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FIG. 2C
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VERTICAL TRANSMISSION STRUCTURE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to vertical transmis-
sion structures, and vertical transmission structures for high-
frequency transmission lines.

[0003] 2. Background of the Related Art

[0004] Along with the rapid advances in wireless commu-
nication products development in recent years, a planar PCB
architecture can not satisfy the demand of low cost, high
density and compact products. Thus, the vertical interconnec-
tion of low temperature co-fired ceramics (LTCC) package or
multi-layer PCB have gradually replaced the design of the
planar PCB. However, the via design for the multi-layer PCB
or LTTC may cause parasitic impedances or inductances.
[0005] There have been various types for vertical transmis-
sion, such as transmission between microstrip line and strip
line, microstrips, coplanar waveguides, or coplanar
waveguide and strip line. Taking the first type as an example,
the vertical transmission interconnects between the coplanar
waveguides do not cause large return loss in low frequencies,
however, the parasitic effects from the vertical transmission
interconnects can degrade the characteristics of return param-
eters with increase in the operating frequencies. Generally,
the compensation of local matching may reduce the parasitic
effects and further convert them to inductance effect to
achieve both the impedance match and prevent the parasitic
effects. In the second type, the microstrip line transmission
with slots or cavities does not adopt a via architecture to
prevent the parasitic effects. The slot configuration may gen-
erate inductance effects to achieve impedance match. The
improved cavity configuration includes both a dielectric layer
between two ground layers made of same metallic material
and a slot to perform coupling by waveguides. In the third
type, the transmission between microstrip line and strip line
improves frequency band characteristics by high impedance
compensation that utilizes a high-impedance line with addi-
tional inductance to compensate the capacitance of transmis-
sion lines. It may bedue to different impedances generated by
the lines with various widths. The impedances may be raised
by decreasing the widths and converted into inductances.
[0006] FIG.1 isatop-view perspective diagram illustrating
a conventional three ground bump configuration of a high-
frequency flip chip package. A substrate 10 has a coplanar
waveguide 12. The circuit layer 16 of a microwave chip
package 18 is coupled to the coplanar waveguide 12 via three
bumps 14. There are various transmission structures applied
1o various packages. Basically, the parasitic effects from vari-
ous wiring configurations of the packages are raised with
increase of operating frequencies. Thus, flip chip package has
been gradually applied to high-frequency products. However,
when the underfill comes in contact with the transmission
structures of the flip chip package, significant waveband fre-
quency loss of transmission lines occurs. Attempts are still
being made to improve the transmission architecture of trans-
mission lines to achieve reduction in the loss of waveband
frequency.

SUMMARY OF THE INVENTION

[0007] The present invention is directed to a transmission
structure, which may be suitable for reducing the possibility
of the underfill from coming in contact with the vertical
fransmission structure between connected lines to increase
the performance of the transmission lines.
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[0008] The present invention is also directed to a transmis-
sion structure which may be suitable for improving the trans-
mission efficiency between a microwave chip and a package
substrate and reduce crosstalk insertion loss and return loss of
the signal lines.

[0009] The present invention is also directed to a transmis-
sion structure having a coaxial configuration suitable to pro-
vide more return current paths.

[0010] Accordingly, one embodiment of the transmission
structure of chip includes a chip having an insulating surface;
a signal line disposed over the insulating surface, wherein the
signal line includes a bar bump and two terminals; a ground
bump separately disposed over insulating surface and electri-
cally isolated from the signal portion line, and an expansion
bump formed around each terminal; a dielectric layer dis-
posed over the signal line and the ground bump. wherein the
dielectric layer exposes the two terminals and a portion of
each expansion bump; two first conductive connectors dis-
posed over the dielectric layer, wherein the two first conduc-
tive connectors respectively correspond and in contact with
the two exposed expansion bumps; and two second conduc-
tive connectors disposed over the dielectric layer and respec-
tively in contact with the two exposed terminals, wherein
each of the second conductive connectors respectively serve
as a centre of the first conductive connectors.

