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(57) ABSTRACT 

In order to suppress the Warp of a semiconductor package of 
an over-coat structure, When thermal expansion coef?cient, 
Young’s modulus and thickness of the Wiring substrate are 
ots, Es and Hs, respectively, and thermal expansion coef? 
cient, Young’s modulus and thickness of the resin layer are 
otr, Er and Hr, respectively, the value R of (otr~Er~Hr)/ 
(ots-EsHs) is set to be approximately 0.6 or more. With 
adoption of such a con?guration, stress exerting on a semi 
conductor package can be effectively alleviated, and copla 
narity of the semiconductor package can be improved. 
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SEMICONDUCTOR PACKAGE AND 
MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to semiconductor 
devices such as semiconductor packages, particularly relates 
to thin and highly reliable semiconductor packages. 

[0003] 2. Description of the Related Art 

[0004] As electronic instruments become compact, devel 
opment of a technology packaging various kinds of elec 
tronic components in high density into electronic instru 
ments is being in progress. Further, upon packaging the 
electronic components With high density, the electronic 
components such as semiconductor packages and the like 
are desired to be made smaller and thinner. This is because, 
in order to realiZe a compact and highly functional electronic 
instrument, not only improvement of integration of a semi 
conductor element but also compactness of a semiconductor 
package in Which a semiconductor element is packaged are 
required. In order to correspond to such a requirement, 
various types of thin semiconductor packages are being 
proposed. 

[0005] A means for mounting a semiconductor element on 
a Wiring substrate can be generally divided into a face-up 
type bonding (Wire bonding), and face-doWn type bonding 
(?ip chip bonding). 
[0006] In the face-up type mounting, connecting elec 
trodes of a semiconductor element and connecting elec 
trodes of a Wiring substrate are connected With bonding 
Wires. Then, by molding the semiconductor element includ 
ing the bonding Wires on the Wiring substrate, a semicon 
ductor package is formed. 

[0007] On the other hand, in the face-doWn type mounting, 
connecting electrodes of a semiconductor element and con 
necting electrodes of a Wiring substrate are connected With 
conductive bumps and the like. 

[0008] In the semiconductor package of the ?ip chip type, 
there are an over-coat type in Which a semiconductor ele 
ment is molded as a Whole, and a bare chip type in Which a 
semiconductor element is eXposed. Even in the latter case, it 
is generally done to seal a gap betWeen a semiconductor 
element and a Wiring substrate With a resin and the like. 
Semiconductor packages of the ?ip chip type, because they 
can be made thinner than those of the face-up type, are 
recently used much in CSP (Chip SiZe Package) and the like. 
The CSPs are used much in, for instance, computers, semi 
conductor packages of high frequency and integrated func 
tion used in communication instruments, or portable infor 
mation instruments such as a PDA. 

[0009] FIG. 11 is a diagram shoWing a structure of a 
conventional semiconductor package. 

[0010] In the semiconductor package 90 illustrated in 
FIG. 11, a semiconductor element (chip) 92 is mounted in 
a face-doWn manner on a Wiring substrate 91. Connecting 
terminals 92a of the semiconductor element 92 and pads 93 
disposed on the Wiring substrate 91 are connected With 
conductive bumps 94. The conductive bumps are composed 
of, for instance, solder, gold and the like. 
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[0011] Further, a gap betWeen the Wiring substrate 91 and 
the semiconductor element 92 is sealed With a resin layer 95 
called an under-?ll. Here, a semiconductor package of a 
structure in Which a rear surface of the semiconductor 92 is 
eXposed is illustrated, hoWever, if the semiconductor ele 
ment 92 is covered With a molding resin as a Whole, a 
semiconductor package of the over-coat structure can be 
obtained. 

[0012] Further, on the rear surface of the semiconductor 
mounting surface of the Wiring substrate 91, connecting 
pads 96 connected to the bonding pads 93 are disposed, on 
the connecting pads 96 solder balls 97 are disposed. Those 
solder balls 97 and the conductive bumps 94 are connected 
electrically With interior Wiring. 

