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(57) ABSTRACT 

An electrical connection terminal of an embedded chip and 
a method for fabricating the same are proposed. Firstly, an 

insulating layer is provided on a circuit board integrated 
With a chip and is produced a plurality of ?rst openings on 
the circuit board, Wherein at least one of the ?rst openings 
corresponds to a position of a conductive pad of the chip to 
expose the conductive pad. Then, a ?rst metal layer is 
formed on the conductive pad and a conductive layer is 
formed on the surface of the ?rst metal layer, insulating layer 
and the ?rst openings. A patterned resist layer having a 
plurality of second openings is formed on the conductive 
layer to expose a part of the conductive layer to be subse 
quently deposited With a second metal layer, Wherein at least 
one of the second openings of the resist layer is located 
correspondingly to the conductive pad. Subsequently, the 
second metal layer is formed on the exposed part of the 
conductive layer by an electroplating process. By such 
arrangement, the fabrication of the conductive structure of 
the conductive pad of the chip and build-up of conductive 
circuits on the circuit board can be simultaneously integrated 
to simplify processes and costs of the fabrication. 
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METHOD OF FABRICATING ELECTRICAL 
CONNECTION TERMINAL OF EMBEDDED CHIP 

FIELD OF THE INVENTION 

[0001] The present invention relates to an electrical con 
nection terminal of an embedded chip and a method for 
fabricating the same, and more particularly, to an electrical 
connection terminal of a semiconductor chip integrated in a 
circuit board and a method for fabricating the same. 

BACKGROUND OF THE INVENTION 

[0002] Along With the development of semiconductor 
packaging technologies, different types of semiconductor 
devices have been produced. Ball Grid Array (BGA) pack 
age adopts an advanced type of the semiconductor packag 
ing technology Which is characteriZed in the use of a 
substrate Whose front side is mounted With a semiconductor 
chip and Whose back side is mounted With a grid array of 
solder balls using self-alignment techniques. Thus, more 
input/output (I/O) connections can be accommodated on the 
same unit area of a semiconductor chip carrier to meet 
requirements for the semiconductor chip of high integration, 
so that an entire package unit is bonded and electrically 
connected to an external printed circuit board via the solder 
balls. 

[0003] HoWever, fabrication process of the semiconductor 
device generally involves fabricating chip carriers such as a 
substrate or a lead frame in chip carrier manufacturing 
folloWed by subsequent processes of chip-mounting, mold 
ing and solder ball implantation in semiconductor packaging 
to eventually achieve desired electronic performances of the 
semiconductor device. The actual fabrication processes of 
the semiconductor device are complicated and integration of 
interface can be di?icult since the semiconductor device is 
fabricated by different industries (including the chip carrier 
manufacturing and the semiconductor packaging). Addition 
ally, if the client terminal Wishes to design With altered 
functions, the level of integration and alteration involved 
Would be more complicated; thereby ?exibility and eco 
nomical ef?ciency for desired modi?cation are not met. 

[0004] Moreover, for the general fabrication process of a 
?ip-chip based semiconductor device, an under bump met 
allurgy (U BM) layer is formed on a conductive pad of a chip 
Within a Wafer for accommodating a metal bump after 
fabrication of the Wafer integrated circuit is completed. 
Subsequently, the Wafer is singulated to produce a plurality 
of chips by a singulation process and the ?ip-chip based 
semiconductor chip is then mounted on and electrically 
connected to a substrate. In the process of fabricating the 
UBM structural layer and the metal bump, a passivation 
layer is ?rstly formed on a surface of the semiconductor 
Wafer While exposing the conductive pad. An UBM layer 
comprising multiple layers of metal is formed on the 
exposed conductive pad by sputtering and electroplating 
processes. Then, a solder mask layer prede?ned With a 
plurality of openings is formed on the passivation layer to 
expose the UBM layer. Next, a coating process is performed 
to apply solder material such as Sn/Pb alloy on the exposed 
UBM layer through the openings of the solder mask layer by 
screen-printing techniques. The solder is bonded to the 
UBM layer by a re?oW process, folloWed by removing the 
solder mask layer. Subsequently, a second re?oW process is 
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performed to round up the solder material so as to form the 
metal bump on the semiconductor Wafer, such that the metal 
bump serves to connect the semiconductor chip and the 
substrate before semiconductor packaging is performed. 

