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(57) ABSTRACT 

A printed-circuit board of the present invention, comprises 
a circuit substrate 1; a plurality of patterned Wires 3 formed 
on a surface of said circuit substrate 1; a plurality of lands 
2, each land 2 connected to at least one of said patterned 
Wires 3 through an end portion 3a thereof; and a protection 
layer 6 With a plurality of openings 7, covering the surface 
of said circuit substrate 1, Wherein said land 2 and said end 
portion 3a connected thereto are exposed in the associated 
opening 7 of said protection layer 6. 
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Fig. 7 
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PRINTED-CIRCUIT BOARD AND A 
SEMICONDUCTOR MODULE, AND A 
MANUFACTURING PROCESS OF THE 

SEMICONDUCTOR MODULE 

BACKGROUND OF THE INVENTION 

[0001] 1) Technical Field of the Invention 

[0002] The present invention relates to a printed-circuit 
board for receiving a semiconductor integrated circuit (IC) 
mounted thereon, and a semiconductor module including the 
semiconductor integrated circuit, and as Well as to a manu 
facturing process of the semiconductor module. 

[0003] 2) Description of the Related Art 

[0004] In the case Where the IC having a plurality of pins 
provided With a ball-like solder or a solder bump is mounted 
on a circuit substrate using a packaging technology such as 
BGA (ball grid array) and CSP (chip scale package), the 
circuit substrate made of, for example, epoxy resin is 
provided With a plurality of isolated lands, each of Which is 
aligned and connected, one to one correspondence, to the 
ball-like solder. The land, Which is preformed of a ?lm layer 
of, for instance, copper deposited on the circuit substrate is 
rounded so that it corresponds to the ball-like solder bump. 

[0005] FIG. 10 shoWs a cross sectional vieW of the 
conventional semiconductor module receiving the IC With 
ball-like solders on the circuit substrate. In this draWing, the 
circuit substrate 1 supports a plurality of lands 2, each 
connected With associated Wire 3. Both lands 2 and Wires 3 
are printed on the circuit substrate 1. The lands 2 are arrayed 
on the circuit substrate 1 corresponding, in number and in 
shape, to the ball-like solders provided on the opposing 
surface, i.e. the loWer surface in the draWing, of the Inte 
grated Circuit (IC) 4. Also, a protection layer 6 made of 
photoresist is provided on the Wires 3, but not on the lands 
3 to alloW the lands 3 connected With ball-like solders on the 
IC 4. 

[0006] For better understanding the problems to be solved 
by the present invention, FIG. 10 also shoWs not only 
ball-like solders properly fused but also that improperly 
fused, Which are designated by numerals 5a and 5b, respec 
tively. As shoWn, the properly fused ball-like solder 5a is 
completely soldered and thereby extends across the entire 
surface of the land 3. MeanWhile the improperly fused 
ball-like solder 5b is not completely soldered at its portion 
facing to the land 3, leaving a space gap extending around 
the land 3 betWeen the land 3 and the fused ball-like solder 
5b. 

[0007] The improper soldering may bring a mal-function 
such as open circuit, signi?cantly reducing the reliability of 
the semiconductor module 8. Thus, after soldering, a test 
should be made to determine Whether the soldering has been 
performed properly. HoWever, since a plenty of ball-like 
solders 5 are provided tWo-dimensionally betWeen the IC 4 
and the circuit substrate 1, it is difficult to determine the 
quality of the soldering by the visual inspection from the 
peripheral edge of the semiconductor module 8. Therefore, 
many processes for determining the quality of the soldering 
have been developed including a ?uoroscopic test in Which 
X-rays is illuminated from above the IC 4 to image the 
con?guration of the fused balls, determining Whether ball 
like solders 5 have been properly soldered. 
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[0008] FIG. 11 shoWs, in part, a photo?uorographic image 
of the semiconductor module 8, vieWed from above thereof 
With a soft X-rays. As shoWn in an exaggerated fashion, the 
ball-like solders 5 can be seen more clearly due to the 
reduced transmissivity thereof than others, as a cross 
hatched portion, Which are darker than the other portions 
(thus, the hatching is used only for exaggeration but not for 
indication of a cross-section. 

