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SEMICONDUCTOR PACKAGE AND
METHOD OF MANUFACTURING THEREOFK

FIELD

[0001] The disclosure relates to Au—=Sn alloy bump and
the semiconductor structure using Au—Sn alloy bumps.

BACKGROUND

[0002] With the recent advancement of the electronics
industry, electronic components are being developed to have
high performance and thus there 1s a demand for minmiatur-
ized and highly-densified packages. Accordingly, interpos-
ers which functions to connect ICs to a main board must be
packed more densely. The high densification of packages 1s
attributable to an increase of the number of 1/0Os of ICs, and
the method for the connection with the interposers has also
been made more eflicient.

[0003] The growing popularity of one of the interposer
technology 1s tlip-chip bonding. Flip-chip assembly 1n the
tabrication process flow of silicon integrated circuit (IC)
devices 1s driven by several facts. First, the electrical per-
formance of the semiconductor devices can be improved
when the parasitic inductances correlated with conventional
wire bonding interconnection techniques are reduced. Sec-
ond, flip-chip assembly provides higher interconnection
densities between chip and package than wire bonding.
Third, flip-chip assembly consumes less silicon “real estate™
than wire bonding, and thus helps to conserve silicon area
and reduce device cost. And fourth, the fabrication cost can
be reduced, when concurrent gang-bonding techniques are
employed rather than consecutive individual bonding steps.
[0004] In order to reduce interposer’s size and 1ts pitch,
cllorts were undertaken to replace the earlier solder-based
interconnecting balls 1n flip-chip bonding with metal bumps,
especially by an eflort to create metal bumps by a modified
wire ball technique. Typically, the metal bumps are created
on an aluminum layer of the contact pads of semiconductor
chuips. Subsequently, the chips are attached to substrates
using solder. The metal bumps are used for flip chip pack-
aging with applications for LCDs, memories, microproces-
sors and microwave RFICs.

[0005] Among different bonding materials, lead-free sol-
der bumps recently attract more attention due to environ-
ment concerns rising. Nowadays, different types of materials
are used and are further developed, for example, pure tin
(Sn), gold-tin (Au—=Sn), copper-tin (Cu—Sn), silver-tin
(Ag—Sn), etc. Herein, the electroplated Au—=Sn bumps are
discussed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Aspects of the present disclosure are best under-
stood from the following detailed description when read
with the accompanying figures. It 1s noted that, in accor-
dance with the standard practice in the industry, various
features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clanity of discussion.

[0007] FIG. 1 1s a cross sectional view of a simplified
semiconductor package with an electroplated Au—=Sn alloy
bump, 1n accordance with some embodiments of the present
disclosure.

[0008] FIG. 2A 1s a cross section of an electroplated
Au—Sn alloy bump parallel to a surface supporting the

Oct. 20, 2016

clectroplated Au—=Sn alloy bump, 1n accordance with some
embodiments of the present disclosure.

[0009] FIG. 2B 1s a cross section of an electroplated
Au—Sn alloy bump parallel to a surface supporting the
clectroplated Au—=Sn alloy bump, 1n accordance with some
embodiments of the present disclosure.

[0010] FIG. 3 1s a cross section of a semiconductor struc-
ture with an electroplated Au—=Sn alloy bump in accordance
with some embodiments of the present disclosure.

[0011] FIG. 4 1s a cross sectional view of a light-emitting
diode (LED) structure with an electroplated Au—=Sn alloy
bump 1n accordance with some embodiments of the present
disclosure.

[0012] FIG. 3 1s a cross section of a chip-on film (COF)
semiconductor structure with electroplated Au—=Sn alloy
bumps 1n accordance with some embodiments of the present
disclosure.

[0013] FIG. 6 15 a cross section of a chip-on glass (COG)
semiconductor structure with electroplated Au—=Sn alloy
bumps 1n accordance with some embodiments of the present
disclosure.

[0014] FIG. 7A to FIG. 7F show the manufacturing opera-
tions of the semiconductor structure with electroplated Au—
Sn alloy bumps illustrated 1n FIG. 3.

[0015] FIG. 8Ato FIG. 8D show the manufacturing opera-
tions of the light-emitting diode (LED) structure with elec-
troplated Au—=Sn alloy bumps illustrated 1n FIG. 4.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

[0016] In the following detailed description, numerous
specific details are set forth in order to provide a thorough
understanding of the invention. However, 1t will be under-
stood by those skilled 1n the art that the present invention
may be practiced without these specific details. In other
instances, well-known methods, procedures, components
and circuits have not been described 1n detail so as not to
obscure the present invention. It 1s to be understood that the
following disclosure provides many different embodiments
or examples for implementing different features of various
embodiments. Specific examples of components and
arrangements are described below to simplity the present
disclosure. These are, of course, merely examples and are
not intended to be limiting.

[0017] The following disclosure provides many different
embodiments, or examples, for implementing diflerent fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are merely examples and
are not intended to be limiting. For example, the formation
of a first feature over or on a second feature in the descrip-
tion that follows may 1include embodiments in which the first
and second features are formed 1n direct contact, and may
also 1include embodiments 1n which additional features may
be formed between the first and second features, such that
the first and second features may not be 1n direct contact. In
addition, the present disclosure may repeat reference numer-
als and/or letters 1n the various examples. This repetition 1s
for the purpose of simplicity and clarity and does not in 1tself
dictate a relationship between the various embodiments
and/or configurations discussed.

