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(57) ABSTRACT 
An improved Land Grid Array interconnect structure is 
provided With the use of small metal bumps on the substrate 
electrical contact pad. The bumps interlock With segments of 
the fuZZ button connection and increase the physical contact 
surface area betWeen the contact pad and fuZZ button. The 
improved contact reduces displacement of electrical contact 
points due to thermo-mechanical stress and loWers the 
required actuation force during assembly. 
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MICRO-BUMPS TO ENHANCE LGA 
INTERCONNECTIONS 

BACKGROUND OF INVENTION 

[0001] The present invention is directed to electronic 
packaging, and more particularly, to Land Grid Array inter 
connections. 

[0002] The term Land Grid Array (LGA) refers to a design 
option used by device manufacturers to package their 
devices Without any terminations, such as solder balls, on 
the bottom of the chip carrier substrate. In order for LGA 
devices to electrically connect to a circuit board there is an 
intermediate device With contacts knoWn as “fuZZ buttons”. 
FuZZ buttons are commonly manufactured from a single 
strand of Wire and compressed into a cylindrical shaped 
bundle. The fuZZ buttons are inserted betWeen the contact 
pads on the bottom of the chip carrier substrate and their 
corresponding contact pads on the circuit board. When the 
chip carrier is forced against the circuit board, the fuZZ 
buttons compress betWeen the respective contact pads to 
form the electrical connection. 

[0003] Land grid array connections are typically used in 
high-end applications such as the substrate-to-board attach 
of high input-output (I/O) count packages. A high I/O count 
package Will contain chip carriers With many contact pads. 
As RF frequencies, current densities, and I/O counts 
increase, While chip carrier substrate siZe and pitch continue 
to decrease, LGA connections are becoming more com 
monly used across a broad range of applications. 

[0004] The fuZZ button contact is made by randomly 
Winding Wire, typically gold plated molybdenum or tung 
sten, into a cylindrical bundle or “button”. The fuZZ buttons 
are typically loaded into a custom molded insulator or 
interposer con?gured to the geometry and pitch of the 
desired application. In other Words, the fuZZ buttons Will 
coincide With the chip carrier and circuit board contact pads. 
In this Way the fuZZ buttons provide the electrical contact 
betWeen chip carrier and circuit board. This con?guration is 
commonly referred to as an “LGA socket”. 

[0005] TWo major dif?culties in manufacturing the current 
LGA modules are achieving the proper chip carrier substrate 
contact pad coplanarity (?atness) and controlling the varia 
tions With fuZZ button contact characteristics such as height 
and textures of Wire Webbing. These characteristics are 
essential to ensure that adequate electrical contacts are made 
and reliably maintained. The current LGA contact pad is 
basically ?at With no topography. The disadvantages of ?at 
contact pads are the requirement of an excellent chip carrier 
substrate coplanarity or ?atness Which results in production 
yield loss. 

[0006] Another problem With LGA modules is the require 
ment of a signi?cant external actuation force to achieve a 
good electrical contact betWeen chip carrier substrate con 
tact pads, fuZZ buttons and circuit board contact pads for the 
second level packaging. This high external actuation force 
may cause chip carrier substrate cracks and stress induced 
corrosion cracks. Another problem With LGA modules is the 
need for additional ?xtures to enhance the electrical contact 
and prevent the loss of alignment or “Walking” of the fuZZ 
buttons and interposer due to the lack of mechanical inter 
locking betWeen contact pads and fuZZ buttons. 
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[0007] The present invention is to use micro-bumps With 
controlled geometry, topography and distributions on the 
contact pad to resolve the above problems. The manufac 
turing process of producing the disclosed micro-bumps on 
the contact pads is also disclosed. More particularly, the 
present invention provides a controlled surface topography 
on Input-Output (I/O) metal pads on the Land Grid Array 
(LGA) of microelectronic packages. The result is to enhance 
the surface areas of contact betWeen the I/O pads in LGA 
substrates and the fuZZ buttons in the interposer. 

