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(57) ABSTRACT 

A method of forming micro solder balls for use in a C4 
process is described. The solder balls are formed by laying 
doWn a peel-aWay photoresist layer, forming holes in the 
photoresist layer to expose electrical contacts, depositing a 
solder layer over the photoresist, forrning solder areas in the 
holes and then, using a tape liftoff process to remove the 
solder layer and photoresist layer While leaving solder areas 
in the holes. The solder areas are then heated to alloW solder 
balls to form. 
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METHOD OF FORMING A MICRO SOLDER BALL 
FOR USE IN C4 BONDING PROCESS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to a method of forming micro 
solder balls for bonding integrated circuits to a module 
substrate or to a circuit board, using a C4 bonding process. 
In particular, there is described a method for forming micro 
solder balls by a tape liftoff process Which alloWs for an 
increased number and density of input/ouput connections to 
be fabricated on each integrated circuit chip, module sub 
strate or circuit board. 

[0003] 2. Description of the Related Art 

[0004] The central processing units (CPUs) of most mod 
ern day computers are typically provided on large circuit 
boards (mother boards) populated With various integrated 
circuit (IC) chips, such as microprocessor chips and memory 
chips. These IC chips Work in conjunction With one another 
to perform the functions of the computer. Contacts on the 
mother board are connected to contacts on the IC chips by 
the use of multi-chip modules or directly by conventional 
means, such as solder. The chips are connected to one 
another by metal patterns formed on the surface of the 
module or the substrate mother board. These metal patterns 
provide a conduit for data exchange betWeen the IC chips. 

[0005] There is a constant need for computers Which 
operate at faster rates. In order to accommodate this need, 
various techniques have developed to increase the rate 
(bandWidth) at Which data can be processed and transmitted. 
One of these involves increasing the circuit complexity of IC 
circuits Which also often results in a larger package for the 
IC chip and an increase in the number of input/output (I/O) 
terminals for chip. Since the amount of data that can be 
accessed from or transferred to an IC chip is directly 
proportional to the number of I/O lines the chip contains, 
increasing the number of I/O terminals directly increases 
data transfer and processing speed. 

[0006] IC chips have traditionally been packaged in mod 
ules before they are bonded to a mother board or other 
circuit board. The module consists of one or more IC chips 
bonded to a module substrate. The composite IC chip 
module substrate is then bonded to a a computer mother 
board or other circuit board. Although this is the traditional 
method of attachment, recently IC chips have also been 
directly bonded to mother boards. 

[0007] Traditionally, IC chips Were connected to the ?rst 
level metal pattern on a module substrate With ?ne Wires 
(Wire bonding). This method of connection Was limited by 
the number of pads Which could be placed on the periphery 
of the IC chip. Since then, considerable progress has been 
made in reducing the IC chip pad siZe, thereby increasing the 
number of pads. HoWever, this technology is still limited by 
the number of pads Which can be formed on the chip 
periphery, and therefore the number of I/Os on a chip is 
likeWise limited. Therefore, other techniques have been 
developed over the past 30 years to increase the number of 
available I/O terminals and eliminate alignment problems. 

[0008] One of these techniques, knoWn as Controlled 
Collapse Chip Connection (C4), Was developed in the 1960s 
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to deal With the problems associated With alignment of 
integrated circuit chips on a substrate of a module. This 
process also sought to increase the number of available I/O 
terminals Which could be available for each IC chip. The C4 
process uses solder bumps deposited on ?at contacts on the 
IC chips to form the bond betWeen the IC chip and the 
module substrate. The contacts and solder balls on the IC 
chips are matched With similar ?at contacts on the module 
substrate to form the connection. Once the chip is placed on 
top of the contacts of the module substrate, the entire device 
is heated to a temperature Which melts the solder. Then, the 
solder is alloWed to set, and a reliable bond is formed 
betWeen the chip and the module substrate. Although the C4 
bonding process is usually employed to bond an IC chip to 
a module substrate, it can also be used to bond an IC chip 
directly to a mother board or other circuit board. 

