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(57) ABSTRACT 

A packaging assembly includes a substrate; chip-site lands 
disposed on the ?rst surface; ?rst solder balls connected to 
the chip-site lands; second solder balls connected to the ?rst 
solder balls including solder materials having higher melting 
temperatures than the ?rst solder balls; a semiconductor chip 
having a plurality of bonding pads connected to the second 
solder balls on a surface of the semiconductor chip; and an 
under?ll resin disposed around the ?rst and second solder 
balls. 
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PACKAGING ASSEMBLY AND METHOD OF 
ASSEMBLING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Applica 
tions No. P2003-170905, ?led on Jun. 16, 2003; the entire 
contents of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to semiconductor 
device technology, more speci?cally to a packaging assem 
bly and a method of assembling a packaging assembly using 
soldering technology. 
[0004] 2. Description of the Related Art 

[0005] Semiconductor integrated circuits such as LSI have 
achieved higher levels of integration in recent years. Semi 
conductor devices themselves are shrinking in geometrical 
siZe, increasing in the degree of on-chip integration, and 
number of pin-counts are increasing. As for the surface 
mount package (SMP), ?ip chip bonding technology Which 
connects a semiconductor chip and a circuit board With 
bumps has been employed Widely. As for the ?ip chip 
bonding technology, an encapsulating resin is applied on a 
surface of a circuit board having bumps on the surface. Next, 
bumps formed on an element side of a semiconductor chip 
and the bumps formed on the circuit board are mated and 
contacted to each other. Furthermore, the circuit board and 
the semiconductor chip are heated around 150° C. during a 
re?oW process, and oXide ?lms and alien substances con 
tained in the bumps are removed by the resin Which serves 
as a ?uX. Then, bumps of the circuit board and the semi 
conductor chip are melted and connected during heating 
process at 200° C. After that, bumps and the resin are 
hardened completely in the curing process. 

[0006] In the SMP assembling process, solder bumps 
made of solder paste are often used as bump electrodes. 
HoWever, recently, it has been pointed out that the out?oW 
of lead from electronic products dumped onto reclaimed 
land pollutes underground Water. Thus, throughout the 
World, manufacturers are changing the Sn—Pb eutectic, 
used for mounting semiconductor chips or printed circuit 
boards, to lead-free solder alloys. 

[0007] Material examples of lead-free solder alloys, 
responding to an environmental problem, are tin-silver (Sn 
Ag) solder and tin-Zinc (Sn—Zn) solder. HoWever, for 
lead-free solder alloys such as Sn-Ag solder, the melting 
temperature is generally higher than that of the conventional 
eutectic alloy. Therefore, lead-free solder alloys having 
higher melting temperatures have to be re?oWed at a rela 
tively high temperature of approximately 200° C. HoWever, 
When re?oW is performed at high temperature conditions, 
strong thermal stresses are applied to semiconductor chips 
and mounting bases, and an aggravation of coplanarity and 
a fall in reliability occurs. Moreover, When organic materials 
are employed as a circuit board, a gas is generated from the 
circuit board and that invades into an under?ll resin by 
re?oWing at a high temperature of more than 200° C. On the 
other hand, While a curing reaction advances for the under?ll 
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resin, the viscosity of the under?ll resin rises. As a result, the 
gas in the under?ll resin remains as a void Without being 
ejected outside of the under?ll resin. Furthermore, since the 
heat shrinkage rate of under?ll resin also increases by 
re?oWing, thermal stresses occur to the electrodes on the 
semiconductor element side, and cracks in the electrodes 
arise. 

[0008] MeanWhile, since recent microprocessors process 
huge quantities of information at high speed, there have been 
problems With the resistance of Wires interconnecting tran 
sistors, and the capacitances of insulators betWeen intercon 
nect Wires. For eXample, Wire materials are changing from 
aluminum to copper (Cu) having a high electrical 
conductivity, and insulators are changing from silicon oXide 
?lms to materials having loW dielectric constants. HoWever, 
such materials used in recent electronic devices are gener 
ally Weak in mechanical strength. In particular, loW dielec 
tric constant ?lms (hereinafter called loW-k ?lms) used as 
insulators on semiconductor chips are signi?cantly Weak in 
mechanical strength and in adhesion intensity because of 
their porous structures necessary to ensure loW dielectric 
constants. Therefore, When re?oWing to electrodes is per 
formed using a lead-free solder at a high melting tempera 
ture, strong thermal stresses also occur in the loW-k ?lms 
Within the semiconductor chip. Furthermore, the loW-k ?lms 
disposed just under the solder electrodes may be damaged 
by the heat and the adhesive strength betWeen the semicon 
ductor chip and the mounting base is also decreased. 