[0005] HoWever, the above fabrication is complex and the 
integration of interface is di?icult. Therefore, a circuit board 
structure for integrating fabrication of the chip carrier and 
the semiconductor package has been developed. After the 
Wafer integrated circuit process is complete and a conduc 
tive structure is formed on the conductive pad of the chip 
Within the Wafer, a singulation process is performed to cut 
the Wafer into a plurality of chip units, and the chip units are 
embedded in the prede?ned openings of the circuit board. 
Subsequently, an electroplated metal structure is formed on 
the conductive structure to electrically connect the chip and 
the circuit board, so as to provide the circuit board integrated 
With the semiconductor chip. 

[0006] FIGS. 1A through to II illustrate processes of 
forming the conductive structure and the electroplated metal 
structure on the conductive pad of a Wafer. Referring to FIG. 
1A, a Wafer 10 having a plurality of chips 100 is provided, 
Wherein the Wafer 10 is completed With integrated circuit 
fabrication and a patterned passivation layer 11 is formed on 
a surface of the Wafer 10 to expose conductive pads 12 of the 
chips provided Within the Wafer. Referring to FIG. 1B, a 
Zinci?ed layer 13 (serving as a catalytic layer) and an 
electroless-plating nickel layer 14 are formed on the con 
ductive pad 12, such that the nickel layer 14 is effectively 
adsorbed on the conductive pad 12 to provide an ef?cient 
isolation barrier betWeen the conductive pad 12 and subse 
quently formed copper metal. Referring to FIG. 1C, an 
impregnant gold layer 15 is formed on the nickel layer 14 to 
passivate the nickel layer 14 While alloWing the subse 
quently deposited copper metal to be effectively adsorbed 
thereon. Referring to FIG. ID, a thick electroless-plating 
copper layer 16 is formed on the gold layer 15 and the Wafer 
10 is singulated to produce a plurality of chips 100. Then, 
the chips 100 are embedded in prede?ned openings 102 of 
a circuit board 101. Referring to FIG. 1E, an insulating layer 
17 such as ABF (Ajinomoto build-up ?lm (commercial 
name), produced by Ajinomoto Co., Inc. Japan) is formed on 
a surface of the circuit board 101 embedded With the chips 
100. FIG. 1E illustrates only one conductive pad 12 of the 
circuit board 101 shoWn in FIG. 1D. Referring to FIG. 1F, 
a part of the insulating layer 17 and thick copper layer 16 
corresponding to the conductive pad 12 of the chip is 
removed using laser-drilling techniques to form an opening 
170, such that the thick copper layer 16 that remains in the 
opening 170 serves as an adhesion layer for subsequent 
metal deposition. The opening 170 is then subjected to a 
de-smear process. Referring to FIG. 1G, a conductive layer 
18 is formed over the insulating layer 17 and the opening 
170. The conductive layer 18 is made by electroplating With 
a palladium layer (serving as a catalytic layer) folloWed by 
an electroless plating process to form the copper layer. 
Referring to FIG. 1H, a patterned resist layer 19 having a 
plurality of openings 190 is formed on the conductive layer 
18 to expose a part of the conductive layer 18 corresponding 
to the conductive pad of the chip. Referring to FIG. 1I, an 
electroplated metal structure 191 such as copper metal is 
formed Within the opening 190 of the resist layer 19 by an 
electroplating process to subsequently provide a conduction 
path betWeen the chip and the circuit board. 
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[0007] However, during the formation of the conductive 
structure on the conductive pad of the chip, it is necessary 
to form the nickel layer and the thick copper layer in 
sequence by the electroless plating process, Which requires 
a long fabrication time and a large fabrication cost. This 
leads to remarkable drop in fabrication ef?ciency. Moreover, 
a gold layer is usually deposited prior to the formation of the 
thick copper layer, Which deposition further complicates the 
fabrication process and increases the fabrication cost. 

SUMMARY OF THE INVENTION 

[0008] In light of the above prior-art draWbacks, an obj ec 
tive of the present invention is to provide an electrical 
connection terminal of an embedded chip and a method for 
fabricating the same, so as to effectively shorten processes 
and time of fabrication. 

