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A method of manufacturing a semiconductor device, 
includes the steps of: grinding the rear surface of a semi 
conductor Wafer to reduce its thickness; ?attening the rear 
surface of the semiconductor Wafer; dividing the semicon 
ductor Wafer into a plurality of semiconductor chips; form 
ing gold bumps on the electrodes of the plurality of semi 
conductor chips; applying NCP to the front surface of a 
packaging board; and arranging the semiconductor chips 
over the packaging board through the NCP and pressing the 
back surfaces of the semiconductor chips to ?ip-chip bond 
the semiconductor chips to the packaging board. Therefore, 
it is possible to prevent NCP from rising onto the back 
surfaces of the semiconductor chips at the time of ?ip-chip 
bonding, Whereby separation and cracking caused by a 
high-temperature treatment for assembly and mounting of a 
semiconductor device can be prevented and the reliability of 
the semiconductor device can be improved. 
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METHOD OF MANUFACTURING A 
SEMICONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application claims priority from J apa 
nese patent application No. 2003-426943, ?led on Dec. 24, 
2003, the content of Which is hereby incorporated by refer 
ence into this application. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates in general to a semi 
conductor device and to a method of manufacturing the 
same. Speci?cally, it relates to a technology that may be 
effectively used for ?ip-chip bonding. 

[0003] For conventional ?ip-chip bonding using an adhe 
sive, a semiconductor device having multi-stepped ?anks is 
bonded to a circuit board. The semiconductor device and the 
circuit board are thermally bonded together through a detec 
tion member or an interposed member having a multi 
layered structure, and the interposed member is broken or 
separated so as to be removed as required after bonding 
(refer to, for example, patent document 1). 

[0004] [Patent document 1] Japanese Unexamined Patent 
Publication No. 2000-216193 (FIG. 1) 

SUMMARY OF THE INVENTION 

[0005] As an eXample of a semiconductor device making 
use of ?ip-chip bonding, there is a multi-chip semiconductor 
device comprising multiple layers of semiconductor chips, 
in Which the semiconductor chip of the loWest layer is 
?ip-chip bonded to a Wiring substrate. 

[0006] The above-described multi-chip semiconductor 
device Will desirably have a narroWer pitch of pads (elec 
trodes) from the point of vieW of siZe reduction of the 
semiconductor device and an increase in the number of pins. 
As one means of reducing the siZe (thickness) of the 
semiconductor device, it is proposed to reduce the thickness 
of the semiconductor chip. That is, the semiconductor chip 
is made thin by grinding its rear surface. 

[0007] In addition, due to a reduction in the pitch of the 
pads, it is becoming very dif?cult to effect under-?ll sealing 
of a ?ip-chip bonded portion of such a semiconductor device 
because the permeation of a resin takes time. Therefore, to 
dial With this problem, an adhesive is applied to a Wiring 
substrate before semiconductor chips are mounted, and then 
the semiconductor chips are placed on the adhesive and 
?ip-chip bonded, accompanied by the application of pres 
sure and heat. 

[0008] The inventors of the present invention have con 
ducted studies on the technology used for grinding the rear 
surface of the semiconductor chip of the loWermost layer 
and pre-coating an adhesive in a multi-chip semiconductor 
device and have found the folloWing problem. 

[0009] That is, When the back surface of the semiconduc 
tor chip is pressed to effect thermal contact bonding of the 
semiconductor chip, the adhesive pressed by the semicon 
ductor chip rises along the side Walls of the semiconductor 
chip and reaches the back surface of the semiconductor chip. 
When grinding marks (unevenness) remain on the back 
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surface of the semiconductor chip, the adhesive rises onto 
the back surface by ?oWing through the grinding marks at 
the edge of the chip, Whereby the adhesive adheres to the 
back surface of the semiconductor chip forming the loWer 
most layer. The adhesive is, for eXample, an epoXy-based 
non-conductive (insulating) resin adhesive, mainly a ther 
mosetting resin. 

[0010] When the resin adhesive adheres to the back sur 
face of the semiconductor chip in this Way, the semicon 
ductor chip separates from a sealing resin, or from a die 
bonding agent (resin adhesive) for the second layer of the 
semiconductor chip, because the resin adhesive has poor 
adhesion to the other resin, and Water collects at the site of 
this separation. When assembly is continued in this state, the 
Water eXpands in response to the heat applied during a 
high-temperature treatment (such as solder re?oW or the 
mounting of a substrate) Which is carried out later, and the 
semiconductor device cracks at the above-mentioned sepa 
ration site. 

[0011] It is an object of the present invention to provide a 
semiconductor device and a method of manufacturing the 
same, in Which the reliability of the device can be improved. 

[0012] It is another object of the present invention to 
provide a semiconductor device Which has a reduced thick 
ness and a method of manufacturing the same. 

[0013] The above and other objects and features of the 
present invention Will become apparent from the following 
description When taken in conjunction With the accompa 
nying draWings. 

