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SEMICONDUCTOR PACKAGE 

 

FIELD OF THE INVENTION 

This invention relates to a semiconductor package, and more particularly to a semiconductor 

package having chip stack. 

BACKGROUND OF THE INVENTION 

With massive use of wearable devices, IC size reduction is necessary and meanwhile faster 

computing speed. It is difficult to increase the number of transistors in a single chip, thus chip 

stack package technology is recently promoted to increase IC computing speed in semiconductor 

industry. Two or more chips are 3D-stacked using bumps in a single semiconductor package with 

size limitation to enhance overall performance. Taller bumps are required to separate two chips in 

chip stack package in order to prevent warpage or ineffective heat dissipation due to stacked chips. 

However, taller bump manufacture is more difficult and higher cost. 

SUMMARY 

One object of the present invention is to place a second chip over a first chip using metal 

pillars to obtain a chip stack package and reduce process complexity and overall cost effectively. 

A semiconductor package of the present invention includes a substrate, first bumps, a first 

chip, metal pillars, second bumps and a second chip. The substrate includes a top surface, first 

conductive pads and second conductive pads, and the first and second conductive pads are located 

on the top surface. One end of each of the first bumps is connected to one of the first conductive 

pads, the first chip is connected to the other end of each of the first bumps, one end of each of the 

metal pillars is connected to one of the second conductive pads, and one end of each of the second 

bumps is connected to the other end of one of the metal pillars. A cross-sectional area of each of 

the metal pillars is larger than that of each of the second bumps. The second chip is connected to 

the other end of each of the second bumps and located over the first chip. 

In the present invention, the second chip can be placed over the first chip by two-part 

configuration of the metal pillars and the second bumps to obtain a chip stack package. Owing to 
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the second chip is supported by the two-part configuration, process complexity reduction and yield 

improvement are feasible. 

DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-section view diagram illustrating a semiconductor package in accordance 

with a first embodiment of the present invention. 

Fig. 2 is a cross-section view diagram illustrating a connection between a metal pillar and a 

second bump in accordance with the first embodiment of the present invention. 

Fig. 3 is an enlarged cross-section view diagram illustrating a part of the semiconductor 

package in accordance with the first embodiment of the present invention. 

Fig. 4 is a cross-section view diagram illustrating a semiconductor package in accordance 

with a second embodiment of the present invention. 

Fig. 5 is a cross-section view diagram illustrating a semiconductor package in accordance 

with a third embodiment of the present invention. 

Fig. 6 is a cross-section view diagram illustrating a semiconductor package in accordance 

with a fourth embodiment of the present invention. 

Fig. 7 is a top view diagram illustrating the semiconductor package in accordance with the 

fourth embodiment of the present invention. 

Fig. 8 is a cross-section view diagram illustrating a semiconductor package in accordance 

with a fifth embodiment of the present invention. 

Fig. 9 is a top view diagram illustrating the semiconductor package in accordance with the 

fifth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

With reference to Fig. 1, a semiconductor package 100 in accordance with a first embodiment 

of the present invention includes a substrate 110, a plurality of first bumps 120, a first chip 130, a 

plurality of metal pillars 140, a plurality of second bumps 150, a second chip 160 and an 

encapsulation layer 170. 

In the first embodiment, the substrate 110 is a redistribution layer (RDL) including a top 
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surface 111, a bottom surface 112, a plurality of first conductive pads 113, a plurality of second 

conductive pads 114 and a plurality of third conductive pads 115. The first conductive pads 113 

and the second conductive pads 114 are located on the top surface 111, and the third conductive 

pads 115 are located on the bottom surface 112. Preferably, the substrate 110 is composed of 

dielectric material and a plurality of metal layers. 

The metal layers in the substrate 110 involves a plurality of first circuit layers 116 and a 

plurality of second circuit layers 117. Each of the first circuit layers 116 is electrically connected 

to one of the first conductive pads 113 and one of the third conductive pads 115 for providing 

electrical connection between the first conductive pads 113 and the third conductive pads 115. 