[0009] Another objective of the present invention is to 
provide an electrical connection terminal of an embedded 
chip and a method for fabricating the same, so as to 
effectively minimiZe fabrication costs. 

[0010] In accordance With the above and other objectives, 
the present invention proposes a method for fabricating an 
electrical connection terminal of an embedded chip, Which 
involves embedding the chip units in a circuit board, form 
ing an insulating layer on the circuit board embedded With 
the chip, and the insulating layer is de?ned With a plurality 
of ?rst openings after a Wafer integrated circuit process is 
completed and subjected to a singulation process for pro 
viding a plurality of chip units. At least one of the ?rst 
openings corresponds to a conductive pad of the chip to 
thereby expose the conductive pad, and a ?rst metal layer is 
further formed on the conductive pad of the chip. A con 
ductive layer is formed on a surface of the ?rst metal layer, 
the insulating layer and the ?rst openings. Subsequently, a 
patterned resist layer having a plurality of second openings 
is formed on the conductive layer to expose a part of the 
conductive layer to be subsequently deposited With a second 
metal layer, and at least one of the second openings of the 
resist layer corresponds to the conductive pad of the chip, 
such that the second metal layer such as a copper layer can 
be subsequently formed on the exposed part of the conduc 
tive layer by an electroplating process. 

[0011] The present invention also proposes an electrical 
connection terminal of an embedded chip fabricated accord 
ing to the foregoing fabrication method, Which structure 
comprises a conductive pad, a ?rst metal layer deposited on 
the conductive pad, a conductive layer deposited on the ?rst 
metal layer, and a second metal layer deposited on the 
conductive layer by an electroplating process. 

[0012] Therefore, the electrical connection terminal of an 
embedded chip and the method for fabricating the same 
proposed in the present invention is characterized by cutting 
the Wafer into a plurality of chip units, and embedding the 
chip units in the circuit board after the Wafer integrated 
circuit process is completed. Subsequently, the ?rst metal 
layer (such as a nickel layer) is directly deposited on the 
conductive pad of the chip embedded in the circuit board. 
Then, the second metal layer and a build-up circuit structure 
are respectively deposited on the ?rst metal layer and the 
circuit board by the electroplating process. That is, the 
conductive structure is formed on the conductive pad of the 
chip by electroplating process, and the build-up layer of the 

Jun. 14, 2007 

conductive circuit is formed on the circuit board according 
to the present invention. In contrast, in the conventional 
method for fabricating the conductive terminal of the 
embedded chip, it is necessary to form a conductive struc 
ture on a conductive pad before the Wafer is singulated to 
produce a plurality of chip units Which is subsequently 
embedded in a circuit board after a Wafer integrated circuit 
process is completed. Then the process for integrating the 
chip and the circuit board and other complicated processes 
are performed. And formation of an electroless plated copper 
as the conductive structure also cost more fabrication time 
and budget. Thus, the present invention simpli?es the fab 
rication process and minimiZes the cost by comparison to the 
prior-art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The present invention can be more fully understood 
from the folloWing detailed description of the preferred 
embodiments, With reference made to the accompanying 
draWings, Wherein: 

[0014] FIGS. 1A through to II are cross-sectional vieWs 
illustrating a method for fabricating an electrical connection 
terminal of an embedded chip according to the prior-art; and 

[0015] FIGS. 2A through to 2H are cross-sectional vieWs 
illustrating a method for fabricating an electrical connection 
terminal of an embedded chip according to the present 
invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0016] The present invention is described in the folloWing 
With speci?c embodiments, so that one skilled in the perti 
nent art can easily understand other advantages and effects 
of the present invention from the disclosure of the invention. 
The present invention may also be implemented and applied 
according to other embodiments, and the details may be 
modi?ed based on different vieWs and applications Without 
departing from the spirit of the invention. 

[0017] FIGS. 2A through to 2H are cross-sectional vieWs 
of a method of fabricating an electrical connection terminal 
of an embedded chip according to the present invention. 

