(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
11 April 2019 (11.04.2019)

(10) International Publication Number

WO 2019/070995 Al

WIPO I PCT

(51) International Patent Classification:
HO1L 23/52 (2006.01) HO1L 21/768 (2006.01)

(21) International Application Number:
PCT/US2018/054392

(22) International Filing Date:

04 October 2018 (04.10.2018)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

62/568,330 05 October 2017 (05.10.2017)  US
62/568,331 05 October 2017 (05.10.2017)  US
62/568,333 05 October 2017 (05.10.2017)  US
16/103,839 14 August 2018 (14.08.2018) us

(63) Related by continuation (CON) or continuation-in-part
(CIP) to earlier application:
UsS

Filed on

16/103,839 (CON)
14 August 2018 (14.08.2018)

(71) Applicant: TEXAS INSTRUMENTS INCORPORAT-
ED [US/US]; P.O.Box 655474, Mail Station 3999, Dallas,
TX 75265-5474 (US).

(71) Applicant (for JP only): TEXAS INSTRUMENTS
JAPAN LIMITED [JP/JP]; 24-1, Nishi-shinjuku 6-chome,
Shinjuku-ku, 160-8366 (JP).

(72) Inventor: KODURI, Sreenivasan, K.; 2023 Burnside Dri-
ve, Allen, TX 75013 (US).

(74) Agent: DAVIS, Michael, A. et al.; Texas [nstruments In-
corporated, P.O.Box 655474, Mail Station 3999, Dallas, TX
75265-5474 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: SHAPED INTERCONNECT BUMPS IN SEMICONDUCTOR DEVICES

|, -104

1114

wO 2019/07099:5 A 1 | I 000 0000 0 0

(57) Abstract: In one example, a semiconductor package (100) includes a lead frame (102) and a semiconductor die (104) mounted
to the lead frame (102) via bumps (1006) that are shaped or tapered. Each of the bumps (106) includes a first end (108) connected to
the semiconductor die (104) and an opposing second end (110) connected to the lead frame (102). The first end (108) has a first end
surface area. The second end (110) has a second end surface area. The first end surface area is less than the second end surface area.

[Continued on next page]



WO 2019/070995 A1 | JI 1]} 08P 00 000 00 0O

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))



WO 2019/070995 PCT/US2018/054392

SHAPED INTERCONNECT BUMPS IN SEMICONDUCTOR DEVICES
[0001] This relates generally to semiconductor devices, and more particularly to shaped
interconnect bumps in semiconductor devices.
BACKGROUND
[0002] In some types of semiconductor packages, a semiconductor die is directly mounted to a
leadframe via a plurality of interconnect bumps or posts. The plurality of interconnect bumps
electrically connects the semiconductor die to the leadframe. The plurality of interconnect bumps
may include both signal bumps and power bumps. The signal bumps may generally focus on
transmitting electrical signals between the semiconductor die and the leadframe. The power
bumps may generally focus on transmitting the bulk of the power between the leadframe and the
semiconductor die. As the density of connections increases, the interconnectivity has become
more challenging.
SUMMARY
[0003] In one aspect, a semiconductor package includes a lead frame and a semiconductor die
mounted to the lead frame via a plurality of bumps. Each of the plurality of bumps includes a
first end connected to the semiconductor die and an opposing, second end connected to the lead
frame. The first end has an end surface area Al. The second end has an end surface area A2.
The end surface area A1 of the first end is less than the end surface area A2 of the second end.
[0004] In one aspect, a semiconductor package includes a leadframe, a semiconductor die
mounted to the lead frame, and a plurality of bumps electrically connecting the semiconductor
die and the lead frame. The bumps have a longitudinal length extending from a first end to an
opposing, second end. The first end is connected to the semiconductor die and the second end is
connected to the lead frame. The first end has a lateral width W1 orthogonal to the longitudinal
length that is less than a lateral width W2 of the second end.
[0005] According to an aspect, a method of forming a plurality of tapered bumps on a die for
mounting the die to a lead frame in a semiconductor package includes depositing a seed material
on a wafer, depositing a photoresist on the seed material, masking the photoresist according to a

pattern with bump sites, and overexposing the masked photoresist to form a plurality of tapered
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sites therein. Each tapered site has a first end closest to the wafer and a second end further from
the wafer. The method further includes disposing one or more metals into the plurality of
tapered sites and removing the photoresist to form the plurality of tapered bumps. Each tapered
bump of the plurality of tapered bumps has a first surface area Al at a first end closest to the
wafer and has a second end surface area A2 at a second end further from the wafer. The first end
of the tapered bump abuts the wafer and the first surface area A1l is less than the second surface
area A2.

