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(57) ABSTRACT 

A chip Scale package implements Solder bars to form a 
connection between a chip and a trace, formed in a Substrate, 
such as another chip or PCB. Solder bars are formed by 
depositing one or more Solder layers into the Socket, or 
optionally, depositing a base metal layer into the Socket and 
applying the Solder layer to the base metal layer. The 
geometry of a Solder bars may be rectangular, Square, or 
other regular or irregular geometry. Solder bars provide a 
greater utilization of the connectivity footprint and increase 
the electrical and thermal flow capacity. Solder bars also 
provide a robust connection. 
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WAFER-LEVEL CHIPSCALE PACKAGE 

BACKGROUND 

0001) 1. Field of the Invention 
0002 The disclosure herein pertains to materials and 
methods for Soldering one electrical component to another, 
for example, in the use of Specially prepared Solder films to 
connect chips and other circuit components to printed circuit 
boards (PCBs) or other substrates. 
0003 2. Description of the Related Art 
0004. A wafer-level chip Scale package (package) is an 
integrated circuit assembled at the wafer level. The package 
provides a physical interface between each pad of a chip and 
a corresponding circuit connection, e.g., a PCB, interposer, 
or another chip in a chip-on-chip installation. Intra-package 
connections may extend Straight and vertically through the 
package from the chip to the PCB So that the package has the 
Same width and depth as the chip, thereby reducing or 
eliminating wasted Space. Utilizing a package Saves Space 
and weight when compared to face-up chip placement 
utilizing wire connections between a chip and PCB. 
0005 Solder balls may be used to connect the chip to the 
PCB, for example, using automated flip-chip processing 
equipment as shown in U.S. Pat. No. 5,918,792 issued to 
Stumpe et al. Generally, each Solder ball connects a chip to 
conductive traces on the PCB. The chip contains a socket 
that is made of adhesive and conductive materials bonded to 
the wafer in an area of the chip often referred to as the pad. 
Each Socket retains a Selectively placed preformed Solder 
ball as an aid to Solder-coupling the chip with the Substrate. 
The pad is a conductive area on the wafer where either 
conductive material is applied to the chip or ion implantation 
renders the wafer conductive. Although Silicon wafers are 
most commonly used, other materials. Such as gallium arS 
enide are also utilized. 

0006 With preformed solder balls positioned on the 
socket and the chip positioned on the PCB or other circuit 
connection, the preformed Solder balls are heated to at least 
their melting point. Adhesion forces pull the molten Solder 
over the Socket and circuit connection to establish an elec 
trical contact between the chip and the circuit connection. 
The process of melting the preformed solder ball to form an 
installed Solder ball that couples the Socket and the circuit 
connection is known as “reflow.” The Socket resides in 
electrical contact with conductive traces on the PCB, and 
these traces operably connect the chip to other PCB com 
ponents. 

0007 Pads include a socket area that may contain a 
Solder receptacle and contact materials. Other portions of the 
pad may be protected by passivation and polymer layers. AS 
there is difficulty in directly bonding solder to silicon or 
other wafer materials, the contact materials on the Socket are 
often formed by an under-bump metallization (UBM) layer 
and an adhesion layer. The adhesion layer, e.g., aluminum, 
aluminum-copper, connects the pad to the UBM, which is 
capable of bonding with Solder. The Solder receptacle may 
be coextensive with the Surface of the UBM, Such that the 
socket boundaries are defined by the surface of the UBM 
where the perimeter of the Socket is formed by voids in 
passivation and polymer layers. The passivation layer is a 
dielectric and may protect embedded circuits from contami 
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nation or physical damage. The passivation layer may, for 
example, be formed of polysilicon or OXinitride. The poly 
mer layer provides additional dielectric properties and 
masks the package for etching, which exposes the UBM and 
forms the Sockets. In Some applications, the UBM is applied 
to the entire Void formed in the passivation and polymer 
layerS as a lining in the etched Void. In Such an application, 
the socket is defined by the exposed surface of the UBM. 
0008 After application of the UBM, the passivation layer 
may be applied to the pad and etched to form a plurality of 
openings exposing the UBM layer. A polymer layer, for 
example a benzocyclobutane (BCB) layer, is next applied to 
the passivation layer. The BCB layer is also etched to form 
a plurality of openings, each corresponding to, and aligning 
with, an opening in the passivation layer. Together, the 
adhesion layer, UBM layer, and openings in the passivation 
and BCB layers form a cavity or socket that may be used to 
contact an installed Solder ball. 