Each of the second circuit layers 117 is electrically connected to one of the second conductive pads 

114 and one of the third conductive pads 115 such that the second conductive pads 114 and the 

third conductive pads 115 are electrically connected with each other. The semiconductor package 

100 can be connected to other circuit board (not shown) through solder balls 190 which each is 

provided on one of the third conductive pads 115. In the first embodiment, positions of the first 

conductive pads 113 and the second conductive pads 114 can be modified for different circuit 

layout because of the third conductive pads 115, the first circuit layers 116 and the second circuit 

layers 117. The substrate 110 is not limited to RDL in the present invention, it may be IC circuit 

board in other embodiments. 

Referring to Fig. 1 again, one end of each of the first bumps 120 is connected to one of the 

first conductive pads 113, and the other end of each of the first bumps 120 is connected to the first 

chip 130. The first chip 130 is flip-chip bonded to the first conductive pads 113 of the substrate 

110 by the first bumps 120 which are formed on the first chip 130 by patterning process. The first 

bumps 120 can be made of copper, copper alloy, nickel, gold or other metal or alloy. 

One end of each of the metal pillars 140 is connected to one of the second conductive pads 

114. Preferably, the metal pillars 140 are made in advance and then mounted on the second 

conductive pads 114 one to one. In other embodiments, the metal pillars 140 are formed on the 

corresponding second conductive pads 114 through exposure, development and electroplating 
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processes. One end of each of the second bumps 150 is connected to the other end of one of the 

metal pillars 140, and the other end of each of the second bumps 150 is connected to the second 

chip 160. The second bumps 150 are formed on the second chip 160 by patterning process, and 

the second chip 160 is flip mounted onto the metal pillars 140 using the second bumps 150. The 

second bumps 150 can be made of copper, copper alloy, nickel, gold or other metal or alloy. 

The position of the second chip 160 is elevated by two-part configuration, the metal pillars 

140 and the second bumps 150, in the first embodiment, thus the second chip 160 can be located 

above the first chip 130 easily. And it is available to further reduce manufacture complexity of the 

semiconductor package 100 while the metal pillars 140 are made in advance, not directly formed 

on the second conductive pads 114 through exposure, development and electroplating processes. 

Referring to Figs. 1 and 2, Fig. 2 is a cross section view diagram showing the connection 

between each of the metal pillars 140 and the corresponding second bump 150. Preferably, a cross-

sectional area of each of the metal pillars 140 is larger than that of each of the second bumps 150 

such that the second bumps 150 on the second chip 160 can be aligned with the metal pillars 140 

more easily and precisely during flip-chip bonding process of the second chip 160. In the first 

embodiment, the cross-sectional area ratio of each of the second bumps 150 to each of the metal 

pillars 140 is between 1:1 and 1:3. 

With reference to Fig. 3, preferably, a height H2 of each of the metal pillars 140 is designed 

to be greater than a height H1 of each of the first bumps 120, so the second chip 160 can be placed 

over the first chip 130 easily. In the first embodiment, the ratio of the height H1 of each of the first 

bumps 120 to the height H2 of each of the metal pillars 140 is within the range between 1:1 to 1:5. 

With reference to Fig. 1, the encapsulation layer 170, which can be made of epoxy molding 

compound (EMC), is provided on the top surface 111 of the substrate 110 to cover the first bumps 

120, the first chip 130, the metal pillars 140, the second bumps 150 and the second chip 160 for 

insulation and moisture resistance. Furthermore, in order to reduce electromagnetic interference 

(EMI) between the components in the semiconductor package 100 and the nearby chip, an 

electromagnetic shielding layer 180 is further provided to cover the encapsulation layer 170 and 
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the substrate 110 in the first embodiment. The electromagnetic shielding layer 180 is made of a 

metallic material and have a larger area to be used as ground layer of the semiconductor package 

100. Preferably, one of the second circuit layers 117 is electrically connected to the electromagnetic 

shielding layer 180 so as to allow the second conductive pad 114 and the third conductive pad 115 

to be connected to ground via the second circuit layer 117 and the electromagnetic shielding layer 

180. 