[0006] According to an aspect, a method of electrically coupling a semiconductor die to a lead
frame includes forming a plurality of tapered bumps on the die, such that each of the plurality of
tapered bumps has a first end surface area Al at a first end closest to the die and a second end
surface area A2 at a second opposing end. The first end has an end surface area Al that is less
than the second end surface area A2. The first end is attached to the die. The method further
includes soldering the second end of the plurality of tapered bumps to the lead frame. Other
aspects are disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a schematic, perspective view of a portion of an illustrative semiconductor
package.

[0008] FIG. 2A is a schematic, front view of the illustrative semiconductor package of FIG. 1.
[0009] FIG. 2B is a schematic, detailed view of a portion of the illustrative semiconductor
package of FIG. 2A.

[0010] FIG. 3A is a schematic view of one end of an illustrative shaped interconnect bump.
[0011] FIG. 3B is a schematic, perspective view of the shaped interconnect bump of FIG. 3A.
[0012] FIG. 4 is a schematic view of another illustrative shaped interconnect bump.

[0013] FIG. 5 is a schematic plan view of a portion of an illustrative semiconductor package.
[0014] FIG. 6 is a schematic plan view of a portion of an illustrative semiconductor package.
[0015] FIGS. 7A-7G are schematic, diagrams in cross section showing process steps for
forming shaped interconnect bumps on a semiconductor wafer.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0016] Some semiconductor packages are configured such that a semiconductor die is directly
mounted to a leadframe via a plurality of interconnect bumps (also referred to at times as posts or

pillars). This type of packaging may provide improved electrical and thermal performance over
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other types of leaded packages that use wire bonding. Moreover, by eliminating the wire bonds
that connect the semiconductor die to the leadframe, package parasitic can be reduced.

[0017] However, semiconductor dies generally have a smaller available surface area for
connecting to the interconnect bumps, or bumps, as compared to leadframes. And with the
increased proliferation and functionality of electronics, it is desirable to further reduce the size of
the semiconductor die. Consequently, as semiconductor dies shrink, the amount of surface area
available for interconnect bump connections also shrinks. The surface area available on the
semiconductor die for interconnect bumps is in some situations a limiting factor without more.
[0018] Usually, the interconnect bumps have had a uniform, cylindrical shape; e.g., the
diameter of the interconnect bump is uniform between the interconnect bump’s die side and
leadframe side. Thus, the interconnect bump’s contact surface area at its die-connection side is
the same as its contact surface area at its leadframe-connection side. Reducing the diameter of
the interconnect bumps, reduces the interconnect bump’s contact surface area not only on the
semiconductor die but also the leadframe.

[0019] A reduction in the interconnect bump’s contact surface area on the leadframe tends to
causes the power and current density to increase at the junction between the interconnect bump
and the leadframe. Increasing the power and current densities may result in higher temperatures
and premature failures due to electromigration at the junction between the interconnect bump
and the leadframe. Solder materials used to attach the interconnect bumps to the leadframe may
further contribute to electromigration issues due to the properties of the solder material used in
attaching the interconnect bumps to the leadframe.

[0020] Miniature-type packages, e.g., WCSP and QFN, may further be electromigration
limited due to their small size. In other words, the power and current density at the junction
between the interconnect bump and the leadframe may be even greater due to the smaller size of
the miniature-type packages.

[0021] The interconnect bumps herein and methods address at least some of the above
limitations. In one arrangement, the interconnect bumps herein have a narrower first end (e.g.,
smaller diameter) on the die end and a wider (e.g., larger diameter) at the leadframe. The
interconnect bumps reduce the size of the bump on the die-side and increases the area on the
solder or leadframe side.

[0022] Referring primarily to FIGS. 1 through 2B, a semiconductor package 100 is presented.
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The semiconductor package 100 includes a leadframe 102, a semiconductor die 104 (singulated
or still a portion of semiconductor wafer) and a plurality of interconnect bumps 106, or bumps,
that electrically couple the semiconductor die 104 to the leadframe 102. A portion of the die 104
and molding compound 114 have been removed in FIG. 1 to better show the bumps 106.