[0018] Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
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or feature’s relationship to another element(s) or feature(s)
as illustrated 1n the figures. The spatially relative terms are
intended to encompass different orientations of the device 1n
use or operation in addition to the orientation depicted in the
figures. For example, 11 the device 1n the figures 1s turned
over, elements described as being “below” or “beneath”
other elements or features would then be oriented “above”
the other elements or features. Thus, the exemplary term
“below” can encompass both an ornientation of above and
below. The apparatus may be otherwise oriented (rotated 90
degrees or at other ornientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

[0019] The making and using of the embodiments are
discussed 1n detail below. It should be appreciated, however,
that the present invention provides many applicable inven-
tive concepts that can be embodied in a wide variety of
specific contexts. The specific embodiments discussed are
merely 1llustrative of specific ways to make and use the
invention, and do not limit the scope of the invention.

[0020] Among the metal bump technology 1n semiconduc-
tor packaging, gold bumps gained most popularity 1n that the
familiarity to the material properties and processing tech-
nology 1n the art. However, high matenial cost, inferior
bonding reliability and unsatisfactory material properties
such as low electrical conductivity and low thermal conduc-
tivity remain as problems to be solved. An alternative
cost-saving approach to fabricate metal bump is by creating
multilayer bumps, for example, a Cu (bottom layer), Ni
(middle layer) and Au (top layer) bump. This approach saves
the gold material consumption for a metal bump but the Cu
bottom layer 1s subject to easy oxidation and corrosion, and
thus generates reliability concerns.

[0021] Compared to the e-beam evaporation deposition
techniques, the electroplated Au—Sn bump provides a better
uniformity in 1ts composition. This 1s because during the
deposition process, the lighter tin atom transports faster
compared with the heavier gold atom. As a result, the
Au—Sn bump formed by e-beam evaporation has a structure
with Sn-rich phase near the deposited surface and an Au-rich
phase farther from the deposited surface. The non-uniform
composition of the Au—Sn bump, which may result 1n low
reliability, can be solved by the electroplating techniques
discussed below.

[0022] FIG. 1 1s a cross sectional view of a simplified
semiconductor package 10 with an electroplated Au—=Sn
alloy bump 101 between a lower conductive pad 102 and a
device 103. In some embodiments, the device 103 includes,
but not limited to, active devices such as a memory, a
transistor, a diode (PN or PIN junctions), integrated circuits,
or a varactor. In other embodiments, the device 103 includes
passive devices such as a resistor, a capacitor, or an inductor.
In some embodiments, the device 103 includes an upper
conductive pad 105 thereon. As shown 1n FIG. 1, a micro-
structure of the electroplated Au—=Sn alloy bump 101 1s
shown. For clarification, an enlarged cross section of the
clectroplated Au—->Sn alloy bump 101 1s presented on the
bottom right corner of FIG. 1 and the microstructure of the
clectroplated Au—->Sn alloy bump 101 1s 1dentified on the
cross sectional plane by using an electron microscope. In
some embodiments, the electroplated Au—=Sn alloy bump
101 includes composition with 0.15 to 0.25 weight percent
of tin (Sn), and 1s distributed uniformly between the lower
conductive pad 102 and the device 103. As shown 1n the
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enlarged picture of FIG. 1, the electroplated Au—=Sn alloy
bump 101 includes a light phase 104 and a dark phase 107,
both having an elongated shape. In some embodiments, a
greatest dimension of a cross section parallel to a surface
supporting the electroplated Au—Sn alloy bump 101 1s
within a range of from about 10 um to about 50 um. In some
embodiments, because the electroplated Au—=Sn alloy bump
101 1s formed by electroplating, both the light phase 104 and
the dark phase 107 will be amorphous structures instead of
single crystals.

[0023] Referring to FIGS. 2A and 2B, respectively, a
greatest dimension with a circular shape or a rectangular
shape of a cross section parallel to a surface supporting the
clectroplated Au—=Sn alloy bump 101 1s shown. The view of
the cross section 1s taken along the AA axis shown 1n FIG.
1. In some embodiments, the shape of the electroplated
Au—Sn alloy bump 101 depends on the shape of the upper
conductive pad 105 on top of the device 103. In some
embodiments, the width of the electroplated Au—=Sn alloy
bump 101 is larger than, equal to or smaller than the width
of the upper conductive pad 1035. In some embodiments, a
diameter of a circular cross section of the electroplated
Au—=Sn alloy bump 101 parallel to a surface supporting the
clectroplated Au—=Sn alloy bump 1s within a range of from
about 10 um to about 350 um, as depicted as W1 1n FIG. 2A.
In some embodiments, a diagonal of a rectangular cross
section of the electroplated Au—Sn alloy bump 101 parallel
to a surface supporting the electroplated Au—=Sn alloy bump

1s within a range of from about 10 um to about 50 um, as
depicted as W2 1n FIG. 2B.

[0024] Referring to FIG. 3, a cross section of a semicon-
ductor structure 300 with an electroplated Au—=Sn alloy
bump 301 1n accordance with some embodiments 1s shown.
In some embodiments, the semiconductor structure 300 1s a
semiconductor package. The semiconductor structure 300
includes a lower portion 3006. The lower portion 3006
includes, but not limited to, a device or simply a substrate
304 depending on the applications, and a lower conductive
pad 302 1s deposited on the active surface 304A of the
substrate. The upper portion 3002 includes a device 303 with
an upper conductive pad 305 surrounded by the dielectric
307. Further, the upper portion 3002 further includes an
under bump metallization (UBM) layer 309 on top of the
upper conductive pad 305 and part of the dielectric 307, and
a conductive pillar 311 deposited over the UBM layer 309.
In some embodiments, the conductive pillar 311 may
include substantially a layer including Au, Cu, Ag, and
alloys thereof. In some embodiments, the conductive pillar
311 can be formed by chemical vapor deposition (CVD),
sputtering, or electro-chemical plating (ECP). In some
embodiments, a height H2 of the conductive pillar 311 1s
within a range of from about 10 um to about 40 um
depending on the applications

[0025] In some embodiments, the UBM layer 309 has a
single-layer structure or a composite structure including
several sub-layers formed of different materials, and
includes a layer(s) selected from a nickel layer, a titanium
layer, a titamium tungsten layer, a palladium layer, a gold
layer, a silver layer, and combinations thereol. The upper
portion 3002 further includes an electroplated Au—=Sn alloy
bump 301 over the conductive pillar 311. In some embodi-
ments, an mtermetallic compound 319 1s formed between
the conductive pillar 311 and the electroplated Au—=Sn alloy
bump 301. In some embodiments, the composition of inter-
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metallic compounds (IMC) depends on the materials and
theirr composition ratios made of the bump as well as the
conductive pillar over the UBM layer. For example, 1n some
embodiments, the IMC 1ncludes binary gold/tin intermetal-

lics AuSn,, or an mtermetallic compound layer of AuSn/
Audsn,,.