0009 Prior art packages are typically assembled by plac 
ing preformed Solder balls at Selected Socket locations on the 
chip. The chip is then placed in a predetermined positional 
alignment Such that each preformed Solder ball contacts the 
Socket where it resides and conductive traces on the PCB or 
other circuit connection. The preformed Solder balls are 
reflown to complete the connection between the trace and 
the UBM layer. Optionally, an underfill resin is applied to 
the space between solder balls. The resin provides shock 
load tolerance beyond the limits of the solder balls alone. 
The chip may be reinforced by attaching the solder balls to 
a ceramic carrier, Such as an interposer with conductive Vias, 
for example, to enhance rigidity when the PCB is too 
flexible or as a manufacturing aid to increase Solder ball 
installation alignment tolerances. The interposer is then 
attached to the PCB. 

0010 Packages often have different sockets that connect, 
for example, with low-current, data (I/O) circuits and high 
current, power circuits. Both I/O and power circuits utilize 
Solder ball connections. A Single Solder ball is often inad 
equate to carry the load of power circuits. Therefore, the 
load of a power circuit may be shared acroSS a plurality of 
electrically parallel Solder ball connections. Some installa 
tions may require additional Solder ball connections to 
provide adequate heat dissipation from the chip. 
0011 Although the prior art solder-ball package provides 
many benefits, problems remain. Power connections require 
a greater current capacity compared to I/O connections. AS 
a result, these high-current connections may require multiple 
solder balls to handle the required current flow. The use of 
multiple Solder balls imposes additional design constraints. 
For example, the footprint of multiple solder balls must 
accommodate the plurality of Solder balls and the unused 
Space between each Solder ball, e.g., the Space between each 
Socket. The resulting package is overly large, and the 
connection footprint contains wasted Space. Additionally, 
the relatively Small cross-sectional area of Solder balls limits 
the chip's ability to transfer heat. Heat may accumulate 
within a chip and degrade performance. Safe operating 
temperatures are more easily exceeded, and this circum 
stance may impose associated operational constraints affect 
ing frequency, current, or Voltage. If thermal effects are 
unmitigated, damage to the chip may occur. 
0012 Incomplete reflow and stress cracking exacerbate 
the problems associated with the limited croSS-Sectional area 
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of Solder balls. AS chip processing activity fluctuates, asso 
ciated variable power draw and near-constant electrical 
resistance produce a corresponding fluctuation in heat, 
resulting in thermal expansion and contraction of the pack 
age and components therein. These fluctuations, known as 
thermal cycling, create Stresses on the connections, for 
example, because materials of the package do not have the 
Same coefficients of thermal expansion. Thermal StreSS may 
lead to fatigue cracks or to complete breakage of contact 
with a solder ball. Additionally, incomplete reflow further 
compounds the StreSS. Incomplete reflow occurs when a 
preformed solder ball melts to form a solder ball but does not 
achieve complete coverage of the UBM layer or other 
connection area. The resulting incomplete connection has a 
diminished cross-sectional area, which provides a further 
diminution of performance and an increased probability of 
cracking and breakage. 

SUMMARY 

0013 Certain features in the present disclosure may 
overcome certain problems outlined above by providing, for 
example, Systems and methods of chip-to-Socket connec 
tion. Preformed thick-film solder bars may have increased 
thermal and electrical connectivity, increased tolerance to 
StreSS, and a decreased package footprint. These packages 
may achieve greater performance, reliability, and efficiency. 
0.014. In one embodiment, a solder bar is provided. The 
Solder bar connects at least one Socket with a conductive 
trace, for example on a PCB or other circuit connection. The 
Socket is defined on a chip and provides a contact Surface to 
at least one of the chip's circuit conduits. The Socket 
geometry accommodates the geometry of the installed Solder 
bar. Optionally, the Solder bar may form various geometries 
providing the desired connection area and footprint. For 
example, if a chip and/or Substrate design provides for an 
"L'shaped power connection, the Socket and Solder bar may 
have a complementary "L' shape. 
0.015 Solder bars offer a greater contact surface area over 
the same connectivity footprint, as compared to an equiva 
lent footprint of prior art Solder balls. Chip performance may 
be increased by exploiting additional current and heat flow 
capacities over this Surface area, as compared to prior Solder 
ball connections. Furthermore, the Solder bars may provide 
Stronger connections having greater tolerance to StreSS, Such 
as thermal cycling Stresses. Accordingly the package of the 
present disclosure may have improved durability, reliability, 
and/or operational parameters. 
0016. In another embodiment, solder bars form geom 
etries other than a linear bar-shape, Such as rectangle or “I’ 
geometries. The Solder bar may form any contiguous geom 
etry providing a Single electrical potential. Solder bar geom 
etry may be, for example, "I,"E,"U,” ring, and/or Square, 
or any other regular or irregular geometry that is comple 
mentary to a chip pad design. The ability to pre-form Solder 
Simplifies the task of implanting Solder bars for chip 
bonding processes. 