[0023] In some aspects, the leadframe 102 is formed of a metal. The plurality of bumps 106
includes a first end 108, or die-end, connected to the semiconductor die 104 and an opposing,
second end 110, or leadframe-end, connected to the leadframe 102. The bumps 106 are coupled
at one end to a plurality of copper on anything (COA) elements 105.

[0024] While some other bumps may be present, the plurality of bumps 106 have an angled
shape, such that the second end 110 of the plurality of bumps 106 is larger than the first end 108
of the plurality of bumps 106. The bumps 106 are not cylindrical members. As such the lateral
cross section or end at the first end 108 is smaller than the lateral cross section or end at the
second end 112. Shaping the plurality of bumps 106 to allow the second end 110 of the plurality
of bumps 106 to be larger than the first end 108 of the plurality of bumps 106 allows the second
end 110 to take advantage of the larger end surface area available on the leadframe 102, while
keeping the first end 108 small enough to fit on the semiconductor die 104. Increasing the size of
the second end 110 of the plurality of bumps 106, may help reduce current and power densities
flowing between the second end 110 of the plurality of bumps 106 and the leadframe 102.
Aspects of the plurality of bumps 106 will be discussed in more detail below.

[0025] The semiconductor package 100 further includes a solder material 112, e.g., SnAg,
disposed between the plurality of bumps 106 and the leadframe 102. The solder material 112 is
used to attach the second end 110 of the plurality of bumps 106 to the leadframe 102. In some
aspects, the solder material 112 may be formed of a tin-silver (SnAg) alloy. Other types of
solders may be used. In some aspects, the solder material 112 may have a height H1 (FIG. 2B) of
between approximately 20 to 30 um.

[0026] A solder-bump interface 126 is formed between the second end 110 of the plurality of
bumps 106 and the solder material 116. The solder-bump interface 126 is subject to
electromigration issues, including void propagation, in some instances. Increased current
densities can contribute to breakdown of the solder-bump interface 126, which can create
reliability issues and prevent the placing of some types of active circuits in the semiconductor die

104 adjacent to the plurality of bumps 106. By increasing the size of the second end 110 of the
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plurality of bumps 106, the current densities flowing through the solder-bump interface 126 may
be decreased, thereby increasing the life of the solder-bump interface 126. Likewise, increasing
the size of the second end 110 of the plurality of bumps 106 may increase the efficiency of the
current exchange, which may result in a decrease in heat output at the solder-bump interface 126.
[0027] In some aspects, the semiconductor package 100 further includes the molding
compound 114 (FIGS 2A and 2B) to protect the components of the semiconductor package 100.
The molding compound 114 may provide structural support to the semiconductor package 100
and may cover at least a portion of the leadframe 102, the semiconductor die 104, the plurality of
bumps 106 or any combination thereof. In some aspects, the molding compound 114 may further
fill-in the gaps between components of the semiconductor package 100, such as, for example,
between the plurality of bumps 106. In yet some aspects, the molding compound 114 is an
epoxy, polymer or other insulating material.

[0028] Still referring primarily to FIGS. 1 through 2B, the plurality of interconnect bumps 106
extend between the semiconductor die 104 on a first end and the leadframe 102 on a second end
along a longitudinal axis 116 (FIG. 2A and 2B), or centerline. The plurality of interconnect
bumps 106 may also be referred to as pillars or bumps. Each of the plurality of interconnect
bumps 106 has a angled shape on the sidewall in the direction of the longitudinal axis 116. The
first end 108 of each of the plurality of interconnect bumps 106 has a width or diameter D1 that
is less than a width or a diameter D2 of the second end 110. The first end 108 of each of the
plurality of interconnect bumps 106 also has a end surface area A1 that is less than a end surface
area A2 of the second end 110 of the plurality of interconnect bumps 106. In other words, the
first end 108 of the plurality of interconnect bumps 106 is smaller than the second end 110 of the
plurality of interconnect bumps 106. In one instance, Al is at least 10 percent less than A2. In
one instance, A2 is at least twice Al.

[0029] In some aspects, each of the plurality of interconnect bumps 106 is tapered from the
second end 110 to the first end 108, such that each of the plurality of interconnect bumps 106
decreases in size from the second end 110 towards the first end 108. In some aspects, the end
surface area A2 of the second end 110 may be greater than 1 and up to 3 times the size of the end
surface area A1 of the first end 108. In yet some aspects, the end surface area A2 of the second
end 110 may be approximately 2 times the size of the end surface area Al of the first end 108.
The ratio between, the end surface area A2 of the second end 110 and the end surface area Al of
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the first end 108 may be modified based on the available surface area on the semiconductor die
104 and the leadframe 102 for interconnect bump connections.