[0026] As shown in FIG. 3, a height H3 of the electro-

plated Au—=Sn alloy bump 301 1s measured from a top
surface of the electroplated Au—Sn alloy bump body to a
top surface of the semiconductor chip 304. In some embodi-
ments, the height H3 of the electroplated Au—Sn alloy
bump 301 or the Au,_Sn_ alloy having a composition from
about x=0.15 to about x=0.25 (1n weight percent). In some
embodiments, the original height of the as-electroplated
Au—Sn alloy bump 301 1s in a range of from about 10 um
to about 40 um. After a first reflow operation, the Au—=Sn
alloy bump 301 turns soft and forms a curved surface due to
surface tension, and the height thereof i1s increased about
10% of the oniginal height, reaching a range of from about
11 um to about 44 um. Subsequently, a second reflow 1s
treated while the Au—=Sn alloy bump 301 1s in contact with
another workpiece, for example, a semiconductor device or
a substrate, resulting 1n a 30% reduction in the thickness of
the Au—=Sn alloy bump 301, reaching a thickness 1n a range
of from about 7 um to about 31 um. In some embodiments,
the width of the electroplated Au—=Sn alloy bump 301
(depicted as W3 1n FIG. 3) can be larger, equal to, or smaller
than the width of the conductive pillar 311. In some embodi-
ments, a diameter of a circular cross section of the electro-
plated Au—Sn alloy bump 301 parallel to a surface sup-
porting the electroplated Au—=Sn alloy bump 1s within a
range of from about 20 um to about 50 um, as depicted as
W1 m FIG. 2A. In some embodiments, a diagonal of a
rectangular cross section of the electroplated Au—=Sn alloy
bump 301 parallel to a surface supporting the electroplated
Au—Sn alloy bump 1s within a range of from about 20 um
to about 50 um, as depicted as W2 in FIG. 2B. Compared to
a conventional approach using technique such as evapora-
tion deposition, the electroplated Au—=Sn alloy bump has an
amorphous structure. Since there will be less internal stress
in an amorphous structure, no post-deposition annealing
operation 1s required to reduce the internal stress for the
clectroplated Au—=Sn alloy bump.

[0027] Referring to the packaging techniques about the
light-emitting diode (LED) structure, 1t 1s well known to
persons having ordinary skill 1n the art that the Au bump 1s
conventionally utilized 1n order to connect the LED structure
to a substrate or a device. However, the Au bump provides
poor adhesion between the copper wire (as conductive
traces) on top of a substrate (or a device) and the LED
structure partly due to the comparatively great hardness of
Au bump. To solve the adhesion problem, a tin film 1s
conventionally formed on top of the copper wire in order to
tacilitate the adhesion between the conductive traces and the
Au bump. Herein, an improved approach 1s provided by
using the electroplated Au—=Sn alloy bump as an interface
between metal bumps and conductive traces.

[0028] Referring to FIG. 4, a cross section of a light-
emitting diode (LED) structure 400 with electroplated Au—
Sn alloy bumps 401a and 4015 1n accordance with some
embodiments 1s shown. The LED structure 400 includes a
substrate 403, N-type and P-type GaN layers 405 and 409,
a multiple quantum well layer 407 between the N-type GaN
layer 405 and the P-type GaNN layer 409, an n-type electrode
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411a and a p-type electrode 4115. In some embodiments, the
substrate may choose from sapphire, glass, or any suitable
materials. On top of the substrate 403, an N-type GaNN layer
405 1s formed. Additionally, a multiple quantum well layer
407 and a P-type GaN layer 409 and a p-type electrode 4115
are subsequently deposited over a part of the N-type GalN
layer 405. On the other hand, the other part of the N-type
GaN layer 405, and an n-type electrode 411a 1s formed. In
some embodiments, a lower portion 4006 1s connected with
the LED structure 400 via the electroplated Au—Sn alloy
bumps 401a and 4015. The lower portion 4006 includes, but
not limited to, a device or simply a substrate 404 with an
active surface 404A depending on the applications, and
conductive pads 402q¢ and 402b, which are respectively
bonded to the electroplated Au—Sn alloy bumps 401a and
401b6. In some embodiments, the lower portion 4006 may
include bond pads 406a and 4065 in order to connect to
other devices. In some embodiments, the electroplated Au—
Sn alloy bumps 401a and 40156 include composition with
0.15 to 0.25 weight percent of tin (Sn), and 1s distributed
uniformly between the conductive pad 402a and the n-type
clectrode 411a as well as the conductive pad 4026 and the
p-type electrode 4115. In some embodiments, a height H4 of
the two electroplated Au—=Sn alloy bumps 401a and 4015 1s
in a range of from about 3 um to about 10 um, a width W4
of the two electroplated Au—=Sn alloy bumps 401a and 4015
1s 1n a range of from 200-600 um, and a length (the direction
into the paper) of the two electroplated Au—=Sn alloy bumps
401a and 4015 1s 1n a range of from 500-1500 um. In some
embodiments, the width of the electroplated Au—=Sn alloy
bumps 401a and 4015 1s equal to or smaller than the width
of the n-type electrode 411a and the p-type electrode 4115.
[0029] In a tlip-chip light-emitting diode (LED) structure
400 1 FIG. 4, the n-type electrode 411a and the p-type
clectrode 4115 are made on the same side of the LED
structure 400. Theretfore, the LED structure 400 includes the
n-type electrode 411a and the p-type electrode 4115 can be
stacked directly on a device or a substrate 404, and thus a
reduced package area can be achieved compared to conven-
tional metal wire bonding. Additionally, a connection of
Au—ISn alloy bump 401a and 4015 can be made between
the LED structure 400 and conductive pads 402a and 4025
without forming of Sn plating layer, as previously discussed.
Furthermore, the electroplated Au—Sn alloy bump 4014 and
4015 can be utilized alone or 1n combination with the Au or
Ag bump 1n the LED structure 400, 1.e. on top of the Au or
Ag bump, which may provide a lower cost of the materials