[0009] HoWever, Where the module 8 is designed so that 
the ball-like solders 5 and the lands 2 on the circuit substrate 
1 have substantially the same diameter, the images of the 
properly fused ball-like solders 5a can be hardly distin 
guished from those of the improperly fused ball-like solders 
5b even by the ?uoroscopic test from above thereof, because 
both images look same con?gurations as shoWn in FIG. 11. 

[0010] To solve this problem, the prior arts, such as JP-A 
9-51017, and JP-A 11-4067 disclose the lands 2 designed 
such that they have the diameter greater than, or the con 
?guration different from those of the ball-like solders 5. 

[0011] This technique causes the reproduced image to 
shoW the con?guration of the fused ball-like solders, alloW 
ing to readily judge Whether the ball-like solders are prop 
erly soldered. 

[0012] Disadvantageously, this requires a larger area of the 
lands 5 on the circuit substrate 1 therefor, Which provides a 
great restriction in patterning the Wires 3 on the circuit 
substrate 1. Also the larger lands 5 provides another restric 
tion in reducing the intervals of the adjacent ball-like solders 
5 in accordance With the miniaturiZation of IC 4 and the 
increase of pins, Which are normally required in the highly 
integrated circuit. 

SUMMARY OF THE INVENTION 

[0013] Therefore, the present invention Was made to solve 
the problems as aforementioned above, and the ?rst purpose 
thereof is to provide a printed-circuit board, Which can be 
easily inspected to determine the quality of the soldering 
When the IC With the ball-like solder of BGA, CSP or the 
like, is mounted on the circuit substrate, While alloWing the 
high density mounting, even in the case Where each land has 
approximately the same area as the ball-like solder. 

[0014] Also, the second purpose of the present invention 
is to provide a semiconductor module Which can be easily 
inspected to determine the quality of the soldering When the 
IC With the ball-like solders of BGA or CSP etc., is mounted 
on the circuit substrate, While alloWing the high reliability 
and the high density mounting. 

[0015] Further, the third purpose of the present invention 
is to provide a manufacturing process of the semiconductor 
module Which can be easily inspected to determine the 
quality of the soldering When the IC With the ball-like solder 
of BGA, CSP or the like, is mounted on the circuit substrate, 
While alloWing the high reliability and the high density 
mounting. 

[0016] According to a printed-circuit board of the present 
invention, it comprises, a circuit substrate; a plurality of 
patterned Wires formed on a surface of said circuit substrate; 
a plurality of lands, each land connected to at least one of 
said patterned Wires through an end portion thereof; and a 
protection layer With a plurality of openings, covering the 
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surface of said circuit substrate, wherein said land and said 
end portion connected thereto are exposed in the associated 
opening of said protection layer. 

[0017] Also according to the printed-circuit board of the 
present invention, each of the end portions of said patterned 
Wires is tapered aWay from one of said lands connected 
thereto. 

[0018] According to a semiconductor module of the 
present invention, it comprises, a printed-circuit board, 
including a circuit substrate, a plurality of patterned Wires 
formed on a surface of said circuit substrate, a plurality of 
lands, each land connected to at least one of said patterned 
Wires through an end portion thereof; a semiconductor 
integrated circuit having a plurality of pins; and a plurality 
of ball-like solders formed on each of said pins to mount said 
semiconductor integrated circuit upon said printed-circuit 
board such that each of said ball-like solders is fused onto 
one of said lands and on the end portion of said patterned 
Wires connected thereto. 

[0019] Also according to the semiconductor module of the 
present invention, the printed-circuit board further including 
a protection layer With a plurality of openings, covering the 
surface of said circuit substrate; Wherein each of said lands 
and end portions are eXposed in the associated opening of 
said protection layer. 

[0020] Further, according to the semiconductor module of 
the present invention, Wherein each of the end portions of 
said patterned Wires is tapered aWay from one of said lands 
connected thereto. 

[0021] According to a process for manufacturing the semi 
conductor module of the present invention, Which comprises 
steps of: covering an entire surface of a circuit substrate With 
a protection layer, Wherein a plurality of patterned Wires and 
lands are formed on said circuit substrate such that each of 
said patterned Wires are connected at least one of said lands 
through an end portion thereof; opening a plurality of 
openings Within said protection layer, each of said lands and 
end portions being eXposed therethrough; aligning and con 
necting ball-like solders of a semiconductor integrated cir 
cuit to said lands; fusing said ball-like solders onto said 
lands and end portions of said patterned Wires connected 
thereto, by heating the semiconductor module; and inspect 
ing a shape of soldering by ?uoroscoping the semiconductor 
module With a X-rays. 