A second embodiment of the present invention is shown in Fig. 4. The difference between the 

first and second embodiments is that the encapsulation layer 170 of the second embodiment has a 

hole 171. Because of the hole 171, a lateral surface of one of the metal pillars 140 is visible outside 

the encapsulation layer 170, and the exposed metal pillar 140 is connected to the electromagnetic 

shielding layer 180. Owing to the height of the metal pillar 140 is greater than the thickness of the 

first circuit layer 116, the lateral surface of the metal pillar 140 connected to the electromagnetic 

shielding layer 180 has a bigger area for better grounding effect. 

Furthermore, the metal pillars 140 of the second embodiment have larger area so they can 

provide better support for the second chip 160 and the second bumps 150 to prevent warpage of 

the second chip 160 during flip chip process. 

With reference to Fig. 5, it shows a third embodiment of the present invention. Different to 

the second embodiment, the semiconductor package 100 of the third embodiment includes a 

plurality of first chips 130. Each of the first chips 130 is connected to the other end of the first 

bumps 120 and located under the second chip 160. Because the metal pillar 140 connected to the 

electromagnetic shielding layer 180 via the hole 171 has a larger area in the third embodiment, the 

larger metal pillar 140 can provide greater support for the second chip 160 and the second bumps 

150, and the second chip 160 can be designed to be wider to let the space beneath the second chip 

160 have enough space for the two first chips 130. Consequently, it is able to increase processing 

speed of single semiconductor package 100. 

Figs. 6 and 7 are provided to illustrate a fourth embodiment of the present invention. The 

difference between the first and fourth embodiments is there are a plurality of second chips 160 in 



6 

the semiconductor package 100 of the fourth embodiment. Each of the second chips 160 is 

connected to the other end of one the second bumps 150 and located above the first chip 130. A 

gap D exists between the two adjacent second chips 160 to expose a backside of the first chip 130. 

Because of the multiple second chips 160, packing density of the semiconductor package 100 can 

further be increased for effectiveness improvement. 

A fifth embodiment of the present invention is shown in Figs. 8 and 9. Different to the fourth 

embodiment, there are a plurality of first chips 130 in the semiconductor package 100 of the fifth 

embodiment. Each of the first chips 130 is connected to the other end of the first bumps 120 and 

located below the second chips 160. There is a first gap D1 between the two adjacent first chips 

130 and a second gap D2 between the two adjacent second chips 160, and the second gap D2 is 

located over the first gap D1. Packing density of the semiconductor package 100 of the fifth 

embodiment can be increased to enhance effectiveness by the multiple first chips 130 and the 

multiple second chips 160. 

The second chip 160 of the present invention is raised up using the metal pillars 140 and the 

second bumps 150 such that the first chip 130 can be mounted under the second chip 160 to get a 

semiconductor package 100 with chip stack. Because the second chip 160 is supported by a two-

part configuration, process complexity reduction and yield improvement are available. 

While this invention has been particularly illustrated and described in detail with respect to 

the preferred embodiments thereof, it will be clearly understood by those skilled in the art that is 

not limited to the specific features shown and described and various modified and changed in form 

and details may be made without departing from the scope of the claims.
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What is claimed is: 

1. A semiconductor package (100) comprising: 

a substrate (110) including a top surface (111), a plurality of first conductive pads (113) and a 

plurality of second conductive pads (114), the plurality of first and second conductive pads 