as well as better thermal stability, better endurance to
thermal cycles, and better joint performance.

[0030] Similar to the problem addressed previously with
respect to poor connections between the electrodes of a flip
chip LED structure 400 and the conductive traces on a
substrate, a chip-on-film (COF) semiconductor structure can
have poor adhesion between the chip and the flexible film
carrying the chip. The present disclosure provides an elec-
troplated Au—=Sn alloy bump which can be used as an
interface or a connection body between the chip and the

flexible film.

[0031] In FIG. 5, a cross section of a chip-on film (COF)
semiconductor structure 300 with electroplated Au—=Sn
alloy bumps 1s shown. In some embodiments, the semicon-
ductor structure 500 1s a semiconductor package. The COF
semiconductor structure 500 includes a flexible film 504
which may include, but not limited to, flexible printed circuit
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board (FPCB) or polyimide (PI). Conductive layers 5024
and 5025 such as a conductive copper traces are patterned on
the active surface 504 A of the flexible film 504. Multiple
clectroplated Au—=Sn alloy bumps 501a and 50156 on top of
the Au or Ag bumps 513q and 5135 clectrically couple the
device 503 to the conductive layers 502a and 5025 of the
flexible film 504 via upper conductive pads 511a and 5115.
Alternatively, under bump metallization (UBM) layers can
be deposited on top of the upper conductive pads S11a and
51156. In some embodiments, underfill material 509, for
example, solventless epoxy resin, with appropriate viscosity
1s 1njected 1nto the space between the flexible film 504 and
the device 503. In some embodiments, solder resist patterns
506a and 5065 are respectively positioned over the conduc-
tive layers 502a and 5025 to limit the underfill material 509
in a desired position. In some embodiments, underfill mate-
rial 509 can protect the conductive layers (502a and 5025),
and the electroplated Au—=Sn alloy bumps (501a and 5015)
on top of the flexible film 3504. It 1s also worth noticing that
no Sn plating layer is required 1n the present embodiment on
top of the conductive layers 502a and 5025 to connect the
clectroplated Au—=Sn alloy bumps (501a and 5015) with the
flexible film 504.

[0032] In some embodiments, the shape of the electro-
plated Au—=Sn alloy bumps 501a¢ and 5015 depends on the
shapes of the upper conductive pads 511a and 5115 on top
of the device 503. In some embodiments, the width of the
clectroplated Au—=Sn alloy bumps 501a and 5015 1s equal to
or smaller than the width of upper conductive pads 511a and
5115. In some embodiments, the electroplated Au—-Sn alloy
bumps 501a and 5015 include composition with 0.15 to 0.25
weight percent of tin (Sn) and 1s distributed uniformly
between the conductive layer 502a and the upper conductive
pads 511a as well as the conductive layer 5025 and the upper
conductive pad 5115. In some embodiments, for rectangular
Au—ISn alloy bumps 501a and 5015, they will have a width
of about or smaller than 30 um and a length of about or
smaller than 17 um, especially, 1n the field of liquid crystal
display (LCD) application. In some embodiments, a low
joimng temperature 1s required to respectively connect the
clectroplated Au—=Sn alloy bumps 501a and 5015 and the
conductive layers 502q and 5025. The electroplated Au—S
alloy bump has an eutectic temperature around 280~300
degrees Celsius. In other words, the temperature at the
joimng point (1.e. the interface between the Au—=Sn alloy
bump and the flexible substrate) shall be controlled at
around 280~300 degrees Celsius. Accordingly, for a chip-on
film (COF) semiconductor structure, the flexible substrate
would not be deformed by the high temperature and a good
reliability of the device performance can be obtained.

[0033] Additionally, the electroplated Au—=Sn alloy bump
can be applied to a chip-on-glass (COG) structure. Conven-
tionally, an anisotropic conductive film (ACF) 1s positioned
between a glass substrate and Au or Ag bump on the
semiconductor chip. Subsequently, the ACF 1s processed
under high temperature so that the glass substrate and the
semiconductor chip are electrically connected to each other.
The ACF 1s generally composed of an adhesive polymer
matrix and fine conductive fillers using metallic particles or
metal-coated polymer balls. The limiting factor of ACF 1s
that a threshold concentration of fine conductive fillers 1s
required 1n order to make sure a good electrical connection.
However, the reliability and contact resistance of the pack-
ing structure may be atlected since 1t 1s diflicult to control the
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deformation of compressed fine conductive fillers dominat-
ing the conductivity characteristics, especially when the size
of the integrated circuit continues to scale down. In addition
to add production cost of a semiconductor package, ACF 1s
prone to form an open circuit since the fine conductive fillers
may be gathered 1n certain regions instead of distributed
uniformly. The smaller size of the device may cause a low
flowability of the fine conductive fillers 1n the ACF. In the
following paragraphs, the use of electroplated Au—=Sn alloy
bumps with an improved design i the COG structure 1s
applied 1n order to solve the aforementioned 1ssues.

