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POLYMER-EMBEDDED SOLDER BUMPS FOR 
RELIABLE PLASTIC PACKAGE ATTACHMENT 

FIELD OF THE INVENTION 

[0001] The present invention is related in general to the 
?eld of electronic systems and semiconductor devices and 
more speci?cally to the ?eld of plastic packages attached to 
boards by solder balls, Wherein an auxiliary plastic layer 
betWeen the solder balls enhances the temperature cycling 
reliability of the plastic package. 

DESCRIPTION OF THE RELATED ART 

[0002] The structure of contact pad metalliZations and 
solder bumps for connecting integrated circuit (IC) chips to 
semiconductor packages or outside parts, as Well as the 
thermomechanical stresses and reliability risks involved, 
have been described in a series of detailed publications by 
the International Business Machines Corporation in 1969 
(IBM J. Res. Develop., Vol. 13, pp. 226-296). 

[0003] During and after assembly of the IC chip to an 
outside part such as a substrate or circuit board by solder 
re?oW, and then during device operation, signi?cant tem 
perature differences and temperature cycles appear betWeen 
semiconductor chip and the substrate. The reliability of the 
solder joint is strongly in?uenced by the coefficients of 
thermal expansion of the semiconductor material and the 
substrate material. For example, there is more than one order 
of magnitude difference betWeen the coef?cients of thermal 
expansion of silicon and FR-4. This difference causes ther 
momechanical stresses, Which the solder joints have to 
absorb. Detailed calculations, in the literature cited above 
and in other publications of the early 1980’s, involving the 
optimum height and volume of the solder connection and the 
expected onset of fatigue and cracking proposed a number of 
solder design solutions. 

[0004] The fabrication methods and reliability problems 
involving ?ip-chips re-appear in someWhat modi?ed form 
for ball-grid array type packages. In their book “Chip Scale 
Package” (McGraW-Hill, 1999), John H. Lau and Shi-Wei 
Ricky Lee describe various semiconductor devices and 
packages of contemporary “chip-scale” families, as they are 
fabricated by a number of semiconductor companies World 
Wide. The neWest designs and concepts in microelectronics 
assembly and packaging are aiming for a package With a 
planar area not substantially greater than the silicon chip 
itself, or at most 20% larger area. This concept, knoWn as 
Chip-Scale Package (CSP), is ?nding particular favor With 
those electronics industries Where the product siZe is con 
tinually shrinking such as cellular communications, pagers, 
hard disk drivers, laptop computers and medical instrumen 
tation. Most CSP approaches are based on assembly With 
solder bumps or solder balls on the exterior of the package, 
to interface With system or Wiring boards. 

[0005] The ball grid array or CSP may be attached directly 
to a printed circuit board (PCB), or alternatively, coupled to 
a second interconnection surface such as an interposer. In the 
latter case, attaching the ball grid array to the next inter 
connect is carried out by aligning the solder bumps or balls 
on the package to contact pads on the second level inter 
connection and then performing a second solder re?oW 
operation. During the re?oW, the bumps or balls liquefy and 
make a bond to the next interconnect level Which has pads 
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or traces to receive the solder. FolloWing the solder re?oW 
step, a polymeric under?ll is often used betWeen the package 
and the interposer (or PCB) to alleviate mechanical stress 
caused by the mismatch in the coefficients of thermal 
expansion (CTE) betWeen the package, the interposer, if any, 
and the PCB. Many reliability problems occur due to the 
stress placed on the solder bumps or balls When the assembly 
is cycled from hot to cool during operation. 

[0006] One method of drastically reducing the thermome 
chanical stress on the solder bumps has been utiliZed in 
Tessera’s Micro-Ball Grid Array packages. A sheet-like 
compliant elastomer substantially de-couples the solder 
bumps, af?xed to the outside PCB, from the IC chip and the 
interposer, thus relieving the thermal mismatch. Among the 
draWbacks of this method are assembly hurdles and cost 
considerations. 

