of bonding the flexible circuit film 42 with the sub-
strate 300, as shown in FIG. 8E, can be referred to as the
methods of bonding the flexible circuit film 42 with the sub-
strate 300, as illustrated in the first and second cases shown in
FIGS. 6B and 6C.

Alternatively, the metal joints 4104 can be replaced by an
anisotropic conductive film (ACF). The anisotropic conduc-
tive film can be preformed on the metal pads 310a of the
substrate 300 shown in FIG. 3E, and then the wetting layer
240c¢ on the copper traces 210 at the outer portion of the
flexible circuit film 42 can be pressed on the anisotropic
conductive film, such that metal particles in the anisotropic
conductive film connects the wetting layer 240c¢ of the flex-
ible circuit film 42 to the metal pads 310a of the substrate 300.

Referring to FIG. 8F, after the flexible circuit film 42 is
bonded with the substrate 300, a polymer layer 350a can be
filled into the gap between the flexible circuit film 42 and the
substrate 300, enclosing the metal joints 4104 and the wetting
layer 240c, by dispensing a polymer on the substrate 300
close to the flexible circuit film 42, with the polymer flowing
into the gap between the flexible circuit film 42 and the
substrate 300, and then curing the flowing polymer at a tem-
perature of between 100 and 250° C. The material of the
polymer layer 350a may be expoxy, polyester or polyimide,
and the polymer layer 350a between the flexible circuit film
42 and the substrate 300 has a thickness t20 of between 1 and
30 micrometers.

Referring to FIG. 8G, a polymer compound 360 is formed
on the semiconductor chip 2, on the electronic device 60, on
the flexible circuit film 42 and on a peripheral region of the
substrate 300 by molding an epoxy-based polymer with car-
bon fillers therein on the semiconductor chip 2, on the elec-
tronic device 60, on the flexible circuit film 42 and on the
peripheral region of the substrate 300 at a temperature of
between 130 and 250° C. Alternatively, the polymer com-
pound 360 can be polyimide or polyester. Preferably, the
polymer compound 360 has a value of Young’s modulus less
than 0.5 GPa.

Referring to FIG. 8H, after the polymer compound 360 is
formed, solder balls 502 may be formed, in a ball-grid-array
arrangement, on the metal pads 3105 of the substrate 300
using a ball placement process. The process, of forming the
solder balls 502 on the metal pads 3105 of the substrate 300,
as shown in FIG. 8H can be referred to as the process, of
forming the solder balls 502 on the metal pads 3105 of the
substrate 300, as illustrated in FIGS. 6F and 6G. The speci-
fication of the solder balls 502 shown in FIG. 8H can be
referred to as the specification of the solder balls 502 illus-
trated in FIGS. 6F and 6G. After the solder balls 502 are
formed on the substrate 300, the substrate 300 and the poly-
mer compound 360 can be optionally cut into multiple units.

FIG. 81 is a perspective view showing FIG. 8H. The fine-
pitched metal bumps 12 of the semiconductor chip 2 can be
fanned out through the copper traces 210 of the flexible circuit
film 42 by bonding the semiconductor chip 2 with the flexible
circuit film 42. The electronic device 60 is also can be fanned
out through the copper traces 210 of the flexible circuit film
42 by bonding the electronic device 60 with the flexible
circuit film 42, and the electronic device 60 is connected to the
semiconductor chip 2 through the copper traces 210 of the
flexible circuit film 42. The flexible circuit film 42 is bonded
with the substrate 300 to connect the fine-pitched metal
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bumps 12 of the semiconductor chip 2 with the circuit struc-
ture of the substrate 300, and to connect the electronic device
60 with the circuit structure of the substrate 300. Thereby, the
semiconductor chip 2 has the fine-pitched metal bumps 12
connected to an external circuit, such as a printed circuit
board (PCB) comprising a glass fiber as a core, through the
copper traces 210 of'the flexible circuit film 42 and the circuit
structure of the substrate 300, and to the electronic device 60
through the copper traces 210 of the flexible circuit film 42.

Alternatively, referring to FIGS. 8] and 8K, the step of
forming the polymer compound 360, as shown in FIG. 8G,
can be omitted, that is, the semiconductor chip 2, the elec-
tronic device 60 and the flexible circuit film 42 are uncovered
by any polymer compound. Alternatively, referring to FIG.
8L, the step of forming the polymer layer 350a, as shown in
FIG. 8F, can be omitted. Alternatively, referring to FIG. 8M,
the steps of forming the polymer layer 350a, as shown in FI1G.
8F, and of forming the polymer compound 360, as shown in
FIG. 8G, can be omitted, that is, the semiconductor chip 2, the
electronic device 60 and the flexible circuit film 42 are uncov-
ered by any polymer compound.

Alternatively, the solder balls 502 can be omitted, as shown
in FIG. 8G. The substrate 300 can be optionally sawed into
multiple units. After sawing the substrate 300, the metal pads
3105 of the substrate 300 can be joined with a solder, con-
taining pure tin, a tin-silver alloy, a tin-lead alloy or a tin-
silver-copper alloy, preformed on an external circuit or can
contact with contact points of a socket.

Alternatively, the polymer compound 360 and the solder
balls 502 can be omitted, as shown in FIG. 8F. The semicon-
ductor chip 2, the electronic device 60 and the flexible circuit
film 42 are uncovered by any polymer compound. The sub-
strate 300 can be optionally sawed into multiple units. After
sawing the substrate 300, the metal pads 3105 of the substrate
300 can be joined with a solder, containing pure tin, a tin-
silver alloy, a tin-lead alloy or a tin-silver-copper alloy, pre-
formed on an external circuit or can contact with contact
points of a socket.

Alternatively, the polymer layer 350q and the solder balls
502 can be omitted, as shown in FIG. 8N. The substrate 300
can be optionally sawed into multiple units. After sawing the
substrate 300, the metal pads 3105 of the substrate 300 can be
joined with a solder, containing pure tin, a tin-silver alloy, a
tin-lead alloy or a tin-silver-copper alloy, preformed on an
external circuit or can contact with contact points of a socket.

Alternatively, the polymer layer 350a, the polymer com-
pound 360 and the solder balls 502 can be omitted, as shown
in FIG. 8E. The semiconductor chip 2, the electronic device
60 and the flexible circuit film 42 are uncovered by any
polymer compound. The substrate 300 can be optionally
sawed into multiple units. After sawing the substrate 300, the
metal pads 3105 of the substrate 300 can be joined with a
solder, containing pure tin, a tin-silver alloy, atin-lead alloy or
a tin-silver-copper alloy, preformed on an external circuit or
can contact with contact points of a socket.

Referring to FIG. 80, the above-mentioned flexible circuit
film 42 shown in FIG. 8H can be replaced by a flexible circuit
film 44, that is, the semiconductor chip 2 and the electronic
device 60 are bonded with the copper traces 210 at the center
portion of the flexible circuit film 44, followed by forming the
polymer layer 260 on the semiconductor chip 2 and on the
electronic device 60, enclosing the metal bumps 12, the metal
bumps 62 and the wetting layer 2405, followed by performing
the above-mentioned steps as shown in FIGS. 8E-8H. The
flexible circuit film 44 includes the polymer layer 200, the
polymer layer 220, the wetting layer 2405, the wetting layer
240c¢ and the copper traces 210 between the polymer layers
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200 and 220, wherein the polymer layers 200 and 220 uncover
top and bottom sides of the copper traces 210 at the center
portion and the outer portion of the flexible circuit film 44.
The wetting layer 2405 is on the copper traces 210 at the
center portion of the flexible circuit film 44, and the wetting
layer 240c¢ is on the copper traces 210 at the outer portion of
the flexible circuit film 44. There is no opening in the polymer
layer 200 exposing the copper traces 210 to lead the copper
traces 210 to be connected to the substrate 300. The metal
bumps 12 of the semiconductor chip 2 are bonded with the
copper traces 210 at the center portion of the flexible circuit
film 44 through the interface bonding layer 250, and the metal
bumps 62 of the electronic device 60 are bonded with the
copper traces 210 at the center portion of the flexible circuit
film 44 through the interface bonding layer 255.

