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The present invention relates to a Fine Pitch ?ip chip 
Correspondence AddreSSI substrate. A black oxide dam is made on the metal circuit 
SUPREME PATENT SERVICES between bump pads to replace the conventional solder resist 
POST OFFICE BOX 2339 so that the bump pads Will not be buried in the solder resist. 
SARATOGA, CA 95070 (US) A small vias is drilled by laser drilling and plated ?lled With 

copper to be used as the connection betWeen the circuits. By 
(21) Appl. No.: 10/197,066 this Way, the density and the ?exibility of routing could be 

improved. A mesh pattern can be made in the limited space 
(22) Filed: Jul. 17, 2002 to increase the stiffness of the substrate. 
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FIG. 1A 
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STRUCTURE AND METHOD FOR FINE PITCH 
FLIP CHIP SUBSTRATE 

FIELD OF THE INVENTION 

[0001] The invention relates to a structure and a method of 
manufacturing of a substrate in the semiconductor packag 
ing process, and more particularly to ?ne pitch ?ip chip 
substrates that demand high packaging precision. 

BACKGROUND OF THE INVENTION 

[0002] Due to the increase of the number of I/Os in 
modern electronic products, the packaging technology has 
evolved from the early Plug-In method to the more advanced 
Surface Mounting Technology (SMT) in order to meet the 
neW demands. There are tWo representative SMT, the Dual 
In-Line Package (DIP), by Fairchild, and Flat Package (FP), 
by Texas Instrument Institute. Another packaging method 
draWing much attention is the Ball Grid Array (BGA), Which 
uses protruding poles arranged in an array to replace the pins 
of conventional Pin Grid Array (PGA). PGA is a through 
hole packaging technology that is restricted by the pitch 
betWeen the separate areas on the printed board. On the other 
hand, BGA is a surface packaging technology Without such 
restriction. Thus, BGA is suitable for packaging compact 
products With high density of I/Os. With the emergence of 
Flip Chip used in high-level products, BGA is becoming the 
technology of choice in the modern packaging industry. 
HoWever, in practice, When applying Flip Chip Ball Grid 
Array (FCBGA) on Flip Chip Substrate, the current BGA 
technology suffers from the problems of croWed routing 
space, substrate Warpage, and the solder resist too thick to 
adhere the IC devices. It is necessary to develop a different 
packaging structure and method for solving the aforemen 
tioned problems. 

[0003] As shoWn in FIG. 1A, a conventional Flip Chip 
Substrate includes 4 to 8 layers of printed circuit boards. The 
substrate could be made of ceramic or organic material. The 
communication betWeen the layers of boards is through the 
tiny holes drilled mechanically or With laser. Wires are 
extended through the tiny holes and made into bump pads 
for connecting the IC bumps. The conventional approach 
usually requires a larger space; hence, restricts the density 
and the ?exibility of routing. It is desirable to device a 
technology to ?ll the tiny laser-drilled holes With plating 
copper in order to form the communication betWeen the 
layers of boards. This Will improve the density and the 
?exibility of routing. 

[0004] In the IC packaging process, the substrates are 
treated With a high temperature step Which could sometimes 
deform the substrates. The deformed substrates, Warped or 
tWisted, are dif?cult for the IC chips to be adhered on. To 
avoid heat deformation, the present invention provides a 
Fine Pitch ?ip chip substrate With a mesh pattern to increase 
the stiffness of the substrates. The mesh pattern improves the 
resistance to heat deformation. 

