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(57) ABSTRACT 

A semiconductor device includes a semiconductor chip, an 
electrically insulating element separated from the semicon 
ductor chip by a space, and encapsulation material disposed 
in the space. The semiconductor chip includes a first face 
having a contact, and the electrically insulating element 
defines at least one through-hole. The encapsulation material 
is disposed around the semiconductor chip and around the 
electrically insulating element. Electrically conducting mate 
rial is deposited in the through-hole of the electrically insu 
lating element and communicates with the contact. 
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SEMCONDUCTOR DEVICE 

BACKGROUND 

0001. A semiconductor package provides a protective 
enclosure for one or more semiconductor chips and includes 
interconnects leading to the chip(s). Semiconductor packages 
have application in many electronic devices, including cellu 
lar telephones and other communication devices, automotive 
electronics, and other technology platforms. 
0002 Some semiconductor packages are configured to be 
compatible with package-on-package Stacking technologies 
in which another component is stacked on the package. Such 
package-on-package Stacks include a first level interconnect 
communicating with contacts on the semiconductor chip, and 
an upper level collection of landing pads that electrically 
connect with the first level interconnects. It is desirable to 
provide package-on-package semiconductor devices with a 
flexible interconnect geometry compatible with pick-and 
place and molding processes while also having a minimal 
package size. 
0003 For these and other reasons there is a need for the 
present invention. 

SUMMARY 

0004 One aspect provides a semiconductor device includ 
ing a semiconductor chip, an electrically insulating element 
separated from the semiconductor chip by a space, and encap 
Sulation material disposed in the space. The semiconductor 
chip includes a first face having a contact, and the electrically 
insulating element defines at least one through-hole. The 
encapsulation material is disposed around the semiconductor 
chip and around the electrically insulating element. Electri 
cally conducting material is deposited in the through-hole of 
the electrically insulating element and communicates with 
the contact. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005. The accompanying drawings are included to pro 
vide a further understanding of embodiments and are incor 
porated in and constitute a part of this specification. The 
drawings illustrate embodiments and together with the 
description serve to explain principles of embodiments. Other 
embodiments and many of the intended advantages of 
embodiments will be readily appreciated as they become 
better understood by reference to the following detailed 
description. The elements of the drawings are not necessarily 
to scale relative to each other. Like reference numerals des 
ignate corresponding similar parts. 
0006 FIG. 1A is a schematic cross-sectional view of a 
semiconductor device according to one embodiment. 
0007 FIG. 1B is a schematic cross-sectional view of a 
semiconductor device according to one embodiment. 
0008 FIG.2 is a schematic cross-sectional view of a semi 
conductor package configured for package-on-package 
stacking according to one embodiment. 
0009 FIG. 3 is a top view of the semiconductor package 
illustrated in FIG. 2. 
0010 FIG. 4 is a schematic cross-sectional view of an 
electronic component connected to the semiconductor pack 
age illustrated in FIG. 2 according to one embodiment. 
0011 FIG.5 is a block diagram of a process for fabricating 
a semiconductor package according to one embodiment. 
0012 FIGS. 6A-6I are schematic cross-sectional views of 
a process for assembling semiconductor devices according to 
one embodiment. 
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0013 FIG. 7 is a schematic cross-sectional view of a semi 
conductor device including multiple encapsulated semicon 
ductor chips according to one embodiment. 