The specification of the interface bonding layer 250 shown
in FIG. 80 can be referred to as the specification of the
interface bonding layer 250 between the metal bumps 12 and
the copper traces 210 formed in the process as illustrated in
the first case shown in FIGS. 3A and 3B. The specification of
the interface bonding layer 255 shown in FIG. 80 can be
referred to as the specification of the interface bonding layer
255 formed in the process as illustrated in the first case shown
in FIGS. 8A, 8B and 8C. The methods, of bonding the metal
bumps 12 of the semiconductor chip 2 and the metal bumps 62
of the electronic device 60 with the copper traces 210 of the
flexible circuit film 44, as shown in FIG. 80 can be referred to
as the methods, of bonding the metal bumps 12 of the semi-
conductor chip 2 and the metal bumps 62 of the electronic
device 60 with the copper traces 210 of the flexible circuit film
42, as illustrated in the first and second cases shown in FIGS.
8B and 8C. When the step of bonding a gold layer of the metal
bumps 12 with the wetting layer 2405 of a tin-containing
layer is performed, the specification of the metal bumps 12
between the semiconductor chip 2 and the interface bonding
layer 250 shown in FIG. 80 can be referred to as the specifi-
cation of the metal bumps 12, between the semiconductor
chip 2 and the interface bonding layer 250, formed in the
process as illustrated in the first case shown in FIGS. 3A and
3B. Alternatively, when the step of bonding a gold layer of the
metal bumps 12 with the wetting layer 2405 of a gold layer is
performed, the specification of the metal bumps 12 between
the semiconductor chip 2 and the copper traces 210 shown in
FIG. 80 can be referred to as the specification of the metal
bumps 12, between the semiconductor chip 2 and the copper
traces 210, formed in the process as illustrated in the second
case shown in FIG. 3B. When the step of bonding a gold layer
of the metal bumps 62 with the wetting layer 2405 of a
tin-containing layer is performed, the specification of the
metal bumps 62 between the electronic device 60 and the
interface bonding layer 255 shown in FIG. 80 can be referred
to as the specification of the metal bumps 62, between the
electronic device 60 and the interface bonding layer 255,
formed in the process as illustrated in the first case shown in
FIGS. 8A, 8B and 8C. Alternatively, when the step of bonding
a gold layer of the metal bumps 62 with the wetting layer 2405
of a gold layer is performed, the specification of the metal
bumps 62 between the electronic device 60 and the copper
traces 210 shown in FIG. 80 can be referred to as the speci-
fication of the metal bumps 62, between the electronic device
60 and the copper traces 210, formed in the process as illus-
trated in the second case shown in FIGS. 8B and 8C.

Alternatively, the metal joints 4104 shown in FIG. 80 can
be replaced by an anisotropic conductive film (ACF). The
anisotropic conductive film can be preformed on the metal
pads 310a of the substrate 300 shown in FIG. 3E, and then the
wetting layer 240c¢ on the copper traces 210 at the outer
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portion of the flexible circuit film 44 can be pressed on the
anisotropic conductive film, such that metal particles in the
anisotropic conductive film connects the wetting layer 240¢
of the flexible circuit film 44 to the metal pads 310a of the
substrate 300.

Alternatively, the polymer compound 360 shown in FIG.
80 can be omitted, that is, the semiconductor chip 2, the
electronic device 60 and the flexible circuit film 44 are uncov-
ered by any polymer compound. Alternatively, the polymer
layer 350a shown in FIG. 80 can be omitted. Alternatively,
the polymer layer 350a and the polymer compound 360
shown in FIG. 80 can be omitted, that is, the semiconductor
chip 2, the electronic device 60 and the flexible circuit film 44
are uncovered by any polymer compound.

Alternatively, the solder balls 502 shown in FIG. 80 can be
omitted. The substrate 300 can be optionally sawed into mul-
tiple units. After sawing the substrate 300, the metal pads
3105 of the substrate 300 can be joined with a solder, con-
taining pure tin, a tin-silver alloy, a tin-lead alloy or a tin-
silver-copper alloy, preformed on an external circuit or can
contact with contact points of a socket.

Alternatively, the polymer compound 360 and the solder
balls 502 shown in FIG. 80 can be omitted. The semiconduc-
tor chip 2, the electronic device 60 and the flexible circuit film
44 are uncovered by any polymer compound. The substrate
300 can be optionally sawed into multiple units. After sawing
the substrate 300, the metal pads 3105 of the substrate 300 can
be joined with a solder, containing pure tin, a tin-silver alloy,
a tin-lead alloy or a tin-silver-copper alloy, preformed on an
external circuit or can contact with contact points of a socket.

Alternatively, the polymer layer 350q and the solder balls
502 shown in FIG. 80 can be omitted. The substrate 300 can
be optionally sawed into multiple units. After sawing the
substrate 300, the metal pads 3105 of the substrate 300 can be
joined with a solder, containing pure tin, a tin-silver alloy, a
tin-lead alloy or a tin-silver-copper alloy, preformed on an
external circuit or can contact with contact points of a socket.

Alternatively, the polymer layer 350a, the polymer com-
pound 360 and the solder balls 502 shown in FIG. 80 can be
omitted. The semiconductor chip 2, the electronic device 60
and the flexible circuit film 44 are uncovered by any polymer
compound. The substrate 300 can be optionally sawed into
multiple units. After sawing the substrate 300, the metal pads
3105 of the substrate 300 can be joined with a solder, con-
taining pure tin, a tin-silver alloy, a tin-lead alloy or a tin-
silver-copper alloy, preformed on an external circuit or can
contact with contact points of a socket.

Referring to FIGS. 8P and 8Q), the above-mentioned flex-
ible circuit film 42 shown in FIG. 8H can be replaced by a
flexible circuit film 46, and the substrate 300 shown in FIG.
8H can be replaced by the substrate 300a shown in FIG. 7B,
that is, the semiconductor chip 2 and the electronic device 60
are bonded with the copper traces 210 at the center portion of
the flexible circuit film 46, followed by performing the above-
mentioned step as shown in FIG. 8D, followed by joining the
flexible circuit film 46, bonded with the semiconductor chip 2
and with the electronic device 60, with the substrate 300a
using a glue material 650, followed by bonding wireboning
wires 400, such as gold wires, having a diameter of between
12 and 40 micrometers with a wirebondable layer 230 of the
flexible circuit film 46 and with the wirebonding pads 310c of
the substrate 300a via a wire-bonding process, followed by
performing the above-mentioned steps as shown in FIGS.
8G-8H.

The flexible circuit film 46 includes the polymer layer 200,
the polymer layer 220, the wirebondable layer 230, the wet-
ting layer 2405 and the copper traces 210 between the poly-
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mer layers 200 and 220. The wetting layer 2405 is on the
copper traces 210 at the center portion of the flexible circuit
film 46, and the wirebondable layer 230 is on the copper
traces 210 at the outer portion of the flexible circuit film 46.
The wirebondable layer 230 having a thickness of between
0.05 and 2 micrometers, and preferably of between 0.1 and 1
micrometer, may be gold, copper, aluminum, nickel, silver,
palladium or a composite of the above-mentioned materials.
For example, the wirebondable layer 230 may be a gold layer
having a thickness of between 0.05 and 2 micrometers, and
preferably of between 0.05 and 1 micrometer, on the copper
traces 210 at the outer portion of the flexible circuit film 46.
Alternatively, the wirebondable layer 230 may be a palladium
layer having a thickness of between 0.05 and 2 micrometers,
and preferably of between 0.05 and 1 micrometer, on the
copper traces 210 at the outer portion of the flexible circuit
film 46. Alternatively, the wirebondable layer 230 may be a
silver layer having a thickness of between 0.05 and 2
micrometers, and preferably of between 0.1 and 1 microme-
ter, on the copper traces 210 at the outer portion of the flexible
circuit film 46. Alternatively, the wirebondable layer 230 may
be an aluminum layer having a thickness of between 0.05 and
2 micrometers, and preferably of between 0.1 and 1 microme-
ter, on the copper traces 210 at the outer portion of the flexible
circuit film 46. Alternatively, the wirebondable layer 230
comprises a nickel layer having a thickness of between 0.05
and 1 micrometer on the copper traces 210 at the outer portion
of the flexible circuit film 46, and a gold layer having a
thickness of between 0.05 and 1 micrometer on the nickel
layer. There is no opening in the polymer layer 200 exposing
the copper traces 210 to lead the copper traces 210 to be
connected to the substrate 300a. The metal bumps 12 of the
semiconductor chip 2 are bonded with the copper traces 210
at the center portion of the flexible circuit film 46 through the
interface bonding layer 250, and the metal bumps 62 of the
electronic device 60 are bonded with the copper traces 210 at
the center portion of the flexible circuit film 46 through the
interface bonding layer 255.