0.017. In one embodiment, the solder bar has a base metal 
layer coated with a Solder layer. The base metal may be an 
alloy, layered, and/or doped composition of, for example, 
copper, gold, platinum, palladium, Silver, aluminum, tin, 
bismuth, Vanadium, tungsten, titanium, or lead. AS an 
option, the base metal layer may be omitted increasing 
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resistance and may prevent the Solder from forming into 
clumps, by action of adhesion forces during reflow. The 
footprint geometry of the Solder bar is defined by a Socket, 
having dimensions complementary to one bump, for retain 
ing Solder during reflow. 
0018. The height of the solder bar is determined by the 
combined height of the base metal layer, if used, and the 
Solder layer. The base metal layer may be comprised of Zero 
or more layerS and the Solder layer may be one or more 
layers. By way of example, solder bars may be formed of 
different thick film layers, each layer having a different 
melting temperatures. Forming the Solder layerS and base 
metal layerS may be accomplished, for example, by electro 
plating the Socket. Other methods may be employed to form 
the base metal layer and/or Solder layer, Such as liquid 
chemical deposition, chemical-vapor deposition, Sputtering, 
or Screen printing. The thickness of each of the base metal 
layer or Solder layer, as well as the composition thereof, is 
a matter of design where the thicknesses are adjusted to meet 
connection and processing requirements. Some of the deter 
minate factors for the Solder bar height and materials include 
providing Sufficient Solder Volume to facilitate complete 
wetting of the connection Surfaces during reflow, providing 
Sufficient Solder Volume to bridge the gap between connec 
tion Surfaces without inducing unwanted resistance, mitiga 
tion of parasitic capacitance when using heterologous con 
ductors, and limiting the Solder Volume to avoid overflow 
and/or inadvertent contact with another circuit. 

0019 Solder materials and techniques for their deposi 
tion are known, for example, as shown in U.S. Pat. No. 
5,326,453 issued to Endicott et al. Solder characteristics 
may be adjusted by forming alloys of various materials, Such 
as tin, Silver, gold, manganese, copper, lead, and bismuth, to 
provide the desired characteristics of the connection. 
Examples of Solder design factors include melting point, 
resistance, thermal conductivity, flux requirements, and flow 
rate. The melting point for the Solder layer is generally 
greater than that of the melting point for the base metal layer. 
0020. In one embodiment, a method is provided for 
constructing a Solder bar. First, a pad is formed with a Socket 
to accept the Solder bar. The Socket geometry is in essence 
a planar face on the pad onto which has been deposited an 
adhesion layer and an UBM layer, or another Such layer as 
may be desirable to facilitate Solder bonding and electrical 
contact with the pad. The Socket may be formed on a region 
of the pad where, for example, passivation and BCB mate 
rials have been removed or where Such materials have not 
been deposited. The Socket differs in geometry from Sockets 
designed to accept Solder balls because no dimple or receSS 
for retaining the solder ball is required. With the Socket 
formed to an appropriate geometry for accommodating a 
Solder bar of the type described above, a base metal, Such as 
copper, is optionally but preferably deposited directly onto 
the UBM layer. Deposition is preferably made by electro 
plating, but may be augmented or implanted by Screen 
printing or other deposition processes. The thickness of the 
base metal is a matter of connection design requirements, 
and the base metal may Sometimes be omitted, but the 
thickness is generally that of a thick film. A thickneSS in the 
range from 13,000 to 17,000 A is suitable for many design 
requirements. Next, a Solder layer is electroplated onto the 
base metal, or directly to the UBM if the base metal is 
omitted. Sputtering, liquid chemical deposition, chemical 
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Vapor deposition, or Screen printing may be used as alter 
natives to electroplating the Solder. The application of Solder 
and/or a base metal layer may include an overage and a 
Subsequent removal of the overage by grinding, Shaving, 
etching, or other removal processes. AS an option, the Solder 
layer is placed in contact with a trace and reflowed to 
complete the connection between a pad and trace. 
0021 Problems associated with prior art preformed sol 
der ball placement and reflow may be reduced or eliminated. 
For example, adhesion forces of molten Solder may be 
increased by the presence of a base metal layer, e.g., by 
capillary action, whereas in Solder ball placement Such 
forces may be insufficient to completely wet large or non 
circular connection Surfaces. By implementing the Solder 
bar construction methods, disclosed herein, the base metal 
layer and/or Solder layer may be uniformly applied to 
essentially any Socket geometry. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 shows a PCB mounted prior art chip scale 
package; 