[0009] One of the main advantages of this process is that 
the IC chip self-aligns itself on the module substrate based 
on the high surface tension of the solder. In other Words, the 
chip need not be perfectly aligned over the contacts of the 
substrate, as long as it is in close proximity the melting of 
the solder Will align the chip With the substrate contacts. The 
other advantage of this process is that an increased number 
of I/O terminals can be fabricated for each IC chip. This type 
of bonding process is also often referred to as “?ip-chip”, or 
“micro-bump” bonding. The process can be brie?y 
explained With reference to FIGS. 1 and 2. 

[0010] FIG. 1 shoWs a side vieW of a IC chip 10 and a 
module substrate 20. The IC chip 10 is fabricated With 
various metal pattern lines and contacts 50 imprinted on its 
last metal level, as shoWn in FIG. 2. Formed beneath the IC 
chip 10 is an array of solder balls 30. The module substrate 
20 includes metalliZed paths 60 for carrying signals from the 
IC chip 10 to other elements mounted on the substrate. These 
paths have contacts Which match the contacts located on the 
underside of the IC chip 10. When the IC chip 10 is ready 
to be mounted, it is placed on top of the module substrate 20 
above the substrate contacts With the solder balls 30 attached 
to the contacts of the IC chip resting on the contacts of the 
module substrate, as shoWn in FIG. 1. When the device is 
heated, the solder melts and the chip 10 self-aligns With the 
module substrate contacts. The solder later hardens to form 
a reliable bond betWeen the tWo sets of contacts. FIG. 3 
shoWs the device after the solder has been heated and set. 
The completed module is then bonded to a mother board (not 
shoWn) through Wire bonds or additional C4 connections at 
the module terminals. 

[0011] Traditionally, the contacts and solder balls have 
been formed on the IC chip using metal mask technology. In 
this process a metal mask (essentially a metal plate With a 
pattern of holes therein) is placed over an IC Wafer contain 
ing many IC chips 20 for forming the contacts and solder 
balls. Then, contact material and solder are evaporated 
through the holes onto the Wafer. The holes in the metal 
masks must be of sufficient siZe to prevent Warpage and 
damage of the mask during use. Hence, the number of 
contacts that can be fabricated through use of a metal mask 
is limited because the holes in the mask must remain above 
a minimum siZe to prevent these problems. Consequently, 
the siZe of the solder balls that can be created is similarly 
limited. 

[0012] The minimum diameter of a C4 solder ball that can 
be achieved using current techniques, such as metal mask, is 
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approximately 100 microns. Since the size of the solder balls 
is directly related to the number and density of I/ O terminals 
that can be fabricated on a given IC chip, a decrease in solder 
ball siZe Would provide for an increase in the number and 
density of the I/O terminals. This Would, in turn, alloW for 
a signi?cant increase in data transmission rates because of 
the increased number of I/O ports for the packaged IC 
circuit. 

[0013] Hence, there is currently a need for a process for 
forming C4 solder balls Which are less then 100 microns in 
diameter. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides an improved 
method for forming solder balls used in a C4 bonding 
process. The present inventor has discovered that by using a 
tape liftoff process to form the solder contacts, signi?cantly 
smaller contacts can be easily formed on an IC chip. 

[0015] The invention is a method of fabricating contact 
terminals and solder balls on an IC chip. The fabrication 
utiliZes a tape liftoff process to remove unWanted solder and 
photoresist. Use of the tape liftoff process alloWs formation 
of solder balls Which are at least tWo orders of magnitude 
smaller than prior art solder balls. 

[0016] Although initially envisioned for use as a replace 
ment for the presently used processes for forming C4 type 
connections on IC chips, the same process of the invention 
can also be used to form solder ball connections on module 
substrates or circuit board substrates. 

[0017] The above and other advantages and features of the 
present invention Will be better understood from the folloW 
ing detailed description of the preferred embodiment of the 
invention Which is provided in connection With the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 shoWs a cross-sectional vieW of a prior art 
integrated circuit package before C4 bonds are created. 

