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(57) ABSTRACT 

An array of C4 solder bumps and a method for making is 
described incorporating an array of conductive areas on an 

electrical device, each conductive area having a layer of ball 
limited metalurgy at the device surface and tWo layers of 
solder having respective melting temperatures to form the 
C4 structure. The method includes melting the second layer 
of solder in the doWn position or toWards earth to form a C4 
solder ball or bump. The invention overcomes the problem 
of low temperature solder from Wicking over the sidewall 
surfaces of the high melt solder of the C4 structure and 
attacking the edges of the underlying seed layers of the ball 
limited metalurgy. 
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REFLOW OF LOW MELT SOLDER TIP C4’S 

FIELD OF THE INVENTION 

[0001] The present invention relates to the re?oW of loW 
temperature solder interconnects, especially in microelec 
tronics fabrication. 

BACKGROUND OF THE INVENTION 

[0002] Controlled Collapse Chip Connection (C4) is an 
advanced interconnect technology for microelectronic chip 
packaging. C4 is also knoWn as “?ip chip,”“solder bump” 
and “solder balls.” 

[0003] The basic idea of C4 is to connect chips, chip 
packages or other such units by means of solder bumps 
partially collapsed betWeen the surfaces of tWo units. Each 
unit has a pad pattern Which corresponds to a mirror image 
pattern of the other. The bumps of electrically conductive 
solder bridge the gap betWeen respective pairs of metal pads 
on the units being connected. As the units are brought 
together, the solder bumps on the pads of the ?rst unit are 
pressed against the corresponding conductive pads on the 
second unit, resulting in the partial collapse of the solder 
bump and formation of an interconnect betWeen respective 
pads. This alloWs for the simultaneous formation of all 
interconnects betWeen the units in a single step, in spite of 
slight variations in the surfaces of the units being joined. 

[0004] In C4, the solder bumps are formed directly on the 
metal pads of one unit. The pads are electrically isolated 
from each other and other components by the insulating 
substrate that surrounds each pad. The substrate may be 
un-doped silicon or some other material. The bottom of each 
pad is in contact With a via, forming electrical continuity 
With the chip circuitry. 

[0005] A major application of C4 is in joining semicon 
ductor integrated circuit chips to chip packages. Integrated 
circuits are fabricated from semiconductor Wafers in an 
array of repeat patterns, then diced into individual chips in 
order to minimiZe the processing cost per chip. Once sepa 
rated into individual units, the chips are then assembled into 
packages large enough to handle. C4 bumps are placed on 
the chips prior to dicing, incorporating the bene?ts of Wafer 
scale processing. 

[0006] Chip siZes are continually shrinking, While circuit 
densities and I/O counts continue to increase, in order to 
enhance performance and reduce costs. These trends place 
higher demands on interconnects, making traditional bond 
ing methods such as Wire bonding and tape automated 
bonding (TAB) very dif?cult. C4 alloWs for very high 
density I/O With area array distribution as compared to 
peripheral contacts in TAB and Wire bonding. 

[0007] C4 solder bumps serve tWo functions; ?rst, they act 
as electrical interconnects and second, they act to form a 
physical bond betWeen the semiconductor chip and package. 
This demands a very precise placement of each C4 as Well 
as uniform control of solder volumes. 

[0008] One method of forming solder bumps is by vacuum 
deposition. A specially made mask With high precision vias 
is placed over the Wafer for locating the solder bumps. The 
entire assembly is then placed into a vacuum chamber Where 
solder is evaporated through the mask to form solder bumps 
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on the Wafer. This deposition process is non-selective, 
thereby solder deposits throughout the chamber as Well as on 
the mask. During deposition, the Wafer and mask are heated, 
therefore careful selection of mask material to match the 
coef?cient of thermal (CTE) expansion of the Wafer is 
needed. HoWever, for this reason, the evaporation technique 
has limited eXtendibility to larger Wafers. 

[0009] An alternative technique for making solder bumps 
is electrodeposition, also called electrochemical plating or 
electroplating. This method also uses a mask to form solder 
bumps only at selected sites, but is vastly different than the 
evaporation technique. 
[0010] Electrodeposition of solder bumps requires a con 
tinuous electrically conductive “seed layer”14 adhered to the 
insulating substrate. The seed layer 14 function is to carry 
current necessary for electroplating the solder. FIG. 1A, 
labeled “prior art,” shoWs a Wafer substrate 10 Whose 
surface is overlaid With a conductive layer 11 of either 
chromium (Cr) or a titanium tungsten alloy (Ti—W). Metal 
layer 11 Will function as part of the seed layer for electrode 
positing solder bumps. On top of layer 11 is deposited a thin 
“phased” layer 12 of 50% chromium and 50% copper 
(Cr—Cu). Finally, a third layer 13 of pure copper is depos 
ited over the entire Wafer surface. The Cr or Ti—W, Cr—Cu 
and Cu layers are of comparable thickness. Once seed layer 
14 is deposited, the Wafer is coated With photoresist, pat 
terned and then eXposed. The uneXposed regions can then be 
developed or dissolved aWay to leave behind the cured 
photoresist as a mask 16 shoWn in FIG. 1A. Photoresist 
mask 16 forms the desired pattern of holes or vias across the 
Wafer. 