The specification of the substrate 300a shown in FIG. 8P
can be referred to as the specification of the substrate 300a
illustrated in FIG. 7B. The specification of the interface bond-
ing layer 250 shown in FIG. 8P can be referred to as the
specification of the interface bonding layer 250 between the
metal bumps 12 and the copper traces 210 formed in the
process as illustrated in the first case shown in FIGS. 3A and
3B. The specification of the interface bonding layer 255
shown in FIG. 8P can be referred to as the specification of the
interface bonding layer 255 formed in the process as illus-
trated in the first case shown in FIGS. 8A, 8B and 8C. The
specification of the glue material 650 shown in F1G. 8P can be
referred to as the specification of the glue material 650 illus-
trated in FIGS. 7B and 7C. The process, of forming the glue
material 650, as shown in FIG. 8P can be referred to as the
process, of forming the s glue material 650, as illustrated in
FIGS. 7B and 7C. The methods, of bonding the metal bumps
12 of the semiconductor chip 2 and the metal bumps 62 of the
electronic device 60 with the copper traces 210 of the flexible
circuit film 46, as shown in FIG. 8P can be referred to as the
methods, of bonding the metal bumps 12 of the semiconduc-
tor chip 2 and the metal bumps 62 of the electronic device 60
with the copper traces 210 of the flexible circuit film 42, as
illustrated in the first and second cases shown in FIGS. 8B and
8C. When the step of bonding a gold layer of the metal bumps
12 with the wetting layer 2405 of a tin-containing layer is
performed, the specification of the metal bumps 12 between
the semiconductor chip 2 and the interface bonding layer 250
shown in FIG. 8P can be referred to as the specification of the
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metal bumps 12, between the semiconductor chip 2 and the
interface bonding layer 250, formed in the process as illus-
trated in the first case shown in FIGS. 3A and 3B. Alterna-
tively, when the step of bonding a gold layer of the metal
bumps 12 with the wetting layer 2406 of a gold layer is
performed, the specification of the metal bumps 12 between
the semiconductor chip 2 and the copper traces 210 shown in
FIG. 8P can be referred to as the specification of the metal
bumps 12, between the semiconductor chip 2 and the copper
traces 210, formed in the process as illustrated in the second
case shown in FIG. 3B. When the step of bonding a gold layer
of the metal bumps 62 with the wetting layer 24056 of a
tin-containing layer is performed, the specification of the
metal bumps 62 between the electronic device 60 and the
interface bonding layer 255 shown in FIG. 8P can be referred
to as the specification of the metal bumps 62, between the
electronic device 60 and the interface bonding layer 255,
formed in the process as illustrated in the first case shown in
FIGS. 8A, 8B and 8C. Alternatively, when the step of bonding
agold layer of the metal bumps 62 with the wetting layer 2405
of a gold layer is performed, the specification of the metal
bumps 62 between the electronic device 60 and the copper
traces 210 shown in FIG. 8P can be referred to as the speci-
fication of the metal bumps 62, between the electronic device
60 and the copper traces 210, formed in the process as illus-
trated in the second case shown in FIGS. 8B and 8C.

Alternatively, the solder balls 502 shown in FIGS. 8P and
8Q can be omitted. The substrate 300a can be optionally
sawed into multiple units. After sawing the substrate 300aq,
the metal pads 3105 of the substrate 3004 can be joined with
a solder, containing pure tin, a tin-silver alloy, a tin-lead alloy
or a tin-silver-copper alloy, preformed on an external circuit
or can contact with contact points of a socket.

Referring to FIG. 8R, the above-mentioned flexible circuit
film 42 shown in FIG. 8H can be replaced by a flexible circuit
film 48, and the substrate 300 shown in FIG. 8H can be
replaced by the substrate 300a shown in FIG. 7B, that is, the
semiconductor chip 2 and the electronic device 60 are bonded
with the copper traces 210 at the center portion of the flexible
circuit film 48, followed by forming the polymer layer 260 on
the semiconductor chip 2 and on the electronic device 60,
enclosing the metal bumps 12, the metal bumps 62 and the
wetting layer 2405, followed by joining the flexible circuit
film 48, bonded with the semiconductor chip 2 and with the
electronic device 60, with the substrate 300a using the glue
material 650, followed by bonding the wireboning wires 400,
such as gold wires, having a diameter of between 12 and 40
micrometers with the wirebondable layer 230 of the flexible
circuit film 48 and with the wirebonding pads 310c¢ of the
substrate 300a via a wire-bonding process, followed by per-
forming the above-mentioned steps as shown in FIGS.
8G-8H.

The flexible circuit film 48 includes the polymer layer 200,
the polymer layer 220, the wirebondable layer 230, the wet-
ting layer 2405 and the copper traces 210 between the poly-
mer layers 200 and 220, wherein the polymer layers 200 and
220 uncover top and bottom sides of the copper traces 210 at
the center portion of the flexible circuit film 48. The wetting
layer 24054 is on the copper traces 210 at the center portion of
the flexible circuit film 48, and the wirebondable layer 230 is
on the copper traces 210 at the outer portion of the flexible
circuit film 48. There is no opening in the polymer layer 200
exposing the copper traces 210 to lead the copper traces 210
to be connected to the substrate 3004a. The metal bumps 12 of
the semiconductor chip 2 are bonded with the copper traces
210 at the center portion of the flexible circuit film 48 through
the interface bonding layer 250, and the metal bumps 62 of the
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electronic device 60 are bonded with the copper traces 210 at
the center portion of the flexible circuit film 48 through the
interface bonding layer 255.

The specification of the substrate 300a shown in FIG. 8R
can be referred to as the specification of the substrate 300a
illustrated in FIG. 7B. The specification of the wirebondable
layer 230 shown in FIG. 8R can be referred to as the specifi-
cation of the wirebondable layer 230 illustrated in FIGS. 8P
and 8Q. The specification of the interface bonding layer 250
shown in FIG. 8R can be referred to as the specification of the
interface bonding layer 250 between the metal bumps 12 and
the copper traces 210 formed in the process as illustrated in
the first case shown in FIGS. 3A and 3B. The specification of
the interface bonding layer 255 shown in FIG. 8R can be
referred to as the specification of the interface bonding layer
255 formed in the process as illustrated in the first case shown
in FIGS. 8A, 8B and 8C. The specification of the glue material
650 shown in FIG. 8R can be referred to as the specification
of the glue material 650 illustrated in FIGS. 7B and 7C. The
process, of forming the glue material 650, as shown in FIG.
8R can be referred to as the process, of forming the glue
material 650, as illustrated in FIGS. 7B and 7C. The methods,
of bonding the metal bumps 12 of the semiconductor chip 2
and the metal bumps 62 of the electronic device 60 with the
copper traces 210 of the flexible circuit film 48, as shown in
FIG. 8R can be referred to as the methods, of bonding the
metal bumps 12 of the semiconductor chip 2 and the metal
bumps 62 of the electronic device 60 with the copper traces
210 of the flexible circuit film 42, as illustrated in the first and
second cases shown in FIGS. 8B and 8C. When the step of
bonding a gold layer of the metal bumps 12 with the wetting
layer 2405 of a tin-containing layer is performed, the speci-
fication of the metal bumps 12 between the semiconductor
chip 2 and the interface bonding layer 250 shown in FIG. 8R
can be referred to as the specification of the metal bumps 12,
between the semiconductor chip 2 and the interface bonding
layer 250, formed in the process as illustrated in the first case
shown in FIGS. 3A and 3B. Alternatively, when the step of
bonding a gold layer of the metal bumps 12 with the wetting
layer 2405 of a gold layer is performed, the specification of
the metal bumps 12 between the semiconductor chip 2 and the
copper traces 210 shown in FIG. 8R can be referred to as the
specification of the metal bumps 12, between the semicon-
ductor chip 2 and the copper traces 210, formed in the process
as illustrated in the second case shown in FIG. 3B. When the
step of bonding a gold layer of the metal bumps 62 with the
wetting layer 2405 of a tin-containing layer is performed, the
specification of the metal bumps 62 between the electronic
device 60 and the interface bonding layer 255 shown in FIG.
8R can be referred to as the specification of the metal bumps
62, between the electronic device 60 and the interface bond-
ing layer 255, formed in the process as illustrated in the first
case shown in FIGS. 8A, 8B and 8C. Alternatively, when the
step of bonding a gold layer of the metal bumps 62 with the
wetting layer 2405 of a gold layer is performed, the specifi-
cation ofthe metal bumps 62 between the electronic device 60
and the copper traces 210 shown in FIG. 8R can be referred to
as the specification of the metal bumps 62, between the elec-
tronic device 60 and the copper traces 210, formed in the
process as illustrated in the second case shown in FIGS. 8B
and 8C.

Alternatively, the solder balls 502 shown in FIG. 8R can be
omitted. The substrate 300a can be optionally sawed into
multiple units. After sawing the substrate 300a, the metal
pads 3105 of the substrate 3004 can be joined with a solder,
containing pure tin, a tin-silver alloy, a tin-lead alloy or a
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tin-silver-copper alloy, preformed on an external circuit or
can contact with contact points of a socket.

Referring to FIG. 88, the above-mentioned flexible circuit
film 42 shown in FIG. 8H can be replaced by a flexible circuit
film 36, that is, the semiconductor chip 2 and the electronic
device 60 are bonded with the copper traces 210 at the center
portion of the flexible circuit film 36, followed by performing
the above-mentioned step as shown in FIG. 8D, followed by
joining the copper traces 210 with tin-containing joints pre-
formed on the metal pads 310a of the substrate 300 to provide
metal joints 4105, such as tin-containing joints, between the
copper traces 210 of the flexible circuit film 36 and the top-
most copper traces 340a of the substrate 300, followed by
filling a polymer layer 350 into the gap between the flexible
circuit film 36 and the substrate 300, enclosing the metal
joints 4105, followed by performing the above-mentioned
steps as shown in FIGS. 8G-8H.