[0019] FIG. 2 shoWs a top vieW of a prior art integrated 
circuit package before C4 bonds are created. 

[0020] FIG. 3 shoWs a cross-sectional vieW of a prior art 
integrated circuit package after the C4 bonds are created. 

[0021] FIGS. 4A-4Q shoW cross-sectional vieWs of a 
structure fabricated in accordance With the method of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0022] The present inventor has discovered that by using 
a tape liftoff process for screening solder balls onto a 
substrate, the siZe of the solder balls can be signi?cantly 
decreased. The process described beloW can be used to 
deposit solder balls on an IC chip, a module substrate, a 
circuit board, or any similar substrate. Tape liftoff processes, 
per se, are knoWn in the art, as evidenced by US. Pat. No. 
5,240,878 to FitZsimmons, Which is incorporated herein by 
reference. Tape liftoff processes are frequently used to 
remove unWanted photoresist levels once an imaging and 
etching has taken place. 
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[0023] The process of the invention is explained beloW 
With reference to FIGS. 4A-4Q. Although the folloWing 
explanation refers to a technique for placing solder balls on 
a Wafer, those skilled in the art Will recogniZe that the 
process described beloW can be performed on a single chip. 
Further, it Will also be apparent to those skilled in the art that 
the process described beloW can be used to form solder balls 
on a module substrate or a circuit board (eg a computer 

mother board). 

[0024] FIGS. 4A-4Q illustrate the inventive process steps 
used to create micro solder balls on an IC Wafer 110. FIG. 
4A shoWs the ?rst stage in the formation of the micro solder 
balls on the Wafer 110. At this stage, an insulating layer 120, 
such as silicon dioxide (SiO2), is deposited on the next to last 
layer of metallurgy 130 of the Wafer 110 by a process such 
as chemical vapor deposition (CVD). Although CVD silicon 
dioxide is preferred for the ?rst insulating layer, other 
insulators (e. g., polyimide, silicon nitride, ?ourinated silicon 
dioxide) knoWn to those skilled in the art may also be used, 
and deposited by conventional techniques. The insulating 
layer 120 should be applied so that its thickness is at least 2 
microns greater than the thickness of the next to last metal 
layer 130. Then, the structure 100 is planariZed using a 
chemical mechanical polishing process (CMP). The result 
ing device, after polishing, is as shoWn in FIG. 4B, Where 
the excess insulating material has been smoothed aWay. 

[0025] Next, as shoWn in FIG. 4C, a ?rst layer of photo 
resist 125 is deposited over the insulating layer 120. This 
photoresist layer 125 may be made of any type of photoresist 
knoWn to those skilled in the art. The photoresist layer 125 
is patterned and exposed to create via holes 140, as shoWn 
in FIG. 4D. The via holes 140 are then used to etch into and 
remove portions of the insulating layer 120. FIG. 4E shoWs 
the device after the photoresist layer 125 has been exposed, 
the via holes 140 have been etched, and the photoresist layer 
125 has been removed. These via holes 140 provide a 
connection for upper conductive levels to the next to last 
layer of metallurgy 130. 

[0026] Next, solderable metal pads 150 are formed on the 
upper surface of the insulating layer 120. This is accom 
plished by depositing a second photoresist layer 145 on the 
planariZed insulating layer 120, Which Will be used as a ?rst 
liftoff layer. FIG. 4F shoWs the device 100 after the pho 
toresist layer 145 has been placed over the insulating layer 
120. An insulator such as polyimide may also be used in 
place of the photoresist layer 145, but it has been found that 
photoresist provides the best results in the present invention. 
This photoresist layer 145 should be approximately 1.5 
microns thick. After it is deposited, the photoresist layer 145 
is patterned and etched doWn to the insulating layer 120 
leaving exposed those areas on layer 120 Where the metal 
pads 150 are desired, as shoWn in FIG. 4G. Then, a metal 
stack consisting of Zirconium (Zr), Nickel (Ni), Copper 
(Cu), and Gold (Au) is formed overtop of the entire device 
100 including over the remaining areas of photoresist layer 
145 and in the etched areas. This stack is formed by applying 
the four different metals, one at a time. Such a process is 
knoWn in the art and described in US. Pat. Nos. 5,719,090 
and 5,457,345, both to Cook et al., Which are incorporated 
herein by reference. The Gold layer is optional in the metal 
stack, but provides excellent protection against oxidation. 
The thicknesses of each layer of metal is preferably approxi 
mately: 500 Angstroms of Zr, 750 Angstroms of Ni, 5000 
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Angstroms of Cu, and 750 Angstroms of Au, although these 
thicknesses are not critical. These metal layers are deposited 
to form metal stacks 150 in the etched areas of the photo 
resist layer 145, and to form excess metal stacks 150‘ on top 
of the photoresist layer 145. 