[0022] Also, according to the process for manufacturing 
the semiconductor module of the present invention, it further 
comprises steps of, removing said protection layer out after 
fusing said ball-like solders. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a top plan vieW of the printed-circuit 
board according to Embodiment 1 of the present invention; 

[0024] FIGS. 2 to 5 are cross sectional vieWs each shoW 
ing the manufacturing processes of the semiconductor mod 
ule according to Embodiment 1 of the present invention; 

[0025] FIG. 6 is a photo?uorographic top vieW shoWing 
the manufacturing process of the semiconductor module 
according to Embodiment 1 of the present invention; 

[0026] FIG. 7 is a top plan vieW of the printed-circuit 
board according to Embodiment 2 of the present invention; 
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[0027] FIG. 8 is a photo?uorographic top plan vieW 
shoWing the manufacturing process of the semiconductor 
module according to Embodiment 2 of the present invention; 

[0028] FIG. 9 is a cross sectional vieW shoWing the 
semiconductor module according to Embodiment 3 of the 
present invention; 

[0029] FIG. 10 is a cross sectional vieW shoWing the prior 
art semiconductor module; and 

[0030] FIG. 11 is a cross sectional vieW shoWing the 
manufacturing process of the prior art semiconductor mod 
ule. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0031] Embodiment 1 

[0032] Referring to FIG. 1, shoWing a top plan vieW of the 
printed-circuit board according to Embodiment 1 of the 
present invention, the printed-circuit board 9 preferably 
made of, for eXample, epoXy comprises a circuit substrate 1 
supporting a plurality of lands 2 and patterned Wires 3. The 
lands 2 are electrically connected With associated patterned 
Wires 3. In particular, the lands 2 are arrayed on the circuit 
substrate 1 in the same manner as solders 5 prepared in the 
form of balls on an IC board 4. The printed-circuit board 9 
also comprises a photoresist layer 6 for the protection of the 
circuits on the substrate 1. In this case, hoWever, the lands 
2 and end portions 3a of the patterned Wires 3 are eXposed 
to air for their electric connections With the associated 
ball-like solders 5 on the IC board 4 to form a semiconductor 
module 8. 

[0033] FIGS. 2 to 5 shoW respective cross sectional vieWs 
taken along lines X-X‘ in FIG. 1. Referring to the draWings, 
the details are described hereinafter With regard to the 
manufacturing process of the semiconductor module 8. In 
the process, prepared is the printed-circuit board 9 as illus 
trated in and described With FIG. 1, including the substrate 
1 Which supports the lands 2, patterned Wires 3 each 
electrically connected to the associated lands 2, and coated 
photoresist layer 6. 

[0034] Referring to FIG. 3, the top surfaces of the lands 2 
are coated With a solder paste layer 10 by the conventional 
printing technique. 
[0035] Referring neXt to FIG. 4, the IC board 4 is placed 
on the board 9. The IC board 4 is provided at its one surface 
to be faced against the board 9 With a number of ball-like 
solders 5 made of conventional soldering material. The 
solders 5 are arrayed in the same manner as the lands 2 in 
the board 9. Preferably, each of the solders 5 is siZed so that, 
When properly fused on the land 2, it could eXtend across the 
entire surface of the land 2 to the portion 3a of the Wire 3. 
For this purpose, it is necessary for the IC board 4 to be 
assembled on the board 9 so that the ball-like solders 5 
correspond to the associated lands 2 as shoWn in FIG. 4. 