[0014] Typical aspects and features of the invention dis 
closed in the present speci?cation Will be brie?y described 
beloW. 

[0015] That is, according to a ?rst aspect of the present 
invention, there is provided a semiconductor device com 
prising: a Wiring substrate having a front surface and a rear 
surface; a ?rst semiconductor chip, having a main surface 
and a back surface, Which is ?ip-chip bonded to the front 
surface of the Wiring substrate through projecting electrodes; 
a second semiconductor chip having a main surface and a 
back surface, Which is mounted over the ?rst semiconductor 
chip by bonding it’s the back surface thereof to the back 
surface of the ?rst semiconductor chip With an adhesive; a 
non-conductive resin adhesive interposed betWeen the Wir 
ing substrate and the ?rst semiconductor chip; and a sealing 
body, formed over the front surface of the Wiring substrate, 
for resin sealing the ?rst and second semiconductor chips, 
Wherein the ?rst semiconductor chip is made thin by grind 
ing its back surface, and the back surface is made ?at by 
polishing after grinding. 

[0016] According to a second aspect of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor device, comprising the steps of: 

[0017] (a) grinding the rear surface of a semiconduc 
tor Wafer to reduce its thickness; 

[0018] (b) after the step (a), ?attening the rear surface 
of the semiconductor Wafer; 

[0019] (c) after the step (b), dividing the semicon 
ductor Wafer into a plurality of semiconductor chips; 
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[0020] (d) after the step (c), forming projecting elec 
trodes on the plurality of semiconductor chips; 

[0021] (e) applying a non-conductive resin adhesive 
to the front surface of a Wiring substrate; 

[0022] arranging the semiconductor chips over the 
front surface of the Wiring substrate through the resin 
adhesive and pressing a back surfaces of the semi 
conductor chips to ?ip-chip bond the semiconductor 
chips to the Wiring substrate through the projecting 
electrodes; and 

[0023] (g) sealing the semiconductor chips With a 
resin. 

[0024] According to a third aspect of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor device, comprising the steps of: 

[0025] (a) grinding the rear surface of a semiconduc 
tor Wafer to reduce its thickness; 

[0026] (b) after the step (a), planishing the rear sur 
face of the semiconductor Wafer; 

[0027] (c) after the step (b), dividing the semicon 
ductor Wafer into a plurality of semiconductor chips; 

[0028] (d) after the step (c), forming projecting elec 
trodes on the plurality of semiconductor chips; 

[0029] (e) applying a non-conductive resin adhesive 
to the front surface of a Wiring substrate; 

[0030] arranging the semiconductor chips over the 
front surface of the Wiring substrate through the resin 
adhesive; 

[0031] (g) after the step (f), pressing the planished 
back surfaces of the semiconductor chips to ?ip-chip 
bond the semiconductor chips to the Wiring substrate 
through the projecting electrodes; and 

[0032] (h) sealing the semiconductor chips With a 
resin. 

[0033] According to a fourth aspect of the invention, there 
is provided a method of manufacturing a semiconductor 
device, comprising the steps of: 

[0034] (a) preparing a plurality of semiconductor 
chips, each having a main surface and a back surface, 
the back surface being ground to be made thin, and 
being ?attened after grinding; 

[0035] (b) forming projecting electrodes on the elec 
trodes of the plurality of semiconductor chips; 

[0036] (c) applying a non-conductive resin adhesive 
to the front surface of a Wiring substrate; 

[0037] (d) arranging the semiconductor chips over 
the front surface of the Wiring substrate through the 
resin adhesive; 

[0038] (e) pressing the ?attened back surfaces of the 
semiconductor chips to ?ip-chip bond the semicon 
ductor chips to the Wiring substrate through the 
projecting electrodes; and 

[0039] sealing the semiconductor chips With a 
resin. 
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[0040] The effect obtained from typical features of the 
invention disclosed in the present patent application Will be 
brie?y described as folloWs. 

[0041] The rear surface of the semiconductor Wafer is 
ground to reduce the thickness, and, further, irregularities on 
the rear surface of the semiconductor Wafer are removed by 
?attening the rear surface. Thereby, it is possible to prevent 
the resin adhesive from rising onto the back surface of a chip 
during ?ip-chip bonding, and to prevent separation betWeen 
the back surface of the chip and the sealing resin and 
betWeen the back surface of the chip and the die bonding 
material of a second semiconductor chip. As a result, the 
above-described separation and cracking previously caused 
by a high-temperature treatment used during assembly or 
mounting of a semiconductor device can be prevented. 
Accordingly, the reliability of the semiconductor device can 
be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] FIG. 1 is a sectional vieW of a semiconductor 
device according to an embodiment of the present invention; 

[0043] FIG. 2 is an assembly ?oW diagram shoWing a 
method of manufacturing the semiconductor device shoWn 
in FIG. 1; 