[0013] In the Wiring substrate 91, glass fabric based epoXy 
resin is employed as an insulating layer. As the Wiring 
substrate 91, that of tWo-layered structure is employed here, 
hoWever, that of multi-layered structure such as three 
layered structure or more may be employed. Further, on the 
rear surface (upper surface) of the semiconductor chip, a 
metallic cap or a heat-sink is disposed in some cases. 

[0014] Further, the solder balls are disposed as BGA (ball 
grid array) type terminals. Incidentally, the connecting ter 
minals 96 to Which the solder balls 97 are disposed and the 
bonding pads 93 of the Wiring substrate are connected 
betWeen layers With, for instance, through holes, conductive 
pillars consisting of conductive resin and the like. 

[0015] FIG. 12A, FIG. 12B and FIG. 12C are diagrams 
explaining a method forming a resin layer 95 (under-?ll). 

[0016] First, on the circumference of a semiconductor 
element 92, a liquid resin 95i such as epoXy resin or the like 
is supplied from a dispense noZZle 99. Viscosity of the resin 
is selected and adjusted according to demands. The dispense 
noZZle 99 is attached to a syringe in Which the resin 95i is 
stocked. The resin 95i permeates into a gap betWeen the 
Wiring substrate 91 and the semiconductor element 92 due to 
capillary action (FIG. 12A). That is, the resin 95i supplied 
from the dispense noZZle 99 is dripped on the circumference 
of the Wiring substrate 91 (FIG. 12B), then the dripped resin 
permeates into the gap betWeen the Wiring substrate 91 and 
the semiconductor element 92 (FIG. 12C), thus the under 
?ll is formed thereby. 

[0017] HoWever, such a thin semiconductor package as 
described above has a problem described in the folloWing. 
That is, in order to reduce thickness of a semiconductor 
package as a Whole, strength is sacri?ced, accordingly the 
semiconductor package is liable to suffer deformation such 
as Warp and the like. 

[0018] When such a Warp of the semiconductor package 
occurs, the connecting terminals 96 and the solder balls 97 
constituting the BGA, for instance, are not arranged on the 
same plane, to deteriorate so-called coplanarity. Therefore, 
there occur such problems that a semiconductor package is 
made impossible to be packaged on a mother board, or, even 
after packaging, in the course of time, due to the added 
thermal load and the like, reliability of connection can not be 
maintained. Therefore, in the case of a thin semiconductor 
package being used actually, hoW to improve productivity 
and reliability is a problem to be solved. 

[0019] In the manufacturing steps of a semiconductor 
package of ?ip-chip type such as aforementioned, in the step 
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of forming a resin layer 95, the liquid resin is cured 
thermally in the temperature range of 100 to 180° C. 
Therefore, in the course of returning to room temperature, 
the semiconductor package suffers Warp. 

[0020] Thermal expansion coefficient of a semiconductor 
element and that of a Wiring substrate differ approximately 
one digit in general. The thermal expansion coef?cient of a 
semiconductor element (chip) consisting of silicon, for 
instance, is about 3-4 ppm/K, Whereas the thermal expansion 
coef?cient of a Wiring substrate having an organic insulating 
layer such as FR-4, FR-5 or BT resin (Bis maleimide 
triaZine) is about 12 to 20 ppm/K. Therefore, deformation 
due to thermal load is larger for the Wiring substrate than that 
of the semiconductor chip. Therefore, stress pulling the 
semiconductor element 92 occurs, due to this stress, the 
semiconductor package suffers Warp. 

[0021] FIG. 13A, FIG. 13B and FIG. 13C are diagrams 
explaining stress suffered by a semiconductor package. 
Here, appearance of chip crack and resin crack observed in 
TCT (Thermal Cycle Test) Which is a generally adopted 
environment test of semiconductor package is shoWn sche 
matically. 

[0022] In this test, a so-called fan-in type semiconductor 
package, in Which a Wiring substrate 91 is smaller than a 
semiconductor element 92, Was employed. 