[0030] While FIGS. 1 through 2B illustrate the second end 110 of the plurality of interconnect
bumps 106 being larger than the first end 108 of the plurality of interconnect bumps 106, it may
be beneficial in some instances for the second end 110 of the plurality of interconnect bumps 106
to be smaller than the first end 108 of the plurality of interconnect bumps 106. Thus, in some
aspects, the surface area A2 of the second end 110 of the plurality of interconnect bumps 106
may be less than 1 times the size of the surface area A1 of the first end 108. In yet some aspects,
the surface area A2 of the second end 110 of the plurality of interconnect bumps 106 may be
approximately 0.75 times the size of the surface area A1 of the first end 108.

[0031] In some aspects, the plurality of interconnects bumps 106 has a truncated-cone or
frustum shape along the longitudinal axis 116 with a circular cross-sectional shape or other
curvilinear shape transverse, or orthogonal, to the longitudinal axis 116. In yet some aspects, the
plurality of interconnect bumps 106 has an angled shape along the longitudinal axis 116 with an
oval cross-sectional shape transverse or lateral to the longitudinal axis 116. The plurality of
interconnect bumps 106 may take a number of angled shapes along the longitudinal axis 116 so
long as the surface area A2 of the second end 110 is different than the surface area A1 of the first
end 108.

[0032] The plurality of interconnect bumps 106, in some aspects, has a side wall with a slope 6
of approximately 70 degrees or less relative to a surface 117 of the semiconductor die 104. In
one arrangement, the slope 0 is between 45 and 90 degrees. The plurality of interconnect bumps
106 has a height H2 (FIG. 2B), or longitudinal dimension. In some aspects, the height H2 of the
plurality of interconnect bumps 106 is between approximately 35 and 75 um. In yet some
aspects, the height H2 of the plurality of interconnect bumps 106 is approximately 50 um. The
plurality of interconnect bumps 106 is formed of a conductive material. In some aspects, the
plurality of interconnect bumps 106 is formed of copper (Cu) or a copper alloy.

[0033] The angle 6 may be selected to achieve a desired end surface areas relationship. In one
illustrative arrangement, it is desired that the end surface area A2 be twice end surface area Al.
Assuming that the bump is circular in lateral cross section, has a height along the centerline 116
of h, has a lateral width or diameter at the first end of b and if the diameter at the second end is

given by b + 2a then the following may be used to find the angle 6: Tan (90 — 6) =a/h;
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Tan(0)=h/a; a=h/Tan(6). Again assuming circular cross section, then to double the area: b+2a =
square root 2 * b. b + 2(h/Tan(B))=square root 2 * b. h/Tan(0) = 2 b (square root 2 — 1) =
0.2071 *b. Tan(0) = h/(0.2071 *b). 6 = aTan (h/0.2071 b). So if h = 50 microns and b = 100
microns, then 6 would be 67 degrees and a=20.7 microns.

[0034] Still referring primarily to FIGS. 1 through 2B, in some aspects, the plurality of
interconnect bumps 106 may include a plurality of power bumps 122 and a plurality of signal
bumps 124. The plurality of power bumps 122 is configured to transmit at least the bulk of the
power transfer between the semiconductor die 104 and the leadframe 102. The plurality of signal
bumps 124 is configured to transmit electrical signals between the semiconductor die 104 and the
leadframe 102. In some aspects, the plurality of power bumps 122 is larger than the plurality of
signal bumps 124 with respect to average cross-sectional areas (lateral cross section). The
plurality of power bumps 122 may be larger than the plurality of signal bumps 124 because the
current exchanged through the plurality of power bumps 122 tends to be larger than the current
exchanged through the plurality of signal bumps 124,

[0035] In some aspects, at least some of the plurality of power bumps 122 is tapered or
otherwise has an angled shape in longitudinal cross section. In yet some aspects, at least some of
the plurality of power bumps 122 and at least some of the plurality of signal bumps 124 are
tapered or otherwise have an angled shape. The plurality of signal bumps 124 and power bumps
122 are formed as previously described.