[0034] In some embodiments of the present disclosure, as
shown i FIG. 6, the electroplated Au—=Sn alloy bumps
601a and 6015 discussed herein are used 1n a COG semi-

conductor structure 600. The electrical connection between
the conductive layers 602q and 60256 of a glass substrate 604
with an active surface 604A and the electroplated Au—=Sn
alloy bumps 601a and 60156 on top of the Au or Ag bumps
613a and 6135 of a semiconductor chip 603 can be packaged
without an ACF therebetween. On the other hand, in some
embodiments, underfill material 609 can be used to connect
the electroplated Au—=Sn alloy bumps 601a and 6015 and
the conductive layers 602a and 6025. In some embodiments,
underfill material 609, for example, solventless epoxy resin,
with approprate viscosity 1s injected into the space between
the glass substrate 604 and the semiconductor chip 603 as to
protect the conductive layers (602a and 6025), the Au—Sn
alloy bumps (601a and 6015), and the Au or Ag bumps 613a
and 6135. In some embodiments, underfill material 609,
which 1s delineated 1n dotted lines, can be optional. It 15 also
worth noticing that no tin film 1s required in the present
embodiment on top of the conductive layers 602a and 6025

to connect the electroplated Au—=Sn alloy bumps (601a and
6015) with the glass substrate 604.

[0035] In some embodiments, the shape of the electro-
plated Au—=Sn alloy bumps 601a and 6015 depends on the
shapes of the upper conductive pads 611a and 6115 over the
semiconductor chip 603. In some embodiments, the width of
the electroplated Au—=Sn alloy bumps 601a and 6015 1s
equal to or smaller than the width of upper conductive pads
611a and 6115. Additionally, the sizes of the electroplated
Au—Sn alloy bumps 601a and 6015 can be varied depend-
ing on various applications. Compared with the Au or Ag
bumps, the Au—=Sn alloy bump, in a form of an interfacial
coating or a connection body, provides better thermal sta-
bility, better endurance to thermal cycles, and better joint
performance.

[0036] FIG. 7A to FIG. 7F show the manufacturing opera-
tions of the semiconductor structure with electroplated Au—
Sn alloy bumps 1illustrated 1n FIG. 3. In FIG. 7A, the upper
conductive pads 3035 and part of the dielectric 307 are over
a device 303. Then, a UBM layer 309 1s formed on the upper
conductive pads 305 and part of the dielectric 307. In some
embodiments, the UBM layer 309 1s formed by CVD,
sputtering, electroplating, or electroless plating of the mate-
rials selected from mickel, titanium, titantum tungsten, pal-
ladium, gold, silver, and the combination thereof. In some
embodiments, a thickness 11 of the UBM layer 309 is
controlled to be in a range of from about 1000 A to about
3000 A. In some embodiments, a seed layer (not shown for
simplicity) 1s deposited on the UBM layer 309. In some
embodiments, the topmost layer of the UBM layer can be
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used as a seed layer. In some embodiments, the seed layer 1s
formed by CVD, sputtering, electroplating, or electroless
plating.

[0037] Referring to FIG. 7B, first mask layers 313, which

can be a hard mask or a photoresist, are formed over the
UBM layer 309. Openings 313 A of the first mask layers 313
are formed over the upper conductive pads 305 for receiving
conductive bump materials. In some embodiments, the first
mask layers 313 are made of positive photoresist having a
thickness 12 greater than a thickness of the conductive bump
to be plated. In other embodiments, the first mask layers 313
are made of negative photoresist.

[0038] Referring to FIG. 7C, the conductive pillars 311
can be formed over the openings 313A. The material of the
conductive pillars 311 may include pure copper or copper
alloys. In some embodiments, the conductive pillars 311 can
be formed by chemical vapor deposition (CVD), sputtering,
or electro-chemical plating (ECP). In some embodiments, a
height H2 of the conductive pillar 311 1s within a range of
from about 10 um to about 40 um depending on the
application.

[0039] FIG. 7D and FIG. 7E show the electroplating
operation and the result thereafter. FIG. 7D shows an
clectroplating system which 1includes a container 700
accommodating electroplating bath 713, an anode 711, and
a cathode 712. In some embodiments, the anode 711 1s
insoluble and can be made of Pd-coated titanium, a device
303 with an upper conductive pad 305 surrounded by the
dielectric 307 1s positioned at the cathode 712, with the
conductive pillars 311 formed 1n the opemings 313A. The
clectroplating bath 713 contains Au—=Sn electrolyte plating
solution. In some embodiments, the pH value of the elec-
troplating bath 713 1s controlled from about 4 to about 6. A
temperature of the electroplating bath 713 1s controlled to be
around 35 to 60 degrees Celsius. In some embodiments, the
temperature of the electroplating bath 713 can be maintained
by a thermal plate (not shown) positioned under the con-
tainer 700'. In other embodiments, the temperature of the
clectroplating bath 713 can be maintained by an electroplat-
ing solution circulation system in which an outlet 7008
discharges the clectroplating solution and an inlet 700A
intakes the temperature-controlled electroplating solution.
In some embodiments, a current density of a direct current
(DC) applied for electroplated Au—=Sn alloy bumps plating
1s 1n a range of from about 0.2 ASD to about 1.0 ASD. In
some embodiments, a rate of electroplating Au—=Sn alloy
bump 1s controlled 1n a range of from about 0.2 um/min to
about 0.4 um/min. It 1s noted that the rate of electroplating
the Au—=Sn alloy bump 1s faster than that of the evaporation
method (generally, the deposition rate of evaporation for
Au—Sn bump 1s about 0.06 um/min, and the deposition rate
of electroplating for Au—=Sn alloy bump 1s about 0.3
um/min. A higher manufacturing throughput can be obtained
by using electroplating operation. In some embodiments, a
positive end of the external DC current 1s connected to the
anode 711 and a negative end of the external DC current 1s
connected to the cathode 712. As can be seen 1n F1G. 7D, the
reduced gold 1ons and reduced tin 10ns fill the openings
313A defined by the first mask layer 313 and form Au—Sn
binary alloy on top of the conductive pillar 311. After the
Au—Sn alloys being deposited on top of the conductive
pillar 311, as shown in FIG. 7D, the device 303 1s then