[0023] On a Wiring substrate 91 is mounted a semicon 
ductor element 92, a resin layer 95 is ?lled in a gap formed 
betWeen the Wiring substrate 91 and the semiconductor 
element. In general, compared With thicknesses of the Wiring 
substrate 91 and semiconductor element 92, that of an 
under-?ll resin layer 95 is extremely thin. 

[0024] When the aforementioned thermal load is added on 
such a semiconductor package, on the rear surface side of 
the semiconductor element 92 a tensile stress Works, due to 
this stress chip crack occurs (FIG. 13A, FIG. 13B). 

[0025] Further, even in the case of stiffness of the chip 
enduring the stress, due to the stress Working in a direction 
to peel a semiconductor element and a Wiring substrate, ?llet 
crack occurs (FIG. 13C). Thus, in any cases, due to bimetal 
structure, Warp occurs. 

[0026] Displacement of Warp of a semiconductor package 
after an under-?ll is formed is desirable to be suppressed at 
100 pm or less at most, preferable to be 80 pm or less. 
Further, the displacement of the Warp of the semiconductor 
package is further desirable to be suppressed approximately 
50 to 70 pm or less. That is implemented so that there does 
not occur any inconvenience When solder balls 97 or caps 
are attached after the under-?ll is formed, or package 
coplanarity guaranty (ordinarily the maximum of 100 pm) is 
to be satis?ed. 

[0027] For instance, according to the result of simulation 
of the displacement of the Warp caused When a semicon 
ductor element of 20 mm square is mounted on a multi 
layered Wiring substrate on Which a BT of a thickness of 0.8 
mm is employed as an insulating layer, approximately 89 pm 
of displacement of Warp is for a chip of a thickness of 0.3 
mm, approximately 77 pm for a chip of a thickness of 0.45 
mm, and approximately 62 pm for a chip of a thickness of 
0.625 mm. 
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[0028] The above described calculation of the coplanarity 
of the semiconductor package Was carried out under the 
folloWing conditions. 

[0029] Thermal expansion coef?cient of the semiconduc 
tor element (XCZ 3.5 [ppm/K], 

[0030] modulus of elasticity of the semiconductor 
element: 166 [GPa], 

[0031] thermal expansion coefficient of resin layer 
(under-?ll): 26 [ppm/K], 

[0032] modulus of elasticity of the resin layer (under 
?ll): 10 [GPa}, 

[0033] thermal expansion coef?cient of the Wiring 
substrate: 14.6 [ppm/K], 

[0034] modulus of elasticity of the substrate: 24 
[GPa], and 

[0035] temperature difference betWeen cure tempera 
ture (150° C.) and room temperature (250 C.): 125° 
C. 

[0036] First, radius of curvature p is calculated as folloWs. 

[0037] FIG. 15 is a diagram for explaining ?exure of a 
multi-layer composite beam. 

[0038] Here, 
[0039] t is a coordinate betWeen t(i+1) and t(i) and 

corresponds to a displacement in the direction of the 
thickness of the semiconductor package. 

[0040] Here, 
[0041] t1: front surface of resin layer of overcoat 

(the), 
[0042] t2: a boundary betWeen the resin layer of the 

overcoat and the semiconductor element, 

[0043] t3: a boundary betWeen the semiconductor 
element and the resin layer of the under-?ll, 

[0044] t4: a boundary betWeen the resin layer of the 
under-?ll and the Wiring substrate, 

[0045] 
[0046] Further, 

t5: bottom surface of the Wiring substrate. 

[0047] oti: thermal expansion coef?cient of the layer 
i, 

[0048] Ei: modulus of elasticity of the layer i, 

[0049] oi thermal stress thereto the layer i is sub 
jected, 

[0050] 
[0051] (t—6)/p: distortion (displacement) due to ?ex 

ure of the i-th layer, 

ei thermal strain (displacement) of the layer i, 

[0052] 6i: coordinate of a neutral line, 

[0053] p: radius of curvature. 

[0054] Here, oi and ei can be expressed With the folloWing 
equations. 
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[0055] The neutral line 6 and the radius of curvature p are 
expressed, respectively, by 

[0058] p—pcos(L/p/2)(L is the length of one side of 
semiconductor package). 