[0044] FIG. 3 is a ?oW diagram shoWing in sectional vieW 
the assembly states corresponding to steps S1 to S5 of the 
assembly ?oW shown in FIG. 2; 

[0045] FIG. 4 is a ?oW diagram shoWing in sectional vieW 
the assembly states corresponding to steps S6 to S9 of the 
assembly ?oW shoWn in FIG. 2; 

[0046] FIG. 5 is a ?oW diagram shoWing in sectional vieW 
the assembly states corresponding to steps S10 and S11 of 
the assembly ?oW shoWn in FIG. 2; 

[0047] FIG. 6 is a ?oW diagram shoWing in sectional vieW 
the assembly states corresponding to steps S12 and S13 of 
the assembly ?oW shoWn in FIG. 2; 

[0048] FIG. 7 is a ?oW diagram shoWing in perspective 
vieW the states of a Wafer corresponding to steps S1 to S4 of 
the assembly ?oW shoWn in FIG. 2; 

[0049] FIG. 8 is a sectional vieW shoWing an NCP appli 
cation method in the NCP application step of the assembly 
?oW shoWn in FIG. 2; 

[0050] FIG. 9 is a sectional vieW shoWing a temporary 
mounting method in the FC mounting step of the assembly 
?oW shoWn in FIG. 2; 

[0051] FIG. 10 is a sectional vieW shoWing a main contact 
bonding method in the FC mounting step of the assembly 
?oW shoWn in FIG. 2; 

[0052] FIG. 11 is a partially enlarged sectional vieW 
shoWing the structure of portion A shoWn in FIG. 10; 

[0053] FIG. 12 is a partially enlarged sectional vieW 
shoWing a contact bonding method according to a modi? 
cation of the embodiment of the present invention; 

[0054] FIG. 13 is a partial sectional vieW shoWing the 
mounting of the semiconductor device shoWn in FIG. 1 to 
a packaging board; 
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[0055] FIG. 14 is a partially enlarged sectional vieW 
showing the contact bonding method of a Comparative 
Example, in contrast to the main contact bonding method 
shoWn in FIG. 10; and 

[0056] FIG. 15 is a plan vieW shoWing the adhesion of a 
resin adhesive to a back surface of a chip by the contact 
bonding method of the Comparative Example shoWn in 
FIG. 14. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0057] A description of the same or similar parts is not 
repeated in the following description of the embodiments, 
unless it is especially necessary. 

[0058] Further, in the following description of the embodi 
ments, if necessary for convenience’s sake, the present 
invention may be described as a plurality of sections or 
embodiments, but they are not to be considered irrelevant to 
each other, to be considered as one is a modi?cation, detailed 
description or complementary explanation of part or all of 
the other, unless otherWise stated. 

[0059] In the folloWing description of the embodiments, 
When numerical ?gures (including the number, numerical 
value, amount and range) for elements are referred to, it is 
to be understood that the present invention is not limited to 
these speci?c numerical ?gures and may be larger than and 
smaller than the speci?ed numerical ?gures, unless they are 
clearly speci?ed and obviously limited to the speci?c ?gures 
theoretically. 

[0060] Preferred embodiments of the present invention 
Will be described in detail With reference to the accompa 
nying draWings. In all the ?gures, members having the same 
function are given the same reference symbols, and a 
repeated description thereof Will be omitted. 

Embodiments 

[0061] The semiconductor device of the embodiment 
shoWn in FIG. 1 has a structure in Which a semiconductor 
chip is ?ip-chip bonded to a Wiring substrate. In this 
embodiment, an SIP (System In Package) 16 having four 
semiconductor chips and Which is sealed With a resin Will be 
described as an example of the above-mentioned semicon 
ductor device. 

[0062] The SIP 16 comprises a ?rst semiconductor chip 1 
for control, a second semiconductor chip 2, a third semi 
conductor chip 3 and a fourth semiconductor chip 4, each 
having a memory circuit. The ?rst semiconductor chip 1 of 
these semiconductor chips is ?ip-chip bonded to a packaging 
board 5, Which serves as a Wiring substrate, through pro 
jecting electrodes, and the second semiconductor chip 2 is 
formed over the ?rst semiconductor chip 1. The third 
semiconductor chip 3 is mounted over the packaging board 
5, and the fourth semiconductor chip 4 is mounted over the 
third semiconductor chip 3 in such a manner that their main 
surfaces 3a and 4a face up. 

[0063] Only the ?rst semiconductor chip 1 is ?ip-chip 
bonded to the packaging board 5. The second semiconductor 
chip 2, the third semiconductor chip 3 and the fourth 
semiconductor chip 4 are Wired to the packaging board 5. 

