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(57) ABSTRACT

A probe card which can help to enhance the productivity of
semiconductor integrated circuits manufacturing and to
reduce the manufacturing cost thereof, and a method of
probe-testing semiconductor integrated circuits by using the
probe card. The probe card 1s designed to test semiconductor
integrated circuits formed on a semiconductor water and
arranged 1n rows and columns. It has groups of probe
needles provided to contact semiconductor integrated cir-
cuits arranged 1n two columns and at least two rows. The
card receives a test signal from a test device and supplies the
test signal simultaneously to these semiconductor integrated
circuits arranged in two columns and at least tow rows,
through the groups of probe needles. It receives response
signals simultaneously from the semiconductor integrated
circuits through the groups of probe needles and then sup-
plies the response signals to the tester.

12 Claims, 11 Drawing Sheets
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PROBE CARD HAVING GROUPS OF PROBLE
NEEDLES IN A PROBING TEST APPARATUS
FOR TESTING SEMICONDUCTOR
INTEGRATED CIRCUITS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

Morve than one reissue application has been filed for the

reissue of U.S. Pat. No. 5,818,249. This is a continuation of

application Ser. No. 09/686,200 filed Oct. 5, 2000, now U.S.
Pat. No. RE40105 issued on Feb. 26, 2008, which is a reissue
application of U.S. Pat. No. 5,818,249 issued Oct. 6, 1998.
This continuation application also claims benefit of priority
under 35 US.C. § 119 to Japanese Patent Application No.
7-249531, filed on Sep. 27, 1995.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1invention relates to a probe card for testing
semiconductor integrated circuits and also to a method of
probe-testing semiconductor integrated circuits by using the
probe card.

2. Description of the Related Art

Probing test is performed on semiconductor integrated
circuits for their electrical characteristics. The test 1s carried
out after the waler process and before the dicing process,
namely after the integrated circuits have been formed in a
semiconductor wafer, arranged in rows and columns. By this
test 1t 1s determined whether the integrated circuits are defec-
tive or not. Any integrated circuit found defective 1s not sub-
jected to an assembly step. This helps to prevent an unneces-
sary 1ncrease in the manufacturing cost of semiconductor
devices.

The integration density of semiconductor integrated cir-
cuits (ICs) has much increased 1n recent years. Because of
the increased integration density, the time of testing each
integrated circuit, or each IC chip (hereinaiter called
“chip”), has increased. Until recently the probing test has
been performed, chip by chip. At present a plurality of chips
are tested simultaneously, in order to shorten the time of
testing one chip.

FIG. 1 1s a perspective view, illustrating a conventional
probe card 3 and a semiconductor wafer 1. As FIG. 1 shows,
84 chips 3 are arranged 1n rows and columns on the semicon-
ductor wafer 1. The probe card 5 has one probe-needle hole
7. Protruding through the hole 7 are four groups 9a, 9b, 9¢ an
9d of needles to test four chips 3a, 3b, 3¢ and 3d. Thus, the
probe card 5 1s used to test four chips at the same time, for
determining the electrical characteristics of the chips.

The integration density of semiconductor integrated
circuits, particularly semiconductor memories, 1s still
increasing. The time for testing one chip inevitably increases
even 1i the probe card 5 (FI1G. 1) 1s used. In order to shorten
the time, it is necessary to provide more groups of [prove]
probe needles for each column so that the card 5 may test
more chips at the same time.

FIG. 2 1s a perspective view, showing another type of a
conventional probe card §' and a semiconductor wafer 1. As
seen from FIG. 2, the probe card 5' has eight groups 9a to 9h
of needles, which protrude through a hole 7. The groups 9a
to 9h of needles are provided to test eight chips 3a to 3h at
the same time, whereas the four groups 9a to 9d of needles of
the probe card 5 (FIG. 1) are used to test four chups 3a to 3d
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simultaneously. Hence, the probe card 5' helps to shorten the
time required for testing one chip.

