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HIGH FREQUENCY FLIP CHIP PACKAGE
STRUCTURE OF POLYMER SUBSTRATE

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a divisional application of the
copending application Ser. No. 12/547.575 filed Aug. 26,
2009.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] Thepresent invention relates to a high frequency flip
chip package process of a polymer substrate and a structure
thereof, and more particularly to a one-layer high frequency
flip chip package for overcoming the shortcomings of a con-
ventional two-layer high frequency flip chip package process
by enhancing the issues such as the return loss, high cost,
manufacturing yield rate and reliability of the package struc-
ture.

[0004] 2. Background of the Invention

[0005] As the semiconductor industry advances rapidly,
present electronic products tend to be designed with a small
size, a light weight and a variety of functions, and package
processes tend to be developed with alarger number of inputs/
outputs and a smaller interval, so as to provide electronic
components with a more stable signal transmission channel
and a better heat dissipating path, while protecting the inter-
nal electronic components from being affected by external
environments. Regardless of traditional electronic products,
light emitting diodes (LEDs), mobile phones or other high-
frequency wireless communication products, a package pro-
cess plays an important role.

[0006] Atpresent, the package process traditionally used in
the semiconductor industry is a wire bonding process. As an
operating frequency becomes increasingly higher, a lager
parasitic effect results, and thus the wire bonding package has
faced its bottleneck, and the two-layer high frequency flip
chip package process is considered as a package process with
the most potential.

[0007] With reference to FIG. 1 for a structure of the so-
called two-layer high frequency flip package, a bump 24 is
provided for connecting a chip 25 with a ceramic substrate 23
(which is the first-layer package), and then a ball grid array
(BGA) 22 is used for connecting the ceramic substrate 23
with a polymer substrate 21 (which is the second-layer pack-
age), so as to complete a two-layer high frequency flip pack-
age structure 2.

[0008] However, the conventional two-layer high fre-
quency flip chip package process and its structure 2 have the
following drawbacks:

[0009] 1. The conventional two-layer high frequency flip
chip package process goes through two-layer package, and
the high-frequency characteristics of the manufactured high
frequency flip chip package structure 2 bring out additional
insertion loss and return loss.

[0010] 2. The conventional high frequency flip chip pack-
age process uses the two-layer package, and thus the package
incurs a high cost and a complicated manufacturing process.
[0011] 3. Since the polymer substrate 21 of the high fre-
quency flip package structure 2 comes with a larger coeffi-
cient of thermal expansion (CTE), therefore there is a reli-
ability issue.
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[0012] 4. The manufacturing process of the ceramic sub-
strate 23 in the high frequency flip package structure 2 still
has the issues of a low yield rate and a high cost.

[0013] Insummation ofthe aforementioned drawbacks, the
conventional two-layer high frequency flip chip package pro-
cess still has many issues that require further improvements.

SUMMARY OF THE INVENTION

[0014] Insummation of the aforementioned shortcomings
of the prior art, the inventor of the present invention develops
and designs a high frequency flip chip package process of a
polymer substrate and its structure to achieve the effects of
improving the additional insertion and return losses caused
by the high-frequency characteristics of the structure pack-
aged by the conventional two-layer high frequency flip chip
package process, lowering the high cost and simplifying the
complicated manufacturing process. The present invention
also can enhance the reliability and the manufacturing yield
rate and lower the manufacturing cost of the ceramic sub-
strate.

[0015] Therefore, it is a primary objective of the present
invention to overcome the shortcomings of the prior art by
providing a high frequency flip chip package process of a
polymer substrate and its structure, wherein the one-layer
high frequency flip chip package process is used to overcome
the shortcomings of the conventional two-layer high fre-
quency flip chip package process having an additional return
loss caused by the high-frequency characteristics of a two-
layer high frequency flip chip package structure.

[0016] Another objective of the present invention is to pro-
vide a high frequency flip chip package process of a polymer
substrate and its structure, wherein the one-layer high fre-
quency flip chip package is used to overcome the shortcom-
ings of the two-layer package produced by the conventional
two-layer high frequency flip chip package process incurring
a high cost and a complicated manufacturing process.
[0017] A further objective of the present invention is to
provide a high frequency flip chip package process of a poly-
mer substrate and its structure, wherein the one-layer high
frequency flip chip package is used to overcome the short-
comings of the polymer substrate produced by the conven-
tional two-layer high frequency flip chip package process
having a larger coefficient of thermal expansion (CTE) and a
reliability issue.