DETAILED DESCRIPTION 

0014. In the following Detailed Description, reference is 
made to the accompanying drawings, which form a part 
hereof, and in which is shown by way of illustration specific 
embodiments in which the invention may be practiced. In this 
regard, directional terminology, such as “top. “bottom.” 
"front,” “back.” “leading.” “trailing.” etc., is used with refer 
ence to the orientation of the Figure(s) being described. 
Because components of embodiments can be positioned in a 
number of different orientations, the directional terminology 
is used for purposes of illustration and is in no way limiting. 
It is to be understood that other embodiments may be utilized 
and structural or logical changes may be made without 
departing from the scope of the present invention. The fol 
lowing detailed description, therefore, is not to be taken in a 
limiting sense, and the scope of the present invention is 
defined by the appended claims. 
0015. It is to be understood that the features of the various 
exemplary embodiments described herein may be combined 
with each other, unless specifically noted otherwise. 
0016 Embodiments provide an embedded wafer level 
semiconductor package. The semiconductor package 
includes one or more electrically insulating elements each 
having one or more through-holes, the through-holes are 
filled with electrically conducting material to provide the 
embedded semiconductor package with a wide range of flex 
ibility for Z-directional interconnectivity to semiconductor 
chips in the package and components stacked on the package. 
0017 Embodiments provide relatively inexpensive elec 
trically insulating elements that are easy to pick-and-place. In 
one embodiment, the electrically insulating elements are 
formed of an unfilled polymer that enables openings to be 
formed by laser drilling, mechanical boring, or otherwise 
opening vias in a clean, quick and efficient manner. In one 
embodiment, multiple electrically insulating elements are 
provided, where the electrically insulating elements include 
vias that provide broad flexibility for connecting other elec 
tronic devices to chips within the package. 
0018 Conventional semiconductor packages employ con 
ductive bars that are placed alongside the semiconductor 
chips and over-molded with encapsulation material. The con 
ventional conductive bars provide limited Z-directional con 
nectivity with only one or a few interconnect positions and are 
incompatible with grouping to provide Small interconnect 
groups. In addition, the conductive bars are relatively expen 
sive compared to the elements provided herein, and have a 
relatively large aspect ratio (thickness to via diameter) that 
limits the miniaturization of the semiconductor package. The 
conventional conductive bars have the potential to shift dur 
ing molding, which could introduce additional process steps 
for repairing the package before final assembly. 
0019. Other conventional semiconductor devices provide 
Z-directional connectivity by laser drilling one or more Vias 
through the encapsulation material and filling the Vias with 
electrically conductive material. However, drilling a via in the 
filled encapsulation material is time consuming and expen 
sive. In addition, Vias formed in the filled encapsulation mate 
rial do not provide straight walled through-holes and include 
undercuts that can make filling the Vias difficult. Improperly 
filled vias or vias with undercuts can have less than desirable 
electrical properties. 
0020 FIG. 1A is a schematic cross-sectional view of a 
semi-conductor device 20 according to one embodiment. 
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Semiconductor device 20 includes a semiconductor chip 22, 
an electrically insulating element 24 separated from chip 22 
by a space S, encapsulation material 26 disposed in the space 
S and around chip 22 and around electrically insulating ele 
ment 24, and electrically conducting material 28 deposited in 
a through-hole 30 formed in the electrically insulating ele 
ment 24. The electrically conducting material 28 communi 
cates with at least one contact 42 of chip 22. 
0021. In one embodiment, one or more electrically insu 
lating elements 24 are disposed a distance Saway from one or 
more chips 22, where each electrically insulating element 24 
includes one or more through-holes 30. In this manner, elec 
trically insulating elements 24 are configured for convenient 
pick-and-place positioning and provide ample area for via 
openings. The electrically insulating elements 24, when Vias 
30 are filled with conducting material 28, provide flexibility 
for connecting other electronic devices to chips within the 
package. 
0022 FIG.1B is a schematic cross-sectional view of semi 
conductor device 20. In one embodiment, chip 22 includes a 
first face 40 (or active surface 40) having contacts 42, and 
device 20 includes an electrically conducting trace 44 (or a 
redistribution layer 44) electrically connected between con 
tacts 42 and electrically conducting material 28. In one 
embodiment, another electrically conducting trace 46 (or sec 
ond redistribution layer 46) is electrically connected to elec 
trically conducting material 28 to form a landing pad 48. 
Traces 44, 46 are deposited by Suitable deposition processes, 
including chemical vapor deposition and/or other direct 
deposition processes. Z-directional connectivity through 
semiconductor device 20 is established through landing pad 
48 across trace 46, through electrically conducting material 
28, across trace 44 to contact 42 of chip 22. 
0023 FIG. 2 is a schematic cross-sectional view of semi 
conductor device 20 including solder balls 54. In one embodi 
ment, RDL 44 is structured in dielectric 50 that is provided 
with a solder stop 52 deposited across a surface of dielectric 
50 and configured for receiving solder balls 54. In one 
embodiment, RDL 44, 46 are structured into dielectric 50 
through an embedded wafer level process or other suitable 
process. Suitable processes for structuring dielectric 50 
include photolithography, etching, and other discrete material 
removal processes. The solder balls 54 enable device 20 to be 
electrically connected to printed circuit boards or other 
devices. The landing pads 48 configure semiconductor device 
20 for package-on-package stacking. For example, other 
electronic components connected to landing pads 48 electri 
cally communicate with contacts 42 on chip 22 through RDL 
46, electrically conducting material 28, and RDL 44. 
0024 FIG. 3 is a top view of semiconductor device 20. In 
one embodiment, multiple electrically insulating elements 24 
are provided spaced apart from chip 22. In the embodiment 
illustrated, four electrically insulating elements 24 are pro 
vided spaced apart from chip 22, although other numbers of 
elements 24 are also acceptable. In one embodiment, each of 
the electrically insulating elements 24 include multiple 
through-holes 30 filled with electrically conducting material 
28, although it is acceptable that not all through-holes 30 are 
utilized. For example, and with reference to the right hand 
side of FIG. 3, vias 30b are available (although not connected) 
for electrical connection to chip 22, and vias 30a are electri 
cally connected to RDL 46 and landing pads 48. 
0025 Semiconductor device 20 provides increased flex 

