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SEMICONDUCTOR DEVICE WITH 
ELECTRODE PAD HAVING PROBE MARK 

RELATED APPLICATIONS 

[0001] This application is a Continuation of US. applica 
tion Ser. No. 10/958,413, ?led Oct. 6, 2004, claiming priority 
ofJapanese Application No. 2003-347899, ?led Oct. 7, 2003, 
the entire contents of each of Which are hereby incorporated 
by reference. 

1. FIELD OF THE INVENTION 

[0002] The present invention relates to a semiconductor 
device and to a method of manufacturing the same, Wherein 
bonding balls are bonded to electrode pads Which have (a) 
probe mark(s). 

2. DESCRIPTION OF THE BACKGROUND ART 

[0003] There has been knoWn a manufacturing method of a 
semiconductor device includes a Wire-bonding process for 
bonding balls to electrode pads. 
[0004] In accordance With the recent narroWing of pitch of 
electrode pads, a technique Where the shape of the bonding 
balls is changed from round to oval has been suggested in, for 
example, Japanese non-examined laid-open patent publica 
tion No. Hei 10-56030 (page 2). 
[0005] In a Wafer test conducted prior to Wire-bonding, a 
process for pressing a probe against electrode pads, i.e., prob 
ing, is carried out. For this reason, probe marks appear in the 
electrode pads after the Wafer test. Since a part of the bonding 
ball directly upon a probe mark does not contribute to the 
bonding, there is a problem that the area of bonding of the 
electrode With the bonding ball becomes smaller compared to 
the bonding area When there are no probe marks. 
[0006] Further, an offset occurs in the form of the bonding 
surface of the surface of the electrode pads With the back 
surfaces of the bonding balls along the shape of a probe mark. 
Accordingly, as shoWn in FIGS. 7A and 7B, during the loop 
pull test conducted after the Wire-bonding, the part of the 
bonding ball 2 directly upon the probe mark 1 is lifted ?rst, 
and a momental force occurs to the bonding ball 2. Conse 
quently, there is a problem that the electrode pads 3 peel off 
during loop pull test. FIG. 7B is a cross-sectional vieW taken 
along line B-B' of FIG. 7A. 
[0007] Moreover, as shoWn in FIG. 8, in the case Where a 
plurality of probe marks 1 exist in an electrode pad 3, small 
area junction parts 5 exist in the gap betWeen the probe marks 
1. Also in this case, tensile stress is applied to the small-area 
junction parts 5 during loop pull test. For this reason, there is 
a problem that the electrode pads 3 peel off during loop pull 
test due to stress concentration. 

SUMMARY OF THE INVENTION 

[0008] The present invention has been conceived to solve 
the previously-mentioned problems and a general object of 
the present invention is to provide a novel and useful semi 
conductor device and is to provide a novel and useful method 
for manufacturing a semiconductor device. 
[0009] A more speci?c object of the present invention is to 
control peeling of electrode pads during loop pull test. 
[0010] According to ?rst aspect of the present invention, 
the semiconductor device comprises a semiconductor chip; 
an electrode pad formed on the semiconductor chip and hav 
ing a probe mark therein; and a bonding ball bonded to the 
electrode pad. The probe mark is completely covered by the 
bonding ball. 
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[0011] According to second aspect of the present invention, 
the semiconductor device comprises a semiconductor chip; 
an electrode pad formed on the semiconductor chip and hav 
ing a plurality of probe marks therein; and a bonding ball 
bonded to the electrode pad. The plurality of probe marks is 
crossed each other at angles betWeen degrees of 70 and 110. 
[0012] According to third aspect of the present invention, 
the semiconductor device comprises a semiconductor chip; 
an electrode pad formed on the semiconductor chip and hav 
ing a plurality of probe marks therein; and a bonding ball 
bonded to the electrode pad. The plurality of probe marks has 
curved shapes in its entirety. 
[0013] Other objects and further features of the present 
invention Will be apparent from the folloWing detailed 
description When read in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIGS. 1A and 1B are draWings for shoWing the 
semiconductor device according to a ?rst embodiment of the 
present invention; 
[0015] FIGS. 2A and 2B are top vieWs for shoWing other 
examples of probe marks according to the ?rst embodiment of 
the present invention; 
[0016] FIG. 3 is a top vieW for shoWing the semiconductor 
device according to a second embodiment of the present 
invention; 
[0017] FIG. 4 is a top vieW for shoWing a variant of the 
second embodiment of the present invention; 
[0018] FIG. 5 is a top vieW for showing the semiconductor 
device according to a third embodiment of the present inven 
tion; 
[0019] FIG. 6 is a top vieW for shoWing a variant of the third 
embodiment of the present invention; and 
[0020] FIGS. 7A, 7B and 8 are diagrams for shoWing prob 
lems in a conventional semiconductor device. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] In the folloWing, principles and embodiments of the 
present invention Will be described With reference to the 
accompanying draWings. The members and steps that are 
common to some of the draWings are given the same reference 
numerals and redundant descriptions therefore may be omit 
ted. 