SUMMARY OF THE INVENTION 

[0009] An aspect of the present invention inheres in a 
packaging assembly embracing a substrate de?ned by a ?rst 
surface and a second surface opposing to the ?rst surface; a 
plurality of chip-site lands disposed on the ?rst surface; a 
plurality of ?rst solder balls connected to the chip-site lands; 
a plurality of second solder balls connected to the ?rst solder 
balls including solder materials having higher melting tem 
peratures than the ?rst solder balls; a semiconductor chip 
having a plurality of bonding pads connected to the second 
solder balls on a surface of the semiconductor chip; and an 
under?ll resin disposed around the ?rst and second solder 
balls. 

[0010] Another aspect of the present invention inheres in 
a method of assembling a packaging assembly embracing 
preparing a substrate having a plurality of chip-site lands 
disposed on the ?rst surface of a substrate; disposing a 
plurality of ?rst solder balls on the chip-site lands; applying 
an under?ll resin around the chip-site lands and the ?rst 
solder balls; disposing a plurality of second solder balls on 
corresponding bonding pads disposed on a semiconductor 
chip; aligning the ?rst solder balls With corresponding 
second solder balls; connecting the ?rst and second solder 
balls by melting the ?rst solder balls; and hardening the 
under?ll resin. 

BRIEF DESCRIPTION OF DRAWINGS 

[0011] FIG. 1 is a sectional vieW shoWing an eXample of 
packaging assembly according to a ?rst embodiment of the 
present invention. 

[0012] FIG. 1A is an enlarged vieW shoWing an eXample 
of a third surface of a semiconductor chip shoWn in FIG. 1. 
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[0013] FIGS. 2 to 10 are sectional views showing a ?rst 
example of assembling the packaging assembly according to 
the ?rst embodiment of the present invention. 

[0014] FIGS. 11 and 12 are sectional vieWs shoWing a 
second eXample of assembling the packaging assembly 
according to the ?rst embodiment of the present invention. 

[0015] FIG. 13 is a sectional vieW shoWing a modi?cation 
of the ?rst level assembly according to a ?rst embodiment of 
the present invention. 

[0016] FIGS. 14 and 15 are sectional vieWs shoWing an 
eXample of assembling the modi?cation of the packaging 
assembly shoWn in FIG. 13 according to the ?rst embodi 
ment of the present invention. 

[0017] FIG. 16 is a sectional vieW shoWing an eXample of 
packaging assembly according to a second embodiment of 
the present invention. 

[0018] FIGS. 17 and 18 are sectional vieWs shoWing an 
eXample of assembling the packaging assembly according to 
the second embodiment of the present invention. 

[0019] FIGS. 19 and 20 are sectional vieWs shoWing a 
modi?cation of packaging assembly according to the second 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] With reference to the accompanying draWings, ?rst 
and second embodiments of the present inventions are 
described. Various embodiments of the present invention 
Will be described With reference to the accompanying draW 
ings. It is to be noted that the same or similar reference 
numerals are applied to the same or similar parts and 
elements throughout the draWings, and the description of the 
same or similar parts and elements Will be omitted or 
simpli?ed. Generally, and as is conventional in the repre 
sentation of semiconductor packaging assemblies, it Will be 
appreciated that the various draWings are not draWn to scale 
from one ?gure to another nor inside a given ?gure, and in 
particular that the layer thicknesses are arbitrarily draWn for 
facilitating the reading of the draWings. In the folloWing 
descriptions, numerous details are set forth such as speci?c 
signal values, etc. to provide a thorough understanding of 
the present invention. HoWever, it Will be obvious to those 
skilled in the art that the present invention may be practiced 
Without such speci?c details. 