ibility in selectively locating connections between landing 
pads 48 and vias 30a for attachment to chip 22. The filled vias 
30 are suitably located anywhere along electrically insulating 
elements 24 to provide for interconnecting Small groups or 
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custom placement of other electronic devices on landing pads 
48. In addition, the electrically insulating elements 24 are 
stable and enable compression molding of encapsulation 
material 26 around elements 24. 
0026 Semiconductor chips 22 include integrated circuits 
Suitably configured as logic circuits, control circuits, micro 
processors, or microelectrical-mechanical components. In 
one embodiment, chips 22 include power semiconductor 
chips such as power transistors or insulated gate bipolar tran 
sistors (IGBT). In one embodiment, chips 22 include a verti 
cal structure (a Z-directional structure) configured such that 
electric current flows in the Z-direction perpendicular to the 
major surfaces of semiconductor device 20. In one embodi 
ment, Suitable semiconductor chips 22 are provided with a 
Z-direction topography and include chips 22 with contacts 42 
on active surface 40 (FIG. 1B). 
0027. In one embodiment, electrically insulating elements 
24 are fabricated from polymer, Such as a thermoplastic. In 
one embodiment, electrically insulating elements 24 are fab 
ricated from epoxy. In one embodiment, electrically insulat 
ing elements 24 have a height of between approximately 
100-500 micrometers and a width of between approximately 
50-250 micrometers, although other sizes are acceptable. 
0028. In one embodiment, encapsulation material 26 is a 
filled material, for example a polymer filled with silicon, and 
electrically insulating elements 24 are unfilled and configured 
for formation of vias 30 without undercuts. 
0029. In one embodiment, electrically conductive mate 
rial 28 includes copper, alloys of copper, aluminum, alloys of 
aluminum, or layers of electrically conducting materials such 
as metals. 
0030 FIG. 4 is a schematic cross-sectional view of a pack 
age-on-package device 60 according to one embodiment. 
Package-on-package device 60 (POP device 60) includes a 
separate electronic component 62 or device 62 electrically 
connected to semiconductor device 20 by balls 64. As 
described above, chip 22 is embedded within encapsulation 
material 26 and is considered an embedded device, such that 
POP device 60 is considered an embedded package-on-pack 
age (ePOP) device 60. 
0031. In one embodiment, chip 22 is provided as a logic 
chip and separate electronic device 62 is provided as a 
memory device such that ePOP 60 is provided as a stacked 
logic and memory device. In one embodiment, chip 22 
includes several hundred input/output locations that are 
accessible by vias 30 (see FIG.3) and connectable by landing 
pads 48. Device 62 is placed on a portion of the pads 48. 
0032 Suitable electronic devices 62 include memory 
available from, for example, Samsung or Qimonda or another 
fabricator of memory devices. When connected in a stack, 
electronic device 62 is electrically connected to RDL 46 by 
ball 64, and communicates with contacts 42 on chip 22 
through RDL 44 and electrically conducting material 28. 
0033 FIG. 5 is a block diagram 70 of a process for assem 
bling semiconductor device 20 according to one embodiment. 
In one exemplary process, semiconductor chips are placed on 
a carrier at 72. At 74, electrically insulating elements are 
spaced on the carrier away from the semiconductor chips. At 
76, encapsulation material is applied over the semiconductor 
chips and around the electrically insulating elements to form 
an encapsulation workpiece. At 78, at least one electrical 
pathway is provided through each of the electrically insulat 
ing elements to enable coupling an electronic device to the 
workpiece that communicates with at least one of the semi 
conductor chips. 
0034. It is acceptable to apply encapsulation material over 
the semiconductor chips and over the electrically insulating 
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elements, although it is preferable to minimize the thickness 
of the encapsulation material over the electrically insulating 
elements to minimize or eliminate undercuts that are formed 
when boring through the encapsulation material. 
0035 FIGS. 6A-6I provide schematic cross-sectional 
views of the fabrication of semiconductor devices 20 accord 
ing to one embodiment. 
0.036 FIG. 6A is a cross-sectional view of a carrier 80. 
Suitable carriers include metal carriers, silicon carriers, or 
polymer carriers. 
0037 FIG. 6B is a cross-sectional view of an adhesive foil 
82 attached to carrier80. In one embodiment, adhesive foil 82 
is provided as a double-sided adhesive that is releasably 
attached to carrier 80. 
0038 FIG. 6C is a cross-sectional view of semiconductor 
chips 22 attached to adhesive foil 82 and carrier 80. In one 
embodiment, active surface 40 (FIG. 1B) is connected to 
adhesive foil 82 such that contacts 42 are oriented down on 
carrier 80. In one embodiment, chips 22 are picked-and 
placed onto carrier 80 employing a suitable pick-and-place 
process as employed in semiconductor fabrication. 
0039 FIG. 6D is a cross-sectional view of electrically 
insulating elements 24 placed on carrier80 and spaced apart 
by the distance S from chips 22. In one embodiment, a lateral 
dimension of the electrically insulating elements 24 is 
between about 100-1000 micrometers such that elements 24 
are easily picked and placed by standard pick-and-place 
equipment. 
0040 FIG. 6E is a cross-sectional view of encapsulation 
material 26 deposited over chips 22, around chips 22, and 
around elements 24. Suitable encapsulation material 26 
includes plastic or epoxy encapsulation material that is either 
filled or unfilled with silicon. For example, in one embodi 
ment encapsulation material 26 is a silicon-filled polymer 
suitably molded over chips 22 and into space S. Suitable 
encapsulation processes include compression molding or 
injection molding. 
004.1 FIG. 6F is a cross-sectional view of workpiece 90 
(or encapsulation body 90) including chips 22 and elements 
24 encapsulated in encapsulation material 26 and removed 
from carrier80 (FIG. 6C) and adhesive foil 82. 
0042 FIG. 6G is a cross-sectional view of workpiece 90 or 
encapsulation body 90 having a first face 92 opposite a second 
face 94. In one embodiment, first face 92 was attached to 
carrier 80 by adhesive 82 and second face 94 has been pla 
narized (for example by grinding or by etching) to expose a 
top surface of elements 24. In one embodiment, workpiece 90 
is grinded to expose the top surface of element 24 and leave 
behind a small layer of encapsulation material 26 on top of 
chip 22 (as shown). In one embodiment, workpiece 90 is 
grinded to leave behind a thin layer of encapsulation material 
26 on the top surface of element 24. 
0043 FIG. 6H is a cross-sectional view of vias 30 or 
through-holes 30 formed in electrically insulating elements 
24. In one embodiment, the through-holes 30 include straight 
channel cylindrical through-holes. In one embodiment, the 
through-holes 30 include conical holes or holes of other geo 
metric cross-sectional shape. 
0044 Suitable processes for forming through-holes 30 
include illuminating elements 24 with a light source (i.e., 
photolithographic processes), or laser drilling, or mechanical 
drilling, or etching vias 30 in the electrically insulating mate 
rial elements 24. 