[0018] Another objective of the present invention is to pro-
vide a high frequency flip chip package process of a polymer
substrate and its structure, wherein the one-layer high fre-
quency flip chip package is used to overcome the shortcom-
ings of the ceramic substrate produced by the conventional
two-layer high frequency flip chip package process having a
low manufacturing yield rate and a high cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a schematic view of a conventional two-
layer high frequency flip package structure;

[0020] FIG. 2 is a flow chart of a one-layer high frequency
flip chip package process in accordance with the present
invention;

[0021] FIG. 3 is a schematic view of a one-layer high fre-
quency flip chip package process in accordance with the
present invention;
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[0022] FIG. 4 is a schematic view of a one-layer high fre-
quency flip chip package structure in accordance with the
present invention;

[0023] FIG. 5 shows measured results of S parameter ver-
sus frequency of a one-layer high frequency flip chip package
structure in accordance with the present invention and a con-
ventional ceramic substrate;

[0024] FIG. 6 shows measured results of reliability tests of
a high frequency flip chip package structure in accordance
with the present invention before and after an encapsulation
takes place; and

[0025] FIG. 7 shows measured results of a reliability test of
a one-layer high frequency flip package structure in accor-
dance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] To make it easier for our examiner to understand the
technical measures and the operating procedure of the present
invention, we use preferred embodiments together with the
attached drawing for the detailed description of the present
invention.

[0027] Thepresentinvention provides a high frequency flip
chip package process of a polymer substrate and a structure
thereof, wherein a one-layer high frequency flip chip package
is used for completing the one-layer high frequency flip chip
package structure in accordance with the present invention.
With reference to FIGS. 2 to 4, a one-layer high frequency flip
chip package process comprises the following step:

[0028] Step 1: Prepare a polymer substrate 11 (which is a
polymer substrate produced by Rogers Corporation in this
embodiment). A mixed solution (which is a solution of water,
sulfuric acid and hydrogen peroxide mixed in the proportion
0f 100:5:6 in this embodiment) to etch the copper originally
electrodeposited on both sides of the polymer substrate 11 to
prepare and complete the polymer substrate 11 and polish the
surface of the polymer substrate 11 by a chemical mechanical
polishing to reduce the roughness and facilitate the following
manufacturing process.

[0029] Step 2: Form a gold coplanar waveguide (CPW)
transmission line. An e-gun evaporator deposits a predeter-
mined thickness (which is 500 A in this embodiment) of
titanium (Ti) onto the polymer substrate 11 as an adhesion
layer 111, and deposits another predetermined thickness
(which is 2000 A in this embodiment) of gold (Au) onto the
adhesion layer 111 as a seed layer 112, and then a manufac-
turing process technology is used to coat a predetermined
thickness (which is 2~3 pum this embodiment) of photoresist
layer 113 (as shown in FIG. 3), and a first predetermined
rotation speed (which is 1000 rpm in this embodiment) is used
for performing a first rotary coating on the polymer substrate
11 for a first predetermined time (which is 10 seconds in this
embodiment), and a second predetermined rotation speed
(which is 3000 rpm in this embodiment) is used for perform-
ing a second rotary coating for a second predetermined time
(which is 45 seconds in this embodiment), and the polymer
substrate 11 is exposed to light by using an aligner for a third
predetermined time (which is 13 seconds in this embodi-
ment), and a heating plate is used for baking at a first prede-
termine temperature (which is 90 in this embodiment) for a
fourth predetermined time (which is 20 minutes in this
embodiment), such that the polymer substrate 11 and a devel-
oper solution (which is FHD-5 in this embodiment) are
reacted, and then rinsed by deionized water (DI water) for a
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second predetermine temperature (which is 60 in this
embodiment), and submerged into a gold cyanide electroplat-
ing solution for a fifth predetermined time (which is 15 min-
utes in this embodiment). In the meantime, a current (of 15
maA in this embodiment) is connected. A first solution (which
is an acetone solution in this embodiment) is used for remov-
ing the photoresist layer 113. A second solution (which is an
isopropyl alcohol (IPA) in this embodiment) is used for
removing the first solution. The gold coplanar wavegnide
(CPW) transmission line (not shown in the figure) is provided
for the transmission of telecommunication signals.