[0021] (FIRST EMBODIMENT) 
[0022] The packaging assembly 100 according to a ?rst 
embodiment of the present invention encompasses, as 
shoWn in FIG. 1, a substrate 1 de?ned by a ?rst surface and 
a second surface opposing to the ?rst surface, a plurality of 
chip-site lands 2a, 2b, 2c, and 2d disposed on the ?rst 
surface, a plurality of a ?rst solder balls 3a, 3b, 3c, and 3d 
connected to the chip-site lands 2a, 2b, 2c, and 2d, a 
plurality of a second solder balls 4a, 4b, 4c, and 4d con 
nected to the ?rst solder balls 3a, 3b, 3c, and 3d, a semi 
conductor chip 6 connected to the second solder balls 4a, 4b, 
4c, and 4d on a third surface, and an under?ll resin 7 
disposed around the ?rst solder balls 3a, 3b, 3c, and 3d and 
second solder balls 4a, 4b, 4c, and 4d. The under?ll resin 7 
also serves as a ?uX. 
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[0023] The substrate 1 is a kind of printed circuit board 
made from a material including epoXy resin. The substrate 1 
has: a Wiring layer 15 on a second surface, a plurality of 
chip-site lands 2a, 2b, 2c, and 2d on a ?rst surface, and a 
protective ?lm (passivation layer) 18 Which is made from 
SiO2 ?lm, PSG ?lm and the like. The protective ?lm 18 is 
stacked on the chip-site lands 2a, 2b, 2c, and 2d. As the 
material of the substrate 1, various organic synthetic resins 
and inorganic materials including ceramic and glass can be 
used. Among organic synthetic resins, phenolic resin, poly 
ester resin, epoXy resin, polyimide resin, ?uoroplastic, and 
the like can be used. MeanWhile, paper, Woven glass fabric, 
a glass backing material, or the like is used as a backing 
material that becomes a core informing a slab-shaped struc 
ture. As a general in organic base material, ceramic can be 
used. Alternatively, a metal substrate is used in order to 
improve the heat-radiating characteristics. In the case Where 
a transparent substrate is needed, glass is used. As a ceramic 
substrate, alumina (A1203), mullite (3Al2O3. 2SiO2), beryl 
lia (BeO), aluminum nitride (AlN), silicon nitride (SiN), and 
the like can be used. Furthermore, it is possible to use a 
metal insulator substrate in Which a polyimide resin plate 
having high thermal resistance is laminated onto metal, such 
as iron or copper, to form a multi-layered structure. The 
thickness of the substrate 1 is not limited. As for the chip-site 
lands 2a, 2b, 2c, and 2d, and the Wiring layer 15, electrically 
conductive material such as alminium (A1,) alminium alloy 
(Al—Si, Al—Cu—Si), gold, copper, or the like can be used. 
Alternatively, other electrodes can be provided through a 
plurality of signal lines such as gate Wires connected to a 
plurality of gate electrodes. As gate electrodes, it is possible 
to use polysilicon, refractory metal such as tungsten (W), 
titanium (Ti), and molybdenum (Mo), silicides thereof 
(WSi2, TiSi2 and MoSi2), polycide using these silicides, or 
the like. Alternatively, inside of the substrate 1, a plurality of 
vias can be formed and a plurality of inner buried Wires 
connected to the vias can be disposed. 

[0024] The chip-site lands 2a, 2b, 2c, and 2d are aligned 
at equal intervals on the ?rst surface of the substrate 1. The 
positions, material, number, and the like of the chip-site 
lands 2a, 2b, 2c, and 2d are not limited. The ?rst solder balls 
3a, 3b, 3c, and 3d are connected on the chip-site lands 2a, 
2b, 2c, and 2d. For the ?rst solder balls 3a, 3b, 3c, and 3d, 
solder materials having loWer melting temperature can be 
used. As for the ?rst solder balls 3a, 3b, 3c and 3d, materials 
selected from a tin-bismuth (Sn—Bi) alloy, tin-bismuth 
silver (Sn—Bi—Ag) alloy, tin-Zinc (Sn—Zn) alloy, tin-Zinc 
bismuth (Sn—Zn-Bi) alloy, tin-bismuth-indium (Sn—Bi— 
In) alloy, bismuth-indium (Bi—In) alloy, bismuth-palladium 
(Bi—Pd) alloy, indium-silver (In—Ag) alloy, tin-lead (Sn=5 
W %, Pb=95 W %) can be used. Melting temperatures of a 
these alloys are as folloWs: Sn—Pb alloy and a Sn—Bi-Ag 
alloy are from 138° C. to 150° C., Sn—Zn alloy is from 198° 
C. to 210° C, Sn—Bi—In alloy is from 190° C. to 200° C., 
Bi—In alloy is from 72° C. to 120° C., Sn-In alloy is from 
116° C. to 130° C., In—Ag alloy is from 141° C. to 160° C., 
Sn—Pb (Sn=5 W %, Pb=95 W %) alloy is from 320° C. to 
330° C. In case Where the out?oW of lead to the environment 
is taken into consideration, lead-free solders having loWer 
melting temperatures may be used for the ?rst solder balls 
3a, 3b, 3c, and 3d. For example, When a material such as an 
organic synthetic resin is used for the substrate 1, solder 
materials having loWer melting temperature such as Sn—Bi 
alloy and Sn—Bi—Ag alloy can be used to prevent gas 