When the probe card §' was used to accomplish a probing
test, however, more chips were likely [found] to be found
defective than 1n the case where the probe card 5 shown 1n
FIG. 1 was used. To determine whether this tendency [is}
was genuine or not, the chips tested by using the card 5' were
tested, one by one. Of the chips which were found defective
when tested [by means of the] using card 5', some proved
flawless. This means that the probe card 3' can test chips but
with an 1nsuilicient accuracy.

Some reasons for the isuificient test accuracy, that are
conceivable at present, will be discussed below.

The response signals output from all chips simultaneously
tested are supplied at the same time to the tester via the probe
card 5'. The tester compares the levels, leading edge time and
trailing edge time of the response signals with prescribed
values or ranges, determining whether the chips are flawless
or not.

The probe needles of the groups 9a to 9h are connected to
probe contacts 11 provided on the circumierential edge of
the probe card 5' by wires (not shown) which are provided
within the card 5. It 1s at the probe contacts 11 that the probe
card 5' can contact a tester. The response signal from each
chip tested has 1ts level lowered before reaching the tester,
because of the resistance of the wire provided in the card 5'.
It 1s natural that the leading and trailing edge time of the
response signal shift in accordance with the capacitance of
the wire.

The more groups of probe needles provided to test more
chips at a time, the greater the diameter D of the probe card
5'. As the diameter D increases, so does the difference in
length between a wire connecting a needle located at the
center of the card §' to the associated contact 11 and a wire
associated a needle at the edge of the card §' to the associated
contact 11. As this difference increases, the differences in
resistance and capacitance among the wires 1ncrease in pro-

portion. Further, the longer the wires, the higher the prob-
ability of crosstalk among the wires.

Moreover, the larger the diameter D, the more likely the
probe card 5" will warp. If the card 5 warps, the contact
resistances between the chip pads on the one hand and the
probe needles on the other will become different, and so will
become the contact resistances between the probe needles on
the one hand and the tester on the other hand. As the probe
card §' warps, a stress 1s exerted on the wires provided 1n the
card 5'. Each wire may have its electrical characteristics
altered at that part on which an excessive stress 1s applied.

Any or some of the problems described above impair the
accuracy of the probing test achieved by the probe card 5'.
Due to these problems, some of the chips simultaneously
tested may be determined to be defective though they are
actually flawless, particularly when the tester compares the
levels, leading edges and trailing edges of the response sig-
nals from the chips with the prescribed values or ranges. In
other words, the difference in resistance and capacitance
among the wires provided 1n the card 8', the difference 1n
pad-needle contact resistance, the difference 1n needle-tester
contact resistance, the changes in the electrical characteris-
tics of the wires, and the crosstalk among the wires prevent
the tester from detecting the true characteristics of the chips
tested at the same time.

This deterioration of probing-test accuracy is particularly
prominent 1n the test of semiconductor memories having a
large storage capacity. This 1s because these memories oper-
ate at so high a speed that only a little allowance 1s provided
for the shifting of the leading and trailing edge time of each
signal.
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A semiconductor memory having a large storage capacity
1s one ol the most delicate and sensitive devices. Its opera-
tion will be jeopardized 11 even a very small error 1s made. To
see whether such a small error occurs or not, the memory 1s
subjected to proving test which 1s performed by using a
probe card under strict conditions. Therefore, a problem
with the wires provided in the probe card lower the test

accuracy, even 1f the problem 1s a very small one.

SUMMARY OF THE INVENTION

As 1mdicated above, 1t 1s demanded that the time for per-
forming probing test on semiconductor integrated circuits
(ICs) be reduced as much as possible. To meet the demand 1t
suifices to test as many IC chips as possible, at the same
time. However, the more IC chips are tested simultaneously,
the more chips will be determined to be defective though
they are actually flawless. This would increase the manufac-
turing cost of the semiconductor integrated circuit.

Accordingly, the object of the present invention 1s to pro-
vide a probe card which can help to enhance the productivity
of semiconductor integrated circuits and to reduce the manu-
facturing cost thereof, and also to provide a method of
probe-testing semiconductor integrated circuits by using the
probe card.