(113, 114) are located on the top surface (111); 

a plurality of first bumps (120), one end of each of the plurality of first bumps (120) is 

connected to one of the plurality of first conductive pads (113); 

a first chip (130) connected to the other end of each of the plurality of first bumps (120); 

a plurality of metal pillars (140), one end of each of the plurality of metal pillars (140) is 

connected to one of the plurality of second conductive pads (114); 

a plurality of second bumps (150), one end of each of the plurality of second bumps (150) is 

connected to the other end of one of the plurality of metal pillars (140), wherein a cross-

sectional area of each of the plurality of metal pillars (140) is larger than a cross-sectional area 

of each of the plurality of second bumps (150); and 

a second chip (160) connected to the other end of each of the plurality of second bumps (150) 

and located above the first chip (130). 

2. The semiconductor package (100) in accordance with claim 1 further comprising an 

encapsulation layer (170), wherein the encapsulation layer (170) is provided on the top surface 

(111) of the substrate (110), and the plurality of first bumps (120), the first chip (130), the 

plurality of metal pillars (140), the plurality of second bumps (150) and the second chip (160) 

are covered by the encapsulation layer (170). 

3. The semiconductor package (100) in accordance with claim 2 further comprising an 

electromagnetic shielding layer (180), wherein the encapsulation layer (170) and the substrate 

(100) are covered by the electromagnetic shielding layer (180). 

4. The semiconductor package (100) in accordance with claim 3, wherein a lateral surface of one 

of the plurality of metal pillars (140) is electrically connected to the electromagnetic shielding 

layer (180). 
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5. The semiconductor package (100) in accordance with claim 4, wherein one of the plurality of 

metal pillars (140) is exposed through a hole (171) on the encapsulation layer (170) and 

connected to the electromagnetic shielding layer (180). 

6. The semiconductor package (100) in accordance with claim 5, wherein the substrate (110) is a 

redistribution layer including a plurality of first circuit layers (116) and a plurality of second 

circuit layers (117), each of the plurality of first circuit layers (116) is electrically connected to 

one of the plurality of first conductive pads (113), each of the plurality of second circuit layers 

(117) is electrically connected to one of the plurality of second conductive pads (114), and one 

of the plurality of second circuit layers (117) is electrically connected to the electromagnetic 

shielding layer (180). 

7. The semiconductor package (100) in accordance with claim 1 comprising a plurality of first 

chips (130), wherein each of the plurality of first chips (130) is connected to the other end of 

the plurality of first bumps (120) and located under the second chip (160). 

8. The semiconductor package (100) in accordance with claim 1, wherein a cross-sectional area 

ratio of each of the plurality of second bumps (150) to each of the plurality of metal pillars 

(140) is from 1:1 to 1:3. 

9. The semiconductor package (100) in accordance with claim 1, wherein a height (H2) of each 

of the plurality of metal pillars (140) is higher than a height (H1)of each of the plurality of first 

bumps (120). 

10. The semiconductor package (100) in accordance with claim 9, wherein a ratio of the height 

(H1) of each of the plurality of first bumps (120) to the height (H2) of each of the plurality of 

metal pillars (140) is from 1:1 to 1:5. 

11. The semiconductor package (100) in accordance with claim 1 comprising a plurality of second 

chips (160), wherein each of the plurality of second chips (160) is connected to the other end 

of the plurality of second bumps (150) and located above the first chip (130). 

12. The semiconductor package (100) in accordance with claim 11, wherein a backside of the first 

chip (130) is exposed by a gap (D) located between the two adjacent second chips (160). 
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13. The semiconductor package (100) in accordance with claim 11 comprising a plurality of first 

chips (130), wherein each of the plurality of first chips (130) is connected to the other end of 

one of the plurality of first bumps (120) and located under the plurality of second chips (150). 

14. The semiconductor package (100) in accordance with claim 13, wherein there is a first gap 

(D1) between the two adjacent first chips (130) and a second gap (D2) between the two 

adjacent second chips (160), and the second gap (D2) is located above the first gap (D1). 

  