[0059] When considered dimensional tolerance, approxi 
mately 20 pm of alloWance is necessary. Therefore, a chip of 
a standard siZe of ?ip-chip (thickness: 0.3 to 0.625 mm) 
becomes too large in its Warp to be capable of securing 
sufficient accuracy. 

[0060] Thus, due to discrepancy of the thermal expansion 
coef?cients of constituent elements of a semiconductor 
package, there occur problems such as destruction and 
peeling of the semiconductor element, destruction and peel 
ing of the under-?ll, or loWering of coplanarity of the 
semiconductor package. Such problems are becoming prob 
lematic as a semiconductor package becomes thinner. 

[0061] Another problem of the ?ip-chip type semiconduc 
tor package is in its dif?culty of securing heat releasing path 
for a semiconductor element. In the case of a semiconductor 
element being mounted on a Wiring substrate in a face-up 
Way, a rear surface of the semiconductor element (the 
surface opposite to the surface Where integrated circuit is 
formed) is connected onto die pads of the Wiring substrate. 
Therefore, heat from the semiconductor element can be 
released to the Wiring substrate side. 

[0062] Whereas, in the case of a semiconductor package of 
the ?ip-chip type, heat generated by the semiconductor can 
not be released easily toWards the Wiring substrate side. This 
is because connection betWeen the semiconductor element 
and the Wiring substrate is implemented With ?ne conductive 
bumps, and because resin of small thermal conductivity is 
?lled in the gap betWeen the semiconductor element and the 
Wiring substrate. 

[0063] Therefore, in a semiconductor package of ?ip-chip 
type suitable for high density packaging, a technology 
enabling enhancement of heat release ef?ciency of a semi 
conductor element is in strong demand. 

SUMMARY OF THE INVENTION 

[0064] The present invention Was carried out to solve 
these problems. That is, an object of the present invention is 
to provide a semiconductor package Which is thin, compact 
and highly reliable. Further, another object of the present 
invention is to provide a thin semiconductor package of high 
connection reliability. Still another object of the present 
invention is to provide a semiconductor package of a struc 
ture suitable for high density packaging. 

[0065] In order to solve such problems, a semiconductor 
package of the present invention adopts such a con?guration 
as described beloW. 
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[0066] The ?rst aspect of a semiconductor package of the 
present invention comprises, a Wiring substrate having a ?rst 
face and a second face, the ?rst face having a ?rst area and 
a second area surrounds the ?rst area, and at least a ?rst 
connecting pad arranged in the ?rst area; a semiconductor 
element having a ?rst face and a second face, the semicon 
ductor element having at least a connecting terminal formed 
on the ?rst face, and the semiconductor element being 
mounted on the ?rst area of the Wiring substrate in a 
face-doWn type; at least a conductive bump connecting the 
?rst connecting pad of the Wiring substrate and the connect 
ing terminal of the semiconductor element; and, a resin layer 
disposed on the ?rst face of the Wiring substrate, the resin 
layer disposed so that the second face of the semiconductor 
element being exposed, side faces of the semiconductor 
element being sealed, and a gap betWeen the ?rst face of the 
Wiring substrate and the ?rst face of the semiconductor 
element being ?lled. 

[0067] It is also possible to comprises a Wiring substrate 
Which has a ?rst face having a ?rst area thereon a ?rst 
connecting pads are disposed and a second area in the 
circumference of the ?rst area and a second face; a semi 
conductor element Which has a ?rst face thereon connecting 
terminals are disposed and a second face, and is mounted in 
a face-doWn Way on the ?rst area of the ?rst face of the 
Wiring substrate; conductive bumps connecting the ?rst 
connecting pads of the Wiring substrate and connecting 
terminals of the semiconductor element; and a resin layer for 
sealing disposed such that the second face of the semicon 
ductor element is exposed, and side surface of the semicon 
ductor element is covered, and the resin layer ?lls a gap 
betWeen the semiconductor element and the Wiring sub 
strate. 