Jun. 30, 2005 

[0064] As for the detailed structure of the SIP 16 shoWn in 
FIG. 1, the SIP 16 comprises the packaging board 5, Which 
serves as a Wiring substrate having a front surface 5a and a 
rear surface 5b; the ?rst semiconductor chip 1 Which has a 
main surface 1a and a back surface 1b and is ?ip-chip 
bonded to the front surface 5a of the packaging board 5 
through projecting electrodes; the second semiconductor 
chip 2, Which has a main surface 2a and a back surface 2b 
and is formed over the ?rst semiconductor chip 1 in such a 
manner that its back surface 2b is connected to the back 
surface 1b of the ?rst semiconductor chip 1 by a die bonding 
agent (adhesive) 12; the third semiconductor chip 3, Which 
is formed over the front surface 5a of the packaging board 
5 in such a manner that its main surface 3a faces up; the 
fourth semiconductor chip 4, Which is formed over the main 
surface 3a of the third semiconductor chip 3 in such a 
manner that its main surface 4a faces up; a NCP (Non 
Conductive Paste) 7, Which is a non-conductive resin adhe 
sive interposed betWeen the front surface 5a of the packag 
ing board 5 and the ?rst semiconductor chip 1; a plurality of 
Wires 6 for electrically connecting the second, third and 
fourth semiconductor chips to the packaging board 5; a 
sealing body 10 for sealing the four semiconductor chips and 
the plurality of Wires 6 With a resin; and a plurality of solder 
balls 11, Which serve as external terminals formed on the 
rear surface 5b of the packaging board 5. 

[0065] Further, the back surface 1b of the ?rst semicon 
ductor chip 1 of the SIP 16 is made thin by grinding and ?at 
by polishing after grinding. That is, the back surface 1b is 
planished. 
[0066] The back surface 1b of the ?rst semiconductor chip 
1 is ground to reduce the thickness of the semiconductor 
chip 1 to about 140 pm. The other three semiconductor chips 
may be made thin likeWise, as required. 

[0067] The ?rst semiconductor chip 1 is ?ip-chip bonded 
to the packaging board 5 by gold bumps (projecting elec 
trodes) 1d, Which are soldered to the packaging board 5 for 
?ip-chip bonding. The NCP 7, Which is a resin adhesive, is 
interposed betWeen the packaging board 5 and the ?rst 
semiconductor chip 1 to harden and protect the ?ip-chip 
bonded portions. The NCP 7 is, for example, an epoxy-based 
non-conductive (insulating) thermosetting resin adhesive. 
[0068] The second semiconductor chip 2, the third semi 
conductor chip 3 and the fourth semiconductor chip 4 are 
?xed by the die bonding agent 12. That is, as the second 
semiconductor chip 2 is formed over the ?rst semiconductor 
chip 1, the back surface 1b of the ?rst semiconductor chip 
1 is bonded to the back surface 2b of the second semicon 
ductor chip 2 by the die bonding agent 12. Further, as the 
back surface 3b of the third semiconductor chip 3 is bonded 
to the packaging board 5 by the die bonding agent 12, and 
the fourth semiconductor chip 4 is formed over the main 
surface 3a of the third semiconductor chip 3, the main 
surface 3a of the third semiconductor chip 3 and the back 
surface 4b of the fourth semiconductor chip 3 are bonded 
together by the die bonding agent 12. 
[0069] Due to the above-described arrangement, the main 
surface 2a of the second semiconductor chip 2, the main 
surface 3a of the third semiconductor chip 3 and the main 
surface 4a of the fourth semiconductor chip 4 face up and 
can be Wired. 

[0070] The die bonding agent 12 is, for example, an 
epoxy-based non-conductive (insulating) thermosetting 
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resin adhesive as Well. The sealing resin for forming the 
sealing body 10 is, for example, an epoxy-based insulating 
thermosetting resin. The Wire 6 is a conductive Wire, for 
example, a gold Wire. 

[0071] The plurality of external terminals on the rear 
surface 5b of the packaging board 5 are solder balls 11, and 
they are arranged in a lattice on the rear surface 5b of the 
packaging board 5. That is, the SIP 16 of this embodiment 
is also a BGA (Ball Grid Array) type semiconductor device. 

[0072] As shoWn in FIG. 5, a plurality of leads (elec 
trodes) 5c and a plurality of Wire connection leads 5f are 
formed on the front surface 5a of the packaging board 5, and 
the areas of the front surface 5a, excluding these exposed 
portions are covered With a solder resist ?lm 5i, Which is an 
insulating ?lm. Bump lands 5h, on Which the solder bumps 
11 are formed, are provided on the rear surface 5b. The leads 
5c and the Wire connection leads 5f on the front surface 5a 
are electrically connected to the bump lands 5h on the rear 
surface 5b by internal wires 56 and through hole Wires 5g. 

[0073] Thereby, the electrodes of the semiconductor chips 
are electrically connected to the solder balls 11, Which 
constitute external terminals formed on the rear surface 5b 
of the packaging board 5. The leads 5c, the Wire connection 
leads 5f and the through hole Wires 5g are made of copper 
alloy. 