[0036] Referring primarily to FIGS. 3A and 3B, an interconnect bump 206, according to some
aspects, is presented. The interconnect bump 206 may be one of the plurality of interconnect
bumps 106 of FIG. 1. FIG. 3A is a schematic end (second end with reference to FIG. 1) view of
the interconnect bump 206; a first end of the interconnect bump 206 is shown via hidden lines.
FIG. 3B is a schematic, perspective view of the interconnect bump 206 of FIG. 3A. In some
aspects, the interconnect bump 206 may be referred to as having a truncated-conical shape or
frustum or frustoconical shape. The interconnect bump 206 has a circular cross-sectional shape
transverse to a longitudinal axis 216 (or centerline), i.e., lateral cross section, but other shapes
(elliptical, square, polygons, etc.) may be used. In some arrangements, the lateral cross section is
curvilinear.

[0037] The interconnect bump 206 has a first end 208 and an opposing, second end 210. The

first end 208 of the interconnect bump 206 is for attaching to a semiconductor die, such as the
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semiconductor die 104 shown in FIG. 1. The second end 210 of the interconnect bump 206 is for
attaching to a leadframe or other conductive material, such as the leadframe 102 shown in FIG.
1. The interconnect bump 206 has a tapered shape seen best in longitudinal cross section, such
that the interconnect bump 206 decreases in size from the second end 210 towards the first end
208. As shown well in FIG. 3B, the first end 208 of the interconnect bump 206 has a diameter
D1 that is smaller than a diameter D2 of the second end 210 of the interconnect bump 206. The
first end 208 of the interconnect bump 206 also has a first end surface area Al (n * (D1/2)?) that
is smaller than a second surface area A2 (1 * (D2/2)%) of the second end 210 of the interconnect
bump 206. Both the first end 208 and the second end 210 of the interconnect bump 206 have
circular cross-sectional shapes in one arrangement.

[0038] Referring primarily to FIG. 4, a schematic view of a second end of an interconnect
bump 306, according to some aspects, where a first end (narrower end) of the interconnect bump
306 is shown via hidden lines. The interconnect bump 306 differs from the interconnect bump
206 of FIGS. 3A-3B in that the interconnect bump 306 has an oval cross-sectional shape, which
is transverse or orthogonal to the longitudinal axis (analogous to axis 116, 216) extending into
the page. The interconnect bump 306 has a first end 308 and an opposing, second end 310. The
first end 308 of the interconnect bump 306 is for attaching to a semiconductor die, such as the
semiconductor die 104 shown in FIG. 1. The second end 310 of the interconnect bump 306 is for
attaching to a leadframe, such as the leadframe 102 shown in FIG. 1.

[0039] The interconnect bump 306 has a tapered shape along its longitudinal dimension, such
that the interconnect bump 306 decreases in size from the second end 310 towards the first end
308. The first end 308 of interconnect bump 306 has a width (long dimension in lateral cross
section) D1 that is smaller than a width (long dimension in lateral cross section) of the second
end 310 of the interconnect bump 306. The first end 308 of interconnect bump 306 also has a
first surface area A1 that is smaller than a second surface area A2 of the second end 310 of the
interconnect bump 306. In one instance, Al is less than 10% of A2. In one arrangement, A2 is at
least two times Al. While FIG. 4 shows an oval lateral cross section, it should be understood
that other cross sectional shapes may be used, e.g., curvilinear, circular, polygonal, square,
circular, oval, rectangular, and polygons with rounded corners.

[0040] Referring primarily to FIG. 5, a schematic plan view of a portion of a semiconductor

package 400, according to an illustrative arrangement, is shown. The semiconductor package 400
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includes a leadframe 402 connected to a semiconductor die 404 via a plurality of shaped, angled
interconnect bumps 406. The semiconductor package 400 provides an example of how
interconnect bumps, such as the plurality of shaped, angled interconnect bumps 406 shown
herein, can be configured based on the size or arrangement of the components within the
semiconductor package 400, such as the semiconductor die 404 and the leadframe 402. The
semiconductor die 404, for example, may be a 250 to 100 nanometer process. The semiconductor
die 404 has landing sites 450 for connecting to the interconnect bumps 406. In some aspects, the
landing sites 450 on the semiconductor die 404 may have a width or diameter of between
approximately 25 and 400 microns. The leadframe 402, for example, may have landing sites 452
or element with a section width W1 between approximately 35 and 600 microns.

