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METHOD OF FORMING A SOLDER BUMP FIG . 4 is a cross - sectional diagram showing each step in 
STRUCTURE the flow of one embodiment of the method of the present 

invention . 
BACKGROUND OF THE INVENTION FIG . 5 is a cross - sectional diagram showing each step in 

5 the flow of one embodiment of the method of the present 
Technical Field invention . 

FIG . 6 is a cross - sectional diagram showing each step in 
The present invention relates to a method of forming a the flow of one embodiment of the method of the present 

solder bump structure , and more specifically , to a method of invention . 
forming a solder bump structure using metal paste and 10 FIG . 7 is a cross - sectional diagram showing each step in 
molten solder . the flow of one embodiment of the method of the present 

invention . 
Description of the Related Art FIG . 8 is a cross - sectional diagram showing each step in 

the flow of one embodiment of the method of the present 
While performance and function of electronics devices 15 invention . 

improve highly , the flip chip packaging is broadly applied FIG . 9 is a chart showing a flow of another embodiment 
from the consumer product represented by a smart phone , of the method of the present invention . 
tablet PC , etc . to the supercomputer . Furthermore , it is FIG . 10 is a cross - sectional diagram showing each step in 
predicted that the demand of the flip chip packaging the flow of one embodiment of the method of the present 
increases sharply by the appearance of the 2 . 5 or 3 - dimen - 20 invention . 
sional ( 2 . 5D or 3D ) stacked device of the semiconductor FIG . 11 is a cross - sectional diagram showing each step in 
chip . the flow of one embodiment of the method of the present 

In the 2 . 5D or 3D package , connecting terminals pitch and invention . 
bump size is dramatically fine . In that case , there is a FIG . 12 is a cross - sectional diagram showing each step in 
problem of failure due to stress applied to the junction or 25 the flow of one embodiment of the method of the present 
failure due to electro migration ( EM ) caused by the increase invention . 
of current density . To solve this problem , the solder bumps 
using Cu pillars corresponding to the miniaturization of the DETAILED DESCRIPTION 
connecting terminals pitch and bump size is mainly used . 

Since Cu Pillar is generally formed using electroplating , 30 The following is an explanation of embodiments of the 
there is a need for formation and removal ( etching ) of the present invention with reference to the drawings . FIG . 1 is 
seed layer . Therefore , the production cost is relatively high . a chart showing a flow of one embodiment of the method of 
Further , there is also the use of electroless plating to form the the present invention . Each of FIG . 2 to FIG . 8 shows 
electrode pads under the solder bumps . However , the elec - cross - sectional diagram at each step in the flowchart of FIG . 
troless plating is difficult to process management . 35 1 . FIG . 9 is a chart showing a flow of another embodiment 

Thus , the formation of the conventional solder bumps of the method of the present invention . FIG . 10 to FIG . 12 
needs electroplating / electroless plating that the process cost show cross - sectional diagrams at three steps selected from 
is high and the process management is difficult . Therefore , the flowchart of FIG . 9 . Each of the cross - sectional diagrams 
there is need to form fine solder bumps without using the shows a part of a substrate . The following is an explanation 
plating process . 40 of the embodiments of the method of the present invention 

with reference to FIG . 1 to FIG . 12 . 
SUMMARY OF THE INVENTION 

Embodiment 1 
The present invention provides a method of forming a 

solder bump structure without using a plating process . In the 45 Referring FIG . 1 and FIG . 2 , in step Si , a substrate 10 is 
method , conductive paste injected in opening of the resist prepared first . The substrate 10 has a surface on which 
layer is sintered and contracted to form metal pillar ( con electrode pads 14 have been formed between patterned 
ductive layer ) connected to the electrode pad underneath . insulating layers 12 . The electrode pads 14 can include metal 