[0011] Another embodiment of the transmission structure
of high-frequency transmission line includes a substrate hav-
ing an insulating surface formed thereon; a pattern of high-
frequency transmission structures disposed over the insulat-
ing surface, wherein the pattern of high-frequency
transmission structures includes a signal line having a bar
bump and a terminal; and a ground bump separately set over
the substrate and electrically isolated from the signal line,
wherein the ground bump surrounds the bar bump and
includes an expansion bump surrounding the terminal; a
dielectric layer disposed over the pattern of high-frequency
transmission structures, wherein the dielectric layer exposes
the terminal and the expansion bump of the ground bump; a
first conductive connector disposed over the dielectric layer
and in contact with the exposed expansion bump; and a sec-
ond conductive connector disposed over the dielectric layer
and in contact with the exposed terminal, wherein the second
conductive connector serves as a centre of axis of the first
conductive connector.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG.1isatop-view perspective diagram illustrating
a conventional three-grounding bump of a high-frequency
flip chip package.

[0013] FIGS. 2A to 2E are cross-sectional perspective dia-
grams illustrating a process of fabricating substrates of high-
frequency flip chip package according to one embodiment of
the present invention.

[0014] FIG. 3A is a top-view perspective diagram illustrat-
ing a high-frequency flip chip package according to one
embodiment of the present invention.

[0015] FIG. 3B is a scaled-up schematic diagram illustrat-
ing a transmission structure according to one embodiment of
the present invention.

[0016] FIG. 4 is a schematic diagram illustrating the com-
bination of a substrate and package according to one embodi-
ment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0017] FIGS. 2A to 2E are cross-sectional perspective dia-
grams illustrating a process of fabricating substrates of high-
frequency flip chip package according to one embodiment of
the present invention. As shown in FIG. 2A, a conductive
layer is formed over a substrate 11 having an insulating sur-
face. A pattern of high-frequency transmission structures is
transferred onto the conductive layer. The pattern of high-
frequency transmission structures includes a signal line 15
and a ground bump 13 electrically isolated from each other. In
one embodiment, the substrate 11 may be comprised of a
single or multiple layers made of glass, silicon, ceramic or
polymer material. The conductive layer may include a copper
foil laminated with the substrate 11, a copper foil with elec-
troplated copper, or a substrate electroplated with an electro-
plated copper. Alternatively, the conductive layer may
include, for example but not limited to, a gold layer, and may
be formed over the substrate 11 by lithography and electro-
plating process.

[0018] Next, the signal line 15 extends from one side of the
substrate 11 to the centre thereof, and comprises a bar bump
and a terminal 151. The ground bump 13 extends from the
side of the substrate 11, and includes a key hole shaped
opening including an expansion bump 131 surrounding the
bar bump of the signal line 15 such that the space between the
ground bump 13 and the bar bump of the signal line 15 is
smaller than that between the expansion bump 131 of the
ground bump 13 and the terminal 151 of the signal line 15. In
the present embodiment, the expansion bump 131 has an arc
shape. Alternatively, the expansion bump 131 may also have
other geometric shapes, such as but not limited to a square or
a diamond shape.

[0019] Referring to FIG. 2B, a dielectric layer 17 is formed
over the pattern of high-frequency transmission structures
and a portion of the substrate 11. Next, a portion of the
dielectric layer 17 is removed by using any well known pro-
cess, such as etching, to expose the terminal 151 and the
expansion bump 131. In one embodiment, the dielectric layer
17 may be made of benzocyclobutene, photo-benzocy-
clobutene, polyimide, nitride, oxide or ceramic material.
[0020] As shown in FIG. 2C, a photoresist layer 19 is
formed over the dielectric layer 17 and the substrate 11 by
using any well known process, such as spin coating or dry film
covering process. The photoresist layer 19 is subjected to
photolithography and etching process to form a first pattern
191 and a second pattern 193. The terminal 151 is exposed by
the first pattern 191. The expansion bump 131 and the portion
of the dielectric layer 17 are exposed by the second pattern
193. The exposed portion of the expansion bump 131 and the
exposed portion of the dielectric layer 17 constitute a coaxial
circular pattern with the terminal 151. Tt is understood that the
shape of the expansion bump 131 and the terminal 151 is not
limited to be a circular pattern, the expansion bump 131 may
also have other coaxial geometric shapes.