[0041] A first end 408 of the interconnect bump 406 is connected to the semiconductor die
404, and a second end 410 of the interconnect bump 406 is connected to the leadframe 402. The
first end 408 has a surface area Al with a length L1 and the second end 410 has a surface area
A2 and a length L2. The surface area Al and the width W1 of the first end 408 of the
interconnect bump 406 is usually limited, at least partially, by the size of the landing sites 450 on
the semiconductor die 404. The landing sites 450 are areas on the die for receiving at least a
portion of the interconnect bump 406. The landing sites 452 on the leadframe 402, however, are
usually larger than the landing sites 450 on the semiconductor die 404 and, therefore, can
accommodate a larger interconnect bump or portion of an interconnect bump 406. Thus, the
plurality of interconnect bumps 406 is shaped such that surface area A2 and the width W2 of the
second end 410, which is connected to the leadframe 402, is larger than the surface area Al and
the width W1 of the first end 408, which is connected to the semiconductor die 404. In this way,
the plurality of interconnect bumps 406 may take advantage of the larger surface area available
on the leadframe 402. The shape of the plurality of shaped, angled interconnect bump 406, e.g.,
the size of the first end 408 and the second end 410 of the plurality of interconnect bump 406,
may be modified based on the available size of the landing sites 450 on the semiconductor die
404 and the landing sites 452 on the leadframe 402. The plurality of shaped, interconnect bumps
406 is angled or otherwise nonuniform such that the end (the first end 408) that is configured to
be connected to the semiconductor die 404 has a smaller surface area than the end (the second
end 410) configured to be connected to the leadframe 402,

[0042] Referring primarily to FIG. 6, a schematic view of a portion of a semiconductor
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package 500, according to an illustrative arrangement, is presented. The semiconductor package
500 includes a leadframe 502 connected to a semiconductor die 504 via a plurality of shaped,
angled interconnect bumps 506. The semiconductor package 500 is similar to the semiconductor
package 400 illustrated in FIG. 5, except that the semiconductor die 504 is smaller than the
semiconductor die 404 illustrated in FIG. 5 and, consequently, has smaller landing sites 550. The
shaped, angled plurality of interconnect bump 506 have been configured based, at least partially,
on the size of the landing sites 550 on the semiconductor die 504. The semiconductor die 504,
for example, may be a sub-100 nanometer process generation die. In some aspects, the landing
sites 550 on the semiconductor die 504 may have a width of between approximately 0.3 x 0.3
mm and 10 x 10 mm. In some aspects, landing sites 552 on the leadframe 502 have a width W1
that may be similar or the same as the width W1 of the landing sites 452 on the leadframe 402 of
FIG. 5. Thus, the landing sites 552 on the leadframe 502 may be the same size as the landing
sites 452 on the leadframe 402 of FIG. 5. The shape of the plurality of shaped, angled
interconnect bumps 506, e.g., the size of the first end 508 (die-side) and the second end 510
(leadframe-side) of the plurality of interconnect bump 506, may be modified based on the
available size of the landing sites 550 on the semiconductor die 504 and the landing sites 552 on
the leadframe 502.

[0043] Referring primarily to FIGS. 7A-7G, schematic, diagrams representing process steps
for forming portions of a semiconductor package 600 (analogous in most respects to
semiconductor packages 100, 400, 500) are presented. Referring initially to FIGs. 7A-7B, a seed
layer 640 (FIG. 7B) is placed on the semiconductor wafer 604, or what will become a die after
singulation, through a suitable formation process. The wafer 604 has a plurality of copper on
anything (COA) elements 605. In some aspects, the seed layer 640 may be placed on the
semiconductor die 604 or wafer by chemical vapor deposition (CVD) or sputter deposition. In
some arrangements, the seed layer 640 may comprise titanium (Ti) and titanium-tungsten (TiW).
[0044] With reference primarily to FIG. 7C, a photoresist 642 is deposited on the seed layer
640, which is over COA 605. A mask (not explicitly shown) is placed on the photoresist 642
according to a photoresist pattern. The photoresist pattern locates sites for the interconnect
bumps.

[0045] In comparing FIGS. 5 and 6, it should be understood that the tapering of the bumps
406, 506 may be used to keep the leadframe 402 at the same size but then decrease the end

10
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surface area on the first side (FIG. 5) to use a smaller area on the wafer/die 504 or the bumps 406
may be used to keep the end surface area the same at the first end at the die/wafer (FIG. 6) but to
enlarge the end surface area at the second end or some combination thereof.