004.5 FIG. 6I is a cross sectional view of workpiece 90 
including electrically conducting material 28 filled into the 
through-holes 30 (6H) formed in elements 24. Suitable elec 
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trically conducting material includes metal in general, and in 
particular, copper and alloys of copper. 
0046 FIG. 7 is a cross-sectional view of workpiece 90 
including upper and lower redistribution layers (RDL) 44, 46 
or electrical traces 44, 46. In one embodiment, RDL 44 pro 
vides a first electrical trace that is structured on first face 92 of 
workpiece 90, and RDL 46 provides a second electrical trace 
structured on second face 94 of workpiece 90. RDL 44, 46 
provide electrically conducting traces connected with electri 
cally conducting material 28 that enables electrical commu 
nication between landing pads 48 and contacts 42 of chip 22. 
Solder balls 54 configure the embedded package illustrated in 
FIG. 7 for electrical connection to circuitboards, and RDL 48 
and landing pads 48 configure the embedded package for 
stacking with other electronic devices to form an embedded 
package-on-package structure. 
0047. In one embodiment, the embedded chips 22 are 
separated from workpiece 90 by appropriately singulating 
workpiece 90 into multiple separate packages. For example, 
in one embodiment electrically insulating element 24 is sepa 
rated by sawing between vias 30 formed in elements 24 to 
separate packages of workpiece 90. 
0048 Aspects described herein provide relatively inex 
pensive electrically insulating elements that are easy to pick 
and-place and have openings or vias that are filled with con 
ducting material to provide broad flexibility for connecting 
other electronic devices to chips within the package. Aspects 
described herein provide an embedded wafer level semicon 
ductor package including one or more electrically insulating 
elements each having one or more through-holes that are 
filled with electrically conducting material to provide the 
embedded semiconductor package with a wide range of flex 
ibility for Z-directional interconnectivity to semiconductor 
chips in the package and components stacked on the package. 
0049. Although specific embodiments have been illus 
trated and described herein, it will be appreciated by those of 
ordinary skill in the art that a variety of alternate and/or 
equivalent implementations may be substituted for the spe 
cific embodiments shown and described without departing 
from the scope of the present invention. This application is 
intended to cover any adaptations or variations of the specific 
embodiments of embedded package-on-package semicon 
ductor devices, as discussed herein. Therefore, it is intended 
that this invention be limited only by the claims and the 
equivalents thereof. 