[0005] In a conventional IC packaging process, the ?ip 
chip substrates is coated With a photo solder resist made of 
Epoxy to prevent short-circuit of the tin bridge due to the 
?oWing of melted soldering tin during the solder re?oW. 
Also, a bump pad is formed at the area for connecting each 
solder bump of I/ O on the IC chips in the packaging process. 
This step is dif?cult for the ?ip chip substrate that requires 
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its alignment precision to be Within 25 pm. MeanWhile, the 
thickness of the solder resist are usually controlled betWeen 
15 to 45 pm during manufacturing. Therefore, the bump 
pads buried in the solder resist Will degrade the connection 
betWeen the IC bumps and the pads on the substrate. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides a Fine Pitch ?ip 
chip substrate structure, as shoWn in FIG. 1B. Ablack oxide 
dam is formed on the metal Wires betWeen the bump pads to 
replace the conventional solder resist. The thickness of the 
dam can be easily controlled betWeen 1-3 pm such that the 
bump pads Will not be buried in the solder resist. As the 
present invention is no longer constrained by the alignment 
precision imposed by the solder resist in the IC connection 
area, it solves the misalignment problem faced by the 
conventional technology. 

[0007] A similar technology to the present invention is to 
electro-plate a NiO layer to form the black oxide resist layer. 
The thickness of the NiO has to be controlled beloW 5 pm. 
The inherent shortcoming of this method is that the metal 
Wires are not Well adherent to the under?ll, Which is a glue 
used at the bottom of IC during the FCBGA process. Thus, 
the reliability is reduced. On the other hand, the present 
invention groWs fur-shaped black oxide dam directly on the 
Wire. This Will enhance the adhesion to the under?ll, and 
improve the long term reliability of the circuits. The use of 
NiO provides no such capability. 

[0008] The present invention relates to a method compris 
ing the folloWing steps: 

[0009] Step 1: providing a substrate: 

[0010] Form a ?rst metal layer on the substrate, on 
Which a plurality of through holes are drilled. A 
?rst metal plated layer is formed on the ?rst metal 
layer and the through holes. 

[0011] Step 2: forming an inner circuit: 

[0012] Transfer image on the dry ?lm and to etch 
the ?rst metal layer and the ?rst metal plated layer 
according the image to form a plurality of traces, 
the remained portion becomes the inner circuit. 

[0013] Step 3: black oxide inner circuit: 

[0014] Form a black oxide inner circuit in the inner 
circuit by oxidiZing the inner circuit. 

[0015] Step 4: forming a mediate layer and a second 
metal layer; 

[0016] Introduce dielectric substance into the 
traces and the through holes of the substrate and 
coat the entire inner circuit. A metal foil is formed 
on the dielectric layer and is laminated to become 
the second metal layer. 

[0017] Step 5: forming vias in the dielectric layer by 
laser beams: 

[0018] Form a laser mask by transferring an image 
on the dry ?lm. Vias are drilled by laser drilling at 
the opening of the laser mask to form a plurality 
of dielectric layer vias. A second metal plated 
layer is formed in the dielectric layer vias, Which 
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are plated and ?lled by copper to form the surface 
of the second metal plated layer. 

[0019] Step 6: forming a circuit layer: 

[0020] Make a Ni/Au layer on the second metal 
layer by using a dry ?lm as a mask and etch the 
second metal layer according to the image. The 
remained portion is the circuit layer. 

[0021] Step 7: forming a plurality of solder resist 
areas: 

[0022] Form the solder resist areas on the second 
metal layer excluding the bump pad area for IC 
connection. 

[0023] Step 8: forming a plurality of black oxide 
dams: 

[0024] Form the black oxide dams on the second 
metal layer by Way of oxidiZation. 

[0025] Step 9: packaging ?ip chip process: 

[0026] Under?ll the bottom of IC and connect the 
?ip chip bumps With the Ni/Au layer. The through 
holes of the ?ip chip substrate is electrically 
connected to the mediate layer vias. 

