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(57) ABSTRACT 

A structure and method for forming the same. The semicon 
ductor structure includes a first semiconductor chip and N 
solder bumps in direct physical contact with the first semi 
conductor chip, wherein N is a positive integer. The semi 
conductor structure also includes a first solder wall on a 
perimeter of the first semiconductor chip such that the first 
solder wall forms a closed loop surrounding the N solder 
bumps. 
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SOLDER WALL STRUCTURE IN FLIP-CHIP 
TECHNOLOGES 

BACKGROUND OF THE INVENTION 

0001) 1. Technical Field 
0002 The present invention relates to flip-chip technolo 
gies, and more specifically, to a solder wall structure in 
flip-chip technologies. 

0003 2. Related Art 
0004. In typical flip-chip technologies, solder bumps are 
formed on top of a chip to help bond the chip to a ceramic 
substrate. These solder bumps may be corroded by carbon 
dioxide and water vapor of the Surrounding ambient envi 
ronment. Therefore, there is a need for a structure (and a 
method for forming the same), in which the solder bumps 
are not corroded by carbon dioxide and water vapor of the 
Surrounding ambient. 

SUMMARY OF THE INVENTION 

0005 The present invention provides a semiconductor 
structure, comprising (a) a first semiconductor chip; (b) N 
solder bumps in direct physical contact with the first semi 
conductor chip, wherein N is a positive integer, and (c) a first 
solder wall on a perimeter of the first semiconductor chip 
such that the first solder wall forms a closed loop surround 
ing the N solder bumps. 
0006 The present invention also provides a semiconduc 
tor fabrication method, comprising providing a first semi 
conductor chip; forming N solder bumps in direct physical 
contact with the first semiconductor chip, wherein N is a 
positive integer, and forming a first solder wall on a perim 
eter of the first semiconductor chip such that the first solder 
wall forms a closed loop surrounding the N solder bumps. 
0007. The present invention also provides a semiconduc 
tor structure, comprising (a) a first semiconductor chip 
comprising a crack stop on a perimeter of the first semicon 
ductor chip; (b) N solder bumps in direct physical contact 
with the first semiconductor chip, wherein N is a positive 
integer; (c) a first solder wall on a perimeter of the first 
semiconductor chip such that the first solder wall forms a 
closed loop Surrounding the N solder bumps, and Such that 
the first solder wall is overlapping the crack stop; and (d) a 
module substrate coupled to the first solder wall and the N 
solder bumps 
0008. Therefore, there is a need for a structure (and a 
method for forming the same), in which the solder bumps 
are not corroded by carbon dioxide and water vapor of the 
Surrounding ambient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIGS. 1A-1G illustrate a fabrication method for 
forming a semiconductor structure, in accordance with 
embodiments of the present invention. 
0010 FIG. 1Fi shows a top-down view of the semicon 
ductor structure of FIG. 1F, in accordance with embodi 
ments of the present invention. 
0011 FIG. 1Gi shows a top-down view of a semicon 
ductor chip after it is cut from the semiconductor structure 
of FIG. 1G, in accordance with embodiments of the present 
invention. 
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0012 FIG. 2 illustrates a fabrication method for forming 
a module, in accordance with embodiments of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0013 FIGS. 1A-1G illustrate a fabrication method for 
forming a semiconductor structure 100, in accordance with 
embodiments of the present invention. More specifically, 
with reference to FIG. 1A, in one embodiment, the fabrica 
tion of the semiconductor structure 100 starts with a semi 
conductor chip 102 and a dicing channel region 104. The 
semiconductor chip 102 comprises multiple interconnect 
layers 106a, 106b, 106c, and 106d. There may be additional 
device layers in a silicon Substrate of the semiconductor chip 
102 beneath and coupled to the interconnect layer 106d, but 
these additional device layers and the silicon substrate are 
not shown for simplicity. In the embodiment described 
above, there are only four interconnect layers 106a, 106b, 
106c, and 106d. In general, the semiconductor chip 102 can 
have N interconnect layers, wherein N is a positive integer. 