[0007] Another method aims at absorbing part of the 
thermomechanical stress on the solder joints by plastic 
material surrounding the joints and ?lling the gap betWeen 
chip and substrate. See for instance, US. Patents # 6,228, 
680, issued on May 8, 2001; # 6,213,347, issued on Apr. 10, 
2001, and # 6,245,583, issued on Jun. 12, 2001 (Thomas et 
al. , LoW Stress Method and Apparatus for Under?lling 
Flip-Chip Electronic Devices). HoWever, the under?lling 
method represents an unWelcome process step after device 
attachment to the motherboard. 

[0008] In a recent Wafer-level process approach by 
Kulicke & Soffa, ?ux-impregnated epoxy is screened on the 
Wafer, With openings for the chip contact pads. The solder 
balls are placed on the pads; during the re?oW process, the 
epoxy softens and forms a ?llet at the base of the solder ball. 
An epoxy “collar” extends about 50 to 100 pm up the side 
of the solder ball from the chip surface, Where stress-induced 
cracks typically originate. This collar restricts the creep How 
of the solder, Where cracks typically form. The Wafer-level 
process With the required high temperature of solder re?oW 
cannot be transferred to individual plastic packages. As 
another draWback, the adhesion betWeen the solder balls and 
the plastic ?llet is Weak at best and often non-existent. 

[0009] An urgent need has arisen for a coherent, loW-cost 
method of preventing stress-induced solder bump cracks 
during temperature cycling for ball-grid array packages. The 
method should be ?exible enough to be applied for different 
semiconductor product families and a Wide spectrum of 
plastic package design and process variations. Preferably, 
these innovations should be accomplished using the 
installed equipment base so that no investment in neW 
manufacturing machines is needed. 

SUMMARY OF THE INVENTION 

[0010] Aplastic package for use in semiconductor devices 
is described, Which has a plurality of metallic terminals 
exposed on a package surface and a metallic bump attached 
to each of said terminals. The bumps are made of re?oWable 
metal and have approximately uniform height. An adherent 
layer of polymer material covers the package surface and 
surrounds each of the bumps to form a solid meniscus. The 
layer has a thickness betWeen a quarter and one half of the 
bump height. An analogous methodology applies to plastic 
assembly boards. 

[0011] In the method for completing a polymer plastic 
package according to the invention, the solder bumps are 
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attached and re?oWed ?rst, resulting in an approximately 
uniform predetermined height. Then, a Water-soluble poly 
mer is stencil-printed to coat the top surface of the bumps. 
In a vacuum chamber, an energy-controlled plasma rough 
ens and cleans the polymer surface, improving the surface 
af?nity to adhesion. An adherent polymeric precursor is 
distributed betWeen and around the bumps to form a menis 
cus on each of the bumps and ?ll the space betWeen the 
bumps With a layer having a thickness betWeen a quarter and 
one half of the height of the bumps. Additional thermal 
energy cures the polymeric precursor, solidifying the layer 
and the meniscus. Finally, DI Water removes the Water 
soluble polymeric bump coating. 

[0012] Detailed model calculations as Well as experimen 
tal data shoW that the polymer coat on plastic packages, 
applied by the method of the invention, reduces the plastic 
energy density by 50% and increases the board-level reli 
ability in temperature cycling from —40 to +125° C. by 50% 
compared to standard plastic packages. 

[0013] It is an aspect of the present invention to provide a 
?exible methodology of fabrication and material selection to 
achieve the bene?t of the stress-relieving polymer coat. 

[0014] Another aspect of the invention is to provide a 
methodology for a Wide range of plastic ball-grid array and 
chip-scale packages. 

[0015] It is a technical advantage of the present invention 
that a Wide variety of solder alloys and re?oW temperatures 
can be employed for the stress-reduced packages. 

[0016] Another technical advantage is the possibility to 
apply the neW methodology to plastic assembly boards With 
solder bumps for a Wide variety of applications. 

[0017] Other technical advantages of the present invention 
include an improved reliability of the assembled device 
Without the need of a polymer interface layer at the contact 
pads, or a polymer under?ll for the bump-assembled device, 
reducing the manufacturing cost. 

[0018] The technical advances represented by the inven 
tion, as Well as the aspects thereof, Will become apparent 
from the folloWing description of the preferred embodiments 
of the invention, When considered in conjunction With the 
accompanying draWings and the novel features set forth in 
the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a schematic and simpli?ed cross section 
of a package assembled on an external part using re?oWable 
metal bumps. 