First Embodiment 

[0022] FIGS. 1A and 1B are draWings for shoWing the 
semiconductor device according to the ?rst embodiment of 
the present invention. Speci?cally, FIG. 1A is a top vieW for 
shoWing the bonding part of an electrode pad With a bonding 
ball and the vicinity thereof, and FIG. 1B is a cross-sectional 
vieW taken along line A-A'. 
[0023] As shoWn in FIGS. 1A and 1B, a plurality of elec 
trode pads 3 made of an aluminum thin ?lm is formed on a 
semiconductor chip 10. An electrode pad 3 is rectangular With 
the short side in the pad-pitch direction (the horiZontal direc 
tion in FIG. 1A), limited by the mechanism of the probing 
device. In the electrode pad 3, a probe mark 1, Which is made 
by the pressing of the probe during Wafer test, exists. For 
example, the probe mark 1 is a linear scratch When a cantile 
ver-type probe is used. A bonding ball 2 is bonded to the 
electrode pad 3 so as to completely cover the probe mark 1. 
The bonding ball 2 forms one end of a Wire 4, and the other 
end of the Wire 4 is connected to a lead (not shoWn). Taking in 
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consideration the recent pitch narrowing of electrode pads 3, 
45 um and below, for example, would be favorable as the 
diameter of a bonding ball 2. 
[0024] The above-mentioned scratch-type is not the only 
shape of a probe mark; and probe marks of other shapes also 
exist. 
[0025] FIGS. 2A and 2B are top views for showing other 
examples of probe marks according to the ?rst embodiment of 
the present invention. 
[0026] In the case where a vertical-type probe or a thin 
?lm-type probe is used for conducting a wafer test, a plurality 
of probe marks 1a or 1b like dot-like marks or dents is formed 
in an electrode pad 3. Also in this case, a bonding ball 2 is 
bonded to the electrode pad 3 so as to completely cover the 
probe marks 1a or 1b. 
[0027] Further, the shape of the bonding surface of the 
bonding ball 2 may be any round or oval shape, provided that 
the probe marks are completely covered. 
[0028] Next, the method of manufacturing the above-de 
scribed semiconductor device will be explained. Here, expla 
nation will be given mainly on the wire-bonding process. 
[0029] A plurality of electrode pads 3 made of an aluminum 
thin ?lm is formed on the vicinity of the periphery of a 
semiconductor chip 10. 
[0030] Next, a wafer test is carried out by pressing a canti 
lever-type probe against the electrode pad 3. During the wafer 
test, a scratch-like probe mark 1 is made on the electrode pad 
3. 
[0031] Then, the electrode pad 3 on the semiconductor chip 
10 and a lead of a lead frame which ?xes the semiconductor 
chip 1 0 are wire-bonded together. At this time, the probe mark 
1 in the electrode pad 3 is completely covered by a bonding 
ball 2, which forms one end of a wire 4. The wire 4 is, for 
example, made of Gold. 
[0032] Further, a loop pull test (pull test) is conducted by 
hooking a hook 6 over the loop of the wire 4 and pulling the 
hook 6 upwards. FIG. 1B shows a case where a loop pull test 
is conducted in the direction vertical to the electrode pad 3. 
However, there are also cases in which the loop pull test is 
conducted by pulling the hook 6 at a certain angle (refer to 
FIG. 8). Since the probe mark 1 is not exposed outside the 
bonding ball 2 during the loop pull test, no momental force as 
generated in the conventional method of manufacturing a 
semiconductor device is generated. 
[0033] As explained above, in the ?rst embodiment of the 
present invention, in wire-bonding the electrode pad 3 with 
the lead, the bonding ball 2 is bonded with the electrode pad 
3 so as to completely cover the probe mark 1 made during the 
wafer test. Accordingly, the bonding area of the electrode pad 
3 with the bonding ball 2 can be increased compared to the 
conventional semiconductor device, and thus, a bonding 
strength stronger than the conventional semiconductor device 
can be obtained. Also, since the probe mark 1 is not exposed 
outside the bonding ball 2, no momental force as applied in 
the conventional method of manufacturing a semiconductor 
is applied to the bonding ball 2 during loop pull test. Further 
more, since no small-area junction parts exist in the gap 
between probe marks as in the conventional semiconductor 
device in the case where a plurality of probe marks exists, 
tensile stress does not concentrate on particular parts during 
loop pull test. 
[0034] Accordingly, peeling of electrode pads 3 during 
loop pull test can be inhibited. 