0014. In one embodiment, the top interconnect layer 
106a of the semiconductor chip 102 includes (i) a dielectric 
layer 110a, (ii) an electrically conducting line 120a (com 
prising copper (Cu) in one embodiment) embedded in the 
dielectric layer 110a, and (iii) a metal region 122a (com 
prising Cu in one embodiment) embedded in the dielectric 
layer 110a. Similarly, the interconnect layers 106b, 106c, 
and 106d comprise dielectric layers 110b, 110c, and 110d. 
electrically conducting lines 120b, 120c, and 120d (com 
prising Cu in one embodiment), and metal regions 122b. 
122c, and 122d (comprising Cu in one embodiment), respec 
tively. In one embodiment, the metal regions 122a, 122b. 
122c, and 122d run on a perimeter of the semiconductor chip 
102 and form a crack stop 122 surrounding the semicon 
ductor chip 102. In one embodiment, the crack stop 122 is 
to prevent cracking from propagating from the dicing chan 
nel region 104 to the semiconductor chip 102 during a chip 
dicing process. It should be noted that from FIG. 1B to FIG. 
1G, a bottom part of the structure 100, which comprises the 
interconnect layers 106b, 106c, and 106d. is omitted for 
simplicity, the only top interconnect layer 106a is shown. 

0015) Next, with reference to FIG. 1B, in one embodi 
ment, portions of the dielectric layer 110a are removed so as 
to create a hole 124 and a trench 126 such that top surfaces 
125 and 127 of the Cu line 120a and the crack stop 122, 
respectively, are exposed to the Surrounding ambient. In one 
embodiment, the trench 126 runs along the crack stop 122 of 
the chip 102. 

0016. Next, in one embodiment, a bond pad 130 (com 
prising aluminum (Al) in one embodiment) is formed on top 
of the Cu line 120a and the dielectric layer 110a such that 
the Al bond pad 130 is electrically coupled to the Cu line 
120a. In one embodiment, a wall base 132 (comprising Al in 
one embodiment) is formed on top of the crack stop 122 and 
the dielectric layer 110a such that the Al wall base 132 is in 
direct physical contact with the crack stop 122. Illustratively, 
the Al bond pad 130 and the Al wall base 132 can be 
simultaneously formed by (a) forming an Al layer (not 
shown) on the entire structure 100, and then (b) directionally 
and selectively etching back the Al layer stopping at the 
dielectric layer 110a. The directional and selective etching in 
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step (b) may be performed using a traditional lithographic 
and etching process such that what remains of the Al layer 
after the etching are the Al bond pad 130 and the Al wall 
base 132 (as shown in FIG. 1B). In one embodiment, the Al 
wall base 132 runs along the crack stop 122 of the chip 102 
(i.e. the Al wall base 132 runs on the perimeter of the 
semiconductor chip 102). 
0017 Next, with reference to FIG. 1C, in one embodi 
ment, a patterned Support/interface layer 140 (comprising 
polyimide in one embodiment) is formed on top of the entire 
structure 100 of FIG. 1B. In one embodiment, the patterned 
support/interface layer 140 comprises a hole 142 and a 
trench 146 such that (i) a top surface 144 of the Al bond pad 
130 is exposed to the surrounding ambient environment via 
the hole 142 and (ii) a top surface 148 of the Al wall base 
132 is exposed to the Surrounding ambient environment via 
the trench 146. In one embodiment, the trench 146 runs 
along the Al wall base 132 of the chip 102 (i.e. the trench 
146 runs on the perimeter of the semiconductor chip 102). 
0018. In one embodiment, the patterned support/interface 
layer 140 is formed using a photosensitive method. More 
specifically, the patterned support/interface layer 140 is 
formed by (i) spin-applying a polyimide film (not shown) on 
the structure 100 of FIG. 1B, (ii) then curing the polyimide 
film at a high temperature, (iii) then exposing the polyimide 
film to light through a mask (not shown) in a photo stepper 
lithographic tool (not shown), (iv) and then developing the 
polyimide film So as to form the patterned Support/interface 
layer 140. It should be noted that polyimide is a photosen 
sitive polymer. In general, other photosensitive polymers 
may be used instead of polyimide. 
0019. Next, with reference to FIG. 1D, in one embodi 
ment, a bump limiting metallurgy (BLM) film 150 is formed 
on top of the entire structure 100 of FIG. 1C by, illustra 
tively, sputter deposition or plating or a combination of 
sputter deposition and plating. 