[0021] Next, an electroplating or an evaporation process is
carried out to form a conductive layer over the first pattern
191 and the second pattern 193, such as a titanium layer and
then a gold layer thereon. The whole structure is first sub-
jected to a curing process and then the photoresist layer 19 is
removed to form a first conductive connector 201 and a sec-
ond conductive connector 203, a shown as FIG. 2D. The first
conductive connector 201 is electrically connected to the
ground bump 13 and electrically isolated from the signal line
15. The second conductive connector 203 is electrically con-
nected to the terminal of the signal line 15 and electrically
isolated from the ground bump 13. As shown in FIG. 2E, a
substrate structure for high-frequency flip chip package
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includes the second conductive connector 203 serving as a
centre of axis of the first conductive connector 201. The first
and second conductive connectors 201 and 203 may be
located over a central area of the substrate 11 Moreover, the
signal line 15 of ground bump 13 located over the edge of the
substrate 11 is exposed for use for connection.

[0022] FIG. 3A is a top-view perspective diagram illustrat-
ing a high-frequency flip chip package according to one
embodiment of the present invention. As shown in FIG. 3A,
the active surface (not shown in figure) of a chip 29 is faced
down. The circuit side of a packed chip 23 includes a dielec-
tric layer 27 thereon. The circuit side has the pattern of high-
frequency transmission structures similar to one shown in
FIG. 2A, which includes a signal line 231 and a ground bump
23 around the signal line 231. Third conductive connectors
251a and 2515 and fourth conductive connectors 253a and
253b are formed by using the same process steps illustrated
with reference to FIG. 2B to FIG. 2E. The third conductive
connectors 251a and 2515 respectively correspond to and
disposed around the fourth conductive connectors 253a and
253b. The third conductive connectors 251a and 2515 are
electrically connected to the ground bump 23. One end of the
fourth conductive connectors 253a and 2535 respectively is
electrically connected to the signal line 231.

[0023] FIG. 3B is a scaled-up schematic diagram illustrat-
ing a transmission structure according to one embodiment of
the present invention. The dielectric layer is omitted for the
convenience of illustration. As shown in FIG. 3B, the signal
line 15 and the ground bump 13 are separately set over the
substrate 11 and electrically isolated from each other. Simi-
larly, the ground bump 23 and the signal line 231 are sepa-
rately set over the chip and electrically isolated from each
other. For forming the transmission structure, the signal line
15 over the substrate 11 is connected to the signal line 231 of
the chip via the structural connection of the second conduc-
tive connector (203 in FIG. 2D) and the transmission of the
fourth conductive connector 253¢/253b. Accordingly, the
application of the transmission structure to a high-frequency
flip chip package may reduce the possibility of underfill from
causing a vertical transmission between connected lines.
Thus, the transmission structure may enhance the transmis-
sion efficiency of a microchip and a package substrate and
further reduce both insertion loss (smaller than 0.6 dB) and
return loss (smaller than 20 dB).

[0024] FIG. 4 is a schematic diagram illustrating the com-
bination of a substrate and a package according one embodi-
ment of the present invention. The substrate 11 includes a first
signal line 15 and a first ground bump 13 separately located
and electrically isolated from each other. The dielectric layer
17 covers a portion of the first ground bump 13 and a portion
of the first signal line 15. The flip chip 29 includes a second
signal line 231 and a second ground bump 23 that are sepa-
rately located and electrically isolated from each other. The
ring-shaped conductive connectors are located between the
substrate and the flip chip, and electrically connected to the
first ground bump 13 and the second ground bump 23. The
second rod conductive connectors are located between the
substrate and the flip chip, and structurally in contact with the
first signal line 15 and the second signal line 231. The second
rod conductive connector serves as a centre of axis of the first
ring-shaped conductive connector. Accordingly, the vertical
transmission structure may be applied, for example but not
limited to, the transmission between microstrip line and strip
line, microstrip lines, coplanar waveguides, or coplanar
waveguide and microstrip line. Moreover, the vertical trans-
mission structure may be applied to the flip chip package, low
temperature co-fired ceramics package (LTCC), high tem-
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perature co-fired ceramics package (HTCC), organic lami-
nate multichip modules (MCM-L) or deposited thin film
MCM (MCM-D).

[0025] Although the present invention has been explained
in relation to its preferred embodiment, it is to be understood
that other modifications and variation can be made without
departing the spirit and scope of the invention as hereafter
claimed.