[0020] 
[0021] FIG. 3 is an enlargement of a portion of FIG. 1 
shoWing the development of a crack through the re?oWable 
metal bump. 

FIG. 2 is an enlargement of a portion of FIG. 1. 

[0022] FIG. 4 is a schematic cross section of a portion of 
a plastic package having a re?oWable metal bump attached 
to an external part, and an adherent polymer layer surround 
ing the package-near portion of the solder joint. 

[0023] FIG. 5 is a schematic cross section of a portion of 
a substrate having a solder interconnection to a semicon 
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ductor package, and an adherent polymer layer surrounding 
the substrate-near portion of the solder joint. 

[0024] FIGS. 6 to 10 are schematic cross sections of a 
plastic package and a plurality of solder bumps, illustrating 
the process How for completing a plastic semiconductor 
package With polymer-embedded solder bumps. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0025] The present invention is related to US. patent 
application # 09/952,454, ?led on Sep. 14, 2001 (OWens et 
al., “Improved Adhesion by Plasma Conditioning of Semi 
conductor Chip Surfaces”), Which is incorporated hereWith 
by reference. 

[0026] The present invention is further related to US. 
Patents # 6,213,347, issued Apr. 10, 2001, and # 6,228,680, 
issued May 8, 2001 (both Thomas, “LoW Stress Method and 
Apparatus for Under?lling Flip-Chip Electronic Devices”); 
and # 6,245,583, issued Jun. 12, 2001 (Amador et al., “LoW 
Stress Method and Apparatus of Under?lling Flip-Chip 
Electronic Devices”). 

[0027] The present invention provides the process to mini 
miZe the thermomechanical stress in a microelectronic 
assembly of a plastic package and a printed circuit board as 
shoWn schematically and simpli?ed in FIG. 1. Aportion of 
the assembly in FIG. 1 is enlarged in FIG. 2 to shoW some 
detail of the thin layer structure. An integrated circuit 
package, preferably formed of plastic material such as 
molding compound surrounding silicon 10 on a ?exible 
substrate 11, comprises a package surface 11a Where a 
plurality of terminal pads 13 are located. These terminal 
pads 13 are preferably made of the package metalliZation 
such as copper or gold ?ash over copper. 

[0028] Package 10 and 11 is mounted to a substrate or 
board 14, integral With interconnections and a plurality of 
terminal pads 15, yet spaced apart by a gap 16. Substrate 14 
preferably comprises a printed circuit board made of FR-4 or 
a glass-epoxy laminate; contact pads 15 are preferably 
composed of solder-Wettable copper. Package 10 and 11 is 
attached by re?oWable bump interconnections 17 Which 
extend across the gap and connect the terminal pads 13 on 
the package to the terminal pads 15 on the substrate both 
electrically and mechanically. Preferably, tin or a tin alloy 
(such as tin/indium, tin/bismuth, tin/lead) of a desirable 
melting temperature is chosen for bumps 17 to accomplish 
the re?oW at a practical temperature. Bumps 17 are often 
referred to as “solder” bumps. For silicon packages, the 
protective “soldermask”19 in FIGS. 1 and 2 can be made of 
a variety of insulating materials including polymers such as 
polyimide. 

[0029] In knoWn technology, the gap 16 is often ?lled With 
a polymeric encapsulant that extends over the printed circuit 
board about the perimeter of the package. The main purpose 
of encapsulant, commonly referred to as the “under?ll” 
material, is a reduction of mechanical stress in the assembly; 
another purpose is the protection of the active chip surface. 
The thermomechanical stress originates from the difference 
of the coefficient of thermal expansion betWeen silicon and 
the board material in the process of board assembly (solder 
bump re?oW) and temperature cycle testing (usually from 
—40 to +125° C.). 
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[0030] Silicon, the preferred semiconductor material of 
chip 10, has a CTE between 2 and 3 ppm/° C., typical 
substrates 14 however a CTE betWeen about 15 and 22 
ppm/° C.; CTEs of the metals in the assembly vary from 4.3 
to 17.0. The materials are mechanically coupled intimately, 
even rigidly, to each other in the assembly of a ball-grid 
array package. For the standard assembly process ?oW, the 
temperature reaches the maximum of 220° C. because of an 
overshoot over the melting temperature of 183° C. of the 
eutectic tin-lead alloy (63 Weight % tin). After the solder has 
molten and is beginning to cool, the stress is Zero and stays 
Zero to the eutectic temperature of 183° C. With continued 
cooling of the assembly, though, stress starts appearing and 
increases rapidly. When ambient temperature is reached, the 
stress levels reach levels so high that damage by nascent 
cracking has often been in?icted to the structurally Weakest 
parts of the assembly, especially the solder joints, the chip 
multilevel dielectric ?lms, or the protective soldermask 19 
in FIGS. 1 and 2. The package 10 and 11 in FIGS. 1 and 
2 is noW arranged on substrate 14 such that each of the 
substrate terminal pads 15 registers With a package terminal 
pad 13, With the solder bumps therebetWeen. By Way of 
example, the gap 16 betWeen active surface 11 of the chip 
and the substrate is preferably betWeen 300 and 700 pm. 