0020 Next, with reference to FIG. 1E, in one embodi 
ment, a patterned photo-resist layer 160 is formed on top of 
the BLM film 150. In one embodiment, the patterned 
photo-resist layer 160 is formed by using a conventional 
lithographic process. In one embodiment, the patterned 
photo-resist layer 160 comprises (i) a hole 162 aligned with 
the hole 142 and (ii) a trench 166 aligned with the trench 146 
such that top surfaces 164 and 168 of the BLM film 150 are 
exposed to the Surrounding ambient environment via the 
hole 162 and the trench 166, respectively. It should be noted 
that the holes 142 and 162 can be collectively referred to as 
a hole 142,162. Similarly, the trenches 146 and 166 can be 
collectively referred to as a trench 146,166. In one embodi 
ment, the trench 146,166 runs on the perimeter of the 
semiconductor chip 102. 
0021 Next, in one embodiment, a solder bump 170 
(comprising a mixture of lead (Pb) and tin (Sn) in one 
embodiment) and a solder wall 172 (comprising a mixture of 
Pb and Sn in one embodiment) are simultaneously formed in 
the hole 142,162 and the trench 146,166, respectively, by, 
illustratively, electroplating. More specifically, in one 
embodiment, the structure 100 is submerged in a solution 
(not shown) containing tin and lead ions. The BLM film 150 
is electrically coupled to the cathode of an external dc (direct 
current) power Supply (not shown), while the Solution is 
electrically coupled to the anode of the dc supply. Under the 
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electric field created in the solution by the dc power supply, 
tin and lead ions in the solution arrive at the exposed 
surfaces 164 and 168 of the BLM film 150 and deposit there 
forming the solder bump 170 and the solder wall 172, 
respectively, as shown in FIG. 1E. In one embodiment, the 
solder wall 172 runs along the trench 146,166 (i.e. the solder 
wall 172 runs on the perimeter of the semiconductor chip 
102). 
0022. Next, in one embodiment, the patterned photo 
resist layer 160 and portions of the BLM film 150 (that are 
not protected by the solder bump 170 and the solder wall 
172) are removed by wet etching, RIE etching, or electro 
etch, resulting in the solder bump 170, the solder wall 172, 
and BLM regions 150 of the structure 100 of FIG. 1F. 
0023 FIG. 1 Fi shows a top-down view of the structure 
100 of FIG. 1F, in accordance with embodiments of the 
present invention. 
0024. Next, in one embodiment, the solder bump 170 and 
the solder wall 172 of FIG. 1F are reflowed at a high 
temperature, resulting in structure 100 of FIG. 1G. Illustra 
tively, the solder bump 170 and the solder wall 172 of FIG. 
1F are reflowed by subjecting them to a temperature lower 
than 400° C. 

0025 Next, in one embodiment, the chip dicing process 
is performed wherein a blade (not shown) can be used to cut 
through the dicing channel region 104, resulting in the 
separated semiconductor chip 102 in FIG. 1Gi. FIG. 1Gi 
shows a top-down view of the chip 102 after it is cut from 
the structure 100 of FIG. 1G, in accordance with embodi 
ments of the present invention. It should be noted that the 
chip 102 can have multiple solder bumps 170 (similar to the 
solder bump 170 of FIG. 1G). In one embodiment, these 
multiple solder bumps 170 and the solder wall 172 can be 
formed simultaneously using the fabrication process 
described above in FIGS 1A-1G. 

0026. Next, with reference to FIG. 2, in one embodiment, 
the chip 102 is flipped upside down and bonded to a module 
Substrate 180 (comprising ceramic in one embodiment), 
resulting in a module 200 in FIG. 2. In one embodiment, the 
multiple solder bumps 170 are bonded one-to-one to mul 
tiple substrate bump pads 182 of the ceramic module sub 
strate 180, whereas the solder wall 172 is bonded to a 
substrate wall pad 184 of the ceramic module substrate 180. 
It should be noted that the chip 102 in FIG. 2 is a cross 
section view along a line 2-2 in FIG. 1Gi. 
0027. In one embodiment, other chips (not shown, but 
similar to the chip 102 of FIG. 1Gi) can be bonded to the 
same ceramic module Substrate 180 in a similar manner so 
as to form the multi-chip module 200. 
0028. In summary, after the chip 102 is bonded to the 
ceramic module substrate 180, the solder bumps 170 of the 
chip 102 are isolated from carbon dioxide and water vapor 
of the surrounding ambient environment by the chip 102, the 
ceramic module substrate 180, and the solder wall 172. 
0029 While particular embodiments of the present 
invention have been described herein for purposes of illus 
tration, many modifications and changes will become appar 
ent to those skilled in the art. Accordingly, the appended 
claims are intended to encompass all Such modifications and 
changes as fall within the true spirit and scope of this 
invention. 
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1. A semiconductor structure, comprising: 
(a) a first semiconductor chip; 
(b)N solder bumps in direct physical contact with the first 

semiconductor chip, wherein N is a positive integer, 
and 

(c) a first solder wall on a perimeter of the first semicon 
ductor chip such that the first solder wall forms a closed 
loop Surrounding the N solder bumps. 