0023 FIG. 2 shows a side view block diagram of a prior 
art chip Scale package; 
0024 FIG. 3 shows a block diagram of one electrical 
circuit through a package; 
0.025 FIG. 4 shows a side view block diagram of an 
exemplary wafer package with Solder bars; 
0.026 FIG. 5 shows a top view block diagram of an 
exemplary wafer package with Solder bars, 
0027 FIG. 6 shows an exemplary PCB for use with a 
combination of Solder balls and Solder bars; 
0028 FIG. 7A and FIG. 7B show an exemplary solder 
bar; 
0029 FIG. 8 shows a cross-section of an exemplary 
Solder bar; 
0030 FIG. 9 shows an exemplary process for manufac 
ture of Solder bars; 
0031 FIG. 10A-E show one formation of an exemplary 
Solder bar in a Socket; 
0.032 FIG. 11 shows the layout of two packages for 
benchmarking and comparison of the performance of Similar 
packages, one utilizing Solder bars and another utilizing only 
Solder balls; 
0.033 FIG. 12 shows a chart depicting the results of a 
Simulated NFET Rdson benchmark; 
0034 FIG. 13 shows a chart depicting the results of a 
load efficiency benchmark, and 
0.035 FIG. 14 shows a chart depicting the results of a 
power dissipation benchmark. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0036 FIG. 1 shows PCB 1 with a prior art chip scale 
package 2 mounted thereon. Package 2 is a “Standard CSP” 
which is shown in midsectional top view to reveal a plurality 
of solder ball connections 3. Solder ball connections 3 attach 
chip 4 to power plane 5 and ground plane 6, contained on 
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PCB 1. Current flows through power plane 5, a subset of 
solder ball connections 3 to chip 4, Switches within chip 4, 
another Subset of Solder ball connections 3, optionally 
through other circuitry (not shown), and ground plane 6. 
0037 FIG.2 shows a side view, of the prior art chip scale 
package 2. Chip 4 has connection pads 20A-20C. Solder 
balls 3A-3C are interposed between sockets 21A-21C and 
conductive PCB contacts 22A-22C to form respective cur 
rent pathways between PCB 1 and chip 4. The conductive 
PCB contacts 22A-22C are in electrical contact with PCB 
wiring traces 24A-24C connecting chip 4 with other com 
ponents (not shown) of PCB 1. The sockets 21A-21C are 
each formed to include, for example, a conductive pathway 
formed by an adhesion layer 25 bonded to wafer 26 and 
UBM 27. BCB layer 28 and passivation layer 29 define 
sockets 20A-C in areas apart from UBM 27. 
0038 FIG. 3 shows a block diagram of electrical circuit 
30 which may for example be used in package 2 as shown 
in FIG. 2. Circuit 30 may be one of many such circuits 
connected to chip 4. Resistance is encountered as current 
flows through first circuitry 31 on PCB 1, a first terminal 32 
(e.g., conductive PCB contact 22A, solder ball 3A, and 
socket 20A), switching element(s) 33 on chip 4, second 
terminal 34 (e.g. conductive PCB contact 22B, solder ball 
3B, and socket 20B), and second circuitry 35 on PCB 1. 
Large currents, which for example are common with power 
circuits, generate a large amount of heat when flowing 
through first and second terminals 31, 35. Heat generated in 
Switching element 33, and elsewhere in the chip 4, must be 
dissipated as flux N. Heat dissipation is significantly depen 
dent on the chip's mechanical connection to first and Second 
terminals 31, 35. 
0039. According to the instrumentalities described 
herein, improved electrical conductivity is provided to cir 
cuit 30 and improved thermal conductivity is provided to the 
chip containing Switching element 31 by implementing 
Solder bars to establish first and second terminals 31, 35. 
Advantages in current or power throughput are obtained and 
dissipation of heat and flux N is improved by providing first 
and Second terminals 31, 35 with larger contact Surface area, 
whereas the footprint of chip 4 over area 36 may also be 
advantageously decreased. 