[0008] Thus, a purpose of the present invention is to build 
micro-bumps on substrate I/O contact pads to improve the 
physical LGA contact area. 

[0009] Another purpose of the present invention is to 
provide mechanical inter-locking betWeen the fuZZ-button 
and contact pad and thereby reduce the displacement of 
electrical contact points during thermal excursions. 

[0010] Another purpose of the present invention is to 
reduce the required actuation force. 

[0011] These and other purposes of the present invention 
Will become more apparent after referring to the folloWing 
description considered in conjunction With the accompany 
ing draWings. 

SUMMARY OF INVENTION 

[0012] The present invention provides an electrical con 
tact pad comprising a conductive contact pad, and at least 
one micro-bump on the contact pad. 

[0013] The present invention also provides a Land Grid 
Array (LGA) structure comprising a chip carrier, bottom 
surface contact pads on a bottom surface of the chip carrier, 
and micro-bumps on the bottom surface contact pads. The 
LGA structure may further comprise a circuit board having 
circuit board contact pads, and fuZZ buttons disposed 
betWeen and in contact With the chip carrier bottom surface 
contact pads and the circuit board contact pads. The LGA 
structure may further comprise an interposer holding the 
fuZZ buttons and con?gured to the geometry and pitch of the 
chip carrier bottom surface contact pads and the circuit 
board contact pads. 

[0014] The present invention also provides a method for 
creating micro-bumps on metal contact pads comprising the 
steps of providing a plurality of glass ceramic greensheets, 
stacking the plurality of glass ceramic greensheets, the stack 
of glass ceramic greensheets having a bottom surface glass 
ceramic greensheet layer containing bottom surface metal 
contact pads, providing an alumina contact sheet having 
through holes, the through holes con?gured to the location 
and pitch of the desired micro-bumps, placing the alumina 
contact sheet in contact With the bottom surface glass 
ceramic greensheet layer such that the through holes coin 
cide With the bottom surface metal contact pads, laminating 
the stack of glass ceramic greensheets and contact sheet to 
create a laminate and form micro-bumps on the bottom 
surface metal contact pads by extrusion of metal on the 
bottom surface metal contact pads into the through holes. 

[0015] The method may further comprise the steps of 
sintering the laminate to form a glass ceramic chip carrier, 
and removing the contact sheet from the ceramic chip carrier 
thereby exposing the micro-bumps on the bottom surface 
metal contact pads. 
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[0016] The present invention also provides a method for 
creating micro-bumps on metal contact pads comprising the 
steps of providing a plurality of alumina ceramic green 
sheets, stacking the plurality of alumina ceramic green 
sheets, the stack of alumina ceramic greensheets having a 
bottom surface alumina ceramic greensheet layer containing 
bottom surface metal contact pads, providing a metal plate 
having through holes, the through holes con?gured to the 
location and pitch of the desired micro-bumps, placing the 
metal plate in contact With the bottom surface alumina 
ceramic greensheet layer such that the through holes coin 
cide With the bottom surface metal contact pads, laminating 
the stack of alumina ceramic greensheets and metal plate to 
create a laminate and form micro-bumps on the bottom 
surface metal contact pads by extrusion of metal on the 
bottom surface metal contact pads into the through holes. 

[0017] The method may further comprise the steps of 
removing the metal plate from the alumina ceramic chip 
carrier thereby exposing the micro-bumps on the bottom 
surface metal contact pads and then sintering the laminate to 
form an alumina ceramic chip carrier. 

BRIEF DESCRIPTION OF DRAWINGS 

[0018] The features of the invention believed to be novel 
and the elements characteristic of the invention are set forth 
With particularity in the appended claims. The Figures are 
for illustration purposes only and are not draWn to scale. The 
invention itself, hoWever, both as to organization and 
method of operation, may best be understood by reference to 
the detailed description Which folloWs taken in conjunction 
With the accompanying draWings in Which: 

[0019] FIG. la-b is a top vieW of typical chip carrier 
contact pads. 