[0074] In the SIP 16 of this embodiment, the ?rst semi 
conductor chip 1, Which is ?ip-chip bonded to the packaging 
board 5, is made thin by grinding (also called “back 
grinding”) the back surface 1b before the Wafer is divided 
into chips and ?attened by polishing or Wet-etching after 
grinding. Therefore, the back surface 1b has a high ?atness. 
Consequently, since the irregularities 9c in the Comparative 
Example shoWn in FIG. 14 are not formed on the back 
surface 1b of the ?rst semiconductor chip 1, as shoWn in 
FIG. 10, it is possible to prevent the NCP 7 from rising up 
and ?oWing onto the back surface 1b, When pressure is 
applied thereto by a pressure block 13 for ?ip-chip bonding, 
and, therefore, the adhesion of the NCP 7 to the back surface 
18a of the chip 18, as seen in the Comparative Example 
shoWn FIG. 15, is prevented. 

[0075] As a result, separation betWeen the back surface 1b 
of the ?rst semiconductor chip 1 and the sealing body 10, 
and betWeen the back surface 1b of the ?rst semiconductor 
chip 1 and the die bonding agent 12 of the semiconductor 
chip 2, can be prevented, and also the consequent separation 
or cracking caused by a high-temperature treatment for 
forming the solder balls 11 or for mounting the substrate can 
be prevented. Thereby, the reliability of a semiconductor 
device, such as the SIP 16, can be improved. 

[0076] Since the ?ip-chip bonded ?rst semiconductor chip 
1 is ?attened by polishing or Wet-etching after grinding is 
applied to its back surface, and more of the irregularities 9c 
shoWn in FIG. 14 remain on the back surface 1b, the 
bending strength of the ?rst semiconductor chip 1 can be 
improved. 

[0077] Therefore, the breakage of the chip, Which occurs 
When it is pressed by the pressure block 13 for ?ip-chip 
bonding, can be prevented, and the second semiconductor 
chip 2 can be formed over the ?rst semiconductor chip 1, 
Which has been reduced in thickness. That is, since a thin 
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chip can be used for ?ip-chip bonding, a multi-chip semi 
conductor device, such as the SIP 16, can be is reduced in 
thickness and siZe. 

[0078] The above-described back-grinding step is charac 
teriZed in that the grinding speed is faster, but the surface 
roughness of the back surface after the end of the step is 
higher than that produced by the above-referenced polishing 
step or Wet-etching step. It is possible to employ only 
back-grinding to reduce the thickness of a Wafer. In this case, 
hoWever, as described above, the rising of the adhesive 
caused by pressure applied thereto and a ?oWing of the 
adhesive onto the back surface of the chip due to the high 
roughness of the back surface of the chip becomes a problem 
to be solved. It is also possible to employ only polishing or 
Wet-etching for obtaining a very ?at surface reduce the 
thickness of the Wafer. In this case, since the polishing or 
Wet-etching step has a loWer thickness reducing speed than 
the back-grinding step, the time required for the step 
becomes long the and productivity is reduced. In order to 
improve the ?atness of the back surface of the chip, While 
maintaining a good productivity, a step of reducing the 
thickness at a high speed, for example, by back-grinding, 
should be ?rst carried out to reduce the thickness of the 
Wafer to a certain degree, folloWed by the step of increasing 
the ?atness of the rear surface, for example, by polishing or 
Wet-etching, to further reduce the thickness of the Wafer. In 
this case, to maintain the desired productivity, the step of 
reducing the thickness of the Wafer at a high speed is 
preferably employed so as to reduce the thickness by more 
than half to achieve a thickness close to the ?nal thickness 
of the Wafer. 

[0079] A method of manufacturing a semiconductor 
device according to this embodiment Will be described With 
reference to the assembly processing ?oW shoWn in FIG. 2. 

[0080] The processing of the Wafer is ?rst carried out in 
step S1 shoWn in FIG. 2. That is, as shoWn in step S1 in 
FIG. 3 and FIG. 7, a semiconductor Wafer 9, having a 
pattern formed on the front surface 9a, is prepared. 

[0081] Thereafter, BG (back grinding), as shoWn in step 
S2 of FIG. 2, is performed, that is, the rear surface 9a of the 
semiconductor Wafer 9 is ground to reduce the thickness of 
the semiconductor Wafer 9. As shoWn in step S2 of FIG. 3, 
irregularities 9c are formed on the rear surface 9b of the 
semiconductor Wafer 9 by such grinding. The irregularities 
9c are as large as about 0.05 to 0.1 pm, but they are not 
limited to this range. As shoWn in step S2 of FIG. 7, 
grinding marks 9d are formed radially on the rear surface 9b 
of the semiconductor Wafer 9. 

[0082] Thereafter, dry polishing, as shoWn in step S3 of 
FIG. 2 is carried out to ?atten the rear surface 9b of the 
semiconductor Wafer 9. In this step, the rear surface 9b of the 
semiconductor Wafer 9 is planished by such dry polishing, as 
shoWn in step S3 of FIG. 7. Dry polishing is employed to 
grind (polish) the surface With a polishing cloth formed by 
compressing ?bers impregnated With silica to about 2 pm. 
The irregularities 9c on the rear surface 9b of the semicon 
ductor Wafer 9 are as large as about 0.0015 pm after dry 
polishing. 

