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ROUTABLE ELECTROFORMING SUBSTRATE  

COMPRISING REMOVABLE CARRIER 

 

Field of the Invention 5 

 

The invention relates to substrates used in the assembly and packaging of 

electronic devices. 

 

Background and Prior Art 10 

 

Conventionally, semiconductor packages have been manufactured from 

assembling semiconductor dice on substrates in the form of lead frames. 

Such substrates support the semiconductor dice during die bonding, wire 

bonding and encapsulation of the dice and wire bonds.  After encapsulation, 15 

the substrates and encapsulant are cut or singulated to form separate 

semiconductor packages. 

 

Driven by portable devices, wearable devices and other consumer products, 

there is an increasing demand in the semiconductor packaging industry to 20 

produce devices with smaller form factors.  To do so, thinner substrates which 

are more compact and have routable circuits are required to attain the objects 

of such cost-effective advanced packaging solutions. 

 

For instance, United States Patent Number 7,795,071 entitled “Semiconductor 25 

Package for Fine Pitch Miniaturization and Manufacturing Method thereof” 

discloses a fine pitch semiconductor manufacturing package substrate and a 

process using the substrate.  Conductive electrical traces are embedded in 

and isolated by an insulating layer on a carrier, after which the carrier is 

selectively etched to create a finished product. 30 

 

A problem with the said approach is that, for very thin package substrates, 

such as those which are 100µm or thinner, many challenges such as warpage 

or cracks in the substrate are encountered during the manufacturing of the 
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substrate, as well as during its handling in the semiconductor assembly 

process.  These lead to lower yield and higher costs, and impose limitations 

on the ability to make the semiconductor packages even thinner. 

 

Summary of the Invention 5 

 

It is thus an object of the invention to seek to provide a substrate used for 

semiconductor assembly and package that is suitable for assembling thin 

packages and are inherently more robust during handling in the 

semiconductor assembling process. 10 

 

According to the first aspect of the invention, there is provided a method of 

manufacturing a routable electroforming substrate for assembling a 

semiconductor package, comprising the steps of: providing a carrier; plating a 

patterned first metallic layer onto the carrier which is configured to function as 15 

a surface mount pad or input/output pad in an assembled semiconductor 

package; plating a patterned second metallic layer comprising copper over the 

first metallic layer; plating a third metallic layer over the second metallic layer 

which is configured for mounting a plurality of semiconductor dice onto the 

third metallic layer; and thereafter removing the carrier to expose the first 20 

metallic layer. 

 

According to the second aspect of the invention, there is provided a routable 

electroforming substrate for assembling a semiconductor package, the 

substrate comprising: a carrier; a first metallic layer which is configured to 25 

function as a surface mount pad or input/output pad in an assembled 

semiconductor package; a second metallic layer comprising copper over the 

first metallic layer; and a third metallic layer over the second metallic layer 

which is configured for mounting a plurality of semiconductor dice onto the 

third metallic layer; wherein the carrier is removable to expose the first 30 

metallic layer. 

 

It would be convenient hereinafter to describe the invention in greater detail 

by reference to the accompanying drawings which illustrate specific preferred 
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embodiments of the invention.  The particularity of the drawings and the 

related description is not to be understood as superseding the generality of 

the broad identification of the invention as defined by the claims. 

 

Brief Description of the Drawings 5 

 

An example of a substrate and a manufacturing process thereof in 

accordance with the invention will now be described with reference to the 

accompanying drawings, in which: 

 10 

FIGs. 1A to 1P illustrate a process for fabricating a substrate according to the 

preferred embodiment of the invention; 

 

FIGs 2A to 2D illustrate a method for assembling a semiconductor die before 

removing a substrate carrier for supporting the semiconductor die; and 15 

 

FIGs. 3A to 3G illustrate the incorporation of selective surface finishes onto 

the trace layer of the fabricated substrate; 

 

Detailed Description of the Preferred Embodiment of the Invention 20 

 

FIGs. 1A to 1P illustrate a process for fabricating a routable electroforming 

substrate for assembling a semiconductor package according to the preferred 

embodiment of the invention.  In FIG. 1A, a substrate carrier 10 is provided.  

The substrate carrier 10 is made of an electrically conductive material and is 25 

preferably attractable by magnetic forces.  In one embodiment, the substrate 

carrier 10 comprises stainless steel, in particular stainless steel grade 430.  