[0027] Since the photoresist layer 145 and the metal layers 
150, 150‘ are applied over the entire surface of the device 
100, it is necessary to remove the unWanted metal 150‘ and 
photoresist 145 prior to the next process step. FIG. 4H 
shoWs the device 100 after all metal layers have been 
deposited. The excess metal areas 150‘ Which lie overtop of 
the photoresist layer 145, must noW be removed. This is 
accomplished by a liftoff process. Liftoff processes are a 
Well knoWn method for removing unWanted portions of a 
device under fabrication. The present inventor has found that 
a tape-assisted liftoff process is especially bene?cial in the 
disclosed process. The tape utiliZed is an adhesive-backed 
polymer, Which is applied overtop of the entire metalliZed 
resist layer, so that it contacts metal stacks 150‘. The tape 
bonds to the metal stacks 150‘, Which is, in turn, bonded to 
the photoresist layer 145. The removal of the tape causes all 
of the metal 150‘ and photoresist 145 to be stripped aWay, 
leaving metal pads 150 in only those areas Which Were 
previously etched in the photoresist layer 145. The resulting 
device 100 after the tape liftoff appears as shoWn in FIG. 41. 

[0028] After the metal pads 150 have been formed, a 
second insulating layer 160 is added overtop of the device 
100, as shoWn in FIG. 4J. This insulating layer 160 can be 
formed of conventional insulating material, such as polyim 
ide, and should be approximately 1.5 microns thick. 
Although polyimide is preferred for this layer, any insulator 
knoWn to those skilled in the art may be used (e.g., silicon 
dioxide, silicon nitride, ?ourinated silicon dioxide). 
[0029] FIG. 4K shoWs the next step Where a third pho 
toresist layer 170 is deposited for use as a second liftoff 
layer. This photoresist layer 170 can be a continuous layer of 
photoresist as shoWn in FIG. 4K, or can alternatively 
comprise a ‘hard mask’ layer. The ‘hard mask’ design is 
shoWn in FIG. 4Q, Where a 500 Angstrom layer of silicon 
nitride (Si3N4) 175 is sandWiched betWeen tWo photoresist 
layers 176 and 177. The upper most photoresist layer Will be 
approximately 0.5 microns thick, With the underlying pho 
toresist layer being thick enough so that the entire stack (i.e. 
layers 175-177) is thicker than the layer of solder Which Will 
be subsequently deposited. In the embodiment described 
herein, the loWer level of photoresist 177 is approximately 
0.5 microns thick. When using the continuous photoresist 
layer shoWn in FIG. 4K, the photoresist must be at least as 
thick as the layer of solder Which Will be subsequently 
applied (i.e. approximately 3 microns). When using the 
‘hard mask’, hoWever, the photoresist layers 176, 177 need 
not be that thick, as long as the entire stack is thicker than 
layer of solder to be applied. Although photoresist has been 
found by the inventor to provide the best results, the second 
photoresist layer 170 may alternatively comprise a peel 
aWay insulator, such as photosensitive polyimide. 

[0030] As shoWn in FIG. 4L, the second photoresist layer 
170 is exposed and patterned to produce through holes 180 
in the areas above the metal pads 150. Then, the insulator 
160 is etched through the holes 180 so that the metal pads 
150 are exposed, as shoWn in FIG. 4M. 