[0083] Thereby, the semiconductor Wafer 9 is made thin, 
as shoWn in step S3 of FIG. 3. The thickness of the 
semiconductor Wafer 9 Which has been reduced in thickness 
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is, for example, 140 pm and is set to this value as required 
(for example, the Wafer can be made as thin as about 90 pm 
by back-grinding and dry polishing). 

[0084] Not only dry polishing, but also Wet etching, may 
be used for the ?attening of the rear surface 9b of the 
semiconductor Wafer 9 after back-grinding. In this case, the 
Wet etching is in the form of spin etching, Which is carried 
out by supplying ?uoronitric acid While turning the semi 
conductor Wafer 9 With a spinner, and it can make the 
irregularities 9c smaller than dry polishing. 

[0085] Thereafter, chip dicing, as shoWn in step S4 of 
FIG. 2, is carried out. That is, the semiconductor Wafer 9, 
Which has been reduced in thickness, is cut so as to be 
divided into a plurality of semiconductor chips (?rst semi 
conductor chips 1), as shoWn in step S4 of FIG. 3. At this 
point, as shoWn in step S4 of FIG. 7, the semiconductor 
Wafer 9 is diced along dicing lines 96. 

[0086] Since the irregularities 9c as seen in the Compara 
tive Example shoWn in FIG. 14 are not formed on the back 
surface 1b of the ?rst semiconductor chip 1, the bending 
strength of the ?rst semiconductor chip 1 can be improved. 

[0087] Thereafter, stud bumps are formed, as shoWn in 
step S5 of FIG. 2. That is, projecting electrodes are formed 
on a plurality of electrodes of the semiconductor chips. For 
example, a gold bump 1d is formed as the projecting 
electrode on the pads 1c, Which are electrodes of the ?rst 
semiconductor chip 1. Wire bonding technology is used to 
form the gold bumps 1d (the formed bumps are called “stud 
bumps”) on the pads 1d of the ?rst semiconductor chip 1. 
The areas around the sites Where the pad 1c is formed of the 
main surface 1a of the ?rst semiconductor chip 1 are covered 
With a surface protective ?lm 16. 

[0088] The processing of the Wiring substrate in steps S6 
and seq. of FIG. 2 Will be described hereinbeloW. 

[0089] A packaging board 5, Which constitutes the Wiring 
substrate shoWn in step S6 of FIG. 4, is prepared. Aplurality 
of leads 5c are formed on the front surface 5a of the 
packaging board 5, and a solder resist ?lm 5i, Which is an 
insulating ?lm, is formed around the leads 5c. 

[0090] Assembly of parts in step S6 and seq. of FIG. 2 
may be carried out by using a multi-cavity substrate having 
a plurality of Wiring substrates. In this embodiment, the 
assembly of one SIP 16 using the packaging board 5 Will be 
described. 

[0091] Thereafter, solder pre-coating in step S7 of FIG. 2 
is carried out. That is, as shoWn in step S7 of FIG. 4, a solder 
pre-coat 5a' is formed on the leads 5c to be ?ip-chip bonded 
on the front surface 5a of the packaging board 5. This solder 
pre-coat 5a' is provided to enhance the solder bonding 
strength betWeen the gold bumps 1d, Which are projecting 
electrodes, and the leads SC for ?ip-chip bonding. 

[0092] Thereafter, NCP coating, as shoWn in step S8 of 
FIG. 2, is carried out. That is, as shoWn in step S8 of FIG. 
4, an NCP 7, Which is a non-conductive resin adhesive, is 
applied to the front surface 5a of the packaging board 5. The 
NCP 7 is, for example, a thermosetting resin. 

[0093] In the method of manufacturing a semiconductor 
device according to this embodiment, before ?ip-chip bond 
ing, the NCP 7 is arranged at portions of the packaging board 
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5 to be ?ip-chip bonded. This is because the gold bumps 1d 
become small When the pad pitch is narroWed to increase the 
number of pins, Whereby the space betWeen the semicon 
ductor chip and the packaging board 5 becomes small (for 
example, 5 to 10 pm), thereby making it extremely difficult 
to inject a resin by under-?ll sealing after the ?ip-chip 
bonding. Therefore, the NCP 7 is arranged on the packaging 
board 5. Even if the resin can be injected, since the above 
mentioned space is narroW, it takes very long for the resin to 
How betWeen the chip and the substrate. Therefore, the NCP 
7 is arranged on the packaging board 5 in advance. 

[0094] Thereby, even When the pad pitch is reduced in 
siZe, the NCP 7, Which is a non-conductive resin adhesive, 
can be inserted betWeen the semiconductor chip and the 
packaging board 5. 