[0031] Computer stress modeling can be applied accord 
ing to Darveaux’s fatigue model to solder bump intercon 
nections as shoWn in FIGS. 1 and 2 (see R. Darveaux, K. 
Banerji, A. MaWer, and G. Dody, “Reliability of plastic ball 
grid array assembly”, Ball Grid Array Technology, J. Lau 
Editor, McGraW-Hill, Inc. NeW York, 1995; R. Darveaux, 
“Effect of simulation methodology on solder joint crack 
groWth correlation”, Proc. IEEE, 50th Elec. Comp. Tech. 
Conf., pp.1048-1058, 2000). The computer results reveal 
that the regions of highest stress in temperature cycling is the 
Zone designated 17a in FIG. 2. In a typical assembly design 
With a solder joint Width of 0.45 mm, the average plastic 
energy density in Zone 17a is about 115 kJ/m3, and the 
maximum energy density is a high as 703 kJ/m3. These high 
values cause the damage to initiate already at 588 cycles 
(betWeen —40 and +125° C.), the rate of crack propagation 
per cycle to reach 0.159 pm/cycle, and thus the number of 
cycles to complete crack propagation to be 2836 cycles. The 
board level reliability is thus limited to 3424 cycles. The 
schematic FIG. 3 illustrates a complete crack 30 through the 
solder joint region of a package 31 assembled by bumps 32 
to board 33. 

[0032] The stress relief provided by the present invention 
focuses exactly on the region 34 of highest stress. The cross 
section of schematic FIG. 4 depicts an adherent layer 44 of 
polymer material covering the surface 41a of the package 41 
and surrounding bump 42 to form a solid meniscus 44a. The 
thickness 44a of the layer 44 is betWeen about one quarter 
and one half of the height 42b of bump 42. 

[0033] In FIG. 4, the plastic package 41 may be made of 
any polymeric material used in semiconductor encapsula 
tion, including molding compounds, thermoset or thermo 
plastic formulations, and plastic ?lms. The package 41 may 
belong to the ball grid array or chip-scale families, or any 
package design using re?oW interconnectors 42 for the 
assembly to external parts. 

[0034] The re?oWable metal of bumps 42 is selected from 
a group consisting of tin, indium, tin alloys including 
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tin/indium, tin/silver, tin/bismuth, and tin/lead, conductive 
adhesives, and Z-axis conductive materials. The bumps 42 
have a diameter from about 50 to 700 pm, a center-to-center 
spacing betWeen about 100 and 1300 pm, and approximately 
uniform height. 

[0035] The polymer for the adherent layer 42 includes 
non-electrically conductive adhesives, epoxies ?lled or 
un?lled With inorganic particulate ?llers including boron 
nitride or aluminum nitride, bisphenol AWith an anhydride 
cross-linking agent, having a viscosity of <8000 cps and an 
elasticity modulus betWeen about 1 and 5 GPa. Suitable 
adhesive polymer precursors are commercially available, for 
instance, from the company Loctite, Rocky Hill, Conn. 
06067, USA, under the trade name Hysol® QMI 536HT; 
Hysol® FP4450HA; or Product 3563. 