The flexible circuit film 36 includes the polymer layer 200,
the polymer layer 220, the wetting layer 240q, the wetting
layer 2405 and the copper traces 210 between the polymer
layers 200 and 220. The wetting layer 2405 is on the copper
traces 210 at the center portion of the flexible circuit film 36,
and the wetting layer 240q is on the copper traces 210 at the
outer portion of the flexible circuit film 36. The wetting layer
240q having a thickness of between 0.05 and 5 micrometers,
and preferably of between 0.1 and 1 micrometer, may be gold,
copper, nickel, silver, tin or a composite of the above-men-
tioned materials. For example, the wetting layer 240a may be
a tin-containing layer, such as pure tin, a tin-silver alloy, a
tin-silver-copper alloy or a tin-lead alloy, having a thickness
of between 0.05 and 5 micrometers, and preferably of
between 0.1 and 1 micrometer, directly on the the copper
traces 210 at the outer portion of the flexible circuit film 36.
Alternatively, the wetting layer 240a may be a gold layer
having a thickness of between 0.05 and 5 micrometers, and
preferably of between 0.1 and 1 micrometer, directly on the
copper traces 210 at the outer portion of the flexible circuit
film 36; optionally, a nickel layer having a thickness between
0.05 and 1 micrometer may be between the copper traces 210
and the gold layer. The metal bumps 12 of the semiconductor
chip 2 are bonded with the copper traces 210 at the center
portion of the flexible circuit film 36 through the interface
bonding layer 250, and the metal bumps 62 of the electronic
device 60 are bonded with the copper traces 210 at the center
portion of the flexible circuit film 36 through the interface
bonding layer 255.

The specification of the interface bonding layer 250 shown
in FIG. 8S can be referred to as the specification of the
interface bonding layer 250 between the metal bumps 12 and
the copper traces 210 formed in the process as illustrated in
the first case shown in FIGS. 3A and 3B. The specification of
the interface bonding layer 255 shown in FIG. 8S can be
referred to as the specification of the interface bonding layer
255 formed in the process as illustrated in the first case shown
in FIGS. 8A, 8B and 8C. The specification of the metal joints
41056 shown in FIG. 8S can be referred to as the specification
of the the metal joints 4105 formed in the process as illus-
trated in the first and second cases shown in FIGS. 3F and 3G.
The specification of the polymer layer 350 shown in FIG. 8S
can be referred to as the specification of the polymer layer 350
illustrated in FIG. 3H. The process, of forming the polymer
layer 350, as shown in FIG. 8S can be referred to as the
process, of forming the polymer layer 350, as illustrated in
FIG. 3H. The methods, of joining the flexible circuit film 36
with the tin-containing joints preformed on the metal pads
310a of the substrate 300, as shown in FI1G. 8S can be referred
to as the methods, of joining the flexible circuit film 36 with
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the tin-containing joints 410a preformed on the metal pads
310aq of the substrate 300, as illustrated in the first and second
cases shown in FIGS. 3F and 3G. The methods, of bonding
the metal bumps 12 of the semiconductor chip 2 and the metal
bumps 62 of the electronic device 60 with the copper traces
210 of the flexible circuit film 36, as shown in FIG. 8S can be
referred to as the methods, of bonding the metal bumps 12 of
the semiconductor chip 2 and the metal bumps 62 of the
electronic device 60 with the copper traces 210 of the flexible
circuit film 42, as illustrated in the first and second cases
shown in FIGS. 8B and 8C. When the step of bonding a gold
layer of the metal bumps 12 with the wetting layer 2405 of a
tin-containing layer is performed, the specification of the
metal bumps 12 between the semiconductor chip 2 and the
interface bonding layer 250 shown in FIG. 8S can be referred
to as the specification of the metal bumps 12, between the
semiconductor chip 2 and the interface bonding layer 250,
formed in the process as illustrated in the first case shown in
FIGS. 3A and 3B. Alternatively, when the step of bonding a
gold layer of the metal bumps 12 with the wetting layer 2405
of a gold layer is performed, the specification of the metal
bumps 12 between the semiconductor chip 2 and the copper
traces 210 shown in FIG. 8S can be referred to as the speci-
fication of the metal bumps 12, between the semiconductor
chip 2 and the copper traces 210, formed in the process as
illustrated in the second case shown in FIG. 3B. When the step
of bonding a gold layer of the metal bumps 62 with the
wetting layer 2405 of a tin-containing layer is performed, the
specification of the metal bumps 62 between the electronic
device 60 and the interface bonding layer 255 shown in FIG.
8S can be referred to as the specification of the metal bumps
62, between the electronic device 60 and the interface bond-
ing layer 255, formed in the process as illustrated in the first
case shown in FIGS. 8A, 8B and 8C. Alternatively, when the
step of bonding a gold layer of the metal bumps 62 with the
wetting layer 2405 of a gold layer is performed, the specifi-
cation ofthe metal bumps 62 between the electronic device 60
and the copper traces 210 shown in FIG. 8S can be referred to
as the specification of the metal bumps 62, between the elec-
tronic device 60 and the copper traces 210, formed in the
process as illustrated in the second case shown in FIGS. 8B
and 8C.

Alternatively, the polymer compound 360 shown in FIG.
8S can be omitted, that is, the semiconductor chip 2, the
electronic device 60 and the flexible circuit film 36 are uncov-
ered by any polymer compound. Alternatively, the polymer
layer 350 shown in FIG. 8S can be omitted. Alternatively, the
polymer layer 350 and the polymer compound 360 shown in
FIG. 8S can be omitted, that is, the semiconductor chip 2, the
electronic device 60 and the flexible circuit film 36 are uncov-
ered by any polymer compound.

Alternatively, the solder balls 502 shown in FIG. 8S can be
omitted. The substrate 300 can be optionally sawed into mul-
tiple units. After sawing the substrate 300, the metal pads
3105 of the substrate 300 can be joined with a solder, con-
taining pure tin, a tin-silver alloy, a tin-lead alloy or a tin-
silver-copper alloy, preformed on an external circuit or can
contact with contact points of a socket.

Alternatively, the polymer compound 360 and the solder
balls 502 shown in FIG. 8S can be omitted. The semiconduc-
tor chip 2, the electronic device 60 and the flexible circuit film
36 are uncovered by any polymer compound. The substrate
300 can be optionally sawed into multiple units. After sawing
the substrate 300, the metal pads 3105 of the substrate 300 can
be joined with a solder, containing pure tin, a tin-silver alloy,
a tin-lead alloy or a tin-silver-copper alloy, preformed on an
external circuit or can contact with contact points of a socket.
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Alternatively, the polymer layer 350 and the solder balls
502 shown in FIG. 8S can be omitted. The substrate 300 can
be optionally sawed into multiple units. After sawing the
substrate 300, the metal pads 3105 of the substrate 300 can be
joined with a solder, containing pure tin, a tin-silver alloy, a
tin-lead alloy or a tin-silver-copper alloy, preformed on an
external circuit or can contact with contact points of a socket.

Alternatively, the polymer layer 350, the polymer com-
pound 360 and the solder balls 502 shown in FIG. 8S can be
omitted. The semiconductor chip 2, the electronic device 60
and the flexible circuit film 36 are uncovered by any polymer
compound. The substrate 300 can be optionally sawed into
multiple units. After sawing the substrate 300, the metal pads
3105 of the substrate 300 can be joined with a solder, con-
taining pure tin, a tin-silver alloy, a tin-lead alloy or a tin-
silver-copper alloy, preformed on an external circuit or can
contact with contact points of a socket.

Referring to FIG. 8T, the above-mentioned flexible circuit
film 42 shown in FIG. 8H can be replaced by a flexible circuit
film 38, that is, the semiconductor chip 2 and the electronic
device 60 are bonded with the copper traces 210 at the center
portion of the flexible circuit film 38, followed by forming the
polymer layer 260 on the semiconductor chip 2 and on the
electronic device 60, enclosing the metal bumps 12, the metal
bumps 62 and the wetting layer 2405, followed by joining the
copper traces 210 with tin-containing joints preformed on the
metal pads 310a of the substrate 300 to provide the metal
joints 4104, such as tin-containing joints, between the copper
traces 210 of the flexible circuit film 38 and the topmost
copper traces 340a of the substrate 300, followed by filling
the polymer layer 350 into the gap between the flexible circuit
film 38 and the substrate 300, enclosing the metal joints 4105,
followed by performing the above-mentioned steps as shown
in FIGS. 8G-8H.

The flexible circuit film 38 includes the polymer layer 200,
the polymer layer 220, the wetting layer 240q, the wetting
layer 2405 and the copper traces 210 between the polymer
layers 200 and 220. The wetting layer 2405 is on the copper
traces 210 at the center portion of the flexible circuit film 38,
and the wetting layer 240q is on the copper traces 210 at the
outer portion of the flexible circuit film 38. The metal bumps
12 of the semiconductor chip 2 are bonded with the copper
traces 210 at the center portion of the flexible circuit film 38
through the interface bonding layer 250, and the metal bumps
62 of the electronic device 60 are bonded with the copper
traces 210 at the center portion of the flexible circuit film 38
through the interface bonding layer 255. The specification of
the wetting layer 2404 shown in FIG. 87T can be referred to as
the specification of the wetting layer 240q illustrated in FIG.
8S.