2. The structure of claim 1, further comprising a module 
substrate coupled to the first solder wall and the N solder 
bumps, 

wherein the module substrate includes N substrate bump 
pads such that the N solder bumps are electrically 
coupled one-to-one to the N Substrate bump pads, and 

wherein the N solder bumps are isolated from a surround 
ing ambient environment by the first semiconductor 
chip, the first solder wall, and the module substrate. 

3. The structure of claim 2, further comprising: 

(i) a second semiconductor chip, 
(ii) M solder bumps in direct physical contact with the 

second semiconductor chip, wherein M is a positive 
integer, and 

(iii) a second solder wall on a perimeter of the second 
semiconductor chip Such that the second solder wall 
forms a closed loop Surrounding the M solder bumps, 

wherein the module substrate further includes M substrate 
bump pads such that the M solder bumps are electri 
cally coupled one-to-one to the M substrate bump pads 
of the module substrate, and 

wherein the M solder bumps are isolated from the 
Surrounding ambient environment by the second 
semiconductor chip, the second solder wall, and the 
module substrate. 

4. The structure of claim 2, wherein the module substrate 
comprises ceramic. 

5. The structure of claim 1, 

wherein the first semiconductor chip comprises a crack 
stop on a perimeter of the first semiconductor chip, and 

wherein the first solder wall is overlapping the crack stop. 
6. The structure of claim 1, wherein the first solder wall 

and the N solder bumps comprises a same material. 
7. The structure of claim 6, wherein the same material 

comprises a mixture of tin and lead. 
8. The structure of claim 1, wherein the first semiconduc 

tor chip comprises N bump limiting metallurgy regions 
being in direct physical contact with the N solder bumps. 

9. A semiconductor fabrication method, comprising: 
providing a first semiconductor chip; 

forming N solder bumps in direct physical contact with 
the first semiconductor chip, wherein N is a positive 
integer, and 

forming a first solder wall on a perimeter of the first 
semiconductor chip such that the first solder wall forms 
a closed loop Surrounding the N solder bumps. 
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10. The method of claim 9, wherein said forming the N 
solder bumps and said forming the first solder wall are 
performed simultaneously. 

11. The method of claim 9, wherein said forming the N 
solder bumps and said forming the first solder wall are 
performed by using electroplating. 

12. The method of claim 9, further comprising bonding 
the first solder wall and the N solder bumps to a module 
Substrate, 

wherein the module substrate includes N substrate bump 
pads such that the N solder bumps are electrically 
coupled one-to-one to the N Substrate bump pads, and 

wherein the N solder bumps are isolated from a surround 
ing ambient environment by the first semiconductor 
chip, the first solder wall, and the module substrate. 

13. The structure of claim 12, further comprising: 
providing (i) a second semiconductor chip, (ii) M solder 
bumps in direct physical contact with the second semi 
conductor chip, wherein M is a positive integer, and 
(iii) a second solder wall on a perimeter of the second 
semiconductor chip Such that the second solder wall 
forms a closed loop Surrounding the M solder bumps; 
and 

bonding the second solder wall and the M solder bumps 
to the module substrate, such that the M solder bumps 
are isolated from the Surrounding ambient environment 
by the second semiconductor chip, the second solder 
wall, and the module substrate. 

14. The method of claim 9, 
wherein the first semiconductor chip comprises a crack 

stop on a perimeter of the first semiconductor chip, and 
wherein the first solder wall is overlapping the crack stop. 
15. The method of claim 9, wherein the first solder wall 

and the N solder bumps comprises a same material. 
16. The method of claim 15, wherein the same material 

comprises a mixture of tin and lead. 
17. The method of claim 9, wherein the first semiconduc 

tor chip comprises N bump limiting metallurgy regions 
being in direct physical contact with the N solder bumps. 

18. A semiconductor structure, comprising: 
(a) a first semiconductor chip comprising a crack stop on 

a perimeter of the first semiconductor chip; 
(b)N solder bumps in direct physical contact with the first 

semiconductor chip, wherein N is a positive integer, 
(c) a first solder wall on a perimeter of the first semicon 

ductor chip 
such that the first solder wall forms a closed loop 

Surrounding the N solder bumps, and 
such that the first solder wall is overlapping the crack 

stop; and 
(d) a module substrate coupled to the first solder wall and 

the N solder bumps. 
19. The structure of claim 18, wherein the module sub 

strate comprises ceramic. 
20. The structure of claim 18, wherein the first solder wall 

and the N solder bumps comprises a mixture of tin and lead. 

k k k k k 