What is claimed is: 
1. A semiconductor device comprising: 
a semiconductor chip including a first face comprising a 

contact; 
an electrically insulating element separated from the semi 

conductor chip by a space, the electrically insulating 
element defining at least one through-hole; 

encapsulation material disposed in the space and around 
the semiconductor chip and around the electrically insu 
lating element; and 

electrically conducting material deposited in the at least 
one through-hole of the electrically insulating element 
and communicating with the contact. 

2. The semiconductor device of claim 1, wherein the 
encapsulation material comprises an encapsulation body 
formed of an electrically insulating material that is different 
from material of the electrically insulating element. 

3. The semiconductor device of claim 2, wherein the 
encapsulation body comprises a first main face and a second 
main face opposite the first main face, the semiconductor 
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device comprising a first metallized trace disposed on the first 
main face and a second metallized trace disposed on the 
second main face. 

4. The semiconductor device of claim 3, wherein the elec 
trically conducting material connects between the first met 
allized trace and the second metallized trace. 

5. The semiconductor device of claim 4, further compris 
ing: 

a memory element connected to the second metallized 
trace and electrically communicating with the contact of 
the semiconductor chip through the electrically conduct 
ing material and the first metallized trace. 

6. The semiconductor device of claim 1, comprising mul 
tiple semiconductor chips and multiple electrically insulating 
elements separated from each of the multiple semiconductor 
chips. 