[0036] The assembled IC 4 and board 9 are placed in a 
heating chamber of a furnace, for eXample, re-?oWing 
furnace. This causes the ball-like solder 5 as Well as the 
soldering paste 10 to melt on the lands 2, electrically 
connecting the melted solder 5 With the associated circuit 
portion provided on the IC board 4. The resultant semicon 
ductor module 8 is illustrated in FIG. 5. 
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[0037] FIG. 5 also shows not only properly melted solders 
designated at 5a but also improperly melted solders desig 
nated at 5b. As can be seen in the drawing, the properly 
melted solder 5a covers not only on the entire surface of the 
land 2 but also on the portions 3a of the Wire 3 in the opening 
7, due to a good af?nity of betWeen the land 2 and the Wire 
3, both made of the same material. On the other hand, the 
substrate 1 exposed outside the land 2 and the portion 3a of 
the Wire 3 in the opening 7 is made of material capable of 
repelling against the melted solder 5a, preventing the melted 
solder 5a from ?oWing beyond the peripheral of the land 2 
and the end portion 3a onto surface of the substrate 1. 

[0038] On the other hand, the improperly melted solder 
5b, since it has not completely melted, contacts only a part 
of the surface of the land 2 to form a space gap at its 
periphery and does not extend onto the portion 3a of the Wire 
3, Which can result in a defect in the communication. 

[0039] Next, a process for determining Whether the sol 
dering has been made properly is described hereinafter. In 
this process, the quality of the soldering is determined by the 
conventional ?uoroscoping using soft X-ray illuminated 
from above the semiconductor modulator 8. FIG. 6 shoWs in 
part a resultant photo?uorographic image of the semicon 
ductor module. For clarity, the melted solder is shoWn With 
a cross-hatching. The image clearly shoWs that the properly 
melted solder 5a extends onto the end portion 3a of the 
patterned Wire 3 connected to the land 2. The image also 
shoWs that the improperly melted solder does not reach the 
end portion 3a. Therefore, Whether the solder has been 
melted properly can be determined by vieWing the existence 
of the melted solder on the end portion 3a even When the 
improperly melted solder Would cover the entire surface of 
the land 2. 

[0040] In vieW of above, by the use of the printed circuit 
board according to the ?rst embodiment of the present 
invention, the soldering connection in the semiconductor 
module can easily be tested, Which results in a highly 
reliable semiconductor module. Also, this alloWs the land to 
be reduced in siZe doWn to the melted solder, eliminating the 
space for the land 2 on the printed-circuit board 9. Advan 
tageously, this in turn reduces the restrictions in the design 
ing of the Wires to be patterned. Also, a semiconductor 
module in Which a greater number of ICs can be mounted in 
a small area can be provided. Further, the land can be in the 
form of circle corresponding to the ball-like solder, Which 
alloWs the existing masks to be used and the mask to be 
aligned With great ease. 

[0041] Embodiment 2 

[0042] Referring to FIG. 7, the semiconductor module 8 
according to the second embodiment Will be described. In 
this embodiment, particularly the end portion 3a of the 
patterned Wire 3 is tapered aWay from the land 2, although 
it is designed to have a constant Width in the ?rst embodi 
ment. Other parts or portions of the module are similar to 
those in the ?rst embodiment and therefore no further 
description Will be made thereto. 

[0043] With this arrangement, the melted solder can easily 
?oW across the end portion 3a. This means that the properly 
melted solder extends more smoothly over the entire end 
portion 3a, causing the ?uorographic image in Which the 
melted solder on the end portion 3a can easily be identi?ed 
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as shoWn in FIG. 8. This eases the determination of the 
quality of the soldering connection. 

[0044] The tapered end portion 3a also permits another 
portion of the Wire 3 connected to the end portion 3a to be 
narroWed. On the other hand, the end portion 3a can be 
Widened at its connecting end With the land 2. This reduces 
a required area for the Wires on the circuit board to provide 
a high density semiconductor module Without decreasing the 
vieWability of the end portions 3a at the ?uorographic 
inspection. 
[0045] Embodiment 3 

[0046] According to the semiconductor module according 
to Embodiment 1 of the present invention, the photoresist 
layer 6 is still remained even after the IC board 4 has been 
mounted on the circuit substrate 1. Contrary to this, in a 
resultant semiconductor module according to Embodiment 3 
shoWn in FIG. 9, no photoresist layer exists. Other parts or 
portions of the module are similar to those in the ?rst 
embodiment and therefore no further description Will be 
made thereto. 

[0047] In order to produce the semiconductor module of 
Embodiment 3, an additional process is needed for the 
removal of the photoresist layer. For example, the additional 
process includes a step for bathing the semiconductor mod 
ule into the organic solvent for removing the photoresist 
layer after the refolWing step. 