The surface of the formed metal pillars ( conductive layer ) such as Aluminum ( Al ) , for example . The insulating layers 
has cone - shaped surface . The cone - shaped surface covers 50 12 can include silicon oxide ( SiO2 ) , for example . The 
the sidewalls of the openings of the resist layer , and extends substrate 10 can include semiconductor wafer such as a Si 
upwardly to the entrance opening . Therefore , the contact wafer , a semiconductor chip / die , or a circuit board . The 
area with solder formed thereon increases . Furthermore , it is material of the semiconductor wafer or chip is not limited to 
possible to prevent the gas out from the side wall of the resist specific types . The substrate 10 can include a plurality of 
layer during solder melting ( bonding ) and the occurrence of 55 wiring layers ( including circuits , devices such as a transis 
incomplete solder fill . tor ) and insulating layers . The wiring layers can electrically 

connected to the electrode pads 14 . The substrate 10 may 
BRIEF DESCRIPTION OF THE DRAWING include the lamination ( stack ) of a plurality of semiconduc 

tor substrates . 
FIG . 1 is a chart showing a flow of one embodiment of the 60 Referring FIG . 3 , in step S2 , a resist layer 16 is formed on 

method of the present invention . the substrate 10 as shown in FIG . 3 . A resist material is 
FIG . 2 is a cross - sectional diagram showing each step in applied on the substrate 10 using spin coating for example , 

the flow of one embodiment of the method of the present and cured the resist material at a predetermined temperature 
invention . to form the resist layer 16 . The resist material may include 

FIG . 3 is a cross - sectional diagram showing each step in 65 light ( UV ) - curable resin ( photopolymer ) or thermosetting 
the flow of one embodiment of the method of the present resin ( polymer ) . The resist layer 16 may include one of 
invention . negative type resist or positive type resist . 
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Next , the resist layer 16 is exposed using light induced In the solder bump structure 33 , the thickness TC of the 
through a photo mask ( not shown ) in FIG . 3 . The exposure central portion 32 of the conductive layer ( metal pillar ) 24 
is performed to expose only the resist region over the is in the range of 1 / 5 to 2 / 3 of the length TS from the surface 
insulating layers 14 without exposing the resist region over of the electrode pad 14 to the top surface of the solder 31 . 
the electrode pads 14 . Next , the exposed resist layer 16 is 5 The thickness TC of the central portion 32 of the metal pillar 
developed , and openings 20 are formed over the electrode 24 is in the range of 1 to 50 micrometers . After the sintering 
pads 14 as shown in FIG . 4 . The opening 20 exposes the of the conductive paste 22 , the conductive layer 24 is formed 
surface of the electrode pad 14 on the substrate 10 . When the on the side wall of the resist layer 18 as described above 
electrode pad 14 is formed of a metal easily oxidized such referring to FIG . 6 . Therefore , it expected to improvement of 
as Al , it is necessary to remove the oxide layer formed on the 10 solder wet - ability and solder filling property . Further , in the 
surface before the next step . The oxide layer can be removed EM ( Electro migration ) test , the initial void is easily gen 
by etching using an acidic solution , for example . erated in the periphery of the metal pillar and the electrode 

Next , in step S3 , conductive paste 22 is filled in the filled in the pad . However , since the conductive layer 24 on the side wall 
opening 20 of the resist layer 18 as shown in FIG . 5 . The of the resist layer 18 is formed , it is expected to improve the 

( 15 EM resistance . conductive paste 22 can be filled in the opening 20 of the 
resist layer 18 using screen - printing technique or injecting Embodiment 2 technique , for example . The conductive paste 22 can include 
metal nanoparticles in a solvent . The metal nanoparticles can R eferring FIG . 9 to FIG . 12 , another embodiment of the 
include at least one of copper ( Cu ) , nickel ( Ni ) , silver ( Ag ) 20 method of the present invention is explained . Steps S10 to 
or gold ( Au ) , for example . The viscosity of the paste and the S40 in FIG . 9 are same as steps S1 to S4 in FIG . 1 as 
particle fraction in the paste can be determined in consid described above . Steps 50 to 70 are added as new steps in 
eration of paste shrinkage , in other words , the thickness of FIG . 9 . FIG . 10 shows a cross - sectional diagram after step 
a conductive layer to be obtained by sintering of the next S40 which performs sintering of the conductive paste 22 in 
process . 25 the opening 20 in FIG . 5 . In FIG . 10 , a thin conductive layer 