[0020] FIG. 2a-b is a top vieW of chip carrier contact pads 
With micro-bumps according to the present invention. 

[0021] FIG. 3a-b is a top vieW of a preferred embodiment 
of the present invention. 

[0022] FIG. 4 is a perspective vieW of a preferred embodi 
ment. 

[0023] FIG. 5 is a perspective vieW of a chip carrier pad 
With a single micro-bump. 

[0024] FIG. 6a-c are top vieWs of typical fuZZ button 
connectors. 

[0025] FIG. 7a-e is a cross sectional vieW of a module 
assembly incorporating the present invention. 

[0026] FIG. 8 is a schematic cross section of a layer 
assembly illustrating a ?rst method of forming micro-bumps 
according to the present invention. 

[0027] FIG. 9 is a schematic cross section of a layer 
assembly illustrating a second method of forming micro 
bumps according to the present invention. 

DETAILED DESCRIPTION 

[0028] The purposes of the present invention have been 
achieved by providing, according to the present invention, a 
controlled and designed geometry and topography of the I/O 
pad metallurgy. 
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[0029] A ?rst aspect of the present invention is to provide 
a controlled surface topography of metal micro-bumps on 
chip carrier metal contact pads. Referring to FIG. 1a there 
is shoWn a top vieW of a typical array of metal bottom 
surface chip carrier contact pads 10. Asingle bottom surface 
chip carrier metal contact pad 10 is shoWn in FIG. 1b. 
Referring noW to FIG. 2a and FIG. 2b there is shoWn a top 
vieW of an array of metal bottom surface contact pads 20 
according to the present invention. These metal contact pads 
20 contain at least one micro-bump 21. FIG. 2a shoWs 
several pads With a different number and siZe of micro 
bumps. The number and siZe of the micro-bumps can vary 
depending on the application. 

[0030] The controlled surface topography of the present 
invention may have at least one or several micro-bumps on 
a metal contact pad. The number and dimensions of the 
micro-bumps are optimiZed for the most desirable topogra 
phy on a particular contact pad diameter. In a preferred 
embodiment the micro-bumps are circular metal bumps, 
With base diameter ranging from approximately 100 pm to 
250 pm (micrometers) With height ranging from approxi 
mately 30 pm to 50 pm. In a preferred embodiment a 
plurality of micro-bumps are uniformly and symmetrically 
distributed on the contact pad. In a preferred embodiment 
the diameter and height of the micro-bumps are relatively 
uniform, With a variation of less than approximately 10 pm. 

[0031] A preferred embodiment Where all the metal con 
tact pads 20 in the array have 7 micro-bumps 21 is shoWn in 
FIGS. 3a and 3b. The number of metal contact pads having 
micro-bumps and the number of micro-bumps on a metal 
contact pad may vary. The optimum number Will vary 
depending on the particular application. In all applications 
the micro-bumps Will improve and increase the surface 
contact area and mechanical stability betWeen metal contact 
pads and fuZZ buttons in LGA assemblies. Referring to 
FIGS. 4 and 5 there is shoWn perspective vieWs of various 
embodiments of metal contact pads 20 With micro-bumps 21 
according to the present invention. 

[0032] FIG. 6a is a top vieW of an array of fuZZ buttons 
30 held in an interposer 40. As shoWn more clearly in FIGS. 
6b and 6c, the fuZZ button 30, as discussed above, is made 
of a Web of conductive Wire to provide the interconnections 
betWeen the metal contact pads on a chip carrier and metal 
pads on a printed circuit board. 