0040 FIG. 4 shows a schematic midsectional elevation 
View of a wafer package 40 incorporating Solder bars 41, 42. 
FIG. 4 is taken across line A-A of FIG. 5. Solder bars 41, 
42 form respective power circuit connections. Solder ball 43 
provides data Signal or I/O circuit contact and may option 
ally be used in combination with solder bars 41, 42 or 
replaced by an additional solder bar. Passivation layer 44 
and BCB layer 45 provide a non-conductive base for each of 
Sockets 37A, 37B, 37C. Sockets 37A and 37B have dimen 
sions complementary to solder bars 41, 42 for retention of 
solder bars 41, 42 therein. PCB48 may contain traces 46A-B 
and vias 47A-B to electrically connected additional circuitry 
(not shown) on PCB 48. Optionally, PCB 48 may be another 
chip, Such as a chip-on-chip configuration, or ceramic inter 
pOSer. 

0041) Sockets 37A, 37B may be formed by multiple 
processes; for example by Screen printing the adhesion 
layers 49A, 49B, onto wafer 50, followed by liquid or vapor 
deposition of passivation layer 44 to a uniform thickness at 
interface 51. BCB layer 45 is applied through a mask to 
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passivation layer 44. The masked application of BCB layer 
45 leaves areas of passivation layer 44 exposed, including 
the areas of the passivation layer covering adhesion layers 
49A-C. Lithographic etching of passivation layer 44, where 
passivation layer 44 is unprotected by the masked applica 
tion of BCB layer 45, removes the exposed portions of 
passivation layer 44. As a result, adhesion layerS 49A-C are 
exposed and available to receive sputtered UBM layers 
52A-52C. A discrete and isolated electric pathway is formed, 
for example, between wafer 50, adhesion layer 49A, UBM 
layer 42A, solder bar 41, trace 46A, and via 47A. 
0.042 A data circuit 53 contacts to solder ball 43, which 
is optionally replaced by a Solder bar (not shown). 
0043 FIG. 5 is a top view of wafer package 40. Solder 
balls 43, 43A-E connect PCB 48 to data traces 54, 54A-E 
and sockets 55,55A-E on wafer 50. Power traces 46A, 46B, 
solder bars 41, 42 and sockets 47A, 47B form respective 
power circuits. One or more of the solder balls 43, 43A-E 
may optionally be replaced by Solder bars to accommodate 
greater current and/or heat flow, improve package reliability, 
or to Simplify the design and/or manufacture of wafer 
package 40. 
0044 FIG. 6 is a top view of PCB 60, which may be used 
with a combination of Solder balls and Solder bars. PCB 60 
contains a plurality of Semi-spherical Solder ball traces 61 
and rectangular solder bar traces 62A-D. Traces 62A-D may 
be formed by known processes, Such as Screen printing or 
Stenciling of gold, copper, aluminum, or other conductor 
materials onto PCB 60. Solder bar traces 62A-D and Solder 
ball traces 61 each present solder-bonding surfaces. It will 
be appreciated that the elements of PCB 60 may be arranged 
and deployed for use as PCB 60 shown in FIG. 5, or in any 
other manner that is effective to implement circuit require 
ments on PCB 60. 