What is claimed is:

1. A transmission structure of high-frequency transmission
line, comprising:

a substrate, comprising an insulating surface;

a pattern of high-frequency transmission structures,

formed over the insulating surface, comprising:

a signal line, having a bar bump and a terminal; and

a ground bump, electrically isolated from the signal line
and surrounding the terminal, comprising an expan-
sion bump;

a dielectric layer, formed over the pattern of high-fre-
quency transmission structures, wherein the dielectric
layer exposes the terminal and the expansion bump of
the ground bump;

a first conductive connector, disposed over the dielectric
layer and in contact with the exposed expansion bump;
and

asecond conductive connector, disposed over the dielectric
layer and in contact with the exposed terminal, wherein
the second conductive connector serves as a centre of
axis of the first conductive connector.

2. The transmission structure of high-frequency transmis-
sion line according to claim 1, wherein a distance between the
expansion bump and the terminal is larger than a distance
between the ground bump and the bar bump.

3. The transmission structure of high-frequency transmis-
sion line according to claim 1, wherein the substrate com-
prises glass, silicon, ceramic or polymer.

4. The transmission structure of high-frequency transmis-
sion line according to claim 1, wherein the pattern of high-
frequency transmission structures comprises a copper layer
or a gold layer.

5. The transmission structure of high-frequency transmis-
sion line according to claim 1, wherein the first conductive
connector and the second conductive connector comprise a
titanium layer or a gold layer.

6. The transmission structure of high-frequency transmis-
sion line according to claim 1, wherein the first conductive
connector comprises a rod shape and the second conductive
connector comprises a ring shape surrounding the first con-
ductive connector.

7. A transmission structure of a chip, comprising:

a chip, having an insulating surface;

asignal line, disposed over the insulating surface, wherein
the signal line includes a bar bump and two terminals;

a ground bump, electrically isolated from the signal line,
comprising two expansion bumps respectively sur-
rounding the two terminal,

a dielectric layer, disposed over the signal line and the
ground bump, wherein the dielectric layer exposes the
two terminals and a portion of each expansion bump;

two first conductive connectors, disposed over the dielec-
tric layer, wherein the two first conductive connectors
respectively correspond and in contact with the two
exposed expansion bumps; and
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two second conductive connectors, disposed over the
dielectric layer and respectively in contact with the two
exposed terminals, wherein each of the second conduc-
tive connectors respectively serves as a centre of axis of
the first conductive connectors.

8. The transmission structure of chip according to claim 7,
wherein the second signal line and the ground bump comprise
a copper layer or a gold layer.

9. The transmission structure of chip according to claim 7,
wherein the two first conductive connectors and the two con-
ductive connectors comprise a titanium layer or a gold layer.

10. The transmission structure of chip according to claim 7,
wherein each of the first conductive connectors comprises a
rod shape and each of the second conductive connectors com-
prises aring shape surrounding the first conductive connector.

11. A high-frequency flip chip package structure, compris-
ing:

a substrate, comprising a first signal line and a first ground
bump separately set and electrically isolated from each
other;

a flip chip, comprising a second signal line and a second
ground bump separately set and electrically isolated
from each other;

a first conductive connector, located between the substrate
and the flip chip, wherein the first conductive connector
is electrically connected the first ground bump and the
second ground bump; and

a second conductive connector, located between the sub-
strate and the flip chip, wherein the second conductive
connector is connected to the first signal line and the
second signal line, and the second conductive connector
serves as a centre of axis of the first conductive connec-
tor.

12. The high-frequency flip chip package structure accord-
ing to claim 11, further comprising a dielectric layer covering
a portion of the first ground bump and a portion of the first
signal line.

13. The high-frequency flip chip package structure accord-
ing to claim 11, further comprising a dielectric layer covering
a portion of the second ground bump and a portion of the
second signal line.

14. The high-frequency flip chip package structure accord-
ing to claims 12 or 13, wherein the dielectric layer comprises
a benzocyclobutene, polyimide, nitride, oxide or ceramic
layer.

15. The high-frequency flip chip package structure accord-
ing to claim 11, wherein the substrate further comprises an
insulating surface and is made of glass, silicon, ceramic or
polymer.

16. The high-frequency flip chip package structure accord-
ing to claim 11, wherein the first conductive connector com-
prises a titanium layer or a gold layer.

17. The high-frequency flip chip package structure accord-
ing to claim 11, wherein the second conductive connector
comprises a titanium or gold layer.

18. The high-frequency flip chip package structure accord-
ing to claim 11, wherein the first ground bump and the first
signal line comprise a copper layer or a gold layer.

19. The high-frequency flip chip package structure accord-
ing to claim 11, wherein the second ground bump and the first
signal comprise a copper or gold layer.
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