[0031] Next, as shoWn in FIG. 4N, a layer of solder 190 
is deposited over the entire device 100. The solder should be 
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deposited so that it is at least 2.33 microns thick. This 
process produces solder contacts 200 in the through holes 
180. The photoresist layer 170 and the solder layer 190 are 
removed using the tape liftoff process described above With 
reference to photoresist layer 145. The solder layer 190 and 
the photoresist layer 170 are lifted aWay from the insulating 
layer 160 by an adhesive tape Which is applied overtop of the 
solder layer 190. The tape is an adhesive backed polymer 
Which is applied to the solder layer 190 and subsequently 
stripped off to remove the unWanted solder 190 and photo 
resist 170 layers. Since the solder layer 190 Will bond to the 
photoresist layer 170, the stripping action causes both layers 
(i.e. 170 and 190) to be removed simultaneously. 

[0032] FIG. 40 shoWs the device 100 after the unWanted 
photoresist and solder have been removed. Solder contacts 
200 Which connect With metal pads 150 noW project out of 
the top surface of insulating layer 160. In the ?nal step, the 
solder contacts 200 are heated to alloW them to re?oW. When 
the solder contacts 200 are re?oWed they form solder ball 
contacts 210 having a shape similar to that shoWn in FIG. 
4P. These solder ball contacts 210 are composite contacts, 
including both the ?at contact portion and the solder ball 
portion in a single unit. 

[0033] In an alternate embodiment of the the present 
invention, a single liftoff procedure is used to form both the 
metal pads 150 and the solder ball contacts 200, instead of 
the multiple liftoff procedure descibed above. This embodi 
ment is useful Where only contact pads are to be formed in 
the last metal layer 130 (i.e. the pad metallurgy). This 
alternate process Will noW be explained With reference to 
FIGS. 4(E) and 5(A-E). 

[0034] After step 4(E), instead of depositing a photoresist 
layer 145 (shoWn in FIG. 4(F)), a thicker photoresist layer 
300 is applied overtop of the entire surface of the device 100 
(See FIG. 5(A)). Then, as shoWn in FIG. 5(B), holes 310 are 
formed in the photoresist 300. These holes 310 are selected 
according to the desired siZe of the solder ball contact (i.e. 
the larger the holes 310, the larger the diameter of the solder 
ball contact). As shoWn in FIG. 5(C), the metal pads 320 
(150 in FIG. and the solder ball contacts 330 (200 in 
FIG. 4(O)) are deposited in the holes 310 formed in the 
photoresist 300 in a single step. First, the metal pads 320 
comprising the layers of Zr, Ni, Cu, and Au are deposited by 

the process described above With reference to FIG. Then, a layer of solder 330 is deposited. The ensuing liftoff 

process remove all the excess solder and pad metal to create 
a device like the one shoWn in FIG. 5(D). The stack 340 
Which is formed is a composite stack, With the four-layer 
metal pad on the bottom and solder on the top. The entire 
stack 340 is then re?oWed to form the solder ball contacts 
350 shoWn in FIG. 

[0035] Because these solder ball contacts in the invention 
are formed by deposition of solder through ?ne closely 
spaced holes in a photoresist layer and by using a tape liftoff 
process, rather than a metal mask process, the siZe of the 
contacts is decreased signi?cantly. Solder contacts formed 
using the above process are approximately 2 microns in 
diameter. This is a signi?cant improvement over prior art 
solder ball contacts, Which are currently 100 microns in 
diameter. Although the above process can be used to form 
solder contacts Which are approximately 2 microns in diam 
eter, it can also be used by those skilled in the art to produce 



US 2006/0006544 A1 

solder contacts of any size, but particularly those in the 
range of 2 microns to 100 microns. For example, it might be 
desirable to form solder contacts of 10, 25, 50 or 75 microns, 
or any other siZe in the range of 2 to 100 microns, or in a 
narroWer range such as less than 50 microns, or less than 25 
microns, or less than 10 microns, as non-limiting examples. 