004.5 FIG. 7A is a side view of solder bar 70, which is 
suitable for use with PCB 60 (FIG. 6), for example, for 
bonding with one of sockets 62A-62D. Chip 71 bonds with 
solder bar 70. Although solder bar 70 is generally shown as 
a rectilinear shape, it may have radius cornerS 73 resulting 
from electrodeposition processes. Solder bar 70 is also 
Substantially planar rectilinear in the Sense that the height 
dimension extends through a thick film that is Substantially 
planar when the height dimension is Several times less, e.g., 
4x, 8x, 12x, 16x, less than the width or depth dimension. 
Solder bar 70 may also be planar curvilinear. FIG. 7B is a 
bottom view of the Solder bar 70. Surface 74 forms a 
bonding Surface when installed, for example, to trace 62D 
(FIG. 6). Solder bar 70 is, for example, optionally used as 
solder bar 41 or 42 (FIG. 4). 
0.046 FIG. 8 is a midsectional view providing additional 
detail with respect to solder bar 70 (FIG. 7). Wafer 80 may 
be any type of Semiconducting wafer, Such as Silicon. In 
these contexts, wafer 80 may be an integrated circuit chip or 
any other Solid State electronic component involving the use 
of a wafer. Adhesion layer 81 is in contact with wafer 80, and 
is bonded to UBM material 82. UBM material 82 Substan 
tially defines the footprint of solder bar 70 on wafer 80. 
Passivation layer 83 and BCB layer 84 Substantially define 
the areal extent of solder bar 70 and may be deposits of 
certain processes, Such as Silicon dioxide crystal growth or 
polysilicon coating. Solder bar 70 may be entirely solder or 
optionally contain a base metal 85 as, for example, copper, 

Mar. 3, 2005 

gold, Silver, aluminum, lead, tin, or other metal. Copper is 
especially preferred. Solder 86 is in substantially continuous 
contact with base metal 85, or UBM layer 82 if base metal 
85 is omitted. The height 87 of solder bar 70 may be any 
height, where useful heights for most applications range 
from 50 um to 300 um, and are more typically between 100 
lum and 200 lum. The base metal 85 and solder 86 constitu 
ents of solder bar 70 may be deposited by electrodeposition 
processes, where heights of the respective layerS may be 
Supplemented by Screen printing or evaporative processes, 
as needed. 

0047 FIG. 9 shows exemplary process 90 for manufac 
ture of a solder bar, such as solder bar 70 (FIG. 7). A chip 
is prepared 91 for incorporation into a package having 
electrical contact pads operable to receive a conductive 
adhesion layer. An adhesion layer, e.g., aluminum, is applied 
92 to the pad of the chip. The adhesion layer application 92 
may entail Screen printing or other methods of application 
and may include the application of nickel, Vanadium, cop 
per, titanium, tungsten, or aluminum. A passivation layer, 
e.g., polyimide, Silicon nitride, Silicon oxide, polysilicon, or 
OXinitride, is applied 93, for example, by chemical vapor 
deposition and covers the chip and adhesion layers. A UBM 
layer, e.g., aluminum, nickel-Vanadium, copper, or titanium 
tungsten, is applied 94 Substantially to the adhesion layer. 
The UBM layer may be applied 94 by etching, photolithog 
raphy, Sputtering, or other method of application. A BCB 
layer is applied 95 through a mask, thus preventing appli 
cation to areas where the passiviation layer is to be removed, 
Such as areas covering the adhesion layers. Voids are created 
96 by exposing the chip to lithography which softens the 
areas of the passivation layer not protected by the BCB 
layer. The Softened passivation layer is washed away expos 
ing the adhesion layer. As a matter of design choice, a base 
metal, such as copper, is electroplated 97 onto the UBM 
layer. A solder layer is then electroplated 98 onto the base 
metal, if provided, or if the base metal is omitted, electro 
plated 98 directly to the UBM layer. It will be appreciated 
that one or more of the deposition Steps may be eliminated, 
for example, where passivation is not required or elimina 
tion of the UBM if the base metal or solder is capable of 
bonding directly to the adhesion layer. 
0048 Base metal application 97 or solder application 98 
may, for example, be accomplished by electroplating in an 
electrochemical reactor using Standard plating Solutions. 
After step 98, process 90 has assembled the solder bar. 
Installation of the Solder bar may place a trace of a Substrate 
in contact or in close proximity with the Solder bar and 
heated to reflow 99 the Solder bond with the trace and 
complete the connection. 
0049 FIGS. 10A-E illustrate stages of solder bar manu 
facture. Structure 110 is prepared by application of an 
adhesion layer 81, passivation layer 83, and UBM layer 82 
(FIG. 9, steps 92-94). These layers may be etched in a 
predetermined pattern. Next, structure 112 shows the addi 
tion of BCB 84 to complete the definition of socket 113 
(FIG. 9, step 95). Structure 114 shows deposition of base 
metal 85 applied to UBM layer 82 (FIG. 9, step 97). 
Structure 116 shows deposited solder 86 on base metal 85 
(FIG. 9, step 98). Optionally, a plurality of solder layers 
having different material properties may be deposited, e.g., 
as layers 117, 118 where layer 117 may have a lower melting 
point or different composition than does layer 118. For 
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example, layer 117 may have an alloy having different 
percentages of lead and Silver than does Solder layer 118. 
0050 Structure 120 shows solder 86 after melting during 
reflow (FIG. 9, step 99), where wafer 80 is positioned in 
place of wafer 50 and solder bar 70 stands in place of solder 
bar 41 in Socket 48A. 