[0027] The primary object of the present invention is to 
provide a method that improves the routing ?exibility on the 
substrates and reduces the misalignment problem in manu 
facturing. 
[0028] The present invention Will become more obvious 
from the folloWing description When taken in connection 
With the accompanying draWings Which shoW, for purposes 
of illustration only, a preferred embodiment in accordance 
With the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1A shoWs the conventional ?ip chip sub 
strate; 

[0030] FIG. 1B shoWs the ?ne pitch ?ip chip substrate of 
the present invention; 

[0031] FIGS. 2A to 2U shoW the steps of the method for 
making the ?ne pitch ?ip chip substrate of the present 
invention; 
[0032] FIG. 3 shoWs the ?ip chip substrate of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0033] FIGS. 2A to 2T shoW the steps of the method for 
making a ?ip chip substrate and includes the folloWing 
steps: 

[0034] FIGS. 2A to 2C shoW a process of providing a 
substrate. FIG. 2A shoWs a substrate 201 Which may be a 
?ip chip substrate and is made of Bismaleimide TriaZine 
(BT), other organic material, or even ceramics. The thick 
ness of 201 is about 0.1 to 0.4 mm. A ?rst metal layer 202 
is made on the substrate 201. The ?rst metal layer can be 
made of Copper (Cu) With a thickness of 12 pm. FIG. 2B 
shoWs a plurality of through holes 203 are drilled on the 
substrate 201 by mechanical or laser drilling. Each of the 
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through holes 203 has a diameter of 100 to 250 pm. FIG. 2C 
shoWs that a ?rst metal plated layer 204 is formed on the ?rst 
metal layer 202 and the through holes 203. The ?rst metal 
plated layer 204 can be made of Copper (Cu) With a 
thickness of 15 pm. 

[0035] FIGS. 2D to 2E shoW a step of forming an inner 
circuit. FIG. 2D uses a dry ?lm 205 containing an image to 
be transferred as the inner circuit, and the dry ?lm is used as 
a mask. Apart of the ?rst metal plated layer 204 and the ?rst 
metal layer 202 are etched to form traces 206. As shoWn in 
FIG. 2E, the remained portions of the ?rst metal plated layer 
204 and the ?rst metal layer 202 are left as the inner circuit. 

[0036] FIG. 2F shoWs a step of black-oxidiZing the inner 
circuit. Ablack oxide inner circuit 207 is formed in the inner 
circuit by oxidiZing the inner circuit. 

[0037] FIGS. 2G to 2H shoW a step of forming a dielectric 
layer and a second metal layer. FIG. 2G shoWs the lami 
nation of the dielectric material into the traces and the 
through holes of the substrate by heat pressing and fusion to 
form a dielectric layer 208 Which is coated on the entire 
inner circuit. The dielectric layer 208 is made of Bismale 
imide TriaZing (BT) or other dielectric material. Ametal foil 
209 is formed on the dielectric layer 208. The metal foil 209 
can be made of Copper (Cu) With a thickness of 12 pm. FIG. 
2G shoWs the foil 209 is laminated to form the second metal 
layer 209a With a thickness of 7 to 9 pm. 

[0038] FIGS. 21 to 2M shoW the step of forming vias in 
the dielectric layer by laser beams. FIG. 2I shoWs that the 
dry ?lm 210 used as a laser mask 211 as shoWn in FIG. 2.] 
by image transferring. Aplurality of dielectric layer vias 212 
With a diameter of 100 pm are drilled by laser drilling at the 
laser openings of the laser mask as shoWn in FIG. 2K. A 
second metal plated layer 213 is formed in the dielectric 
layer vias 212 and the second metal plated layer 213, as 
shoWn in FIG. 2L. The dielectric layer vias 212 are ?lled 
With plating ?lled copper 214. FIG. 2M shoWs that the 
second metal plated layer 213 is laminated and the second 
metal layer 209a has a thickness of 7 to 9 pm. 

[0039] FIGS. 2N to 2R shoW a step of forming a circuit 
layer. FIG. 2N shoWs the dry ?lm 214 is used as a mask, and 
FIG. 20 shoWs that a Ni/Au layer 215 is coated on the 
portion that is not covered by the image on dry ?lm 214. The 
Ni/Au layer 215 is formed by Way of electro-plating and has 
a thickness of 5 pm. The Ni/Au layer 215 is used as the 
connection area of ?ip chip bumps. FIG. 2P shoWs a liquid 
photo resist agent or dry ?lm pressing process is used as a 
mask 216. FIG. 2Q shoWs the process of image transferring 
217, and FIG. 2R shoWs the etching on the second metal 
layer 218 Wherein the remained portion is the circuit layer. 
A mesh pattern is designed in the circuit layer to reinforce 
the stiffness of the substrate and reduce the heat deformation 
that could cause substrate Warpage or tWist. 