Second Embodiment 

[0035] In the above-described ?rst embodiment, concen 
tration of tensile stress during loop pull test is avoided by 
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enlarging the diameter of the bonding ball 2. In the second 
embodiment of the present invention, concentration of tensile 
stress during loop pull test is controlled by making appropri 
ate the shape of the probe marks. 
[0036] FIG. 3 is a top view for showing the semiconductor 
device according to the second embodiment of the present 
invention. 
[0037] As shown in FIG. 3, a plurality of linear probe marks 
1 exists on the electrode pad 3 made of an aluminum thin ?lm. 
The probe marks 1 made by the wafer test cross each other at 
angles close to right angles, in further detail, at angles 6 not 
less than 70 degrees and not over 1 10 degrees. The preferable 
angles of overlapping of the probe marks 1 are right angles. 
[0038] Also, a bonding ball 2, which forms one end of a 
wire, is connected to the electrode pad 3. A junction region 5 
is formed in the region which is a lower part of the bonding 
ball 2 and also a gap between the probe marks 1. However, by 
forming the plurality of probe marks 1 as above-mentioned, 
the junction area 5 may be enlarged compared to the conven 
tional semiconductor device. It is desirable that the junction 
area 5 is larger than a cross section of the wire 4 (see FIG. 1B). 
[0039] Next, the method of manufacturing the above-de 
scribed semiconductor device will be explained. 
[0040] A plurality of electrode pads 3 made of an aluminum 
thin ?lm is formed on the vicinity of the periphery of a 
semiconductor chip. 
[0041] Next, a wafer test is carried out by pressing a canti 
lever-type probe against the electrode pad 3. When pressing 
the probe against the electrode pad 3 for a plurality of times 
during the wafer test, the angle of the probe to be pressed 
against the electrode pad 3 for the second time is made so as 
to make right angles or angles close to right angles with the 
probe pressed for the ?rst time. To explain in detail, the wafer 
test is conducted so that the angles of pressing the probe 
against the electrode pad 3 among the plurality of times are 
between the degrees of 70 and 110. Therefore, the probe 
marks 1 left on the electrode pad 3 overlap each other at right 
angles or angles close to right angles. 
[0042] Then, the electrode pad 3 on the semiconductor chip 
is wire-bonded with a lead of the lead frame. That is, the 
bonding ball 2 is bonded to the electrode pad 3. 
[0043] Further, a loop pull test is conducted by hooking a 
hook over the loop of the wire 4 and pulling the hook 
upwards, in the same manner as in the above-described ?rst 
embodiment. 
[0044] As explained above, in the second embodiment, the 
probe marks 1 overlap each other at angles between the 
degrees of 70 and 110. Accordingly, since the junction area 5 
in the gap between the probe marks may be enlarged com 
pared to the conventional semiconductor device, concentra 
tion of tensile stress during loop pull test can be controlled. 
Thus, peeling of electrode pads 3 during loop pull test can be 
inhibited. 
[0045] Next, a variant of the second embodiment of the 
present invention will be explained. 
[0046] FIG. 4 is a top view for showing a variant of the 
second embodiment of the present invention. 
[0047] As shown in FIG. 4, in the semiconductor device 
according to the variant, probe marks 1 made in an electrode 
pad 3 are completely covered by a bonding ball 2. That is, in 
wire-bonding the electrode pad 3 with the lead, the bonding 
ball 2 is bonded with the electrode pad 3 so as to completely 
cover the probe marks 1 made during the wafer test. 
[0048] According to this variant, the junction area 5 
between the probe marks 1 may be further enlarged compared 
to the above-described second embodiment. Thus, concentra 
tion of tensile stress during loop pull test can be further 
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controlled. Furthermore, according to this variant, the same 
effects as the above-described ?rst embodiment may also be 
obtained. 

Third Embodiment 

[0049] Similarly to the above-described second embodi 
ment of the present invention, in the third embodiment, con 
centration of tensile stress during loop pull test is controlled 
by making appropriate the shape of the probe marks. 
[0050] FIG. 5 is a top vieW for showing the semiconductor 
device according to the third embodiment of the present 
invention. 
[0051] As shoWn in FIG. 5, probe marks 1 of curved shapes 
exist in an electrode pad 3. 
[0052] Also, a bonding ball 2, Which forms one end of a 
Wire, is connected to the electrode pad 3. No junction area Will 
be formed in a loWer part of the bonding ball 2 since the probe 
marks 1 are made in the above-mentioned curved shapes. 
[0053] Next, the method of manufacturing the above-de 
scribed semiconductor device Will be explained. 
[0054] A plurality of electrode pads 3 made of an aluminum 
thin ?lm is formed on the vicinity of the periphery of a 
semiconductor chip. 
[0055] Next, a Wafer test is carried out by pressing a canti 
lever-type probe against the electrode pad 3 for a plurality of 
times. During the Wafer test, the probe is pressed against the 
electrode pad 3 While being curved. That is, the probe is 
pressed for a plurality of times With a curvature so that no 
junction areas are formed betWeen probe marks 1 as in the 
second embodiment. Accordingly, curved probe marks 1 are 
made in the electrode pad 3. 
[0056] Then, Wire-bonding and loop pull test is carried out 
in the same manner as in the above-described second embodi 
ment. 