[0095] In this embodiment, as shoWn in FIG. 8, NCP 7 in 
the form of a paste is dropped on the front surface 5a of the 
packaging board 5 from a noZZle 8 so as to be applied to the 
front surface 5a. The non-conductive resin adhesive is not 
limited to a paste resin adhesive, but a ?lm-like resin 
adhesive (for example, NCF (Non-Conductive Film)) may 
be used. 

[0096] Preferably, the NCP 7 is applied as much as pos 
sible to cover the areas around the sides of the semiconduc 
tor chip to protect it. 

[0097] Thereafter, FC (?ip chip) mounting, that is, ?ip 
chip bonding, as shoWn in step S9 of FIG. 2 and FIG. 4, is 
carried out. First, as shoWn in FIG. 9, the ?rst semiconduc 
tor chip 1, Which has been adsorbed and carried by an 
adsorption block 13b, is temporarily mounted over the front 
surface 5a of the packaging board 5 the NCP 7 layer. 

[0098] Subsequently, as shoWn in FIG. 10, the planished 
back surface 1b of the ?rst semiconductor chip 1 is pressed 
by the pressure block 13 and heated so that the ?rst semi 
conductor chip 1 is ?ip-chip bonded to the packaging board 
5 through the gold bumps 1d. For example, the temperature 
of the pressure block 13 is set to 300° C. and the ?rst 
semiconductor chip 1 is pressed by a load of 500 g. Heat 
applied from the pressure block 13 is transmitted to the ?rst 
semiconductor chip 1 to melt the NCP 7 and the solder 
pre-coat 5d. That is, this is ?ip-chip bonding by thermal 
contact. 

[0099] Thereby, the solder pre-coat 5a' is heated to a 
molten state to bond the gold bumps 1a' to the leads 5c by 
Way of the solder 17, as shoWn in step S9 of FIG. 4. 

[0100] In this embodiment, When the back surface 1b of 
the ?rst semiconductor chip 1 is to be pressed by the 
pressure block 13, a sheet member 14 is interposed betWeen 
the ?rst semiconductor chip 1 and the pressure block 13, as 
shoWn in FIG. 11, to press the back surface 1b of the ?rst 
semiconductor chip 1 by means of the pressure block 13, 
through the sheet member 14. The sheet member 14 has a 
thickness of about 50 pm, for example, and it is made of a 
?uororesin, for example. Since the ?uororesin has high heat 
resistance and high releasability from a resin, a sheet mem 
ber 14 made of a ?uororesin is preferably used. 

[0101] In this embodiment, the back surface 1b of the ?rst 
semiconductor chip 1 to be ?ip-chip bonded is ground and 
then polished or Wet etched so as to be ?attened. Therefore, 
since the back surface 1b is very ?at and has no large 
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irregularities 9c of the type shown in the Comparative 
Example of FIG. 14, it is possible to prevent the NCP 7 from 
rising up and ?owing onto the back surface 1b When the 
back surface 1b is pressed by the pressure block 13, as 
shoWn in FIG. 11. 

[0102] That is, since the back surface 1b of the ?rst 
semiconductor chip 1 is a planished ?at surface, When the 
?rst semiconductor chip 1 is pressed by the pressure block 
13, it is possible to prevent the NCP 7 that is rising along the 
side surfaces of the chip from ?oWing onto and adhering to 
the back surface 1b of the ?rst semiconductor chip 1 in a 
space betWeen the back surface 1b of the ?rst semiconductor 
chip 1 and the sheet member 14, unlike the case Where the 
NCP 7 ?oWs onto and adheres to the back surface 18a of the 
chip 18, as seen shoWn in the Comparative Example of FIG. 
15. 

[0103] Further, since the pressing surface 13a of the 
pressure block 13 is covered With the sheet member 14, 
When the NCP 7 rises up, it is possible to prevent the NCP 
7 from ?oWing onto and adhering to the pressure block 13 
and the pressure block 13 from being stained by the NCP 7. 

[0104] The ?rst semiconductor chip 1 is made as thin as 
about 140 pm, and so the pressure load of the pressure block 
13 cannot be made larger than required in consideration of 
the bending strength of the semiconductor chip 1. Therefore, 
as a means of preventing the NPC 7 from ?oWing onto and 
adhering to the back surface 1b of the ?rst semiconductor 
chip 1 With more certainty, a sheet member 14 that is formed 
as a thick sheet, as shoWn in the modi?cation of FIG. 12, 
may be used. 

[0105] For example, a sheet member 14 as thick as about 
100pm is used, and the back surface 1b of the ?rst semi 
conductor chip 1 is pressed to such an extent that it bites the 
sheet member 14, Whereby the sheet member 14 and the 
back surface 1b of the ?rst semiconductor chip 1 can adhere 
closely to each other. Therefore, it is possible to surely 
prevent the NCP 7 from ?oWing onto and adhering to the 
back surface 1b of the ?rst semiconductor chip 1. 