The surfaces of the substrate carrier 10 should first be chemically treated to 

remove all stains, oil marks and contamination prior to usage to ensure that 

they are clean. 30 

 

In FIG. 1B, first photo-resist layers 12 are formed onto the surfaces of the 

substrate carrier 10, by laminating and covering top and bottom surfaces of 

the substrate carrier 10 with photosensitive dry film.  In FIG. 1C, the first 
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photo-resist layer 12 is patterned by selective exposure of the first photo-

resist layer 12 to ultraviolet light, or by direct laser image processing to create 

a pre-defined pattern on the first photo-resist layer 12.  Whether selective 

exposure to ultraviolet light or laser image processing is used, portions of the 

first photo-resist layer 12 are thereafter chemically removed so as to create 5 

exposed portions 14 in the first photo-resist layer 12.  The exposed portions 

14 serve to expose the surface of the substrate carrier 10 beneath the first 

photo-resist layer 12.  Optionally, a chemical roughening process can then be 

applied to roughen the exposed underlying surface of the substrate carrier 10 

by removing a portion of its exposed surface. 10 

 

In FIG. 1D, a first metallic layer 16 is formed to a predetermined thickness 

inside the exposed portions 14 of the first photo-resist layer 12 by an 

electroplating process which uses the patterned first photo-resist layer 12 as a 

mask.  The first metallic layer 16 will comprise a surface mount pad or an 15 

input/output pad in a finished semiconductor package.  Thus, the first metallic 

layer 16 preferably comprises a gold layer, gold-nickel layers, or gold-

palladium-nickel layers.  Thereafter, in FIG. 1E, a remainder of the exposed 

portions 14 that have been plated with gold and/or nickel may be filled with 

another metal, such as copper, to form an intermediate metallic layer 18 20 

which is flush with the first photo-resist layer 12. 

 

In FIG. 1F, a second photo-resist layer 20 is formed over the first photo-resist 

layer 12 and the first and intermediate metallic layers 16, 18 by laminating and 

covering them with a photosensitive dry film.  The second photo-resist layer 25 

20 is further patterned as shown in FIG. 1G by selective exposure of the 

second photo-resist layer 20 to ultraviolet light and chemically removing 

portions of the second photo-resist layer 20, or by direct laser image 

processing followed by chemically removing portions of the second photo-

resist layer 20, in order to create a pre-defined pattern on the second photo-30 

resist layer 20.  This process creates exposed portions 22 in the second 

photo-resist layer 20.  The exposed portions 22 in the second photo-resist 

layer 20 expose corresponding top surfaces of portions of the intermediate 

metallic layer 18. 
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In FIG. 1H, a second metallic layer 24 is formed in the exposed portions 22 of 

the second photo-resist layer 20 by an electroplating process which uses the 

patterned second photo-resist layer 20 as a mask.  The second metallic layer 

24 may serve as via interconnects to the first and intermediate metallic layers 5 

16, 18, such that it defines vertical posts that are formed on top of and are 

smaller in surface area than the first and intermediate metallic layers 16, 18.  

The second metallic layer 24 may in fact consist of a single or multiple 

metallic layers, and preferably comprises copper. 

 10 

In FIG. 1I, the first and second photo-resist layers 12, 20 have been removed 

by either of the processes described above to reveal the first, intermediate 

and second metallic layers 16, 18, 24, after which the plurality of metallic 

layers  may be molded.  As illustrated in FIG. 1J, a first dielectric layer 26 is 

formed to encapsulate the plurality of metallic layers 16, 18, 24.  The first 15 

dielectric layer 26 comprises molding compound that is introduced by a 

molding process, such as transfer molding, injection molding or compression 

molding, or by a film lamination process.  The molding compound may 

comprise epoxy resin and silica fillers.  The plurality of metallic layers 16, 18, 

24 have been over-molded such that an excess layer of molding compound 20 

26 is formed that covers, in particular, the second metallic layer 24. 

 

In FIG. 1K, an excess portion of the first dielectric layer 26 has been removed 

to planarize and to expose a top surface of the second metallic layer 24.  

Such removal may be conducted by a mechanical planarization process such 25 

as grinding or buffing, or by using a chemical planarization process.  After 

planarization, a conductive seed layer 30 is formed onto the surface of the 

first dielectric layer 26 and the second metallic layer 24, as shown in FIG. 1L.  

The conductive seed layer 30 preferably comprises copper, and may be 

formed by electroless plating, or by a sputtering process. 30 

 

In FIG. 1M, a third photo-resist layer 32 is formed onto the conductive seed 

layer 30 as well as the bottom surface of the substrate carrier 10, by 

laminating and covering the same with photosensitive dry films.  The third 
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photo-resist layer 32 is further patterned as shown in FIG. 1N by selective 

exposure of the third photo-resist layer 32 to ultraviolet light and chemically 

removing portions of the third photo-resist layer 32, or by direct laser image 

processing followed by chemically removing portions of the third photo-resist 

layer 32, in order to create a pre-defined pattern on the third photo-resist layer 5 

32.  This process creates exposed portions 34 in the third photo-resist layer 

32.  The exposed portions 34 in the third photo-resist layer 32 expose 

corresponding top surfaces of portions of the underlying conductive seed 

layer 30. 