[0068] In the semiconductor package of the present inven 
tion, the resin layer for sealing may have a ?rst face 
substantially in parallel With the ?rst face of the Wiring 
substrate, in addition, may be disposed such that the ?rst 
face of the resin layer for sealing and the second face of the 
semiconductor element are substantially in a same plane. 

[0069] In addition, the resin layer for sealing may be 
inclined in its side faces, and, at the same time, the ?rst face 
of the Wiring substrate can be made larger than the ?rst face 
of the resin layer for sealing. 

[0070] Further, the resin layer for sealing may be disposed 
so that it covers substantially the second area of the ?rst face 
of the Wiring substrate. 

[0071] The semiconductor package of the present inven 
tion may further comprise a conductive plate on the second 
face of the semiconductor element. By disposing such a 
con?guration, a heat releasing path of the semiconductor 
element can be secured. Therefore, reliability of the semi 
conductor package can be improved. Further, thermal load 
being put on the semiconductor package can be alleviated. 
Therefore, the stress generated due to discrepancy and the 
like of thermal expansion coef?cients of the constituent 
elements such as a semiconductor element, a resin layer for 
sealing and a Wiring substrate on the semiconductor pack 
age, can be alleviated. Therefore, a thin semiconductor 
package of high dimensional accuracy can be provided. 

[0072] It is desirable to connect the conductive plate and 
the second face of the semiconductor element With a con 
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ductive resin. Since the conductive resin is high in its 
thermal conductivity, the heat of the semiconductor element 
can be effectively released outsides. 

[0073] Further, the resin layer for sealing may be disposed 
such that it covers the side faces of the conductive plate. 
That is, With the resin layer for sealing, the conductive plate 
may be ?xed. In this case, it is desirable from the vieW-point 
of securing heat releasing path to dispose the sealing resin 
layer With the conductive plate exposed. 

[0074] Incidentally, the second face of the semiconductor 
element may be disposed With not only the conductive plate 
but also a heat releasing plate With a heat-sink, for instance. 

[0075] The second aspect of a semiconductor package of 
the present invention comprises, a Wiring substrate having a 
?rst face and a second face, the substrate having at least a 
?rst connecting pad formed on the ?rst face; a semiconduc 
tor element having a ?rst face and a second face, the 
semiconductor element having at least a connecting terminal 
formed on the ?rst face, and the semiconductor element 
being mounted on the ?rst area of the Wiring substrate in a 
face-doWn type; at least a conductive bump connecting the 
?rst connecting pad of the Wiring substrate and the connect 
ing terminal of the semiconductor element; and, a resin layer 
disposed on the ?rst face of the Wiring substrate and the 
second face of the semiconductor element so that the semi 
conductor element being sealed; Wherein, (otr~Er~Hr)/ 
((XS'ES'HS) is approximately 0.6 or more, when or is a 
thermal expansion coefficient of the resin layer, Er is a 
Young’s modulus if the resin layer, Hr is a thickness of the 
resin layer, ots is a thermal expansion coefficient of the 
Wiring substrates, Es is a Young’s modulus of the Wiring 
substrate and Hs is a thickness of the Wiring substrates. 

[0076] It is also possible to comprise a Wiring substrate 
having a ?rst face thereon a ?rst connecting pads are 
disposed and a second face; a semiconductor element Which 
has a ?rst face thereon connecting terminals are disposed 
and a second face, and is mounted in a face-doWn Way on the 
?rst face of the Wiring substrate; conductive bumps con 
necting the ?rst connecting pads of the Wiring substrate and 
the connecting terminals of the semiconductor element; and 
a resin layer disposed on the ?rst face of the Wiring substrate 
in such a manner that seals the semiconductor element; 
Wherein, When thermal expansion coef?cient, Young’s 
modulus and thickness of the Wiring substrate is (XS, Es and 
Hs, respectively, and thermal expansion coefficient, Young’s 
modulus and thickness of the resin layer is or, Er and Hr, 
respectively, (otr~Er~Hr)/(ots~Es-Hs) is approximately 0.6 or 
more. 