[0040] FIG. 2S shoWs a step of forming a plurality of 
solder resist areas. The solder resist areas 219 are formed on 
the second metal layer, excluding the bump pads area for IC 
connection. The solder resist 219 can be a photo solder resist 
coated With Epoxy. 

[0041] FIG. 2T shoWs a step of forming a plurality of 
black oxide dams. The black oxide dams 220 are formed, by 
Way of oxidiZation, on the second metal layer 209a Wherein 
no etching is applied. The thickness of the black oxide dams 
220 is beloW 1-3 pm. 
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[0042] FIG. 2U shows the step of packaging ?ip chip. 
This includes the step of under?lling 223 to the bottom of IC 
222. The ?ip chip bumps 221 are connected to the Ni/Au 
layer 215. The through holes of the ?ip chip substrate are 
electrically connected to the mediate layer through holes and 
the BGA tin balls 224. 

[0043] FIG. 3 shoWs the structure of the ?ip chip substrate 
and includes a substrate 301 With a ?rst metal layer 302 on 
the surface of the substrate and the thickness of the ?rst 
metal layer 302 is 12 pm. A plurality of through holes 303 
are drilled on the substrate and each has a diameter of 100 
to 250 pm. The ?rst metal plated layer 304 is formed on the 
surface of the ?rst metal layer 302 and the through holes 303 
of the substrate. The thickness of the ?rst metal plated layer 
304 is about 15 pm. An inner circuit is the remained portion 
of the ?rst metal plated layer 304 and the ?rst metal layer 
302 by an etching process. The etching results into traces 
306. Ablack oXide inner circuit 307 is formed on the surface 
of the inner circuit. A dielectric layer 308 is formed by 
laminating dielectric material into the traces 306 and the 
through holes 303 of the substrate and is coated on the entire 
inner circuit. A metal foil 309 With a thickness of 12 pm is 
formed on the dielectric layer 308. The metal foil 309 is 
laminated to form a second metal layer 309a Which has a 
thickness of 7-9 pm. A plurality of dielectric layer vias 312 
are made by drilling holes at 100 pm in diameter With laser. 
A second metal plated layer 313 is formed in the dielectric 
layer vias 312 Which are ?lled With plating ?lled copper. A 
circuit layer is made by forming a Ni/Au layer 315 on the 
second metal layer 309a and is used to connect the Ni/Au 
layer and the bumps. The thickness of the Ni/Au is about 5 
pm. By etching part of the second metal layer 309a, it forms 
the circuit layer Which has a mesh pattern to reinforce the 
stiffness of the substrate and reduces the heat deformation 
Which could cause substrate Warpage and tWist. Aplurality 
of solder resist areas 319 are formed on the areas of the 
second metal layer 309a excluding bump pads area for IC 
connection. Aplurality of black oXide dams 320 are formed 
on the second metal layer 209a and each black oXide dams 
320 has a thickness of 1-3 pm. 

[0044] The present invention has the folloWing advantages 
in comparison With the current technologies: 

[0045] 1. The black oXide dams on the circuit of 
non-bump pads are able to reduce the thickness of 
the solder resists, Which is a common problem for 
using the conventional solder resists. In comparison 
With the requirement of the conventional alignment 
precision of :25 pm, the present invention may have 
an alignment tolerance up to 50 pm. The plating 
?lled copper reduces the number of the Wires and the 
bump pads pitch is reduced to be 50 pm so as to 
increase the density of the Wires. Therefore, there is 
enough space for the mesh pattern to improve the 
packaging quality. 

[0046] 2. The thickness of the black oXide layer of the 
present invention is about 1-3 pm. In comparison 
With the conventional requirement of the thickness of 
the solder resist 25 pm, the clearer shape and the 
better resolution enable the alignment precision of 
the present invention to be easily controlled under 20 
pm. 