[0057] As explained above, in the third embodiment of the 
present invention, formation of junction areas betWeen the 
probe marks 1 is avoided by making the probe marks 1 in 
curved shapes. For this reason, concentration of tensile stress 
during loop pull test can be controlled. Accordingly, peeling 
of electrode pads 3 during loop pull test can be inhibited. 
[0058] Next, a variant of the third embodiment of the 
present invention Will be explained. 
[0059] FIG. 6 is a top vieW for shoWing a variant of the third 
embodiment of the present invention. 
[0060] As shoWn in FIG. 6, in the semiconductor device 
according to the variant, probe marks 1 made in an electrode 
pad 3 are completely covered by a bonding ball 2. That is, in 
Wire-bonding the electrode pad 3 With the lead, the bonding 
ball 2 is bonded With the electrode pad 3 so as to completely 
cover the probe marks 1 having curved shapes. 
[0061] According to this variant, concentration of tensile 
stress during loop pull test can be further controlled. 
[0062] A method for manufacturing a semiconductor 
device comprising: conducting a Wafer test by pressing a 
probe against an electrode pad on a semiconductor chip; 
Wire-bonding for bonding a bonding ball to the electrode pad 
so as to completely cover probe marks formed in the electrode 
pad resulting from the Wafer test; and conducting a loop pull 
test after the Wire-bonding. 
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[0063] A method for manufacturing a semiconductor 
device comprising: conducting a Wafer test by pressing a 
probe against an electrode pad for a plurality of times; Wire 
bonding for bonding a bonding ball to the electrode pad after 
the Wafer test; and conducting a loop pull test after the Wire 
bonding, Wherein the Wafer test is conducted so that the 
angles of pressing the probe among the plurality of times are 
betWeen degrees of 70 and 110. 
[0064] In the method of manufacturing a semiconductor 
device, the Wire-bonding is carried out so that the plurality of 
probe marks made in the electrode pad is completely covered 
by the bonding ball. 
[0065] A method of manufacturing a semiconductor device 
comprising: conducting a Wafer test by pressing a probe 
against an electrode pad for a plurality of times While curving 
the probe; Wire-bonding for bonding a bonding ball to the 
electrode pad so as to completely cover probe marks made in 
the electrode pad resulting from the Wafer test; and conduct 
ing a loop pull test after the Wire-bonding. 
[0066] In the method of manufacturing a semiconductor 
device, the Wire-bonding is carried out so that the plurality of 
probe marks made in the electrode pad is completely covered 
by the bonding ball. 
[0067] Further, the present invention is not limited to these 
embodiments, but variations and modi?cations may be made 
Without departing from the scope of the present invention. 
[0068] The entire disclosure of Japanese Patent Application 
No. 2003-347899 ?led on Oct. 7, 2003 containing speci?ca 
tion, claims, draWings and summary are incorporated herein 
by reference in its entirety. 

1-6. (canceled) 
7. A method of manufacturing a semiconductor device, 

comprising the steps of: 
performing a Wafer test including pressing a probe against 

an electrode pad on a semiconductor chip to make a ?rst 
probe mark by ?rst pressing and to make a second probe 
mark so as to overlap the ?rst probe mark by second 
pressing; and 

Wire-bonding, after the Wafer test, a Wiring to the electrode 
pad, Wherein the ?rst probe mark has a shape so that a 
?rst length of its shape along a ?rst straight direction is 
larger than a second length of along a second straight 
direction perpendicular to the ?rst straight direction, and 

Wherein the second probe mark has a shape so that a third 
length betWeen of its shape along a third straight direc 
tion is larger than a fourth length along a fourth straight 
direction perpendicular to the third straight direction, 
and 

Wherein an angle betWeen the ?rst and third straight direc 
tions is not less than 70 degree and not larger than 110 
degree. 

8. The method of manufacturing the semiconductor device 
according to claim 7, further comprising the step of perform 
ing, after Wire-bonding, a loop pull test on the Wiring. 

9. The method of manufacturing the semiconductor device 
according to claim 7, Wherein a bonding ball, Which is one 
end of the Wiring, bonded on the electrode pad covers an 
entire of the ?rst and second probe marks. 

* * * * * 