[0011] The neXt step is the electrodeposition of solder into 
the vias of the mask 16. All vias are ?lled simultaneously 
With the desired volume of solder during the deposition 
process. An electroplated solder bump 18 is shoWn in FIG. 
1A. Once the solder bumps 18 are formed, photoresist mask 
16 is removed leaving behind the solder bumps 18 and the 
continuous seed layer 14. 

[0012] In order to electrically isolate solder bumps 18, it 
is necessary to remove the seed layer 14 betWeen solder 
bumps 18. This is accomplished by etching aWay layers 
11-13 With chemical or electrolytic action, in either case the 
solder bump 18 protects the layers 11-13 under it. FIG. 1B 
shoWs the seed layers 11-13 removed to leave the solder 
bumps electrically isolated but mechanically ?Xed to sub 
strate 10. US. Pat. No. 5,486,282 (Which is incorporated 
herein by reference) discloses an invention related to the 
selective removal of Cu and phased Cr—Cu by electroetch 
ing. U.S. Pat. Nos. 5,462,638 and 5,800,726 (Which are 
incorporated herein by reference) disclose inventions related 
to the removal of a Ti—W alloy layer by chemical etching. 
FIG. 1C shoWs solder ball 18‘, formed by melting or 
re?oWing the solder bump 18 of FIGS. 1A-1B. At this stage 
the solder ball is ready for joining. 

[0013] Solder alloys used in C4 interconnects generally 
consist of lead (Pb) and tin (Sn). One characteristic used to 
select the solder alloy is the melting temperature. Conven 
tionally chips Were joined to multi-layer ceramic (MLC) 
substrates Which could Withstand temperatures greater than 
350° C. HoWever, there is a groWing need to attach chips to 
organic packages, as Well as direct chip attach (DCA) to 
organic boards such as FR4 boards, Which can generally 
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only Withstand temperatures less than 300° C. A Pb—Sn 
alloy used for the high temperature application may contain 
97% Pb and 3% Sn by Weight Which melts at 353° C., and 
for the loW temperature application may contain 37% Pb and 
63% Sn by Weight (eutectic PbSn) Which melts at 183° C. 

[0014] During the re?oW of solder bump 18 to form solder 
ball 18‘, Sn present in the solder reacts With the upper most 
Cu region of the third layer 13 of Cu, to form an interme 
tallic (CuX Sny) Where X is 6 and y is 5 or Where X is 3 and 
y is 1. This intermetallic layer forms a strong bond betWeen 
the solder ball 18‘ and the third layer 13 of Cu. In the high 
temperature application, With minimal Sn present (3 Wt. %), 
the degree of intermetallic formation is self limiting. HoW 
ever, in the loW temperature application, With eutectic PbSn 
solder (63 Wt. % Sn), the excessive amount of Sn can react 
With and consume the underlying third layer 13 of Cu, 
degrading the solder-seed layer interface. 

[0015] One method of forming a loW temperature C4 
structure is by capping a high temperature C4 bump With 
loW temperature eutectic Pb—Sn solder, such as described 
in US. Ser. No. 08/710,992 ?led Sep. 25, 1996 by Berger et 
al. entitled “Method for Making Interconnect for LoW Tem 
perature Chip Attachment” (IBM Docket YO996073) and 
assigned to assignee herein Which is incorporated herein by 
reference. HoWever, this method does not address the issue 
of loW temperature solder Wicking doWn around the high 
temperature C4 structure and attacking seed layer 14 from 
the side or exposed edge. 

SUMMARY OF THE INVENTION 

[0016] Accordingly, the present invention relates to a 
process of forming a loW temperature tip C4 ball With 
minimal attack on the edges of the underlying seed layer by 
reaction With Sn from the loW melting solder tip. In par 
ticular, the invention provides a method of re?oWing a loW 
temperature eutectic tip C4 structure With minimal Wicking 
of the molten loW melt solder doWn the side Wall of the high 
melt solder of the C4 during intermediate re?oW prior to 
assembly. A loW melting solder tip C4 bump, re?oWed With 
the molten tip facing doWn in the direction of the earth’s 
gravitational ?eld or force, has been shoWn to have signi? 
cantly less Wicking of the molten solder up the side Wall of 
the high melt C4 structure. The reduced Wicking prevents 
the attack on the edges of the underlying seed layers by 
inhibiting the interaction of Sn along the side of the C4 
structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIGS. 1A-1C are enlarged, cross-sectional vieWs 
of C4 solder ball formation by electroplating in accordance 
With the prior art. 