The specification of the interface bonding layer 250 shown
in FIG. 8T can be referred to as the specification of the
interface bonding layer 250 between the metal bumps 12 and
the copper traces 210 formed in the process as illustrated in
the first case shown in FIGS. 3A and 3B. The specification of
the interface bonding layer 255 shown in FIG. 8T can be
referred to as the specification of the interface bonding layer
255 formed in the process as illustrated in the first case shown
in FIGS. 8A, 8B and 8C. The specification of the metal joints
41056 shown in FIG. 8T can be referred to as the specification
of the the metal joints 4105 formed in the process as illus-
trated in the first and second cases shown in FIGS. 3F and 3G.
The specification of the polymer layer 350 shown in FIG. 8T
can be referred to as the specification of the polymer layer 350
illustrated in FIG. 3H. The process, of forming the polymer
layer 350, as shown in FIG. 8T can be referred to as the
process, of forming the polymer layer 350, as illustrated in
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FIG. 3H. The methods, of joining the flexible circuit film 38
with the tin-containing joints preformed on the metal pads
310aq of the substrate 300, as shown in FIG. 8S can be referred
to as the methods, of joining the flexible circuit film 38 with
the tin-containing joints 410a preformed on the metal pads
310aq of the substrate 300, as illustrated in the first and second
cases shown in FIGS. 3F and 3G. The methods, of bonding
the metal bumps 12 of the semiconductor chip 2 and the metal
bumps 62 of the electronic device 60 with the copper traces
210 of the flexible circuit film 38, as shown in FIG. 8T can be
referred to as the methods, of bonding the metal bumps 12 of
the semiconductor chip 2 and the metal bumps 62 of the
electronic device 60 with the copper traces 210 of the flexible
circuit film 42, as illustrated in the first and second cases
shown in FIGS. 8B and 8C. When the step of bonding a gold
layer of the metal bumps 12 with the wetting layer 2405 of a
tin-containing layer is performed, the specification of the
metal bumps 12 between the semiconductor chip 2 and the
interface bonding layer 250 shown in FIG. 8T can be referred
to as the specification of the metal bumps 12, between the
semiconductor chip 2 and the interface bonding layer 250,
formed in the process as illustrated in the first case shown in
FIGS. 3A and 3B. Alternatively, when the step of bonding a
gold layer of the metal bumps 12 with the wetting layer 2405
of a gold layer is performed, the specification of the metal
bumps 12 between the semiconductor chip 2 and the copper
traces 210 shown in FIG. 8T can be referred to as the speci-
fication of the metal bumps 12, between the semiconductor
chip 2 and the copper traces 210, formed in the process as
illustrated in the second case shown in FIG. 3B. When the step
of bonding a gold layer of the metal bumps 62 with the
wetting layer 2405 of a tin-containing layer is performed, the
specification of the metal bumps 62 between the electronic
device 60 and the interface bonding layer 255 shown in FIG.
8T can be referred to as the specification of the metal bumps
62, between the electronic device 60 and the interface bond-
ing layer 255, formed in the process as illustrated in the first
case shown in FIGS. 8A, 8B and 8C. Alternatively, when the
step of bonding a gold layer of the metal bumps 62 with the
wetting layer 2405 of a gold layer is performed, the specifi-
cation ofthe metal bumps 62 between the electronic device 60
and the copper traces 210 shown in FIG. 8T can be referred to
as the specification of the metal bumps 62, between the elec-
tronic device 60 and the copper traces 210, formed in the
process as illustrated in the second case shown in FIGS. 8B
and 8C.

Alternatively, the polymer compound 360 shown in FIG.
8T can be omitted, that is, the semiconductor chip 2, the
electronic device 60 and the flexible circuit film 38 are uncov-
ered by any polymer compound. Alternatively, the polymer
layer 350 shown in FIG. 8T can be omitted. Alternatively, the
polymer layer 350 and the polymer compound 360 shown in
FIG. 8T can be omitted, that is, the semiconductor chip 2, the
electronic device 60 and the flexible circuit film 38 are uncov-
ered by any polymer compound.

Alternatively, the solder balls 502 shown in FIG. 8T can be
omitted. The substrate 300 can be optionally sawed into mul-
tiple units. After sawing the substrate 300, the metal pads
3105 of the substrate 300 can be joined with a solder, con-
taining pure tin, a tin-silver alloy, a tin-lead alloy or a tin-
silver-copper alloy, preformed on an external circuit or can
contact with contact points of a socket.

Alternatively, the polymer compound 360 and the solder
balls 502 shown in FIG. 8T can be omitted. The semiconduc-
tor chip 2, the electronic device 60 and the flexible circuit film
38 are uncovered by any polymer compound. The substrate
300 can be optionally sawed into multiple units. After sawing
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the substrate 300, the metal pads 3105 of the substrate 300 can
be joined with a solder, containing pure tin, a tin-silver alloy,
a tin-lead alloy or a tin-silver-copper alloy, preformed on an
external circuit or can contact with contact points of a socket.

Alternatively, the polymer layer 350 and the solder balls
502 shown in FIG. 8T can be omitted. The substrate 300 can
be optionally sawed into multiple units. After sawing the
substrate 300, the metal pads 3105 of the substrate 300 can be
joined with a solder, containing pure tin, a tin-silver alloy, a
tin-lead alloy or a tin-silver-copper alloy, preformed on an
external circuit or can contact with contact points of a socket.

Alternatively, the polymer layer 350, the polymer com-
pound 360 and the solder balls 502 shown in FIG. 8T can be
omitted. The semiconductor chip 2, the electronic device 60
and the flexible circuit film 38 are uncovered by any polymer
compound. The substrate 300 can be optionally sawed into
multiple units. After sawing the substrate 300, the metal pads
3105 of the substrate 300 can be joined with a solder, con-
taining pure tin, a tin-silver alloy, a tin-lead alloy or a tin-
silver-copper alloy, preformed on an external circuit or can
contact with contact points of a socket.

Embodiment 6

Referring to FIG. 9A, a lead frame 700 comprises multiple
leads 701 and a die pad 702 surrounded by the leads 701. Both
the leads 701 and the die pad 702 are made of copper or a
copper alloy. A wetting layer 510 is formed on the leads 701,
and the wetting layer 510 may be a gold layer or a tin-
containing layer, such as pure tin, a tin-silver alloy, a tin-
silver-copper alloy or a tin-lead alloy.

The methods, of bonding the metal bumps 12 of the semi-
conductor chip 2 with the copper traces 210 of the flexible
circuit film 42, as shown in FIG. 9A can be referred to as the
methods, of bonding the metal bumps 12 of the semiconduc-
tor chip 2 with the copper traces 210 of the flexible circuit film
36, as illustrated in the first and second cases shown in FIGS.
3B and 3C. When the step of bonding a gold layer of the metal
bumps 12 with the wetting layer 2405 of a tin-containing
layer is performed, the specification of the metal bumps 12
between the semiconductor chip 2 and the interface bonding
layer 250 shown in FIG. 9A can be referred to as the specifi-
cation of the metal bumps 12, between the semiconductor
chip 2 and the interface bonding layer 250, formed in the
process as illustrated in the first case shown in FIGS. 3A and
3B. Alternatively, when the step of bonding a gold layer of the
metal bumps 12 with the wetting layer 2405 of a gold layer is
performed, the specification of the metal bumps 12 between
the semiconductor chip 2 and the copper traces 210 shown in
FIG. 9A can be referred to as the specification of the metal
bumps 12, between the semiconductor chip 2 and the copper
traces 210, formed in the process as illustrated in the second
case shown in FIG. 3B.

Referring to FIGS. 9A and 9B, a glue material 650 is first
formed on the die pad 702 of the lead frame 700 by a dispens-
ing process after the semiconductor chip 2 is bonded with the
above-mentioned flexible circuit film 42 shown in FIG. 6B.
Next, the polymer layer 200 of the flexible circuit film 42
adheres onto the glue material 650, and then the glue material
650 is baked at a temperature of between 100 and 200° C. and
to a thickness 123 between 5 and 30 micrometers if the glue
material 650 is an epoxy. Alternatively, the glue material 650
can be polyimide or polyester. Thereby, the flexible circuit
film 42 can be joined with the die pad 702. In another word,
the flexible circuit film 42 boned with the semiconductor chip
2 can be joined with the die pad 702 using the glue material
650.
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Referring to FIG. 9C, after the flexible circuit film 42 is
joined with the die pad 702, the copper traces 210 at the outer
portion ofthe flexible circuit film 42 are bonded with the leads
701 of the lead frame 700. Four methods of bonding the
copper traces 210 at the outer portion of the flexible circuit
film 42 with the leads 701 of the lead frame 700 are described
as follow.

In a first case, referring to FIGS. 9B and 9C, when the
wetting layer 510 is a gold layer, the wetting layer 510 can be
used to be joined with the wetting layer 240¢ of pure tin or an
above-mentioned tin alloy using a heat press process, which
method is described as below. First, the lead frame 700 joined
with the flexible circuit film 42 using the glue material 650 is
placed on a stage kept at a temperature of between 150 and
350° C., and preferably of between 200 and 300° C. Next, the
wetting layer 240c¢ of the flexible circuit film 42 is thermally
pressed on the wetting layer 510 on the leads 701 of the lead
frame 700 at a force of between 20 and 150N, and preferably
of between 50 and 90N, for a time of between 0.1 and 10
seconds, and preferably of between 0.5 and 3 seconds, by a
tool head kept at a temperature of between 250 and 500° C.,
and preferably of between 350 and 450° C., to join the wetting
layer 240c¢ with the wetting layer 510. In the step of joining
the wetting layer 240c¢ with the wetting layer 510, metal joints
512 can be formed between the leads 701 of the lead frame
700 and the copper traces 210 at the outer portion of the
flexible circuit film 42. The metal joints 512 can be tin-
containing joints having a thickness t24 of between 0.1 and 10
micrometers, and preferably of between 0.2 and 2 microme-
ters, wherein the tin-containing joints may include a tin-gold
alloy, a tin-silver-gold alloy, a tin-silver-gold-copper alloy or
a tin-lead-gold alloy due to the reaction between tin in the
wetting layer 240c¢ and gold in the wetting layer 510. Next, the
tool head is removed from the flexible circuit film 42. Next,
the lead frame 700 bonded with the flexible circuit film 42 is
removed from the stage.