 10 

FIG. 1O shows a third metallic layer 36 and a finishing metallic layer 38 which 

are consecutively filled into the exposed portions of the third photo-resist layer 

32 by electroplating using the patterned third photo-resist layer 32 as a mask.  

The third metallic layer 36 may comprise a trace layer formed from a single 

metal such as copper, and the finishing metallic layer 38 may be a surface 15 

finishing that comprises nickel-gold layers, nickel-palladium-gold layers or a 

silver layer.  In FIG. 1P, the third photo-resist layer 32 has been removed.  

The conductive seed layer 30 has also been removed, preferably by a 

chemical etching process, to expose the underlying first dielectric layer 26 at 

portions of the conductive seed layer 30 that have not been plated with any 20 

metallic layers. 

 

FIGs 2A to 2D illustrate a method for assembling a semiconductor die 40 

before removing the substrate carrier 10 for supporting the semiconductor die 

40.  The semiconductor die 40 is first bonded onto the uppermost finishing 25 

metallic layer 38, as illustrated in FIG. 2A.  To do so, epoxy for die attachment 

is dispensed within a die-attach pad area on the finishing metallic layer 38, 

followed by die placement and then curing the epoxy to bond the 

semiconductor die 40 securely. 

 30 

In FIG 2B, the semiconductor die 40 has been electrically connected to a top 

finishing layer of the finishing metallic layer 38 by wire-bonding using fine 

electrical bonding wires 42 as connectors.  The bonding wires 42 may 

typically comprise gold or copper wire.  Alternatively, the semiconductor die 
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40 may be attached by a flip chip bonding process (not illustrated) using the 

solder-tip bumps formed on a bottom surface of the semiconductor die 40 for 

attachment and forming electrical connections with the finishing metallic layer 

38. 

 5 

Thereafter, the semiconductor die 40, the bonding wires 42, epoxy, die pads, 

and wiring traces are encapsulated by a second dielectric layer 44 to protect 

the same from the external environment, as shown in FIG. 2C.   The 

encapsulant is preferably a molding compound that is introduced by an 

injection molding, transfer molding or compression molding process. 10 

 

After the encapsulant is molded to encapsulate the semiconductor die and 

bonding wires 42 and other connections, the substrate carrier 10 is removed 

to leave a finished semiconductor package 46.  The removal of the substrate 

carrier 10 should preferably be by mechanical means, such as by peeling.  15 

Peeling off the substrate carrier 10 exposes the underlying surface mount 

layer or input/output pad layer of the semiconductor package 46 comprising 

the first metallic layer 16, for mounting the semiconductor package 46 to other 

devices. 

 20 

FIGs. 3A to 3G illustrate the incorporation of selective surface finishes onto 

the trace layer of the fabricated substrate.  In FIG. 3A, a patterned third photo-

resist layer 32 has been formed in accordance with FIG. 1N above.  There are 

exposed portions 34 in the third photo-resist layer 32 that expose 

corresponding top surfaces of portions of the underlying conductive seed 25 

layer 30. 

 

In FIG. 3B, in order to form a trace layer, a third metallic layer 50 is deposited 

onto the conductive seed layer 30 by an electroplating process using the 

patterned third photo-resist layer 32 as a mask.  Optionally, another copper 30 

layer may be deposited onto the third metallic layer 50 inside the exposed 

portions 34 up to the height of the third photo-resist layer 32. 
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In FIG. 3C, a fourth photo-resist layer 54 has been formed over the third 

photo-resist layer and the third metallic layer 50 by laminating and covering 

the same with a photosensitive dry film.  The fourth photo-resist layer 32 is 

further patterned as shown by selective exposure of the fourth photo-resist 

layer 32 to ultraviolet light and chemically removing portions of the fourth 5 

photo-resist layer 54, or by direct laser image processing followed by 

chemically removing portions of the fourth photo-resist layer 54, in order to 

create a pre-defined pattern on the fourth photo-resist layer 54.  This process 

creates exposed portions 56 in the fourth photo-resist layer 54 which 

correspond to certain areas of top surfaces of the third metallic layer 50 to 10 

expose some of the underlying third metallic layer 50 for applying selective 

surface finishing. 

 

In FIG. 3D, a further finishing metallic layer 58 to form a surface finishing is 

deposited into the exposed portions 56 by an electroplating process using the 15 

fourth photo-resist layer 54 as a mask.  Such finishing metallic layer 58 may 

comprise a nickel-gold layer, a nickel-palladium-gold layer or a silver layer as 

the surface finishing. 