[0077] When thermal expansion coef?cient and Young’s 
modulus of the semiconductor is otc, Ec, respectively, 
((XC'EC)/((XS'ES) may be designed to be approximately 1.5 or 
more. 

[0078] The present inventors found that, by adjusting 
thermal expansion coefficient (XS, Young’s modulus Es and 
thickness Hs of the Wiring substrate, and, thermal expansion 
coef?cient otr, Young’s modulus Er and thickness Hr of the 
resin layer, the stress being put on the semiconductor pack 
age can be effectively alleviated. The present invention is 
based on such ?ndings. 

[0079] That is, When thermal expansion coef?cient, 
Young’s modulus and thickness of the Wiring substrate are 
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(XS, Es and Hs, respectively, and thermal expansion coef? 
cient, Young’s modulus and thickness of the resin layer are 
or, Er and Hr, respectively, by setting respective parameters 
for the value of (otr~Er~Hr)/(ots~Es-Hs) to be approximately 
0.6 or more, a semiconductor package of small deformation 
and high coplanarity can be obtained. Further, reliability 
during packaging a semiconductor package of the present 
invention on a mother substrate can be enhanced. 

[0080] Incidentally, the thickness of a resin layer (under 
?ll) ?lled in betWeen a semiconductor element and a Wiring 
substrate is ordinarily extremely thin (for instance, approxi 
mately 0.2 mm or less). Therefore, this part exerts very slight 
in?uence on the distortion of the Whole semiconductor 
package. Therefore, the thickness Hr of the resin layer is set 
as a thickness of the resin layer disposed on the second face 
of the semiconductor element. Further, the resin layer dis 
posed as the under-?ll and the resin layer sealing the Whole 
semiconductor element can be composed of different mate 
rials. 

[0081] For instance, the resin layer for sealing may be 
divided into a ?rst portion ?lled in betWeen the Wiring 
substrate and the semiconductor element and a second 
portion covering the semiconductor element from above the 
second face of the semiconductor element, and the ?rst 
portion may be constituted of a resin layer of smaller 
Young’s modulus than that of the second portion. By adopt 
ing such a constitution, a soft resin can be disposed in the 
circumference of the conductive bumps, thereby deforma 
tion and rupture of the conductive bumps can be prevented 
from occurring. Therefore, a semiconductor package of high 
reliability and high productivity can be provided. 

[0082] The third aspect of a manufacturing method of a 
semiconductor package of the present invention comprises, 
a step of mounting a semiconductor element on a ?rst face 
of a Wiring substrate, a ?rst face of the semiconductor 
having at least a connecting terminal, the ?rst face of the 
Wiring substrate having at least a ?rst connecting pad, the 
connecting terminal of the semiconductor element being 
connected by a conductive bump; and a step of forming a 
resin layer on the ?rst face of the Wiring substrate so that the 
semiconductor element is sealed; Wherein, otr, Er, Hr, (XS, Es, 
Hs are arranged so that (otr~Er~Hr)/(ots~Es~Hs) is approxi 
mately 0.6 or more, when or is a thermal expansion coef 
?cient of the resin layer, Er is a Young’s modulus if the resin 
layer, Hr is a thickness of the resin layer, ots is a thermal 
expansion coef?cient of the Wiring substrates, Es is a 
Young’s modulus of the Wiring substrate and Hs is a 
thickness of the Wiring substrates. 

[0083] It is preferable to adjust or, Er, or Hr of the resin 
so as to meet the equation. 

[0084] The step of forming the resin layer can be carried 
out With transfer molding in Which, after setting a Wiring 
substrate mounted a semiconductor element thereon in a 
cavity, resin is supplied to be cured. Further, in this case, the 
resin layer may be supplied under pressure, and, at the same 
time, curing can be carried out thermally. 

[0085] Further, With tablets of a resin of loW melt viscosity 
such as epoxy based resin, the resin layer may be formed 
With transfer mold method. 

[0086] The semiconductor package of the present inven 
tion may be provided With a sealing resin body consisting of 