[0018] FIG. 2A is an enlarged, cross-sectional vieW of an 
electrochemically fabricated C4 bump made up of about half 
high melt and half loW melt solder. 

[0019] FIG. 2B is a Scanning Electron Microscope (SEM) 
micro graph of an electrochemically fabricated C4 bump 
made up of about half high melt and half loW melt solder. 

[0020] FIG. 3A is an enlarged, cross-section vieW of an 
electrochemically fabricated C4 ball, re?oWed With molten 
tip facing up With respect to earth during re?oW. 
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[0021] 
3A. 

[0022] FIG. 3C is an SEM micro graph of electrochemi 
cally fabricated C4 ball, re?oWed With loW melt solder tip 
facing up With respect to earth during re?oW. 

[0023] FIG. 4A is an enlarged, cross-section vieW of an 
electrochemically fabricated C4 ball, ref loWed With the loW 
melt solder tip facing doWn With respect to earth during 
re?oW. 

[0024] FIG. 4B is an enlarged vieW of a portion of FIG. 
4A shoWing the forces on molten solder of a solder bump. 

[0025] FIG. 4C is an SEM micro graph of an electro 
chemically fabricated C4 ball, re?oWed With molten tip 
facing doWn With respect to earth during re?oW. 

FIG. 3B is an enlarged vieW of a portion of FIG. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0026] The present invention relates to a method of form 
ing a loW temperature tip C4 ball, With minimal degradation 
of the solder-seed layer interface during the preliminary 
re?oW. More speci?cally, the method Was developed to 
re?oW a dual solder alloy C4 bump 24 shoWn in FIGS. 
2A-2B, Where the loWer portion 26 of solder bump 24 is 
made of a high melt solder for example 97% Pb and 3% Sn 
by Wt., and the upper portion 28 is made of a loW melt solder 
for example eutectic Pb—Sn, 37% Pb and 63% Sn by Wt. 
This dual alloy C4 bump 24 may be electrochemically 
fabricated by the process described in the related art, With 
the modi?cation of plating a dual layer solder structure as 
opposed to a single alloy structure. 

[0027] In order to form a uniform array of C4 solder balls, 
solder bumps 24 are re?oWed. In the re?oW of a dual solder, 
loW melt tip C4 bump 24, the temperature is raised above the 
melting temperature of the loW melt solder (>183° C. for 
eutectic Pb—Sn). The high melt solder base 26 remains 
intact While the loW melt tip 18‘ transforms to the liquid 
state. 

[0028] For a liquid such as molten solder in contact With 
a solid, the equilibrium shape of the liquid is de?ned by the 
minimal total interfacial energy for all phase boundaries 
present. In the case of molten loW melt PbSn solder 18‘ in 
contact With solid high melt PbSn solder 26, the stable 
con?guration or loWest energy state results in the spreading 
of the liquid solder 18‘ over the surface of the solid (also 
knoWn as Wetting). The combination of the forces due to 
Wetting on liquid solder 18‘ on sideWall 31 is shoWn by 
arroW 36 in FIG. 3B and the force due to gravity or 
acceleration, linear or centrifugal on liquid solder 18‘ at 
sideWall 31 is shoWn by arroW 38 in FIG. 3B. The forces on 
liquid solder 18‘ shoWn by arroWs 36 and 38 results in the 
encapsulation of the high melt standoff structure 26 by the 
molten loW melt solder 18‘, as shoWn in FIGS. 3A-3C. As 
the loW melt solder 18‘ Wets sideWall 31 of high melt base 
26, it Wicks doWn the sideWall 31 and comes into contact 
With the edges of underlying seed layers 11-13. In the case 
of eutectic Pb—Sn tip C4s, the Sn present reacts With the 
underlying Cu, to form excessive CuXSny intermetallics 
Where x is equal to 6 and y is equal to 5 and degrades the 
edge of solder-seed layers 11-13 of interface 14. 