 

The third photo-resist layer 32 and the fourth photo-resist layer 54 are then 20 

removed to form the structure illustrated in FIG. 3E, after which the parts of 

the conductive seed layer 30 that are exposed are removed to reveal the third 

metallic layer 50 or firiishing metallic layer 58 at locations where they have 

been formed on the substrate, as illustrated in FIG. 3F.  The removal of the 

conductive seed layer 30 may be conducted by a chemical etching process. 25 

 

In FIG. 3G, the substrate carrier 10 has been removed to leave an 

interconnect substrate structure 60 in preparation for a downstream 

packaging process, including die attachment and encapsulation, such as that 

described above.  The removal of the substrate carrier 10 should preferably 30 

be by mechanical means, such as by peeling.  Peeling off the substrate 

carrier 10 exposes the underlying surface mount layer or input/output pad 

layer of the interconnect substrate structure 60 comprising the first metallic 
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layer 16, for mounting a semiconductor package assembled from the 

interconnect substrate structure 60 to other devices. 

 

The invention described herein is susceptible to variations, modifications 

and/or additions other than those specifically described and it is to be 5 

understood that the invention includes all such variations, modifications and/or 

additions which fall within the spirit and scope of the above description. 
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CLAIMS: 

 

1. Method of manufacturing a routable electroforming substrate for 

assembling a semiconductor package, comprising the steps of:  

providing a carrier;  5 

plating a patterned first metallic layer onto the carrier which is 

configured to function as a surface mount pad or input/output pad in an 

assembled semiconductor package;  

plating a patterned second metallic layer comprising copper over the 

first metallic layer;  10 

plating a third metallic layer over the second metallic layer which is 

configured for mounting a plurality of semiconductor dice onto the third 

metallic layer; and thereafter 

removing the carrier to expose the first metallic layer;  

wherein the step of removing the carrier is performed prior to mounting 15 

the semiconductor dice onto the third metallic layer. 

 

2. The method as claimed in claim 1, wherein the carrier is made of an 

electrically conductive material which is attractable by magnetic forces. 

 20 

3. The method as claimed in claim 2, wherein the carrier comprises 

stainless steel grade 430. 

 

4. The method as claimed in any one of the preceding claims, further 

comprising the step of roughening an exposed surface of the carrier by 25 

removing a portion of the said exposed surface prior to plating the first 

metallic layer. 

 

5. The method as claimed in any one of the preceding claims, wherein the 

steps of plating the first and second metallic layers are conducted by 30 

electroplating. 
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6. The method as claimed in any one of the preceding claims, wherein the 

first metallic layer comprises a gold layer, gold-nickel layers or gold-palladium-

nickel layers. 

 

7. The method as claimed in claim 6, further comprising the step of 5 

plating a copper layer over the gold layer, gold-nickel layers or gold-

palladium-nickel layers, prior to plating the second metallic layer. 

 

8. The method as claimed in any one of the preceding claims, wherein the 

second metallic layer has a smaller surface area than that of the first metallic 10 

layer, and serves as via interconnects to the first metallic layer. 

 

9. Method of manufacturing a routable electroforming substrate for 

assembling a semiconductor package, comprising the steps of:  

providing a carrier;  15 

plating a patterned first metallic layer onto the carrier which is 

configured to function as a surface mount pad or input/output pad in an 

assembled semiconductor package;  

plating a patterned second metallic layer comprising copper over the 

first metallic layer;  20 

encapsulating the first and second metallic layers in a dielectric 

material, prior to plating a third metallic layer;  

plating the third metallic layer over the second metallic layer which is 

configured for mounting a plurality of semiconductor dice onto the third 

metallic layer; and thereafter 25 

removing the carrier to expose the first metallic layer. 

 

10. The method as claimed in claim 9, further comprising the step of 

planarizing the dielectric material and second metallic layer and forming a 

conductive seed layer onto a top surface thereof, such that the third metallic 30 

layer is plated on the conductive seed layer. 
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11. The method as claimed in any one of the preceding claims, further 

comprising the step of bonding a plurality of semiconductor dice onto the third 

metallic layer, prior to removing the carrier to expose the first metallic layer. 

 

12. The method as claimed in claim 11, further comprising the step of 5 

connecting wire bonds between the plurality of semiconductor dice and the 

substrate prior to removing the carrier. 

 

13. The method as claimed in claim 11 or claim 12, further comprising the 

step of encapsulating the semiconductor dice with a dielectric layer after 10 

bonding the plurality of semiconductor dice. 

 

14. The method as claimed in any one of the preceding claims, further 

comprising the step of plating on selected portions of the third metallic layer a 

surface finishing comprising a nickel-gold layer, a nickel-palladium-gold layer 15 

or a silver layer. 

 

15. The method as claimed in any one of the preceding claims, wherein the 

carrier is removed by peeling the carrier away from the first metallic layer. 

 20 


