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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

20

25

30

35

40

45

50

55

60

65

6

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-