[0036] By Way of example, the assembly design having a 
solder joint Width of 0.45 mm, discussed earlier for 
Darveaux’s fatigue model, shoWs signi?cant improvements 
after implementing the adhesive polymer layer. For the Zone 
17b of highest stress (see FIG. 4), the computer results 
indicate noW an average plastic energy density of only about 
97 kJ/m3, and a maximum plastic energy density of only 
about 513 kJ/m3. These loWer values postpone the initiation 
of a nascent crack in temperature cycling (betWeen —40 to 
+125° C.) to 768 cycles. The rate of crack propagation per 
cycle is noW 0.134 pm/cycle, for 4285 cycles to complete the 
crack propagation (the crack length is also extended to 0.573 
mm due to the Wider bump diameter at the location of 
highest stress). The board level reliability is thus extended to 
5053 cycles, an almost 50% improvement compared to the 
board level reliability before the application of the polymer 
layer. 

[0037] As illustrated in FIG. 5, it is an important aspect of 
the present invention that a stress-reducing polymer layer 
similar to layer 44 depicted in FIG. 4 can be used for 
reliability improvements of bumps attached to polymeric 
substrates such as assembly boards. These substrates 53 
have a plurality of metallic terminals 51 exposed on a 
substrate surface 53a. A metallic bump 52 is then attached 
to each of these terminals 51, Wherein these bumps are made 
of re?oWable metal and have approximately uniform height. 
An adherent layer 54 of polymer material covers the sub 
strate surface 53a and surrounds each of the bumps 52 to 
form a solid meniscus 54a. This layer has a thickness 54b 
betWeen about one quarter and one half of the bump height 
52a. 

[0038] The substrates or assembly boards are selected 
from a group consisting of organic materials including FR-4, 
FR-5, and BT resin, With or Without strengthening or ther 
mally modulating ?bers or ?llers, including a grid of glass 
?bers. 

[0039] The method for completing a plastic package for 
semiconductor devices by fabricating polymer-embedded 
solder bumps progresses in the steps illustrated in FIGS. 6 
to 10. The process How is as folloWs: 

[0040] FIG. 6: 

[0041] Step 1: Providing a plastic package 60 having 
a plurality of metallic terminals 61 exposed on the 
package surface 62; the terminals are spaced apart by 
some distance 63. 
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[0042] Step 2: Attaching a metallic bump to each of 
the terminals; the bumps are made of re?oWable 
metal and have approximately uniform mass and 
height 65. 

[0043] Step 3: Re?oWing the bumps, While maintain 
ing approximate uniformity of predetermined height 
65. 

[0044] FIG. 7; 

[0045] Step 4: Applying a Water-soluble polymer 71 
to coat the top surface of the bumps 64. 

[0046] Step 5: Positioning the package 60 in the 
vacuum chamber of a plasma apparatus so that the 
surface 62 faces the plasma source. 

[0047] Step 6: initiating a plasma and controlling the 
ion mean free path so that the ions 72 reach the 
surface 62 With predetermined energy. 

[0048] Step 7: Exposing the surface 62 to the plasma 
72 for a length of time suf?cient to 

[0049] 
[0050] clean the polymer surface 62 from organic 

contamination; and 

[0051] 
[0052] Step 8: Removing the package 60 from the 
vacuum chamber. 

roughen the polymer surface 62; 

improve the surface af?nity to adhesion. 

[0053] 
[0054] Step 9: Distributing an adherent polymeric 

precursor 81 betWeen (91) and around the bumps 64, 
to form a meniscus 92 on each of the bumps 64 and 
to ?ll the space 63 betWeen the bumps 64 by a layer 
93 having a thickness 93a betWeen one quarter and 
one half of the height 65 of the bumps 64. 

[0055] FIG. 9; 

FIG. 8: and FIG. 9: 

[0056] Step 10: Supplying additional thermal energy 
for curing the polymeric precursor, Whereby the 
layer 93 and said meniscus 92 solidify. 

[0057] Step 11: Cooling the package to ambient tem 
perature. 

[0058] FIG. 10; 

[0059] Step 12: Polishing off excessive polymer on 
top of solder balls 64. 

[0060] Step 13: Washing the assembled package, 
generally designated 100, in DI Water to remove the 
Water-soluble polymeric bump coating, completing 
the plastic package. 