In a second case, referring to FIGS. 9B and 9C, when the
wetting layer 510 is a tin-containing layer, the wetting layer
510 can be used to be joined with a gold layer of the wetting
layer 240¢ using a heat press process, which method is
described as below. First, the lead frame 700 joined with the
flexible circuit film 42 using the glue material 650 is placed on
a stage kept at a temperature of between 150 and 350° C., and
preferably of between 200 and 300° C. Next, the wetting layer
240c¢ of the flexible circuit film 42 is thermally pressed on the
wetting layer 510 on the leads 701 of the lead frame 700 at a
force of between 20 and 150N, and preferably of between 50
and 90N, for a time of between 0.1 and 10 seconds, and
preferably of between 0.5 and 3 seconds, by a tool head kept
at a temperature of between 250 and 500° C., and preferably
of between 350 and 450° C., to join the wetting layer 240¢
with the wetting layer 510. In the step of joining the wetting
layer 240c¢ with the wetting layer 510, the metal joints 512 can
be formed between the leads 701 of the lead frame 700 and the
copper traces 210 at the outer portion of the flexible circuit
film 42. The metal joints 512 can be tin-containing joints
having a thickness 124 of between 0.1 and 10 micrometers,
and preferably of between 0.2 and 2 micrometers, wherein the
tin-containing joints may include a tin-gold alloy, a tin-silver-
gold alloy, a tin-silver-gold-copper alloy or a tin-lead-gold
alloy due to the reaction between gold in the wetting layer
240c¢ and tin in the wetting layer 510. Next, the tool head is
removed from the flexible circuit film 42. Next, the lead frame
700 bonded with the flexible circuit film 42 is removed from
the stage.

In a third case, referring to FIGS. 9B and 9C, when the
wetting layer 510 is a tin-containing layer, the wetting layer
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510 can be used to be joined with the wetting layer 240¢ of
pure tin or an above-mentioned tin alloy using a heat press
process, which method is described as below. First, the lead
frame 700 joined with the flexible circuit film 42 using the
glue material 650 is placed on a stage kept at a temperature of
between 150 and 350° C., and preferably of between 200 and
300° C. Next, the wetting layer 240c¢ of the flexible circuit
film 42 is thermally pressed on the wetting layer 510 on the
leads 701 of the lead frame 700 at a force of between 20 and
150N, and preferably of between 50 and 90N, for a time of
between 0.1 and 10 seconds, and preferably of between 0.5
and 3 seconds, by atool head kept at a temperature of between
250 and 500° C., and preferably of between 350 and 450° C.,
to join the wetting layer 240c¢ with the wetting layer 510.
Next, the tool head is removed from the flexible circuit film
42. Next, the lead frame 700 bonded with the flexible circuit
film 42 is removed from the stage. Thereby, the leads 701 of
the lead frame 700 can be connected to the copper traces 210
of the flexible circuit film 42 through tin-containing joints
formed by joining the tin-containing layer of the wetting layer
2405 with the tin-containing layer of the wetting layer 510,
wherein the tin-containing joints may include pure tin, a
tin-silver alloy, a tin-silver-copper alloy or a tin-lead alloy.

In a fourth case, referring to FIGS. 9B and 9C, when the
wetting layer 510 is a gold layer, the metal joints 510 can be
used to be joined with a gold layer of the wetting layer 240¢
using a heat press process, which method is described as
below. First, the lead frame 700 joined with the flexible circuit
film 42 using the glue material 650 is placed on a stage kept at
a temperature of between 150 and 350° C., and preferably of
between 200 and 300° C. Next, the wetting layer 240c¢ of the
flexible circuit film 42 is thermally pressed on the wetting
layer 510 on the leads 701 of the lead frame 700 at a force of
between 20 and 150N, and preferably of between 70 and
120N, for a time of between 0.1 and 10 seconds, and prefer-
ably of between 0.5 and 3 seconds, by a tool head kept at a
temperature of between 250 and 500° C., and preferably of
between 350 and 450° C., to join the wetting layer 240c¢ with
the wetting layer 510. Next, the tool head is removed from the
flexible circuit film 42. Next, the lead frame 700 bonded with
the flexible circuit film 42 is removed from the stage. Thereby,
the leads 701 of the lead frame 700 can be connected to the
copper traces 210 of the flexible circuit film 42 through gold
joints formed by joining the gold layer of the wetting layer
2405 with the gold layer of the wetting layer 510.

Referring to FIG. 9D, after the step shown in FIG. 9C, a
polymer compound 370 is formed using a molding process,
enclosing the die pad 702, an inner portion of the leads 701
close to the die pad 702, the semiconductor chip 2 and the
flexible circuit film 42. For example, the polymer compound
370 can be formed by molding an epoxy-based polymer with
carbon fillers therein enclosing the die pad 702, the inner
portion of the leads 701, the semiconductor chip 2 and the
flexible circuit film 42 at a temperature of between 130 and
250° C. Alternatively, the polymer compound 370 can be
polyimide or polyester. Preferably, the polymer compound
370 has a value of Young’s modulus less than 0.5 GPa.

Referring to FIG. 9E, after the polymer compound 370 is
formed, a wetting layer 515, such as gold, pure tin, a tin-silver
alloy, a tin-silver-copper alloy or a tin-lead alloy, can be
electroplated or electroless plated on an outer portion of the
leads 701 unenclosed by the polymer compound 370.

Referring to FIG. 9F, after the wetting layer 515 is formed,
the steps of dejunking the residual of the polymer compound
370, trimming dam bars and cutting and punching the leads
701 can be performed, such that the leads 701 have a prede-
termined shape and multiple chip packages are singularized.
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FIG. 9G is a perspective view showing FIG. 9F. The fine-
pitched metal bumps 12 of the semiconductor chip 2 can be
fanned out through the copper traces 210 of the flexible circuit
film 42 by bonding the semiconductor chip 2 with the flexible
circuit film 42. The flexible circuit film 42 is also joined with
the lead frame 700, and the flexible circuit film 42 can be
connected to the lead frame 700. Thereby, the semiconductor
chip 2 has the fine-pitched metal bumps 12 connected to an
external circuit, such as a printed circuit board (PCB) com-
prising a glass fiber as a core, through the coppertraces 210 of
the flexible circuit film 42 and through the leads 701 of the
lead frame 700. Alternatively, the glue material 650 shown in
FIGS. 9A-9F can be omitted.

Referring to FIG. 9H, the above-mentioned flexible circuit
film 42, bonded with the semiconductor chip 2, shown in
FIGS. 9A-9G can be replaced by the above-mentioned flex-
ible circuit film 44, bonded with the semiconductor chip 2,
shown in FIG. 60, that is, the flexible circuit film 44 bonded
with the semiconductor chip 2 is joined with the lead frame
700 using the glue material 650, followed by performing the
above-mentioned steps as shown in FIGS. 9C-9F. The
method, of joining the flexible circuit film 44 bonded with the
semiconductor chip 2 with the lead frame 700 using the glue
material 650, as shown in FIG. 9H can be referred to as the
method, of joining the flexible circuit film 42 bonded with the
semiconductor chip 2 with the lead frame 700 using the glue
material 650, as illustrated in FIGS. 9A and 9B.

Referring to FIGS. 91 and 9J, the above-mentioned flexible
circuit film 42, bonded with the semiconductor chip 2, shown
in FIGS. 9A-9G can be replaced by the above-mentioned
flexible circuit film 46, bonded with the semiconductor chip
2, shown in FIG. 7B, that is, the flexible circuit film 46 bonded
with the semiconductor chip 2 is joined with the lead frame
700 using the glue material 650, followed by bonding wire-
boning wires 400, such as gold wires, having a diameter of
between 12 and 40 micrometers with the wirebondable layer
230 and with the leads 701 via a wire-bonding process, fol-
lowed by performing the above-mentioned steps as shown in
FIGS. 9D-9F. Thereby, the wirebondable layer 230 of the
flexible circuit film 46 can be electrically connected to the
leads 701 of'the lead frame 700 through the wireboning wires
400.

Referring to FIG. 9K, the above-mentioned flexible circuit
film 42, bonded with the semiconductor chip 2, shown in
FIGS. 9A-9G can be replaced by the above-mentioned flex-
ible circuit film 48, bonded with the semiconductor chip 2,
shown in FIG. 71, that is, the flexible circuit film 48 bonded
with the semiconductor chip 2 is joined with the lead frame
700 using the glue material 650, followed by bonding the
wireboning wires 400, such as gold wires, having a diameter
of between 12 and 40 micrometers with the wirebondable
layer 230 and with the leads 701 via a wire-bonding process,
followed by performing the above-mentioned steps as shown
in FIGS. 9D-9F. Thereby, the wirebondable layer 230 of the
flexible circuit film 48 can be electrically connected to the
leads 701 of'the lead frame 700 through the wireboning wires
400.