0051 FIG. 11 depicts one layout 300 of package 301, 
which was used in benchmark performance comparison 
testing against the Standard ball-grid package 2 shown in 
FIG. 1. The two packages 2, 301 differed only in the 
implementation of plural solder bars 70 (FIG. 7) versus 
solid balls 3 (FIG. 1). Package 301 implements solder bars 
70 with a copper base metal layer applied to the Socket, as 
shown in FIG. 8. 

0.052 The objective of the comparison was to determine 
performance differences between a Standard chip Scale pack 
age having Solder ball connections 3 and package 301 
having plural solder bar 70 connections. Solder bar 70 
connections utilized a copper base metal layer with Solder 
applied to the copper (FIG. 8). The connectivity footprint of 
Solder ball connections 3 and Solder bar 70 connections are 
Substantially identical, however, comparative data shows 
that solder bars 70 provide improved utilization of the same 
footprint. 

0053 FIG. 12 shows chart 310 depicting the comparative 
simulated NFET Rdson (“n” Field Effect Transistors On 
Resistance) benchmarks from layouts 300 A and B (FIG. 
11). The simulated NFET Rdson benchmark results for 
solder ball package 2 are represented by “CSP” group 311 
and the results for Solder bar package 301 are represented 
“Bars' group 312. Solder bar package 301 produced a 
10-15% improvement in Rds over solder ball package 5. 
0054 FIG. 13 shows chart 320 depicting the comparative 
load efficiency benchmarks from layout 300 A and B (FIG. 
11). The load efficiency benchmark results for solder ball 
package 2 are represented by “CSP” line 322 and the results 
for solder bar package 301 are represented by “Bars' line 
321. Solder bar package 301 produced a 1.6% higher 
efficiency at 25 A and 3.5A more current at comparable 93% 
efficiencies in comparison to Solder ball package 2. 
0055 FIG. 14 shows chart 330 depicting comparative 
power dissipation benchmarks from layout 300 A and B 
(FIG. 11). The power dissipation benchmark results for 
solder ball package 2 are represented by “CSP” line 331 and 
the results for solder bar package 301 are represented “Bars” 
line 332. Solder bar package 301 produced a 550 mW 
Savings at 25 A and 2A more current at 2W dissipation over 
Solder ball package 2. 
0056 Although the foregoing discussion emphasizes the 
bonding of a chip Scale package to a PCB, it will be 
appreciated that the discussion also applies to bonding 
between other types of components. For example, a chip 
on-chip Structure may be created where two wafers are 
subjected to the process shown in FIG. 9, one chip through 
the entire process and the other through step 96. It is also 
possible to alter process 90 where the wafer is processed 
through step 96 and the steps 97,98 form the solder bar on 
the PCB. 

0057 Changes may be made in the above methods and 
Systems without departing from the Scope hereof. It should 
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thus be noted that the matter contained in the above descrip 
tion or shown in the accompanying drawings should be 
interpreted as illustrative and not in a limiting Sense. The 
following claims are intended to cover all generic and 
Specific features described herein, as well as all Statements 
of the Scope of the present method and System, which, as a 
matter of language, might be said to fall there between. 

What is claimed is: 
1. A method of constructing a preformed Solder bar 

made-ready for installing a microchip, comprising: 

forming a Socket on a first Surface of a microchip, Such 
that the Socket has predetermined physical dimensions 
complementary to those of a microchip connection pad 
footprint occupied by at least one contact pad area on 
the microchip, 

the Socket presenting a conductive base capable of bond 
ing to Solder; 

bonding Solder to the conductive base to place a Solder bar 
in the Socket and place the microchip in made-ready 
condition for installation. 