removed from the electroplating bath.
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[0040] FIG. 7E shows a device 303 after completion of the
clectroplating operation shown 1n FIG. 7D. In FIG. 7E, the
clectroplated Au—=Sn alloy bumps 301 are formed over the
conductive pillars 311. In some embodiments, the height of
the electroplated Au—=>Sn alloy bump 301 1s 1n a range of
from about 7 um to about 31 um. In some embodiments, the
first mask layers 313 are stripped 11 photoresist 1s used, as
shown 1n FIG. 7E. The UBM layer 309 not covered by the
clectroplated Au—=Sn alloy bumps 301 1s removed by an

ctching operation to isolate electroplated Au—Sn alloy
bumps 301.

[0041] FIG. 7F shows the completed structure of a semi-
conductor structure 300 with electroplated Au—=Sn alloy
bumps 301 electrically coupled to the lower conductive pads
302 on an active surface 304A of a device or a substrate 304
depending on the applications. In some embodiments, bond-
ing the semiconductor structure 300 on the corresponding
lower conductive pads 302 includes heating the semicon-
ductor structure 300 to achieve a temperature at an 1nterface
between the Au—=Sn alloy bump 301 and the conductive pad
302 of from about 280 degrees Celsius to about 320 degrees
Celsius. In some embodiments, no annealing operation 1s
conducted after the electroplating operation and before the
bonding operation.

[0042] FIG. 8Ato FIG. 8D show the manufacturing opera-
tion of the LED structure with electroplated Au—=Sn alloy
bumps 1llustrated in FIG. 4. In FIG. 8A, an N-type GaN
layer 405 1s formed over a substrate 403. Then, a multiple
quantum well layer 407 and a P-type GaN layer 409 are
subsequently deposited on the N-type GalN layer 405. For
simplicity, the details for patterning the multiple quantum
well layer 407 and the P-type GaN layer 409 1s omitted. In
some embodiments, the N-type GaN layer 405, the multiple
quantum well layer 407 and the P-type GaN layer 409 are
formed by CVD, physical vapor deposition (PVD) or sput-
tering. In some embodiments, the materials can be made of
(GaAs, GaN, or any suitable materials. Again referring to
FIG. 8A, first mask layers 413, which can be a hard mask or
a photoresist, are formed over the P-type GalN layer 409 or
the N-type GalN layer 405. An opeming 413A of the first
mask layers 413 1s formed over the P-type GaN layer 409,
and an opening 413B of the first mask layers 413 1s formed
over the N-type GalN layer 405 for receiving conductive
bump matenials. In some embodiments, the first mask layer
413 1s made of positive photoresist having a thickness T8
greater than a thickness of the conductive bump to be plated.
In other embodiments, first mask layers 413 1s made of
negative photoresist. As shown in FIG. 8B, an n-type
clectrode 411a and a p-type electrode 4115 are respectively
deposited on top of the N-type GalN layer 405 or the P-type
GaN layer 409.

[0043] FIG. 8C and FIG. 8D show the electroplating
operation and the result thereof. FIG. 8C shows an electro-
plating system which includes a container 800' accommo-
dating electroplating bath 813, an anode 811, and a cathode
812. In some embodiments, the anode 811 1s insoluble and
can be made of palladium-coated titanium, a LED structure
with the n-type electrode 411a and the p-type electrode 4115
1s positioned at the cathode 812. The electroplating bath 813
contains Au—=Sn electrolyte plating solution. In some
embodiments, the pH value of the electroplating bath 813 is
controlled under weak acidic condition, for example, from
about 4 to about 6. A temperature of the electroplating bath
813 1s controlled to be around 35 to 60 degrees Celsius. In
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some embodiments, the temperature of the electroplating
bath 813 can be maintained by a thermal plate (not shown)
positioned under the container 800'. In other embodiments,
the temperature of the electroplating bath 813 can be main-
tained by an electroplating solution circulation system in
which an outlet 8008 discharges the electroplating solution
and an 1nlet 800A intakes the temperature-controlled elec-
troplating solution. In some embodiments, a current density
of a direct current (DC) applied for electroplated Au—Sn
alloy bumps plating 1s 1n a range of from about 0.2 ASD to
about 1.0 ASD. In some embodiments, a rate of electroplat-
ing Au—->Sn alloy bump is controlled 1n a range of from
about 0.2 um/min to about 0.4 um/min. In some embodi-
ments, a positive end of the external DC current 1s connected

to the anode 811 and a negative end of the external DC
current 1s connected to the cathode 812. As can be seen 1n
FIG. 8C, the reduced gold i1ons and reduced tin 10ons are
deposited onto the n-type electrode 411a and the p-type
clectrode 4115 of the light-emitting structure 400, filling the

openings 413 A and 413B defined by the first mask layer 413

and forming Au—Sn binary alloy on top of the n-type
clectrode 411a and the p-type electrode 411b. After the

Au—Sn alloys being deposited onto the n-type electrode
411a and the p-type electrode 4115 of the LED structure
400, as shown 1n FIG. 8C, the light-emitting structure 400 1s

then removed from the electroplating bath.