[0030] Step 3: Form a gold bump 114. A third predeter-
mined rotation speed (which is 500 rpm in this embodiment)
is used for performing a third rotary coating another photo-
resist for a sixth predetermined time (which is 60 seconds in
this embodiment) onto the gold coplanar waveguide (CPW)
transmission line, and then a fourth predetermined rotation
speed (which is 2000 rpm in this embodiment) is used for
performing a fourth rotary coating for a seventh predeter-
mined time (which is 2 seconds in this embodiment), and
being baked in an oven at a third predetermine temperature
(which is 120 in this embodiment) for an eighth predeter-
mined time (which is 10 minutes in this embodiment). This
step 1s repeated to achieve a predetermined thickness (which
is 30~40 um in this embodiment), and the aligner is used for
a light exposure for a ninth predetermined time (which is 140
seconds in this embodiment) to form the gold bump 114
(which is a PMERPHA900PM made by photolithographic
process in this embodiment) (as shown in FIG. 4).

[0031] Step 4: Form a bump 12 and remove the gold bump
114. The polymer substrate 11 is reacted with another devel-
oper solution (which is a PMER Developer P-7G in this
embodiment), and the polymer substrate 11 is rinsed by the
deionized water (DI water), and submerged into a gold cya-
nide electroplating solution at a fourth predetermine tempera-
ture (which is 60 in this embodiment) for a tenth predeter-
mined time (which is 3 hours in this embodiment), while
connecting another current (which is 1 mA in this embodi-
ment) for an electroplating to form the bump 12, and the first
solution is used to remove the gold bump 114, and the second
solution is used for removing the first solution.

[0032] Step 5: Remove the seed layer 112. A third solution
(which s potassium iodide/iodide solution (KI/I2 solution) in
this embodiment) is used for etching gold (Au) in the polymer
substrate 11, and then a fourth solution (which is a hydrof-
luoric acid (HC!) and hydrogen fluoride (HF) solution in this
embodiment) is used for removing titanium (Ti) in the poly-
mer substrate 11 and the seed layer 112.

[0033] Step 6: Adhereachip 13. A bonding machine (which
is aRD automation M9 bonding machine in this embodiment)
and a gold-gold thermo-compression bonding are used for
performing a flip chip bonding to adhere the chip 13 onto the
bump under the conditions of a fourth predetermined tem-
perature (which is 250 in this embodiment), a bonding force
of 150 gf and an eleventh predetermined time (which is 150
seconds in this embodiment) to complete a chip adhesion.
[0034] Step 7: Encapsulation: The polymer substrate 11 is
preheated by the heating plate to a fifth predetermine tem-
perature (which is 100 in this embodiment), and then an
under-fill 14 (which is an epoxy-based under-fill in this
embodiment) is filled into a space formed among the chip 13,
the polymer substrate 11 and the bump 12 to reduce the
thermal stress caused by the large difference of the coeffi-
cients of thermal expansion between the chip 13 and the
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polymer substrate 11, while producing a wicking effect to
lower the viscosity of the under-fill 14, so as to expedite the
flowing speed, and the polymer substrate 11 is heated in an
oven at a sixth predetermine temperature (which is 150 in this
embodiment) for a twelfth predetermined time (which is 2
hours in this embodiment) to complete the package process.
[0035] In the aforementioned process, the under-fill 14 is
filled into the space between the chip 13, the polymer sub-
strate 11 and the bump 12 by using a capillary method or
another injection method.

[0036] With the following tests, it shows that one-layer the
high frequency flip chip package structure 1 of the present
invention can overcome the shortcomings of the conventional
two-layer high frequency flip chip package process and the
high frequency flip package structure 2 (as shown in FIG. 1)
produced by the conventional process, including additional
insertion and return losses caused by the high-frequency char-
acteristics, and a reliability issue of the applications.