[0106] When the ?rst semiconductor chip 1 is pressed 
using the pressure block 13, the sheet member 14 does not 
alWays need to be interposed betWeen them. That is, When 
the adhesion of the NCP 7 to the back surface 1b of the ?rst 
semiconductor chip 1 can be prevented Without interposing 
the sheet member 14, due to close contact betWeen the 
pressing surface 13a of the pressure block 13 and the back 
surface 1b of the ?rst semiconductor chip 1 resulting from 
the back surface 1b of the ?rst semiconductor chip 1 being 
a planished ?at surface, the back surface 1b of the ?rst 
semiconductor chip 1 may be pressed by the pressure block 
13 Without interposing the sheet member 14 therebetWeen. 

[0107] The ?ip-chip bonding of the ?rst semiconductor 
chip 1 is thus completed as shoWn in step S9 of FIG. 4. 

[0108] The die bonding of the third semiconductor chip 3 
in the SIP 16 is then carried out. As shoWn in FIG. 1, the 
third semiconductor chip 3 is bonded to the front surface 5a 
of the packaging board 5 by the die bonding agent 12 While 
the semiconductor chip is arranged in such a manner that the 
main surface 3a faces up. The die bonding agent 12 is, for 
example, a thermosetting resin adhesive. 

[0109] Then, a second chip bonding is carried out, as 
shoWn in step S10 of FIG. 2. As shoWn in FIG. 1 and step 
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S10 of FIG. 5, the second semiconductor chip 2 is ?xed on 
the ?rst semiconductor chip 1 and the fourth semiconductor 
chip 4 is ?xed on the third semiconductor chip 3 by the die 
bonding agent 12, Which is an adhesive. 

[0110] That is, the semiconductor chip 2 is mounted over 
the back surface 1b of the ?rst semiconductor chip 1 through 
the die bonding agent 12 While the semiconductor chip 2 is 
arranged in such a manner that its main surface 2a faces up, 
and the back surface 1b of the ?rst semiconductor chip 1 and 
the back surface 2b of the second semiconductor chip 2 are 
bonded together by the die bonding agent 12. 

[0111] Further, the fourth semiconductor chip 4 is 
mounted over the main surface 3a of the third semiconduc 
tor chip 3 through the die bonding agent 12 While the 
semiconductor chip 3 is arranged in such a manner that its 
main surface 4a faces up, and the main surface 3a of the 
third semiconductor chip 3 and the back surface 4b of the 
fourth semiconductor chip 4 are bonded together by the die 
bonding agent 12. 

[0112] The above-mentioned die bonding agents 12 are, 
for example, a thermosetting resin adhesive. 

[0113] Thereafter, Wire bonding (W/B), as shoWn in step 
S11 of FIG. 2, is carried out. As shoWn in FIG. 1 and step 
S11 of FIG. 5, the second semiconductor chip 2, the third 
semiconductor chip 3 and the fourth semiconductor chip 4 
are electrically connected to the Wire connection leads 5f of 
the packaging board 5 by Wires 6, such as gold Wires. 

[0114] Molding as shoWn in step S12 of FIG. 2 is then 
carried out. As shoWn in FIG. 1 and step S12 of FIG. 6, the 
?rst semiconductor chip 1, the second semiconductor chip 2, 
the third semiconductor chip 3, the fourth semiconductor 
chip 4 and a plurality of Wires 6 are sealed With a resin to 
form a sealing body 10. The sealing resin used for resin 
sealing is, for example, an epoxy-based thermosetting resin. 

[0115] Thereafter, solder ball ?xing, as shoWn in step S13 
of FIG. 2, is carried out. As shoWn in FIG. 1 and step S13 
of FIG. 6, a plurality of solder balls 11, Which serve as 
external terminals, are formed on the bump lands 5h of the 
rear surface 5b of the packaging board 5. The solder balls 11 
are heated to a molten state by a high-temperature treatment 
With a re?oW so as to be ?xed on the bump lands 5h. 

[0116] Since adhesion of the NCP 7 to the back surface 1b 
of the ?rst semiconductor chip 1 can be prevented in this 
embodiment, separation betWeen the back surface 1b of the 
?rst semiconductor chip 1 and the sealing body 10 and 
separation betWeen the back surface 1b of the ?rst semicon 
ductor chip 1 and the die bonding agent 12 of the second 
semiconductor chip 2 can be prevented. 

[0117] This makes it possible to prevent the above-de 
scribed separation and cracking that are caused by a high 
temperature treatment With a re?oW for ?xing the solder 
balls 11, therefore making it possible to improve the reli 
ability of the SIP 16 (semiconductor device). 

[0118] When assembly is carried out by using a multi 
cavity substrate, the substrate is cut into individual SIP’s 16, 
as shoWn in step S14 of FIG. 2. 

[0119] Since bonding betWeen the solder balls 11 and the 
terminals 15a of the packaging board 15 is carried out by a 
high-temperature treatment With a re?oW for mounting the 