[0029] The present invention addresses the issue of the 
molten solder Wicking in a dual alloy C4 bump during 
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preliminary re?oW. By re?oWing the dual layer C4 structure 
40 With the loW melt solder tip 42 facing doWn With respect 
to earth as shoWn in FIG. 4A, the Wetting forces shoWn by 
arroW 36‘ in FIG. 4B act to cause the molten solder 42‘ to 
Wet and Wick along the sideWall 31 of C4 structure 40. The 
Wetting forces shoWn by arroW 36‘ are offset by the force of 
gravity or by acceleration as shoWn by arroW 38‘ in FIG. 4B. 
By controlling the volume of the molten solder 42‘, the 
Weight of the molten droplet can be used to prevent the 
Wicking along the sideWall 31 of high melt solder base 26 of 
C4 structure 40. This method of re?oWing a dual alloy C4 
solder bump, With the loW melt tip facing doWn With respect 
to earth in the direction of the gravitational force, prevents 
the contact of the high Sn containing molten solder 42‘ With 
the seed layers 11-13, as shoWn in FIGS. 4A-4C. The 
combination of gravity in one direction and the Wetting force 
or surface tension in the opposite direction prevent the 
molten loW melt solder 42‘ from ?oWing doWn the high melt 
solder standoff 26 and sideWall 31. 

[0030] In FIGS. 1A through 4C of the draWing, like 
references are used for elements or components correspond 
ing to elements or components of an earlier ?gure. 

[0031] The re?oW method of this invention is also appli 
cable to structures other than dual alloy C4 solder structures 
40, for instance, stud or column solder structures. 

[0032] While there has been described and illustrated a 
method for re?oW of loW temperature solder tip C4’s having 
a high melt solder standoff or base, it Will be apparent to 
those skilled in the art that modi?cations and variations are 
possible Without deviating from the broad scope of the 
invention Which shall be limited solely by the scope of the 
claims appended hereto. 

Having thus described our invention, What We claim as neW 
and desire to secure as Letters Patent is: 
1. A method for forming an array of C4 bumps on a ?rst 

substrate of an electrical device comprising the steps of: 

forming an array of conductive areas on said ?rst sub 
strate, each conductive area including a ball limited 
metalurgy to provide adhesion to said ?rst substrate and 
a diffusion barrier, 

forming a ?rst layer of solder having a ?rst melting 
temperature on said conductive areas, forming a second 
layer of solder having a second melting temperature 
loWer than said ?rst melting temperature on said ?rst 
layer of solder, 

applying a ?rst force on said ?rst and second layer of 
solder aWay from said ball limited metalurgy, and 

heating said second layer of solder above said second 
melting temperature to cause said molten second layer 
to How into a shape determined by said ?rst force and 
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a second force generated by said molten second layer of 
solder to Wick to the edges of said ?rst layer of solder, 

said ?rst force adjusted to prevent said melted second 
layer from Wicking over eXposed sideWall surfaces of 
said ball limited metalurgy. 

2. An array of C4 solder balls on a substrate of an 
electrical device comprising: 

an array of conductive areas on said ?rst substrate, 

a ?rst layer of solder having a ?rst melting temperature on 
said respective conductive areas, 

a second layer of solder having a second melting tem 
perature loWer than said ?rst melting temperature on 
said ?rst layer of solder on said respective conductive 
areas. 

3. The array of C4 solder balls according to claim 2 
Wherein said ?rst solder alloy is selected from the group 
consisting of 63% tin 37% lead, 60% indium 40% lead, 63% 
tin 36% lead 1% silver, 70% indium 30% lead, 43% lead 
43% tin 14% bismuth 80% indium 15% lead 5% silver, 51% 
tin 31% lead 18% cadmium, 97% indium 3% silver, 58% 
bismuth 42% tin, 52% indium 48% tin, 46% bismuth 34% 
tin 20% lead and 44% indium 42% tin 14% cadmium (by 
Weight). 

4. The array of C4 solder balls according to claim 2 
Wherein said second solder alloy is selected from the group 
consisting of 97% lead 3% tin, 95% lead 5% tin, 92% lead 
5% indium 3% silver and 92% lead 5% tin 3% silver (by 
Weight). 

5. A re?oW method for an array of C4 bumps on a ?rst 
substrate Wherein said C4 bumps includes a ?rst layer of 
solder having a ?rst melting temperature on a second layer 
of solder having a second melting temperature greater than 
said ?rst melting temperature on said ?rst substrate com 
prising the steps of: 

positioning said array of C4 bumps Wherein said ?rst 
layer of solder is facing doWn With respect to said 
second layer of solder, and 

re?oWing said ?rst layer of solder. 
6. The re?oW method according to claim 5, further 

including the step of heating said C4 bumps to a temperature 
20-40 degrees C higher than said ?rst melting temperature 
but beloW said second melting temperature of said second 
solder. 

7. The re?oW method according to claim 5, Wherein upon 
the completion said step of re?oWing, loWering the tempera 
ture of said C4 back to beloW melting temperature While 
maintaining the orientation of said ?rst solder layer facing 
doWn. 