[0044] FIG. 8D shows the LED structure 400 after
completion of the electroplating operation shown i FIG.
8C. In FIG. 8D, the electroplated Au—=Sn alloy bumps 401a
and 4015 are respectively formed over the n-type electrode
411a and the p-type electrode 4115. In some embodiments,
the first mask layers 413 are stripped 11 photoresist 1s used,
as shown i FIG. 8D. The P-type GaN layer 409 or the
N-type GaN layer 405 not covered by the electroplated
Au—Sn alloy bumps 401a and 4016 are removed by an
ctching operation to isolate electroplated Au—Sn alloy
bumps 401a and 4015. Furthermore, FIG. 8D shows the
completed structure of a LED structure 400 with the elec-
troplated Au—Sn alloy bumps 401a and 4015 clectrically
coupled to the conductive pads 402a and 4025 on an active
surface 404 A of a device or a substrate 404 depending on the
applications. In some embodiments, bonding the LED struc-
ture 400 on the corresponding lower conductive pads 4024
and 4026 includes heating the LED structure 400 with
clectroplated Au—=Sn alloy bumps to achieve a temperature
at an 1nterface between the electroplated Au—Sn alloy
bumps 401a and 4015 and the conductive pads 4024 and
4026 of from about 280 degrees Celsius to about 320
degrees Celsius. In some embodiments, no annealing opera-
tion 1s conducted after the electroplating operation and
before the bonding operation.

[0045] In some embodiments of the present disclosure, a
semiconductor package includes a semiconductor chip hav-
ing an active surface with a conductive pad thereon; an
clectroplated Au—-Sn alloy bump over the active surface;
and a substrate comprising conductive traces electrically
coupling with the electroplated Au—=Sn alloy bump,

[0046] In some embodiments of the present disclosure, the
clectroplated Au—=5Sn alloy bump has a composition from
about Au, 451, ;s to about Au, --Sn, -~ 1n weight percent
uniformly distributed from an end 1n proximaity to the active
surface to an end 1n proximity to the substrate.
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[0047] In some embodiments of the present disclosure, a
conductive pillar 1s between the electroplated Au—=Sn alloy
bump and the conductive pad.

[0048] In some embodiments of the present disclosure, a
height of the electroplated Au—=Sn alloy bump 1s in a range
of from about 7 um to about 31 um.

[0049] In some embodiments of the present disclosure, an
intermetallic compound 1s between the conductive pillar and
the electroplated Au—=Sn alloy bump.

[0050] Insome embodiments of the present disclosure, the
conductive pad 1s an electrode and the electroplated Au—Sn
alloy bump 1s between the electrode and the conductive
traces.

[0051] Insome embodiments of the present disclosure, the
semiconductor chip 1s a light-emitting diode (LED).
[0052] Insome embodiments of the present disclosure, the
conductive pad 1s a p-type electrode and another conductive
pad 1s an n-type electrode, and the electroplated Au—=Sn
alloy bump 1s between the p-type electrode and the conduc-
tive traces and another electroplated Au—Sn bump 1s
between the n-type electrode and the conductive traces.
[0053] In some embodiments of the present disclosure, a
height of the two electroplated Au—=Sn alloy bumps 1s 1n a
range of from about 3 um to about 10 um, a width of the two
clectroplated Au—=Sn alloy bumps 1s 1n a range of from
200-600 um, and a length of the two electroplated Au—Sn
alloy bumps 1s 1n a range of from 500-1500 um.

[0054] Insome embodiments of the present disclosure, the
semiconductor package 1s a chip-on-film (COF) package.
[0055] Insome embodiments of the present disclosure, the
semiconductor package 1s a chip-on-glass (COG) package.
[0056] In some embodiments of the present disclosure, a
semiconductor package includes a semiconductor chip hav-
ing an active surface with a conductive pad thereon; an
clectroplated Au—=Sn alloy bump over the active surface;
and a glass substrate comprising conductive traces electri-
cally coupling with the electroplated Au—Sn alloy bump.
[0057] Insome embodiments of the present disclosure, the
clectroplated Au—=Sn alloy bump has a composition from
about Au, «.Sn, ,; to about Au, ,.Sn, ,. 1n weight percent
uniformly distributed from an end 1n proximity to the active
surface to an end 1n proximity to the glass substrate.
[0058] In some embodiments of the present disclosure, a
conductive pillar 1s between the electroplated Au—Sn alloy
bump and the conductive pad.

[0059] In some embodiments of the present disclosure, no
anisotropic conductive film (ACF) 1s positioned between the
semiconductor chip and the glass substrate.

[0060] In some embodiments of the present disclosure, an
intermetallic compound is between the conductive pillar and
the electroplated Au—=Sn alloy bump.

[0061] In some embodiments of the present disclosure,
cach of the conductive pillars 1s made of a material selected
from a group consisting of Au, Cu, Ag, and alloys thereof.
[0062] In some embodiments of the present disclosure, a
method of manufacturing a semiconductor package includes
forming patterns of conductive pads on an active surface of
a semiconductor chip; electroplating Au—=Sn alloy bump
over the conductive pads; and bonding the semiconductor
chip on a corresponding conductive trace on a substrate by
a reflow operation or a thermal press operation.

[0063] Insome embodiments of the present disclosure, the
method for electroplating Au—Sn alloy bump includes
immersing the semiconductor chip in a Au—=Sn electroplat-



US 2016/0308100 Al

ing bath; controlling current density flowing through the
Au—Sn electroplating bath within a range of form about 0.2
ASD to about 1.0 ASD; and maintaining a temperature of the
Au—Sn electroplating bath within a range of from about 35
degrees Celsius to about 60 degrees Celsius.

[0064] In some embodiments of the present disclosure, a
rate of electroplating Au—=>Sn alloy bump 1s controlled 1n a
range of from about 0.2,a m/min to about 0.4 um/min.
[0065] In some embodiments of the present disclosure,
bonding the semiconductor chip on the corresponding con-
ductive trace comprises heating the semiconductor chip to
achieve a temperature at an interface between the Au—=Sn
alloy bump and the conductive trace of from about 280
degrees Celsius to about 320 degrees Celsius.