[0036] When producing multiple chips on a Wafer, the 
Wafer can be diced, after the solder ball contacts 210 are 
formed over the entire Wafer, to create a multitude of chips 
With solder ball contacts 210. These individual chips can 
then be attached to a module substrate or circuit board using 
the C4 process described above With reference to FIGS. 1-3. 

[0037] While the invention has been described and illus 
trated With respect to forming solder contacts on an inte 
grated circuit chip, it should be apparent that the same 
processing techniques can be used to form solder contacts on 
a module substrate, a printed circuit board or other conduc 
tor bearing substrate. 

[0038] Moreover, it should be readily understood that the 
invention is not limited to the speci?c embodiments 
described and illustrated above. Rather, the invention can be 
modi?ed to incorporate any number of variations, alter 
ations, substitutions or equivalent arrangements not hereto 
fore described, Which are commensurate With the spirit and 
scope of the invention. Accordingly, the invention is not 
limited by the foregoing description, but is only limited by 
the scope of the appended claims. 

1-39. (canceled) 
40. A semiconductor device comprising: 

a semiconductor structure having at least one metal con 

tact formed on a surface thereof; 

a ?rst insulator layer overlying said at least one metal 
contact; 

at least one metal pad overlying said ?rst insulator layer 
and in contact With said at least one metal contact; 

a second insulator layer overlying said at least ?rst one 
metal pad; and, 

at least one solder contact formed in the second insulator 
and in contact With said at least one metal pad, said 
solder contact having a diameter less than 100 microns. 

41-42. (canceled) 
43. The semiconductor device of claim 40, Wherein the 

solder contacts have a diameter less than 10 microns. 
44. The semiconductor device of claim 40, Wherein the 

solder contacts have a diameter of approximately 2 microns. 
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45. The semiconductor device of claim 40, Wherein said 
at least one metal contact is connected to said at least one 
metal pad by a via hole formed in the ?rst insulator. 

46. The semiconductor device of claim 40, Wherein the at 
least one solder contact extends from a top surface of the 
second insulator to the metal pad by a through hole formed 
in the second insulator. 

47. The semiconductor device of claim 40, Wherein the at 
least one metal pad lies at least partially overtop of the at 
least one metal contact. 

48. The semiconductor device of claim 40, Wherein the 
semiconductor device is an integrated circuit chip. 

49. The semiconductor device of claim 40, Wherein the 
semiconductor device is an integrated circuit Wafer. 

50. The semiconductor device of claim 40, Wherein the 
semiconductor device is bonded to a module substrate. 

51. The semiconductor device of claim 40, Wherein the 
semiconductor device is bonded to a circuit board. 

52-67. (canceled) 
68. The semiconductor device of claim 40, Wherein said 

?rst insulator layer is at least 2 microns thicker than said at 
least one metal contact. 

69. The semiconductor device of claim 40, Wherein said 
metal pad comprises a metal stack With four different metal 
levels. 

70. The semiconductor device of claim 69, Wherein said 
metal levels comprise Zirconium, Nickel, Copper and Gold. 

71. A semiconductor device formed on a semiconductor 
substrate having at least one metal contact formed thereon, 
said semiconductor device comprising: 

a ?rst insulator layer overlying said at least one metal 
contact; 

at least one metal pad overlying said ?rst insulator layer 
and in contact With said at least one metal contact; 

a second insulator layer overlying said at least ?rst one 
metal pad; and 

at least one solder contact formed in the second insulator 
and in contact With said at least one metal pad, said 
solder contact having a diameter betWeen 2 and 100 
microns. 

72. The semiconductor device of claim 71, Wherein said 
at least one solder contact has a diameter of approximately 
2 microns. 

73. The semiconductor device of claim 40 Wherein the 
solder contacts have a diameter less than 50 microns. 

74. The semiconductor device of claim 40 Wherein the 
solder contacts have a diameter less than 25 microns. 

* * * * * 