2. The method of claim 1, wherein the microchip contains 
a Silicon wafer and the Step of forming the Socket comprises 

depositing an adhesion layer onto the wafer, and 
depositing under-bump-metallization (UBM) material 

contacting the adhesion layer to complete formation of 
the conductive base. 

3. The method of claim 2, wherein the step of depositing 
the adhesion layer includes depositing a conductor Selected 
from the group consisting of aluminum, nickel-Vanadium, 
titanium, tungsten and copper. 

4. The method of claim 2, wherein the step of depositing 
the UMB material includes depositing a conductor Selected 
from at least one of titanium, tungsten, Vanadium, tin, 
copper, aluminum, gold, Silver, and lead. 

5. The method of claim 1, wherein the step of forming the 
Socket includes the predetermined dimensions Selected from 
the group consisting of rectangular, “E,”“L,” and “U” 
shapes. 

6. The method of claim 1, wherein the step of forming the 
Socket includes the physical dimensions Selected from the 
group consisting of ring, Square, and circular shapes. 

7. The method of claim 1, wherein the step of forming the 
Socket includes the physical dimensions being complimen 
tary to the Solder bar having a planar rectilinear configura 
tion. 

8. The method of claim 1, wherein the step of forming the 
Socket includes the physical dimensions being complimen 
tary to the Solder bar having a planar curvilinear configu 
ration. 

9. The method of claim 1, wherein the step of forming the 
Socket further comprising a step of forming a passivation 
layer on Substantially all of the first Surface, exclusive of an 
area where the Socket is located. 

10. The method of claim 9, wherein the step of forming 
the passivation layer includes the Steps of: 

applying one or more layers of passivation material to the 
entire first Surface, and 

removing Selected portions of the passivation material 
covering the area where the Socket is to be located. 



US 2005/0045697 A1 

11. The method of claim 10, wherein the step of applying 
one or more layers of passivation material includes applying 
at least one layer Selected from the group consisting of 
polysilicon, Silicon dioxide, and benzocyclobutane. 

12. The method of claim 1, further comprises depositing 
a non-Solder base metal in the Socket after the Step of 
forming the Socket and prior to the Step of bonding Solder, 
Such that the Solder bar contains the non-Solder base metal 
and the Solder in respective layers. 

13. The method of claim 12, wherein the step of depos 
iting the non-Solder base metal includes electroplating the 
non-Solder base metal. 

14. A method of claim 12, wherein the Step of depositing 
the non-Solder base metal includes Screen printing at least 
one base metal layer. 

15. The method of claim 14, wherein the step of depos 
iting the non-Solder base metal includes depositing the 
non-Solder base metal layer Selected from the group con 
Sisting of copper, gold, titanium, tungsten, and Vanadium. 

16. The method of claim 1, wherein the step of bonding 
Solder includes electroplating one or more Solder layers onto 
the conductive base. 

17. The method of claim 1, wherein the step of bonding 
Solder includes Screen printing one or more Solder layers 
onto the conductive base. 

18. A chip Scale package made-ready for installation of a 
microchip on a printed circuit board or chip-on-chip Stack, 
comprising: 

a microchip including a first Surface having a connection 
pad area; 

an adhesion layer contacting the connection pad; 
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an under bump metallization layer contacting the adhe 
Sion layer; 

at least one passivation layer delineating an opening to the 
under bump metallization layer to define a Socket; and 

a Solder bar in contact with the under bump metallization 
layer, the Solder bar having dimensions complementary 
to the Socket and a geometric configuration Selected 
from the group consisting of planar curvilinear and 
planar rectilinear configurations. 

19. The chip scale package of claim 18, wherein the solder 
bar includes a base metal layer in contact with the under 
bump metallization layer and the Solder layer. 

20. The chip Scale package of claim 18, wherein the 
geometric configuration includes a geometry Selected from 
the group consisting of rectangular, “E,”“L,” and “U” 
shapes. 

21. The chip Scale package of claim 18, wherein the 
geometric configuration includes a geometry Selected from 
the group consisting of ring, Square, and circular shapes. 

22. The chip Scale package of claim 18, wherein the Solder 
bar comprises a plurality of SublayerS having different 
characteristics. 

23. The chip Scale package of claim 18, wherein the Solder 
bar contains a base metal layer and a Solder layer 24. The 
chip Scale package of claim 23, wherein the base metal layer 
is Selected form the group consisting of copper, gold, Silver, 
lead, tin, titanium, tungsten, and Vanadium. 