[0061] While this invention has been described in refer 
ence to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modi 
?cations and combinations of the illustrative embodiments, 
as Well as other embodiments of the invention, Will be 
apparent to persons skilled in the art upon reference to the 
description. It is therefore intended that the appended claims 
encompass any such modi?cations or embodiments. 
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We claim: 
1. A plastic package for use in semiconductor devices, 

said package having a plurality of metallic terminals 
exposed on a package surface, comprising: 

a metallic bump attached to each of said terminals, said 
bumps made of re?oWable metal and having approxi 
mately uniform height; and 

an adherent layer of polymer material covering said 
package surface and surrounding each of said bumps to 
form a solid meniscus, said layer having a thickness 
betWeen a quarter and one half of said bump height. 

2. The package according to claim 1 Wherein said plastic 
is any polymeric material used in semiconductor encapsu 
lation, including molding compounds as Well as thermoset 
and thermoplastic formulations. 

3. The package according to claim 1 Wherein said semi 
conductor devices include any product of the ball-grid array 
and chip-scale package families. 

4. The package according to claim 1 Wherein said re?oW 
able metal is selected from a group consisting of tin, indium, 
tin alloys including tin/indium, tin/silver, tin/bismuth, and 
tin/lead, conductive adhesives, and Z-axis conductive mate 
rials. 

5. The package according to claim 1 Wherein said bumps 
have a diameter from about 50 to 700 pm and a center-to 
center spacing betWeen about 100 and 1300 pm. 

6. The package according to claim 1 Wherein said polymer 
material for said adherent layer includes non-electrically 
conductive adhesives, epoxies ?lled or un?lled With inor 
ganic particulate ?llers including boron nitride or aluminum 
nitride, bisphenol A With an anhydride cross-linking agent, 
having a viscosity of <8000 cps and an elasticity modulus 
betWeen about 1 and 5 GPa. 

7. A polymeric substrate for use in electronic assembly 
boards, said substrate having a plurality of metallic termi 
nals exposed on a substrate surface, comprising: 

a metallic bump attached to each of said terminals, said 
bumps made of re?oWable metal and having approxi 
mately uniform height; and 

an adherent layer of polymer material covering said 
substrate surface and surrounding each of said bumps 
to form a solid meniscus, said layer having a thickness 
betWeen a quarter and one half of said bump height. 

8. The substrate according to claim 7 Wherein said assem 
bly board is selected from a group consisting of organic 
materials, including FR-4, FR-S, and BT resin, With or 
Without strengthening or thermally modulating ?bers or 
?llers, including a grid of glass ?bers. 

9. A method for completing a polymer plastic package for 
use in semiconductor devices, comprising the steps of: 

providing a polymer package having a plurality of metal 
lic terminals exposed on a package surface, said ter 
minals spaced apart; 

attaching a metallic bump to each of said terminals, said 
bumps made of re?oWable metal and having approxi 
mately uniform mass and height; 

re?oWing said bumps, While maintaining approximate 
uniformity of predetermined height; 

stencil-printing a Water-soluble polymer to coat the top 
surface of said bumps; 
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positioning said packages in the vacuum chamber of a 
plasma apparatus so that said surface faces the plasma 
source; 

initiating a plasma and controlling the ion mean free path 
so that said ions reach said surface With predetermined 
energy; 

exposing said surface to said plasma for a length of time 
sufficient to 

roughen said polymer surface; 

clean said polymer surface from organic contamina 
tion; and 

improve the surface affinity to adhesion; 

removing said package from said vacuum chamber; 

distributing an adherent polymeric precursor betWeen and 
around said bumps, to form a meniscus on each of said 
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bumps and to ?ll said space betWeen said bumps by a 
layer having a thickness betWeen a quarter and one half 
of said height of said bumps; 

supplying additional thermal energy for curing said poly 
meric precursor, Whereby said layer and said meniscus 
solidify; 

cooling the package to ambient temperature; and Washing 
said package in DI Water to remove said Water-soluble 
polymeric bump coating, completing said plastic pack 
age. 

10. The method according to claim 9 Wherein said Water 
soluble polymer is polyvinyl alcohol. 

11. The method according to claim 9 further comprising 
the process step of slightly polishing said bump surfaces 
before said step of Washing to remove eXcess polymer. 

* * * * * 