Next , in step S4 , the conductive paste 22 in the opening 34 is formed after the sintering process . The thin conductive 
20 is sintered to form a conductive layer . The sintering of the layer 34 covers the side wall of the resist layer 18 and the 
conductive paste 22 in the opening is performed to heat the surface of the electrode pad 14 in the opening 20 as shown 
conductive paste 22 at 100 to 250 degrees for 0 . 1 to 2 . 0 in FIG . 10 . The thickness TC1 of the central portion 35 of 
hours in an atmosphere of nitrogen gas or formic acid to 30 the conductive layer 34 is thinner than the predetermined 
prevent oxidation of the metal surface after the sintering . If thickness in the range of 1 to 50 micrometers , for example . 
the sintering is performed in air , it is necessary to remove the Therefore , it is necessary to form additional conductive 
oxide layer on the metal surface . In the sintering process , the layers on the conductive layer 34 in order to ensure a 
conductive paste 22 is shrunk so that the conductive layer 24 predetermined thickness . 
is formed to cover the side wall of the resist layer 18 and the 35 In step S50 , additional conductive paste 36 is filled in the 
surface of the electrode pad 14 in the opening 20 as shown opening 26 of the resist layer 18 as shown in FIG . 11 . The 
in FIG . 6 . As solder filling is performed in the next step filling of the conductive paste 36 is performed to the upper 
without additional conductive paste coating , the volume surface of the opening 26 as step S3 in FIG . 3 described 
shrinkage of the conductive paste 22 after sintering is above . In step S60 , additional sintering of the conductive 
optimized . The volume shrinkage of the conductive paste 22 40 paste 36 is performed to form the additional conductive 
is dependent on the design value of the bump diameter / layer 38 on the conductive layer 34 as shown in FIG . 12 . In 
height , and for example is preferably 50 % or more . The step S70 , it is judged whether the total thickness TC2 of the 
conductive layer 24 corresponds to a conventional metal central portion 39 ( 35 ) of the conductive layers 34 , 38 is over 
pillar ( post ) . The space 26 is formed on the conductive layer the predetermined thickness TH or not . If the thickness TC2 
24 which leads to the upper end of the opening 20 . The 45 is smaller than the predetermined thickness TH , step S50 
conductive layer 24 has a cone - shaped surface 28 shown in and S60 are repeated until the thickness TC2 is equal to or 
FIG . 6 . The cross - section of the conductive layer 24 has a greater than the predetermined thickness TH . 
conformal shape . If the judgment of step 870 is YES , in step S80 , solder 30 
Next , in step S5 , solder 30 is filled in the space 26 on the is filled in the space 40 on the conductive layer 38 as in the 

conductive layer 24 as shown in FIG . 7 . The solder bump 50 case of FIG . 7 . The solder 30 is injected in the space 40 on 
structure of FIG . 7 can be used as an embodiment of the the conductive layer 38 using IMS process , for example . 
present invention . This embodiment can be used for flip - chip Finally , in step S90 , the resist layer 18 is removed using 
bonding after the substrate 10 was divided into a plurality of etching process and the solder bump structure of another 
chips . The solder 30 is injected in the space 26 on the embodiment of the present invention is formed as in the case 
conductive layer 24 using Injection Molded Solder ( IMS ) 55 of FIG . 8 . This embodiment is characterized in that the 
process , for example . In the IMS , molten solder is filled in conductive layer is formed of two or more layers as shown 
the space under a predetermined pressure . The solder may in FIG . 12 in order to obtain the predetermined thickness of 
include a Pb - free solder metal containing at least one metal the central portion 39 of the conductive layers 34 , 38 . 
selected from the group consisting of elemental Sn , Ag , Au , 
Cu , Ni , Bi , In , Zn , Co , Ge , Fe and Ti , and containing Sn , Bi 60 Embodiment 3 
or In as a main component . The solder 30 has a convex top 
surface 31 . Next , in step S6 , the resist layer 18 is removed Referring FIG . 1 , FIG . 5 , and FIG . 7 , another embodiment 
using etching process and the solder bump structure 33 of of the method of the present invention is explained . In this 
the one embodiment of the present invention is formed as embodiment , the filling of the conductive paste 22 in step S3 
shown in FIG . 8 . As described above , it may also be used in 65 of FIG . 1 and FIG . 5 is performed using IMS process which 
an embodiment shown in FIG . 7 without removing the resist is used in step S5 of filling of solder 30 instead of screen 
layer 18 . printing . In step S3 , the conductive paste 22 is injected in 
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place of solder under predetermined pressure by IMS pro - 7 . The method according to claim 1 , wherein a thickness 
cess . By using the IMS in Step S3 , it is possible to perform of a central portion of a cross - section of the conductive layer 
steps S3 to Step S5 under one IMS process . That is , even is in a range of 1 / 5 to 2 / 3 of a depth of the opening . 
sintering of step S4 can be performed in the IMS process . As 8 . The method according to claim 1 , further comprising a 
a result , it is possible to achieve a further shortening of the 5 step of etching a surface of the conductive layer before the 
production time and simplification of the manufacturing step of filling solder in the space on the conductive layer . 
process to form the solder bump structure . 9 . The method according to claim 1 , further comprising a 