[0047] 3. The conventional photo solder resist usu 
ally forms a deep Well in the manufacturing process, 
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debris is left at the bottom of the bump pads and 
affects the quality of packaging. The present inven 
tion solves the problem. 

[0048] 4. The high density ?ip chip bumps are 
replaced With the black oXide dams in the soldering 
of the packaging process. The thickness of the plated 
Ni/Au layer on the bump pad is about 5 pm and the 
black oXide dam is loWer than the bump pad. In 
comparison With the conventional solder resist hav 
ing a thickness of 25 pm, Which is higher than the 
bump pad, it is advantageous for the high quality and 
reliability of the ?ip chip bumping packaging. 

[0049] 5. The conventional packaging employs a 
tin-lead solder bump Which does not meet the trend 
of un-leaded environmental green requirement. The 
present invention meets the requirement. 

[0050] While We have shoWn and described the embodi 
ment in accordance With the present invention, it should be 
clear to those skilled in the art that further embodiments may 
be made Without departing from the scope of the present 
invention. 

What is claimed is: 
1. A method for making a ?ne pitch ?ip chip substrate, 

comprising the steps of: 

providing a substrate, With a ?rst metal layer, the said 
substrate having a plurality of through holes, a ?rst 
metal plated layer on the ?rst metal layer and the 
through holes; 

forming an inner circuit on said substrate; 

forming a black oXide inner circuit by oXidiZing said inner 
circuit; 

forming a dielectric layer and a second metal layer on said 
substrate; 

forming vias in the dielectric layer by drilling to form a 
plurality of dielectric layer vias, and a second metal 
plated layer formed in said vias, Which are plated and 
?lled to form the surface of the second metal plated 
layer; 

forming a circuit layer on said second metal layer; 

forming a plurality of solder resist opening areas on said 
second metal layer excluding IC bump pad area; 

forming a plurality of black oXide dams on said second 
metal layer by oXidiZation; 

packaging ?ip chip by under g said IC bumping area, 
connecting the through holes of the ?ip chip substrate 
and said vias of the dielectric layer. 

2. The method as claimed in claim 1, Wherein in the step 
of providing a substrate Which is made of Bismaleimide 
TriaZine (BT), other organic material, or even ceramics. The 
thickness of substrate is about 0.1 to 0.4 mm. 

3. The method as claimed in claim 1, Wherein in the step 
of providing a substrate, the ?rst metal layer is made of 
Copper (Cu) With a thickness of 12 pm. 

4. The method as claimed in claim 1, Wherein in the step 
of providing a substrate, a plurality of through holes on the 
substrate is drilled by mechanical or laser drilling. Each of 
the through holes 203 has a diameter of 100 to 250 pm. 
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5. The method as claimed in claim 1, wherein in the step 
of providing a substrate, a ?rst metal plated layer forming on 
the ?rst metal layer and the through holes is made of Copper 
(Cu) With a thickness of 15 pm. 

6. The method as claimed in claim 1, Wherein in the step 
of forming a dielectric layer and a second metal layer, the 
dielectric layer is made of Bismaleimde TriaZing (BT or 
other dielectric material. 

7. The method as claimed in claim 1, Wherein in the step 
of forming a dielectric layer and a second metal layer, the 
metal foil is made of Copper (Cu) With a thickness of 12 pm. 

8. The method as claimed in claim 7, Wherein in the step 
of forming a dielectric layer and a second metal layer, the 
foil is laminated to form the second metal layer With a 
thickness of 7 to 9 pm. 

9. The method as claimed in claim 1, Wherein in the step 
of forming vias in the dielectric layer by laser beams, a 
plurality of dielectric layer vias With a diameter of 100 pm 
are drilled by laser drilling and the second metal plated layer 
is laminated to a thickness of 7 to 9 pm. 

10. The method as claimed in claim 1, Wherein in the step 
of forming a circuit layer, the Ni/Au layer is formed by Way 
of electro-plating and has a thickness of 5 pm. The Ni/Au 
layer is used as the connection area of ?ip chip bumps. 