[0018] Referring to FIG. 2A, after a Wafer integrated 
circuit process is completed and the Wafer is singulated to 
provide a plurality of chips 200, each of the chips 200 is 
embedded in a circuit board 201. A passivation layer 21 such 
as a dielectric layer is formed on a surface of the chip 200. 
For example, a polyimide layer, silicon dioxide layer or 
silicon nitride layer may be used during general fabrication 
process to cover the surface of the chip 200 for protecting 
the chip 200 from external contamination and damage. Also, 
the passivation layer 21 has a plurality of openings to expose 
conductive pads 22 of the chip 200. In order to simplify 
draWings and description, only a single conductive pad is 
demonstrated in the present embodiment for description 
since the conductive pads 22 of the chip 200 are approxi 
mately the same. 

[0019] Referring to FIG. 2B, an insulating layer 23 is 
formed on the circuit board 201 embedded With the chip 
200. The insulating layer 23 can be selected from a group 
consisting of non-?brous resin-typed materials such as ABF 
(Ajinomoto build-up ?lm) or ?brous impregnant resin mate 
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rials such as bismaleimide triaZine (BT), benZocyclobuthene 
(BCB), liquid crystal polymer (LCP), polyimide (Pl), poly 
tetra?uoro ethylene (PTFE), epoxy resin and glass ?ber 
(PR4 and PR5). 
[0020] Referring to FIG. 2C, a part of the insulating layer 
23 is removed using techniques such as laser drilling to form 
a plurality of openings 230 in the insulating layer 230. At 
least one of the openings 230 corresponds to a position of the 
conductive pad 22 to expose the conductive pad 22 of the 
chip 200. HoWever, a de-smear process is performed to 
remove any smears left Within the opening 230 after laser 
drilling. If the insulating layer 23 is made of photo-sensitive 
insulating materials, a plurality of openings 230 can be 
formed by exposing or developing techniques. Subse 
quently, a de-scum process is performed to remove the any 
scums left Within the opening 230 caused by the developing 
process. 

[0021] Referring to FIG. 2D, at least a metal layer 24 is 
formed on the conductive pad 22 of the chip 200 to serve as 
a barrier layer. The metal layer 24 is preferably a nickel 
metal layer deposited by an electroless plating process. Also, 
in order to provide the nickel layer 24 that is effectively 
adsorbed on the conductive pad 22, a metalliZed treatment 
layer 240 (such as a Zinci?ed treatment layer) can be 
pre-deposited on the conductive pad 22. 

[0022] Referring to FIG. 2E, a conductive layer 25 is 
formed on a surface of the metal layer 24, the insulating 
layer 23 and the opening 230. The conductive layer 25 Which 
mainly serves as current conduction paths during subsequent 
electroplating processes can be made of a conductive poly 
mer, a metal, an alloy, or several deposited metal layers, 
selected from a group consisting of copper (Cu), tin (Sn), 
nickel (Ni), chromium (Cr), titanium (Ti), Cu/Cr alloy or 
Sn/Pb alloy. The conductive layer 25 may be formed by the 
physical vapor deposition (PVD), chemical vapor deposition 
(CVD), electroless plating or chemical deposition tech 
niques, such as sputtering, evaporation, arc vapor deposi 
tion, ion beam sputtering, laser ablation deposition, or 
plasma enhanced chemical vapor deposition (PECVD). 
Preferably, the conductive layer 25 is made by electroless 
plating With copper particles. 
[0023] Referring to FIG. 2F, a patterned resist layer 26 that 
serves as an electroplated resist layer is formed on the 
conductive layer 25. A plurality of openings 260 is formed 
through the resist layer 26 to expose a part of the conductive 
layer 25 to be subsequently deposited With a metal layer, and 
at least one of the openings 260 corresponds to a position of 
the conductive pad 22 of the chip 200. 

[0024] Referring to FIG. 2G, an electroplated metal layer 
27 such as a copper layer may be formed on exposed the 
conductive layer 25 by an electroplating process. Circuit 
layers (not shoWn) can be simultaneously formed on the 
circuit board 201 embedded With the chip 200 While the 
electroplated metal layer 27 is formed on the conductive pad 
22 of the chip 200 by the electroplating process. Therefore, 
fabrication of conductive structures on the conductive pad of 
the chip and build-up of conductive circuits on the circuit 
board can be simultaneously performed to simplify the 
fabrication process and to minimiZe the cost. 