[0033] Referring to FIG. 7a there is shoWn a cross section 
vieW of an electronic module With an LGA interconnection. 
Aceramic chip carrier 60 has top surface metal contact pads 
61. A semiconductor chip 90 is soldered to the top surface 
metal contact pads 61 and internal Wiring connections 62 
connect the chip 90 to bottom surface metal contact pads 10, 
20. For convenience, FIG. 7a shoWs both the typical metal 
contact pad 10 and the metal contact pad 20 With bumps 21 
according to the present invention. The interposer 40 holds 
the fuZZ buttons 30 in alignment betWeen the metal contact 
pads 10, 20 and metal contact pads 50 on a printed circuit 
board 80. 

[0034] FIG. 7b is a top vieW of metal contact pad 10 and 
FIG. 7c is a top vieW of metal contact pad 20 With bumps 
21 according to the present invention. FIGS. 7d and 7e are 
provided to illustrate the advantage of the present invention. 
FIG. 7a' is a cross section of a typical LGA interconnection 
betWeen a conventional bottom surface contact pad 10 and 
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the fuZZ button 30. In particular, it can be seen there is 
typically limited contact area betWeen the fuZZ button Wire 
and pad. 

[0035] FIG. 76 is a cross section of an LGA interconnec 
tion, according to the present invention, betWeen the bottom 
surface contact pad 20 and bumps 21, and fuZZ button 30. It 
can be seen that the bumps 21 increase and improve the 
surface contact area and mechanical stability betWeen the 
metal contact pads 20 and fuZZ button 30. The increased 
physical contact surface and mechanical inter-locks, due to 
the three-dimensional contacts betWeen the bumped metal 
pads and fuZZ button, results in a better electrical intercon 
nection and improved reliability. 

[0036] A method for providing metal contact pads 20 With 
bumps 21, according the present invention, is noW described 
With reference to FIG. 8. In the manufacture of multi-layer 
ceramic (MLC) chip carrier substrates, un?red ceramic 
greensheets are personaliZed With via holes and conductive 
metal. A conductive paste is screened on the sheets to ?ll the 
vias and create Wiring connections. The ceramic greensheets 
are then stacked together in a predetermined design 
sequence to form a green ceramic laminate. For glass 
ceramic greensheets 110 blank unpunched alumina contact 
sheets 111 are placed on the top and bottom ceramic green 
sheet layers to control feature distortion. After the green 
sheets are stacked, metal lamination plates 95, for example 
stainless steel, are used to apply heat and pressure to the 
greensheets 110 to provide a green ceramic laminate With 
continuous conductive metal Wiring Whose layers Will 
remain contiguous during subsequent processing. This pro 
cess of applying heat and pressure to the stacked greensheets 
is called lamination. The green ceramic laminate is then ?red 
at high temperature in a process called sintering to densify 
the ceramic and conductive metal materials and create the 
ceramic chip carrier substrate. 

[0037] In this embodiment of the present invention, metal 
microbumps Will be created on un-?red copper (Cu) bottom 
surface contact pads 118 on a glass ceramic chip carrier 
comprised of glass ceramic layers 110. The micro-bumps are 
formed on the un-?red Cu metal pads 118 by the high 
pressure mechanical extrusion of the Cu paste and underly 
ing glass ceramic materials into pre-punched through holes 
115 in an alumina (A1203) contact sheet 120 during the high 
pressure lamination process. In conventional glass ceramic 
sintering, alumina contact sheets 111 Without holes are 
placed on the top surface glass ceramic greensheet layer 117 
and bottom surface glass ceramic greensheet layer 116 to 
help control feature distortion during sintering. The alumina 
contact sheets 111 are temporary and are removed from the 
chip carrier substrate after sintering. 