11. The method as claimed in claim 1, Wherein in the step 
of forming a circuit layer, a, liquid photo resist agent or dry 
?lm pressing process is used as a mask. 

12. The method as claimed in claim 1, Wherein in the step 
of forming a circuit layer, a mesh pattern is designed in the 
circuit layer to reinforce the stiffness of the substrate and 
reduce the heat deformation that could cause substrate 
Warpage or tWist. 

13. The method as claimed in claim 1, Wherein in the step 
of forming a plurality of solder resist areas, the solder resist 
is a photo solder resist coated With Epoxy. 

14. The method as claimed in claim 1, Wherein in the step 
of forming a plurality of black oxide dams, the thickness of 
the black oxide dams is beloW 1-3 pm. 

15. A ?ne pitch ?ip chip substrate comprising: 

a ?st metal layer formed on the substrate, a plurality of 
through holes de?ned through the substrate, a ?rst 
metal plated layer being made on the ?rst metal layer 
and the through holes; 

an inner layer circuit, etching the ?rst metal layer and the 
?at metal plated layer according to the mask to form a 
plurality of traces, the remained metal portion becom 
ing the inner layer circuit; 

black oxide inner layer circuit formed at the surface of the 
metal circuit of the inner layer circuit; 

a dielectric layer being formed by laminating dielectric 
material on the though holes of the substrate and cover 
the entire inner layer circuit, a metal foil formed on the 
dielectric layer and laminated to be the second metal 
layer; 
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vias in the dielectric layer and a second metal plated layer 
formed in the dielectric layer vias Which are plated and 
?lled by copper; 

a circuit layer formed by plating Ni/Au layer on the 
second metal layer; 

a plurality of solder resist opening areas formed on the 
second metal layer excluding IC bump pad area; 

a plurality of black oxide dams being formed dams on the 
surface of the IC bump pad connected trace. 

16. The substrate claimed as in claim 15, Wherein the 
substrate Which is made of Bismaleimide TriaZine (BT), 
other organic material, or even ceramics. The thickness of 
substrate is about 0.1 to 0.4 mm. 

17. The substrate claimed as in claim 15, Wherein the ?rst 
metal layer is made of Copper (Cu) With a thickness of 12 
pm. 

18. The substrate claimed as in claim 15, Wherein a 
plurality of through holes on the substrate are drilled by 
mechanical or laser drilling. Each of the through holes 203 
has a diameter of 100 to 250 pm. 

19. The substrate claimed as in claim 15, Wherein a ?rst 
metal plated layer forming on the ?rst metal layer and the 
through holes is made of Copper (Cu) With a thickness of 15 
pm. 

20. The substrate claimed as in claim 15, Wherein the 
dielectric layer is made of Bismaleimide TriaZing (BT) or 
other dielectric material. 

21. The substrate claimed as in claim 15, Wherein a 
plurality of dielectric layer vias With a diameter of 100 pm 
are drilled by laser drilling and the metal foil may be made 
of Copper (Cu) With a thickness of 12 pm. 

22. The substrate as claimed in claim 21, Wherein the foil 
is laminated to form the second metal layer With a thickness 
of 7 to 9 pm. 

23. The substrate as claimed in claim 21, Wherein the 
Ni/Au layer is formed by Way of electroplating and has a 
thickness of 5 pm. The Ni/Au layer is used as the connection 
area of ?ip chip bumps. 

24. The substrate as claimed in claim 21, Wherein a liquid 
photo resist agent or dry ?lm pressing process is used as a 
mask. 

25. The substrate as claimed in claim 21, Wherein a mesh 
pattern is designed in the circuit layer to reinforce the 
stiffness of the substrate and reduce the heat deformation 
that cause substrate Warpage or tWist. 

26. The substrate as claimed in claim 21, Wherein the 
solder resist is a photo solder resist coated With Epoxy. 

27. The substrate as claimed in claim 21, Wherein the 
thickness of the black oxide dams is beloW 1-3 pm. 