Referring to FIG. 9L, the above-mentioned flexible circuit
film 42, bonded with the semiconductor chip 2, shown in
FIGS. 9A-9G can be replaced by the above-mentioned flex-
ible circuit film 36, bonded with the semiconductor chip 2,
shown in FIG. 3D, that is, the flexible circuit film 36 bonded
with the semiconductor chip 2 is joined with the lead frame
700 using the glue material 650, followed by joining the
copper traces 210 with tin-containing solder preformed on the
leads 701 to provide metal joints 513, such as tin-containing
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joints, between the copper traces 210 and the leads 701,
followed by performing the above-mentioned steps as shown
in FIGS. 9D-9F.

Referring to FIG. 9M, the above-mentioned flexible circuit
film 42, bonded with the semiconductor chip 2, shown in
FIGS. 9A-9G can be replaced by the above-mentioned flex-
ible circuit film 38, bonded with the semiconductor chip 2,
shown in FIG. 3T, that is, the flexible circuit film 38 bonded
with the semiconductor chip 2 is joined with the lead frame
700 using the glue material 650, followed by joining the
copper traces 210 with a tin-containing solder preformed on
the leads 701 to provide the metal joints 513, such as tin-
containing joints, between the copper traces 210 and the leads
701, followed by performing the above-mentioned steps as
shown in FIGS. 9D-9F.

Referring to FIG. 10A, after the step shown in FIG. 9C, a
polymer compound 380 is formed using a molding process,
enclosing the die pad 702, an inner portion of the leads 701
close to the die pad 702, an outer portion of the leads 701, the
semiconductor chip 2 and the flexible circuit film 42, and
openings 380q in the polymer compound 380 expose the
bottom surface of the outer portion of the leads 701. For
example, the polymer compound 380 can be formed by mold-
ing an epoxy-based polymer with carbon fillers therein
enclosing the die pad 702, the inner portion of the leads 701,
the outer portion of the leads 701, the semiconductor chip 2
and the flexible circuit film 42 at a temperature of between
130 and 250° C., and the openings 380a in the polymer
compound 380 expose the bottom surface of the outer portion
of the leads 701. Alternatively, the polymer compound 380
can be polyimide or polyester. Preferably, the polymer com-
pound 380 has a value of Young’s modulus less than 0.5 GPa.

Referring to FIG. 10B, after the polymer compound 380 is
formed, a wetting layer 514 can be electroplated or electroless
plated on the bottom surface of the outer portion of the leads
701 exposed by the openings 3804 in the polymer compound
380. The wetting layer 514 has a thickness of between 0.1 and
3 micrometers, and may be gold, copper, silver, nickel, tin,
aluminum, palladium or a composite of the above-mentioned
materials. For example, the wetting layer 514 can be formed
by electroless plating a nickel layer having a thickness of
between 0.05 and 1 um on the bottom surface of the outer
portion of the leads 701 exposed by the openings 380« in the
polymer compound 380, and electroless plating a gold layer
having a thickness of between 0.05 and 2 micrometers, and
preferably of between 0.05 and 0.3 micrometers, on the nickel
layer in the openings 380a. Alternatively, the wetting layer
514 can be formed by electroplating a nickel layer having a
thickness of between 0.05 and 1 um on the bottom surface of
the outer portion of the leads 701 exposed by the openings
380a in the polymer compound 380, and electroplating a gold
layer having a thickness of between 0.05 and 2 micrometers,
and preferably of between 0.05 and 0.3 micrometers, on the
nickel layer in the openings 380a. Alternatively, the wetting
layer 514 can be formed by electroless plating a gold layer
having a thickness of between 0.05 and 2 micrometers, and
preferably of between 0.05 and 0.3 micrometers, on the bot-
tom surface of the outer portion of the leads 701 exposed by
the openings 380a in the polymer compound 380. Alterna-
tively, the wetting layer 514 can be formed by electroplating
a gold layer having a thickness of between 0.05 and 2
micrometers, and preferably of between 0.05 and 0.3
micrometers, on the bottom surface of the outer portion of the
leads 701 exposed by the openings 380a¢ in the polymer
compound 380. Alternatively, the wetting layer 514 can be
formed by electroless plating a tin-containing layer, such as
pure tin, a tin-silver alloy, a tin-lead alloy or a tin-silver-
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copper alloy, having a thickness of between 0.05 and 2
micrometers, and preferably of between 0.05 and 0.3
micrometers, on the bottom surface of the outer portion of the
leads 701 exposed by the openings 380a¢ in the polymer
compound 380. Alternatively, the wetting layer 514 can be
formed by electroplating a tin-containing layer, such as pure
tin, a tin-silver alloy, a tin-lead alloy or a tin-silver-copper
alloy, having a thickness of between 0.05 and 2 micrometers,
and preferably of between 0.05 and 0.3 micrometers, on the
bottom surface of the outer portion of the leads 701 exposed
by the openings 380a in the polymer compound 380. Alter-
natively, the wetting layer 514 can be formed by electroless
plating an aluminum layer having a thickness of between 0.05
and 2 micrometers, and preferably of between 0.05 and 0.3
micrometers, on the bottom surface of the outer portion of the
leads 701 exposed by the openings 380a¢ in the polymer
compound 380. Alternatively, the wetting layer 514 can be
formed by electroplating an aluminum layer having a thick-
ness of between 0.05 and 2 micrometers, and preferably of
between 0.05 and 0.3 micrometers, on the bottom surface of
the outer portion of the leads 701 exposed by the openings
380a in the polymer compound 380.

Next, the steps of dejunking the residual of the polymer
compound 380, trimming dam bars and cutting and punching
the leads 701 can be performed, such that multiple chip pack-
ages are singularized. After singularizing the chip packages,
the wetting layer 514 can be joined with a solder, containing
pure tin, a tin-silver alloy, a tin-lead alloy or a tin-silver-
copper alloy, preformed on an external circuit or can contact
with contact points of a socket.

FIG. 10C is a perspective view showing FIG. 10B. The
fine-pitched metal bumps 12 of the semiconductor chip 2 can
be fanned out through the copper traces 210 of the flexible
circuit film 42 by bonding the semiconductor chip 2 with the
flexible circuit film 42. The flexible circuit film 42 is also
joined with the lead frame 700, and the flexible circuit film 42
can be connected to the lead frame 700. Thereby, the semi-
conductor chip 2 has the fine-pitched metal bumps 12 con-
nected to an external circuit, such as a printed circuit board
(PCB) comprising a glass fiber as a core, through the copper
traces 210 of the flexible circuit film 42 and through the leads
701 of the lead frame 700.

Referring to FIG. 10D, the above-mentioned flexible cir-
cuit film 42, bonded with the semiconductor chip 2, shown in
FIGS. 10A-10B can be replaced by the above-mentioned
flexible circuit film 44, bonded with the semiconductor chip
2, showninFIG. 60, that is, the flexible circuit film 44 bonded
with the semiconductor chip 2 is joined with the lead frame
700 using the glue material 650, followed by performing the
above-mentioned steps as shown in FIG. 9C, followed by
performing the above-mentioned steps as shown in FIG. 10 A-
10B. The methods, of joining the flexible circuit film 44
bonded with the semiconductor chip 2 with the lead frame
700 using the glue material 650, as shown in FIG. 10D can be
referred to as the methods, of joining the flexible circuit film
42 bonded with the semiconductor chip 2 with the lead frame
700 using the glue material 650, as illustrated in the first,
second, third and fourth cases shown in FIGS. 9A and 9B.

Referring to FIG. 10E, the above-mentioned flexible cir-
cuit film 42, bonded with the semiconductor chip 2, shown in
FIGS. 10A-10B can be replaced by the above-mentioned
flexible circuit film 46, bonded with the semiconductor chip
2, shown in FIG. 7B, that is, the flexible circuit film 46 bonded
with the semiconductor chip 2 is joined with the lead frame
700 using the glue material 650, followed by bonding the
wireboning wires 400, such as gold wires, having a diameter
of between 12 and 40 micrometers with the wirebondable
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layer 230 and with the inner portion of the leads 701 via a
wire-bonding process, followed by performing the above-
mentioned steps as shown in FIG. 10A-10B. Thereby, the
wirebondable layer 230 of the flexible circuit film 46 can be
electrically connected to the leads 701 of the lead frame 700
through the wireboning wires 400.

Referring to FIG. 10F, the above-mentioned flexible circuit
film 42, bonded with the semiconductor chip 2, shown in
FIGS. 10A-10B can be replaced by the above-mentioned
flexible circuit film 48, bonded with the semiconductor chip
2, shown in FIG. 71, that is, the flexible circuit film 48 bonded
with the semiconductor chip 2 is joined with the lead frame
700 using the glue material 650, followed by bonding the
wireboning wires 400, such as gold wires, having a diameter
of between 12 and 40 micrometers with the wirebondable
layer 230 and with the inner portion of the leads 701 via a
wire-bonding process, followed by performing the above-
mentioned steps as shown in FIG. 10A-10B. Thereby, the
wirebondable layer 230 of the flexible circuit film 48 can be
electrically connected to the leads 701 of the lead frame 700
through the wireboning wires 400.