[0038] In the present invention the conventional blank, 
unpunched bottom surface alumina contact sheet 111 is 
replaced With a pre-punched alumina contact sheet 120. 
After the substrate is sintered the pre-punched alumina 
contact sheet 120 is removed to reveal the micro-bumps on 
the pads. In a preferred embodiment the thickness of the 
pre-punched alumina contact sheet 120 is approximately 150 
pm to 250 pm and the pre-punched holes are approximately 
50 pm-300 pm in diameter. In a preferred embodiment the 
holes are punched in a symmetrical pattern, With 1 to 9 holes 
punched to coincide With each Cu metal pad. As illustrated 
in FIG. 8, the Cu metal pads 118, on the bottom layer 116 
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of the multi-layer stack of glass ceramic green sheets 110 are 
laminated in the un?red or “green” state. This alloWs the 
extrusion of pad material into the pre-punched holes 115 in 
the alumina sheet 120 to form the micro-bumped Cu metal 
pads by the high pressure lamination force 130. 

[0039] After the above stack and lamination process, the 
entire green glass ceramic laminate, including the top and 
bottom side alumina contact sheets, Will be co-?red at high 
temperature to form the glass ceramic chip carrier. The 
pre-punched alumina sheet 120 is temporary and removed 
after sintering. The alumina contact sheet removal is a 
conventional process. In a preferred embodiment the alu 
mina contact sheet is easily removed by a media blast or 
slurry to reveal the Cu micro-bumps on the contact pads. The 
bumped Cu pads are typically then plated With Ni and Au or 
Pd layers. In a preferred embodiment the ?nal bumped 
contact pad Will be comprised of copper, nickel and gold. 

[0040] Another method for providing metal contact pads 
20 With micro-bumps 21, according the present invention, is 
noW described With reference to FIG. 9. In this embodiment 
of the present invention there is disclosed a method to 
provide bumped molybdenum (M0) or tungsten contact 
pads 140 on an alumina ceramic chip carrier comprised of 
alumina ceramic greensheet layers 150. In alumina sintering 
top and bottom alumina contact sheets are not required. In 
this embodiment, the micro-bumps are formed on the M0 or 
W bottom surface contact pads 140 by the high pressure 
mechanical extrusion of the M0 or W pads 140 into pre 
drilled through holes 165 in a metal plate 160 to form 
micro-bumped M0 or W contact pads. In a preferred 
embodiment the metal plate 160 is a steel plate With a 
thickness of approximately 150 pm to 250 pm. In a preferred 
embodiment the metal plate 160 is predrilled in a symmetri 
cal pattern With circular through holes approximately 50 pm 
to 300 pm in diameter. 

[0041] As illustrated in FIG. 9, the M0 or W contact pads 
140, on the bottom surface alumina ceramic greensheet layer 
166 of the multi-layer stack of alumina ceramic green sheets 
150 are laminated While all sheets are still in the un-?red or 
“green” state. This alloWs the extrusion into the pre-drilled 
through holes 165 in the metal plate 160 to form the 
micro-bumped M0 or W metal pads by the high pressure 
lamination force 130 exerted by the steel lamination plates 
95. After the high pressure lamination process, but before 
sintering, the green alumina ceramic laminate having micro 
bumped M0 or W pads is separated from the metal plate 165. 
The green laminate is then sintered or ?red at high tempera 
ture to form a microbumped alumina ceramic chip carrier. 
The bumped M0 or W pads are typically then plated With Ni 
and Au or Pd layers. In a preferred embodiment the ?nal 
bumped contact pad Will be comprised of molybdenum, 
nickel and gold. 

[0042] The present invention provides numerous advan 
tages over the prior art. For a given coplanarity or ?atness 
of chip carrier, the micro-bumps Will enhance the physical 
contact surface areas, and thereby increase the integrity of 
electrical interconnections betWeen I/O contact pads and 
fuZZ buttons. The micro-bumps provide three-dimensional 
surface contact With the fuZZ buttons Which increases the 
fuZZ button contact area to the I/O contact pad. 