[0046] With reference primarily to FIG. 7D, the photoresist 642 is exposed to light to form a
plurality of openings 644 in the photoresist 642 in accordance with the photoresist pattern. The
plurality of openings 644 extends all the way to the seed layer 640. Each of the plurality of
openings 644 is defined by sloped sidewalls 646. In some aspects, the sidewalls 646 are sloped at
an angle o (in FIG. 2B, 6 = 180-a) of approximately 110 degrees or greater. The sloped sidewalls
646 may be achieved by overexposing the photoresist 642. In some aspects, the angle a of the
sidewalls 646 may be varied based on the amount of light exposure to the photoresist 642. The
angle a of the sidewalls 646 may be altered based on the desired size or shape of the plurality of
interconnect bump 606.

[0047] Each of the plurality of openings has a width W3 (FIG. 7D) along a bottommost (for
the orientation shown) portion of the openings 644, adjacent to the seed layer 640. The width
W3 of the plurality of openings 644 corresponds to the width W1 (FIG. 7E) of the first end 608
of the plurality of interconnect bump 606. In some aspects, some of the plurality of openings 644
have different sizes than others of the plurality of openings 644. For example, the width along
the bottommost portion of the openings 644 may differ with the width for signal bump openings
being smaller than the width for power bump openings.

[0048] Referring primarily to FIG. 7E, metal is deposited in the plurality of openings 644 The
metal may be deposited as plate bumps of copper and solder. Then, the photoresist is removed
to arrive at the stage shown in FIG. 7G.

[0049] With reference primarily to FIG. 7G, the plurality of interconnect bumps 606 is formed
on the seed layer 640 on the wafer in each of the plurality of openings 644. The plurality of
interconnect bump 606 take the shape of the plurality of openings 644, as at least partially
defined by the sloped or angled sidewalls 646 and the width W3 (FIG. 7D) along the bottommost
portion of the plurality of openings 644.

[0050] The plurality of interconnect bumps 606 may be formed by a process such as plating.
The material used to form the plurality of interconnect bump 606 may be plated to a desired
height. In an example, the height H2 (FIG. 7E) of the plurality of bumps 606 is between

approximately 35 and 75 um. In some aspects, the plurality of interconnect bump 606 is formed
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of copper. In some aspects, the solder material 612 is placed on the second end 110 of the
plurality of interconnect bumps 106 before the photoresist 142 being removed. In some aspects,
the height H1 (FIG. 7E) of the solder material 112 may be between approximately 20 to 30 um.
[0051] After the plurality of interconnect bumps 606 have been formed within the plurality of
openings 644, the photoresist 642 is removed or stripped through a suitable removal process,
such as ashing. Additionally, after the removal of the photoresist 642, those portions of the seed
layer 640 not directly underlying the plurality of interconnect bumps 606 may be removed by a
suitable removal process, such as etching.

[0052] With reference primarily to FIG. 7G, the semiconductor die 604 may then be attached
to the leadframe 602 by soldering the solder material 612 to the leadframe 602. In some aspects,
the solder material 612 is placed on the second end 610 of the plurality of interconnect bumps
606 after the photoresist 642 has been removed from the semiconductor die 604. The process of
attaching the semiconductor die 604 to the leadframe 602 may be referred to as flipping the
semiconductor die 604.

[0053] There are many possible benefits to having shaped bumps as described herein. The
shaped or non-cylindrical bumps provide smaller landing areas on he wafer/die side and a larger
area on the leadframe side. This may allow for more interconnections on the wafer/die while
also allowing for larger connections on the leadframe to gain efficiency. An optional polyamide
(PI) or metal layer (usually copper) on top of the die after final fab process step (‘“METTOP”)
can be used between the bump and the wafer. The solder interface can be reduced and current
rating increased. No additional masks are required. The overall package size may be reduced.
These are only some of the possible benefits.

[0054] Modifications are possible in the described embodiments, and other embodiments are

possible, within the scope of the claims.
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CLAIMS
What is claimed is:
1. A semiconductor package comprising:

a leadframe;

a semiconductor die mounted to the leadframe via a plurality of bumps; and
wherein each of the plurality of bumps comprises:

a first end connected to the semiconductor die, the first end having an end surface area
Al, and