7. The semiconductor device of claim 6, wherein at least 
one of the multiple electrically insulating elements defines 
multiple through-holes, the electrically conducting material 
deposited in each of the multiple through-holes. 

8. A method of assembling a semiconductor device com 
prising: 

placing at least two semiconductor chips on a carrier; 
placing at least two electrically insulating material ele 

ments on the carrier, 
applying encapsulation material over the at least two semi 

conductor chips and the at least two electrically insulat 
ing material elements to form an encapsulation work 
piece; 

generating at least one through-hole through each of the 
electrically insulating material elements; and 

filling the at least one through-holes with an electrically 
conducting material. 

9. The method of claim 8, wherein the at least two semi 
conductor chips have a main face comprising contact ele 
ments, the at least two semiconductor chips placed on the 
carrier with the contact elements facing the carrier. 

10. The method of claim 8, further comprising: 
removing encapsulation material by one of grinding and 

etching a backside of the workpiece preparatory to open 
ing the electrically insulating material elements. 

11. The method of claim 8, wherein generating at least one 
through-hole comprises one of illuminating with a light 
Source, laser drilling, mechanically drilling, and etching each 
of the electrically insulating material elements. 

12. The method of claim 8, further comprising: 
removing the carrier from the encapsulation workpiece. 
13. The method of claim 8, further comprising: 
applying a first electrically conducting layer over a first 

main face of the encapsulation workpiece. 
14. The method of claim 13, comprising connecting the 

first electrically conducting layer between the electrically 
conducting material in the through-holes and contact ele 
ments of the semiconductor chips. 

15. The method of claim 13, further comprising: 
applying external contact elements to the first electrically 

conducting layer. 

Jun. 3, 2010 

16. The method of claim 13, further comprising: 
applying a second electrically conducting layer connected 

over a second main face of the encapsulation workpiece 
opposite the first main face. 

17. The method of claim 17, comprising connecting the 
second electrically conducting layer to the electrically con 
ducting material in the through-holes. 

18. A method of fabricating a semiconductor package com 
prising: 

placing semiconductor chips on a carrier, 
spacing electrically insulating elements on the carrier away 

from the semiconductor chips: 
applying encapsulation material over the semiconductor 

chips and around the electrically insulating elements to 
form an encapsulation workpiece; and 

providing at least one electrical pathway through each of 
the electrically insulating elements to enable coupling 
an electronic device to the workpiece that communicates 
with at least one of the semiconductor chips. 

19. The method of claim 18, comprising generating at least 
one through-hole in each of the electrically insulating mate 
rial elements and filling the through-hole with an electrically 
conducting material. 

20. The method of claim 19, comprising applying an elec 
trically conducting layer over at least one main face of the 
encapsulation workpiece and in contact with the electrically 
conducting material. 

21. The method of claim 20, comprising applying a first 
electrically conducting layer over a first main face of the 
encapsulation workpiece and a second electrically conduct 
ing layer over a second main face of the encapsulation work 
piece, the first and second electrically conducting layers in 
contact with the electrically conducting material. 

22. The method of claim 21, wherein the electronic device 
comprises a memory device connected to the second electri 
cally conducting layer. 

23. A semiconductor package comprising: 
at least one semiconductor chip; 
at least one element comprising a first electrically insulat 

ing material and defining at least one through-hole; 
an encapsulation body having a first main face and a second 

main face opposite the first main face, the encapsulation 
body comprising a second electrically insulating mate 
rial Surrounding the at least one semiconductor chip and 
the at least one element; 

a first electrically conducting layer disposed on the first 
main face; 

a second electrically conducting layer disposed on the sec 
ond main face; and 

electrically conducting material disposed in the at least one 
through-hole connecting the first electrically conducting 
layer with the second electrically conducting layer. 

24. The semiconductor package of claim 23, wherein the 
second electrically insulating material is disposed over the at 
least one element. 

25. The semiconductor package of claim 23, further com 
prising: 

a memory package electrically connected to the second 
electrically conducting layer. 

c c c c c 