[0043] The interlocking of the micro-bumps and segments 
of fuZZ button Wires Will reduce displacement of electrical 
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contact points due to thermo-mechanical stresses under use 
conditions. The enhanced reliable contacts Will further 
reduce the need for high actuation force. This Will lower the 
external stress to the chip carrier during LGA actuation and 
therefore reduce or eliminate substrate stress corrosion crack 
(SCC) concerns. 

[0044] The improved contact also provides relief in bot 
tom surface contact pad coplanarity requirements and there 
fore improves chip carrier yield. The height of the 
microbumps provides additional dimensions for fuZZ but 
tons to contact with U0 contact pads. The micro-bumped 
pads alloW a more relaxed chip carrier bottom surface 
contact pad coplanarity speci?cation While still being 
capable of achieving the same amount of surface contact 
areas. This Will improve the substrate sintering yield in 
bottom surface coplanarity. 

[0045] The enhanced mechanical inter-locking Will 
improve the uniformity and reliability of the interconnec 
tion. This Will also reduce the concern about “Walking” of 
fuZZ buttons and interposer during stress (poWer-on opera 
tional conditions) and reduce the LGA module actuation 
reWork due to insuf?cient fuZZ button contact. The enhanced 
mechanical inter-locking Will also alloW for a reduction of 
the external compression stress to the chip carrier, Which 
shall minimize the stress-corrosion-cracks (SCC) concern 
for the large siZed LGA ceramic substrates. 

[0046] It Will be apparent to those skilled in the art having 
regard to this disclosure that other modi?cations of this 
invention beyond those embodiments speci?cally described 
here may be made Without departing from the spirit of the 
invention. The basic idea of using the above bumped metal 
pads, With the said geometry and dimensions, to enhance the 
electrical connections With the fuZZ buttons in an interposer 
shall be applicable to other electronic units. Accordingly, 
such modi?cations are considered Within the scope of the 
invention as limited solely by the appended claims. 

What is claimed is: 
1. A Land Grid Array (LGA) structure comprising: 

a chip carrier, 

at least one bottom surface contact pad on a bottom 
surface of said chip carrier, 

at least one micro-bump on said at least one bottom 
surface contact pad; 

a circuit board having at least one circuit board contact 
pad, and 
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at least one fuZZ button disposed betWeen and in contact 
With said at least one said bottom surface contact pad 
and said at least one circuit board contact pad, Wherein 
said at least one micro-bump contacts and increases the 
contact area betWeen said at least one fuZZ button and 
said at least one bottom surface contact pad. 

2. (canceled) 
3. The Land Grid Array (LGA) structure of claim 1 

Wherein said at least one bottom surface contact pad and 
micro-bump are comprised of copper, nickel and gold. 

4. The Land Grid Array (LGA) structure of claim 1 
Wherein said at least one bottom surface contact pad and 
micro-bump are comprised of molybdenum, nickel and gold. 

5. The Land Grid Array (LGA) structure of claim 1 
Wherein said at least one micro-bump is circular With a base 
diameter ranging from approximately 100 pm to 250 pm 
With height ranging from approximately 30 82 m to 50 pm. 

6. The Land Grid Array (LGA) structure of claim 1 
Wherein said at least one bottom surface contact pad has a 
plurality of said micro-bumps uniformly and symmetrically 
distributed. 

7. The Land Grid Array (LGA) structure of claim 6 
Wherein the diameter and height of said plurality micro 
bumps have a variation of less than approximately 10 pm. 

8. The Land Grid Array (LGA) structure of claim 1 further 
comprising: 

an interposer holding said at least one fuZZ button and 
con?gured to the geometry and pitch of said at least one 
bottom surface contact pad and said at least one circuit 
board contact pad. 

9. (canceled) 
10. (canceled) 
11. (canceled) 
12. (canceled) 
13. (canceled) 
14. (canceled) 
15. (canceled) 
16. (canceled) 
17. (canceled) 
18. (canceled) 
19. (canceled) 
20. (canceled) 
21. (canceled) 
22. (canceled) 
23. (canceled) 
24. (canceled) 