an opposing, second end connected to the leadframe, the second end having a end surface
area A2, wherein the end surface area A1 of the first end is less than the end surface area A2 of
the second end.
2. The package of claim 1, wherein the end surface area A2 of the second end is at least 10
percent greater than the end surface area A1l of the first end.
3. The package of claim 1, wherein the surface area A2 of the second end is at least double
the surface area A1 of the first end.
4. The package of claim 1, wherein each of the plurality of bumps is shaped as truncated
cones with a large end of the truncated cone defining A2 and a narrow end of the truncated cone
defining A1.
5. The package of claim 1, wherein for each of the plurality of bumps a cross-section taken
orthogonally to a line going from the first end to the second end is oval or circular.
6. The package of claim 1, wherein the leadframe is metallic, and wherein the plurality of
bumps is comprised of copper.
7. The package of claim 1, further comprising a solder material associated with each of the
plurality of bumps and wherein the solder material is disposed between the second end of the
bump and the leadframe to attach the second end of the bump to the leadframe.
8. The package of claim 1, further comprising mold compound at least partially covering the
leadframe, the semiconductor die, and the plurality of bumps.
9. A semiconductor package comprising:

a leadframe;

a semiconductor die mounted to the leadframe; and

a plurality of bumps electrically connecting the semiconductor die and the leadframe, the
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bumps having a longitudinal length extending from a first end to an opposing, second end,
wherein the first end is connected to the semiconductor die and the second end is connected to
the leadframe, and wherein the first end has a lateral width W1 orthogonal to the longitudinal
length that is less than a lateral width W2 of the second end.
10. The package of claim 9, wherein each of the plurality of bumps is tapered between the
first end and the second end.
11. The package of claim 9, wherein the first end has an end surface area A1, wherein the
second end has a end surface area A2, and wherein the end surface area Al is at least half the
size of the end surface area A2.
12. The package of claim 9, wherein for each of the plurality of bumps a cross-section taken
orthogonally to a line going from the first end to the second end is oval or circular.
13. The package of claim 9, further comprising a plurality of signal bumps electrically
connecting the semiconductor die and the leadframe, the plurality of signal bumps having an
average lateral width that is smaller than an average lateral width plurality of bumps.
14. The package of claim 13, further comprising:

a solder material;

wherein the solder material is disposed between the second end of the plurality of bumps
and the leadframe; and

mold compound at least partially covering the leadframe, the semiconductor die, the
plurality of bumps, and the plurality of signal bumps.
15.  The package of claim 9, wherein the leadframe is metallic.
16. A method of forming a plurality of tapered bumps on a die for mounting the die to a
leadframe in a semiconductor package, the method comprising:

depositing a seed material on a wafer;

depositing a photoresist on the seed material;

masking the photoresist according to a pattern with bump sites;

overexposing the masked photoresist to form a plurality of tapered sites therein, each
tapered site having a first end closest to the wafer and a second end further from the wafer;
disposing one or more metals into the plurality of tapered sites;

removing the photoresist to form the plurality of tapered bumps, wherein each tapered

bump of the plurality of tapered bumps has a first surface area Al at a first end closest to the

14



WO 2019/070995 PCT/US2018/054392

wafer and has a second end surface area A2 at a second end further from the wafer, wherein the
first end of the tapered bump abuts the wafer and wherein the first surface area Al is less than
the second surface area A2; and

singulating the wafer into a plurality of die.
17. The method of claim 16, wherein the second end surface area A2 is at 10 percent greater
than the first surface area Al.
18. The method of claim 16, wherein the second surface area A2 is at least twice the first
surface area Al.
19. The method of claim 16, wherein each of the plurality of tapered sites is formed with
sidewall slope of approximately 70 degrees or less with respect to a surface of the die facing the
leadframe.
20. The method of claim 16, wherein each of the plurality of tapered bumps has a lateral
cross section with a curvilinear shape.
21. The method of claim 20, wherein each of the plurality of tapered bumps has a lateral
cross section with circular or oval shape.
22. A method of electrically coupling a semiconductor die to a leadframe, the method
comprising:

forming a plurality of tapered bumps on the die, such that each of the plurality of tapered
bumps has a first end surface area Al at a first end closest to the die and a second end surface
area A2 at a second opposing end, wherein the first end surface area Al is less than the second
end surface area A2, and wherein the first end is attached to the die; and

soldering the second end of the plurality of tapered bumps to the leadframe.
23. The method of claim 22, wherein the second end surface area A2 is at least twice the first
end surface area Al.
24, The method of claim 22, wherein the plurality of tapered sites has a sidewall slope of
approximately 70 degrees or less with respect to a centerline of the tapered site.
25. The method of claim 22, wherein each of the plurality of tapered bumps has an oval

shape in a lateral cross section that is orthogonal to a centerline of the tapered bump.
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