[0025] Referring to FIG. 2H, the resist layer 26 and a part 
of the conductive layer 25 covered by the resist layer 26 can 
be removed after the formation of the electroplated metal 
layer 27. 
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[0026] Referring to FIG. 2G, the present invention also 
proposes an electrical connection terminal of an embedded 
chip using the foregoing fabrication method. The electrical 
connection terminal comprises a conductive pad 22, a metal 
layer 24 deposited on the conductive pad 22, a conductive 
layer 25 deposited on the metal layer 24 and an electroplated 
metal layer 27 deposited on the conductive layer 25 by an 
electroplating process. 

[0027] Therefore, the electrical connection terminal of an 
embedded chip and the method for fabricating the same 
proposed in the present invention is characterized by cutting 
the Wafer into a plurality of chip units, and embedding the 
chip units in the circuit board after the Wafer integrated 
circuit process is completed. Subsequently, the nickel layer 
is directly deposited on the conductive pad of the chip 
embedded in the circuit board. Then, the copper layer and a 
build-up circuit structure are respectively deposited on the 
metal layer and the circuit board by the electroplating 
process. That is, the conductive structure is formed on the 
conductive pad of the chip by electroplating process, and the 
build-up layer of the conductive circuit is formed on the 
circuit board according to the present invention. In contrast, 
in the conventional method for fabricating the conductive 
terminal of the embedded chip, it is necessary to form a 
conductive structure on a conductive pad before the Wafer is 
singulated to produce a plurality of chip units Which is 
subsequently embedded in a circuit board after a Wafer 
integrated circuit process is completed. Then the process for 
integrating the chip and the circuit board and other compli 
cated processes are performed. And formation of an elec 
troless plated copper as the conductive structure also cost 
more fabrication time and budget. Thus, the present inven 
tion simpli?es the fabrication process and minimiZes the 
cost by comparison to the prior-art. 

[0028] The invention has been described using exemplary 
preferred embodiments. HoWever, it is to be understood that 
the scope of the invention is not limited to the disclosed 
embodiments. On the contrary, it is intended to cover various 
modi?cations and similar arrangements. The scope of the 
claims, therefore, should be accorded the broadest interpre 
tation so as to encompass all such modi?cations and similar 
arrangements. 

1.-9. (canceled) 
10. An electrical connection terminal of an embedded 

chip, Which comprises: 

a conductive pad; 

a Zinci?ed treatment layer formed on the conductive pad; 

nickel layer deposited on the conductive pad, for effec 
tively adhering the nickel layer on the conductive pad 
With the Zinci?ed treatment layer; 

a conductive layer deposited on the nickel layer; and 

a metal layer formed on the conductive layer by an 
electroplating process. 

11. The electrical connection terminal of the embedded 
chip of claim 10, Wherein the chip is embedded into a circuit 
board after a Wafer is completed With a Wafer integrated 
circuit process and singulated to form a plurality of chip 
units by a singulation process. 
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12. The electrical connection terminal of the embedded 
chip of claim 10, Wherein the metal layer formed on the 
conductive layer is a copper metal layer. 

13. The electrical connection terminal of the embedded 
chip of claim 10, Wherein the conductive layer is made of a 
material selected from a group consisting of copper (Cu), tin 
(Sn), nickel (Ni), chromium (Cr), titanium (Ti), Cu/Cr alloy, 
Sn/Pb alloy, or a conductive polymer. 

14.-16. (canceled) 
17. The electrical connection terminal of the embedded 

chip of claim 11, Wherein the circuit board is formed With an 
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insulating layer having an opening corresponding to a posi 
tion of the conductive pad of the chip. 

18. The electrical connection terminal of the embedded 
chip of claim 17, Wherein the insulating layer is made of a 
material selected from a group consisting of non-?brous 
resin-typed materials and ?brous impregnant resin materials. 

19. The electrical connection terminal of the embedded 
chip of claim 17, Wherein the insulating layer is made of 
photo-sensitive insulating materials. 

* * * * * 