[0066] In some embodiments of the present disclosure, no
annealing operation 1s conducted after the electroplating
operation and before the bonding operation.

[0067] The foregoing outlines features of several embodi-
ments so that those skilled in the art may better understand
the aspects of the present disclosure. Those skilled 1n the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

[0068] Moreover, the scope of the present application 1s
not mtended to be limited to the particular embodiments of
the process, machine, manufacture, and composition of
matter, means, methods and steps described in the specifi-
cation. As those skilled 1n the art will readily appreciate form
the disclosure of the present disclosure, processes,
machines, manufacture, compositions of matter, means,
methods, or steps, presently existing or later to be devel-
oped, that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present disclosure.

[0069] Accordingly, the appended claims are intended to
include within their scope such as processes, machines,
manufacture, and compositions of matter, means, methods
or steps. In addition, each claim constitutes a separate
embodiment, and the combination of various claims and
embodiments are within the scope of the invention.

What 1s claimed 1s:
1. A semiconductor package, comprising:

a semiconductor chip having an active surface with a
conductive pad thereon;

an electroplated Au—Sn alloy bump over the active
surface; and

a substrate comprising conductive traces electrically cou-
pling with the electroplated Au—Sn alloy bump,

wherein the electroplated Au—Sn alloy bump has a
composition from about Au, <.Sn, s to about Au,

7551, »< 1n weight percent uniformly distributed from
an end in proximity to the active surface to an end 1n
proximity to the substrate.

2. The semiconductor package of claim 1, further com-
prising a conductive pillar between the electroplated Au—
Sn alloy bump and the conductive pad.
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3. The semiconductor package of claam 1, wherein a
height of the electroplated Au—=Sn alloy bump 1s in a range
of from about 7 um to about 31 um.

4. The semiconductor package of claam 1, wherein an
intermetallic compound 1s between the conductive pillar and
the electroplated Au—=Sn alloy bump.

5. The semiconductor package of claim 1, wherein the
conductive pad 1s an electrode and the electroplated Au—Sn
alloy bump 1s between the electrode and the conductive
traces.

6. The semiconductor package of claim 1, wherein the
semiconductor chip 1s a light-emitting diode (LED).

7. The semiconductor package of claim 6, wherein the
conductive pad 1s a p-type electrode and another conductive
pad 1s an n-type electrode, and the electroplated Au—=Sn
alloy bump 1s between the p-type electrode and the conduc-
tive traces and another eclectroplated Au—Sn bump 1s
between the n-type electrode and the conductive traces.

8. The semiconductor package of claim 7, wherein a
height of the two electroplated Au—=Sn alloy bumps 1s 1n a
range of from about 3 um to about 10 um, a width of the two
clectroplated Au—=Sn alloy bumps 1s 1n a range of from
200-600 um, and a length of the two electroplated Au—Sn
alloy bumps 1s 1n a range of from 500-1500 um.

9. The semiconductor package of claim 1, wherein the
semiconductor package 1s a chip-on-film (COF) package.

10. The semiconductor package of claim 1, wherein the
semiconductor package 1s a chip-on-glass (COG) package.

11. A semiconductor package, comprising:

a semiconductor chip having an active surface with a
conductive pad thereon;

an eclectroplated Au—=Sn alloy bump over the active
surface; and

a glass substrate comprising conductive traces electrically
coupling with the electroplated Au—=Sn alloy bump,

wherein the electroplated Au—Sn alloy bump has a
composition from about Au, 4.Sn,,. to about Au,
7581, 5 1N weight percent uniformly distributed from
an end in proximity to the active surface to an end 1n
proximity to the glass substrate.

12. The semiconductor package of claim 11, further
comprising a conductive pillar between the electroplated
Au—Sn alloy bump and the conductive pad.

13. The semiconductor package of claim 11, wherein no
anisotropic conductive film (ACF) 1s positioned between the
semiconductor chip and the glass substrate.

14. The semiconductor package of claim 11, wherein an
intermetallic compound is between the conductive pillar and
the electroplated Au—=Sn alloy bump.

15. The semiconductor package of claim 11, wherein each
of the conductive pillars 1s made of a material selected from
a group consisting of Au, Cu, Ag, and alloys thereof.

16. A method of manufacturing a semiconductor package,
comprising:
forming patterns of conductive pads on an active surface
of a semiconductor chip;
clectroplating Au—=Sn alloy bump over the conductive
pads; and
bonding the semiconductor chip on a corresponding con-

ductive trace on a substrate by a reflow operation or a
thermal press operation.

17. The method of claim 16, wherein the electroplating
Au—Sn alloy bump as recited 1n claim 1 comprises:
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immersing the semiconductor chip 1n a Au—Sn electro-

plating bath;
controlling current density flowing through the Au—=Sn
clectroplating bath within a range of form about 0.2
ASD to about 1.0 ASD; and

maintaining a temperature of the Au—=Sn electroplating
bath within a range of from about 35 degrees Celsius to
about 60 degrees Celsius.

18. The method of claim 16, wherein a rate of electro-
plating Au—=Sn alloy bump 1s controlled 1n a range of from
about 0.2 um/min to about 0.4 um/min.

19. The method of claim 16, wherein bonding the semi-
conductor chip on the corresponding conductive trace com-
prises heating the semiconductor chip to achieve a tempera-
ture at an interface between the Au—=Sn alloy bump and the
conductive trace of from about 280 degrees Celsius to about
320 degrees Celsius.

20. The method of claim 16, wherein no annealing opera-
tion 1s conducted after the electroplating operation and
betore the bonding operation.
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