[0048] The semiconductor module so constructed eases 
the inspection of the quality of the soldered connection and 
results in a highly reliable semiconductor module With a 
simple manner. 

[0049] Modi?cations 

[0050] Although the opening 7 in the substrate 1 is in the 
form of circle, it may be other con?guration such as square 
and rectangular. 

[0051] Also, the land 2 may be other con?guration such as 
rectangular and circle With any deformation or deforma 
tions. 

[0052] Further, the lands 2 and the patterned Wires 3 may 
be made of the same or different materials, and they may 
have the same or different thicknesses. 

[0053] Furthermore, the protection layer of photoresist 6 
may be made of other materials such as polytetra?uoroet 
hylene Which can function as a mask for the melted solder. 

[0054] In vieW of above, the print-circuit board of the 
present invention can easily be tested for determining its 
soldering quality, and also can receive a number of ICs in 
high density. 

[0055] Also, a highly reliable semiconductor module With 
a high density ICs can be obtailed. 

[0056] Further, a highly reliable semiconductor module 
can be provided With the simple process. 

[0057] Parts List 

[0058] 1: circuit substrate 

[0059] 2: land 

[0060] 3: patterned Wire 
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[0061] 
[0062] 
[0063] 
[0064] 
[0065] 
[0066] 
[0067] 
[0068] 
[0069] 
[0070] 

361: end portion of patterned Wire 

4: semiconductor integrated circuit 

5: ball-like solder 

5a: proper soldering 

5b: irnproper soldering 

6: photoresist layer 

7: opening of photoresist layer 

8: serniconductor module 

9: printed-circuit board 

10: solder paste layer 

What is claimed is: 
1. A printed-circuit board, comprising: 

a circuit substrate; 

a plurality of patterned Wires formed on a surface of said 
circuit substrate; 

a plurality of lands, each land connected to at least one of 
said patterned Wires through an end portion thereof; 
and 

a protection layer With a plurality of openings, covering 
the surface of said circuit substrate, Wherein said land 
and said end portion connected thereto are exposed in 
the associated opening of said protection layer. 

2. A printed-circuit board according to claim 1, 

Wherein each of the end portions of said patterned Wires 
is tapered away from one of said lands connected 
thereto. 

3. A serniconductor rnodule, comprising: 

a printed-circuit board, including a circuit substrate, a 
plurality of patterned Wires formed on a surface of said 
circuit substrate, a plurality of lands, each land con 
nected to at least one of said patterned Wires through an 
end portion thereof; 

a semiconductor integrated circuit having a plurality of 
pins; and 
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a plurality of ball-like solders formed on each of said pins 
to mount said semiconductor integrated circuit upon 
said printed-circuit board such that each of said ball 
like solders is fused onto one of said lands and on the 
end portion of said patterned Wires connected thereto. 

4. A serniconductor rnodule according to claim 3, 

said printed-circuit board further including a protection 
layer With a plurality of openings, covering the surface 
of said circuit substrate; 

Wherein each of said lands and end portions are eXposed 
in the associated opening of said protection layer. 

5. A serniconductor rnodule according to claim 3, 

Wherein each of the end portions of said patterned Wires 
is tapered away from one of said lands connected 
thereto. 

6. A process for manufacturing a semiconductor rnodule, 
cornprising steps of: 

covering an entire surface of a circuit substrate With a 
protection layer, Wherein a plurality of patterned Wires 
and lands are formed on said circuit substrate such that 
each of said patterned Wires are connected at least one 
of said lands through an end portion thereof; 

opening a plurality of openings Within said protection 
layer, each of said lands and end portions being 
exposed therethrough; 

aligning and connecting ball-like solders of a sernicon 
ductor integrated circuit to said lands; 

fusing said ball-like solders onto said lands and end 
portions of said patterned Wires connected thereto, by 
heating the semiconductor module; and 

inspecting a shape of soldering by ?uoroscoping the 
semiconductor module with a X-rays. 

7. A process for manufacturing a semiconductor rnodule 
according to claim 6, further comprising steps of: 

removing said protection layer out after fusing said ball 
like solders. 