The embodiment of the present invention has been ant invention has been step of etching a surface of the electrode pad in the opening 
described with reference to the accompanying drawings . before the step of filling conductive paste in the opening of 
However , the present invention is not limited to the embodi - 10 the resist layer . 
ment . The present invention can be carried out in forms to 10 . The method according to claim 1 , wherein the step of 
which various improvements , corrections , and modifications filling conductive paste in the opening of the resist layer 
are added based on the knowledge of those skilled in the art includes a step of filling conductive paste in the opening 
without departing from the purpose of the present invention . using Injection Molded Solder ( IMS ) method . 

The invention claimed is : 15 11 . The method according to claim 1 , wherein the step of 
1 . A method of forming a solder bump structure , com sintering the conductive paste in the opening includes a step 

prising the steps of : of heating the conductive paste at 100 to 250 degrees for 0 . 1 
to 2 . 0 hours in an atmosphere of inert gas or formic acid . preparing a substrate having a surface on which an 12 . The method according to claim 1 , wherein the elec electrode pad is formed ; 

forming a resist layer on the substrate , the resist layer 2010 + laver on the substrate the resist laver 20 trode pad comprises aluminum . 
13 . A method of forming a solder bump structure , com having an opening on the electrode pad ; 

filling conductive paste in the opening of the resist layer ; prising the steps on : 
sintering the conductive paste in the opening to form a preparing a substrate having a surface on which an 

conductive layer which covers a side wall of the resist electrode pad is formed ; 
laver and a surface of the electrode pad in the opening 25 forming a resist layer on the substrate , the resist layer 
a space on the conductive layer leading to an upper end having an opening on the electrode pad ; 
of the opening being formed ; filling conductive paste in the opening of the resist layer ; 

filling solder in the space on the conductive layer ; and sintering the conductive paste in the opening to form a 
conductive layer which covers a side wall of the resist removing the resist layer . 

2 . The method according to claim 1 , wherein the step of 30 layer and a surface of the electrode pad in the opening , 
a space on the conductive layer leading to an upper end filling conductive paste includes a step of screen - printing of the opening being formed ; conductive paste containing metal nanoparticles in a solvent 

on the substrate . filling conductive paste in the space on the conductive 
3 . The method according to claim 1 , wherein the step of layer ; 

filling conductive paste includes a step of injecting conduc - 35 35 sintering the conductive paste in the space to form an 
additional conductive layer on the conductive layer ; tive paste containing metal nanoparticles in a solvent into 

the opening of the resist layer . repeating the step of filling conductive paste in the space 
on the conductive layer and the step of sintering the 4 . The method according to claim 1 , wherein the conduc 

tive paste includes at least one of copper , nickel , silver or conductive paste in the space to form the additional 
conductive layer until a total thickness of the conduc gold . 

5 . The method according to claim 1 , wherein the conduc tive layers becomes a predetermined thickness ; 
filling solder in the space on the conductive layers ; and tive layer has a cone - shaped surface . 

6 . The method according to claim 1 , wherein a cross removing the resist layer . 
section of the conductive layer has a conformal shape . 

40 
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