[0037] 1. S-parameter Measurement:

[0038] Withreference to FIGS. 4 and 5 for measured results
of S parameters of a one-layer high frequency flip package
structure 1 in accordance with the present invention and a
conventional ceramic substrate, the measured S parameters
show that from a direct current (DC) to 50 GHz, the one-laver
high frequency flip package structure 1 of the present inven-
tion has a return loss less than 15 dB and an insertion loss less
than 1.0 dB, and the conventional ceramic substrate has a
return loss less than 18 dB and an insertion loss less than 0.8
dB. From the foregoing data, it shows that the one-layer high
frequency flip package structure 1 of the present invention has
areturn loss and an insertion loss capable of achieving similar
effects of the conventional ceramic substrate.

[0039] A high frequency flip package structure 1 of the
present invention or a high frequency flip package structure
produced by the high frequency flip chip package process of
the present invention goes through the encapsulation step to
measure the S-parameters. With reference to FIG. 6, the data
measurement of S by direct current (DC) up to 50 GHz
indicates that the high frequency flip package structure has a
slightly lower high-frequency characteristic after the encap-
sulation step takes place, but such structure still can be
applied in a package process. On the other hand, the polymer
substrate 11 has a larger coefficient of thermal expansion, and
thus the reliability of the high frequency flip chip package
structure can be enhanced by the encapsulation process.
[0040] 2. Reliability Test

[0041] A high frequency flip package structure 1 produced
by the one-layer high frequency flip chip package process in
accordance with the present invention is used for performing
areliability test of a thermal cycle. With reference to FIGS. 4
and 7, a contact resistance is measured to obtain a reliability
test result, after going through 0, 200, 400 or 600 cycles, the
high frequency flip chip package structure 1 has excellent
thermal stability and reliability, showing that the under-fill 14
can effectively reduce the thermal stress caused by the large
difference between ofthe coefficients of thermal expansion of
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the chip 13 and the polymer substrate 11, and thus the high
frequency flip package structure 1 is applicable for packaging
high frequency components used in the microwave industry.
[0042] Unlike the conventional two-layer high frequency
flip chip package process and high frequency flip chip pack-
age structure 2, the one-layer high frequency flip chip pack-
age process and the high frequency flip chip package structure
1 in accordance with the present invention has the following
advantages:

[0043] 1. The present invention is novel and improves over
the prior art. Since the conventional two-layer high frequency
flip chip package process goes through the two-layer package
process to produce a high frequency flip chip package struc-
ture 2 with a high-frequency characteristic that results in
additional insertion loss and return loss, requires a compli-
cated procedure, and causes a reliability issue. On the other
hand, the manufacturing process of the present invention can
overcome the aforementioned shortcomings effectively.
[0044] 2. Thepresent invention is useful. Since the conven-
tional two-layer high frequency flip chip package process
uses a two-layer package process and a ceramic substrate 23,
the conventional method incurs a high cost, but the present
invention simply goes through a one-layer package, and also
uses a low-cost polymer substrate 11 to greatly lowering the
cost of the conventional two-layer high frequency flip chip
package process.

What is claimed is:

1. A high frequency flip chip package structure of a poly-
mer substrate, comprising:

a polymer substrate;

a coplanar waveguide transmission line, installed on a sur-
face ofthe polymer substrate, for transmitting a telecom-
munication signal;

at least one bump, with an end coupled to a surface of the
polymer substrate;

a chip, coupled to another end of the bump;

an under-fill, filled between the chip and the polymer sub-
strate and the bumps to form a space.

2. The high frequency flip chip package process of a poly-
mer substrate as recited in claim 1, wherein the polymer
substrate is a polymer board used for high frequency.

3. The high frequency flip chip package process of a poly-
mer substrate as recited in claim 1, wherein the bump is
formed selectively by an electroplating method and a metal
deposition method.

4. The high frequency flip chip package process of a poly-
mer substrate as recited in claim 1, wherein the under-fill is a
polymer selected from the collection of epoxy-based benzo-
cyclobutene, liquid crystal polymer and high frequency
under-fill.

5. The high frequency flip chip package process of a poly-
mer substrate as recited in claim 1, wherein the under-fill is
filled into the space between the chip, the polymer substrate
and the bump space by a capillary method.
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