Referring to FIG. 10G, the above-mentioned flexible cir-
cuit film 42, bonded with the semiconductor chip 2, shown in
FIGS. 10A-10B can be replaced by the above-mentioned
flexible circuit film 36, bonded with the semiconductor chip
2, shownin FIG. 3D, that is, the flexible circuit film 36 bonded
with the semiconductor chip 2 is joined with the lead frame
700 using the glue material 650, followed by joining the
copper traces 210 with a tin-containing solder preformed on
the leads 701 to provide the metal joints 513, such as tin-
containing joints, between the copper traces 210 and the leads
701, followed by performing the above-mentioned steps as
shown in FIGS. 10A-10B.

Referring to FIG. 10H, the above-mentioned flexible cir-
cuit film 42, bonded with the semiconductor chip 2, shown in
FIGS. 10A-10B can be replaced by the above-mentioned
flexible circuit film 38, bonded with the semiconductor chip
2, shown in FIG. 3T, that is, the flexible circuit film 38 bonded
with the semiconductor chip 2 is joined with the lead frame
700 using the glue material 650, followed by joining the
copper traces 210 with a tin-containing solder preformed on
the leads 701 to provide the metal joints 513, such as tin-
containing joints, between the copper traces 210 and the leads
701, followed by performing the above-mentioned steps as
shown in FIGS. 10A-10B.

Those described above are the embodiments to exemplify
the present invention to enable the person skilled in the art to
understand, make and use the present invention. However, it
is not intended to limit the scope of the present invention. Any
equivalent modification and variation according to the spirit
of'the present invention is to be also included within the scope
of the claims stated below.

What is claimed is:

1. A chip package comprising:

a substrate comprising multiple insulating layers and mul-
tiple metal circuit layers between said multiple insulat-
ing layers;

a flexible film over a top surface of said substrate, wherein
said flexible film comprises a first polymer layer over
said top surface of said substrate, a first metal trace on a
top surface of said first polymer layer, a second metal
trace on said top surface of said first polymer layer, and
a second polymer layer on said first and second metal
traces and on said top surface of'said first polymer layer;

a first tin-containing joint at said top surface of said sub-
strate and between said first metal trace and a first metal
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pad of said substrate, wherein said first metal trace is
connected to said first metal pad through said first tin-
containing joint;

a second tin-containing joint at said top surface of said
substrate and between said second metal trace and a
second metal pad of said substrate, wherein said second
metal trace is connected to said second metal pad
through said second tin-containing joint;

a semiconductor chip vertically over said top surface of
said substrate;

a first metal bump between said semiconductor chip and
said first metal trace, wherein said semiconductor chip is
connected to said first metal trace through said first
metal bump; and

asecond metal bump between said semiconductor chip and
said second metal trace, wherein said semiconductor
chip is connected to said second metal trace through said
second metal bump, wherein a pitch between said first
and second metal bumps is less than 35 micrometers.

2. The chip package of claim 1 further comprising a third
polymer layer on a top surface of said second polymer layer,
on said semiconductor chip, and over said top surface of said
substrate.

3. The chip package of claim 1, wherein said substrate
further comprises a third metal pad at a bottom surface of said
substrate, wherein said third metal pad is connected to said
first metal pad through said multiple metal circuit layers, and
a fourth metal pad at said bottom surface of said substrate,
wherein said fourth metal pad is connected to said second
metal pad through said multiple metal circuit layers.

4. The chip package of claim 3 further comprising a third
tin-containing joint on said third metal pad, and a fourth
tin-containing joint on said fourth metal pad.

5. The chip package of claim 1, wherein said first polymer
layer has a thickness between 10 and 100 micrometers.

6. The chip package of claim 1, wherein said first metal
trace comprises a copper layer having a thickness between 3
and 30 micrometers.

7. The chip package of claim 1, wherein said second poly-
mer layer has a thickness between 5 and 30 micrometers.

8. The chip package of claim 1, wherein said first metal
bump comprises a gold layer having a thickness between 5
and 50 micrometers.

9. The chip package of claim 1, wherein said first metal
bump comprises a copper layer having a thickness between
0.5 and 45 micrometers.

10. The chip package of claim 1, wherein said first metal
bump comprises a nickel layer having a thickness between 0.5
and 5 micrometers.

11. The chip package of claim 1, wherein said first metal
bump comprises a copper layer having a thickness between
0.5 and 45 micrometers between said semiconductor chip and
said first metal trace, a nickel layer having a thickness
between 0.5 and 5 micrometers between said copper layer and
said first metal trace, and a gold layer having a thickness
between 0.1 and 4.5 micrometers between said nickel layer
and said first metal trace.

12. The chip package of claim 1, wherein said first metal
bump comprises a copper layer having a thickness between
0.5 and 45 micrometers between said semiconductor chip and
said first metal trace, and a gold layer having a thickness
between 0.1 and 4.5 micrometers between said copper layer
and said first metal trace.

13. The chip package of claim 1, wherein said multiple
insulating layers comprise multiple ceramic layers.

14. The chip package of claim 1, wherein said multiple
insulating layers comprise multiple organic layers.
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15. A chip package comprising:

a substrate comprising multiple insulating layers and mul-
tiple metal circuit layers between said multiple insulat-
ing layers;

a flexible film over a top surface of said substrate, wherein
said flexible film comprises a first polymer layer over
said top surface of said substrate, a first metal trace on a
top surface of said first polymer layer, a second metal
trace on said top surface of said first polymer layer, and
a second polymer layer on said first and second metal
traces and on said top surface of'said first polymer layer;

an anisotropic conductive film (ACF) at said top surface of
said substrate, between said first metal trace and a first
metal pad of said substrate, and between said second
metal trace and a second metal pad of said substrate,
wherein said first metal trace is connected to said first
metal pad through multiple first metal particles in said
anisotropic conductive film, and said second metal trace
is connected to said second metal pad through multiple
second metal particles in said anisotropic conductive
film;

a semiconductor chip vertically over said top surface of
said substrate;

a first metal bump between said semiconductor chip and
said first metal trace, wherein said semiconductor chip is
connected to said first metal trace through said first
metal bump; and

a second metal bump between said semiconductor chip and
said second metal trace, wherein said semiconductor
chip is connected to said second metal trace through said
second metal bump, wherein a pitch between said first
and second metal bumps is less than 35 micrometers.

16. The chip package of claim 15, wherein said substrate
comprises a third metal pad at a bottom surface of said sub-
strate, wherein said third metal pad is connected to said first
metal pad through said multiple metal circuit layers, and a
fourth metal pad at said bottom surface of said substrate,
wherein said fourth metal pad is connected to said second
metal pad through said multiple metal circuit layers.

17. The chip package of claim 16 further comprising a first
tin-containing joint on said third metal pad, and a second
tin-containing joint on said fourth metal pad.

18. The chip package of claim 15, wherein said first metal
bump comprises a gold layer having a thickness between 5
and 50 micrometers.

19. The chip package of claim 15, wherein said first metal
bump comprises a copper layer having a thickness between
0.5 and 45 micrometers.

20. The chip package of claim 15, wherein said first metal
bump comprises anickel layer having a thickness between 0.5
and 5 micrometers.

21. A chip package comprising:

a flexible substrate comprising a first polymer layer, a first
metal trace on a top surface of said first polymer layer, a
second metal trace on said top surface of said first poly-
mer layer and a second polymer layer on a top surface of
said first metal trace, a top surface of said second metal
trace and said top surface of said first polymer layer;

a first tin-containing joint at a bottom surface of said first
metal trace;

a second tin-containing joint at a bottom surface of said
second metal trace;

a semiconductor chip over said flexible substrate;

a first metal bump between said semiconductor chip and
said first metal trace, wherein said semiconductor chip is
connected to said first tin-containing joint through, in
sequence, said first metal bump and said first metal trace;
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asecond metal bump between said semiconductor chip and
said second metal trace, wherein said semiconductor
chip is connected to said second tin-containing joint
through, in sequence, said second metal bump and said
second metal trace, wherein a pitch between said first
and second metal bumps is less than 35 micrometers;
and

amolding compound on a top surface of said second poly-
mer layer, wherein said molding compound covers a
sidewall of said semiconductor chip.

22. The chip package of claim 21, wherein said first metal
bump comprises a gold layer having a thickness between 5
and 50 micrometers.
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23. The chip package of claim 21, wherein said first metal
bump comprises a copper layer having a thickness between
0.5 and 45 micrometers.

24. The chip package of claim 21, wherein said molding
compound comprises an epoxy-based polymer.

25. The chip package of claim 24, wherein said molding
compound further comprises multiple carbon fillers in said
epoxy-based polymer.

26. The chip package of claim 21, wherein said molding
compound has a value of Young’s modulus less than 0.5 GPa.

27. The chip package of claim 21, wherein said first metal
trace comprises a copper layer having a thickness between 3
and 30 micrometers.
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