A probe card according to the mvention 1s designed to test
semiconductor integrated circuits formed on a semiconduc-
tor water and arranged 1n rows and columns. The probe card
has groups of probe needles provided to contact semicon-
ductor integrated circuits arranged in two columns and at
least two rows. It recerves a test signal from the tester and
supplies the test signal simultaneously to these semiconduc-
tor integrated circuits through the groups of probe needles. It
receives response signals simultaneously from the semicon-
ductor integrated circuits through the groups of probe
needles and then supplies the response signals to the tester.

Additional objects and advantages of the invention will be
set forth 1n the description which follows, and in part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumentali-
ties and combinations particularly pointed out i1n the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, 1llustrate presently
preferred embodiments of the mvention and, together with
the general description given above and the detailed descrip-
tion ol the preferred embodiments given below, serve to
explain the principles of the mvention.

FIG. 1 15 a perspective view of a conventional probe card;

FIG. 2 1s a perspective view of a conventional probe card
of another type;

FIG. 3 1s a perspective view of a probe card according to a
first embodiment of the invention;

FIG. 4 1s a magnified plan view of a part of the probe card,
showing the probe needles;

FIG. 5A 1s a graph representing the results of conventional
probing test;

FIG. 5B 1s a graph representing the results of the probing
test performed by using the probe card shown 1n FIG. 3;

FIG. 6 1s a plan view of a probe card according to a second
embodiment of this invention;

FIG. 7 1s an exploded view of a probe card according to a
third embodiment of the invention:
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FIG. 8 1s a diagram explaiming a probe-testing method
according to a fourth embodiment of the present invention;

FIG. 9 1s a diagram explaiming a probe-testing method
according to a fifth embodiment of this invention;

FIG. 10 1s a diagram explaining a probe-testing method
according to a sixth embodiment of the invention;

FIG. 11 1s a diagram representing the positional relation-
ship between the probe needles of a probe card according to
a seventh embodiment of the invention, on the one hand, and
the pads of an IC chip, on the other;

FIG. 12 1s a diagram representing the positional relation-
ship which the probe needles of the probe card according to
a seventh embodiment may have with the pads of an IC chip;

FIG. 13 1s a perspective view of a probe card according to
an eighth embodiment of the invention;

FIG. 14 1s a diagram showing the positional relationship
between the probe needles of a probe card according to a
ninth embodiment, on the one hand, and the pads of an IC
chip, on the other;

FIG. 15 1s a magnified plan view of a part of the probe
card shown 1n FIG. 14, showing the probe needles;

FIG. 16 1s a diagram showing the positional relationship
between the probe needles of a probe card according to a
tenth embodiment, on the one hand, and the path of an IC
chip, on the other; and

FIG. 17 1s a magnified plan view of a part of the probe
card shown 1n FIG. 16, 1llustrating the probe needles.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will now be
described, with reference to the accompanying drawings.
The components shown 1n one drawing, which are similar or
identical to those shown 1n any other drawing, are designated
at the same reference numerals and will not be described 1n
detail.

FIG. 3 1s a perspective view showing a probe card 15
according to the first embodiment of the invention, along
with a semiconductor wafer 1. FIG. 4 1s a magnified plan
view of a part of the card 15. As FIG. 3 illustrates, 84 IC
chips 3 are provided on the wafer 1, arranged 1n rows and
columns.

The probe card 15 1s designed to probe-test the chips 3. It
comprises eight groups 19a to 19h of probe needles, a sub-
strate 20 and probe contacts 21. The probe needles of the
groups 19a to 19h can contact eight chips 3a to 3h arranged
in four rows and two columns. The card substrate 20 has a
rectangular through hole 17 having two short sides and two
long sides. The first to fourth groups 19a to 19d of needles
are provided on the card substrate 20 along one long side of
the hole 17, and the fifth to eighth groups 19¢ to 19h of
needles are provided on the card substrate 20 along the other
long side of the hole 17. In other words, the groups 19a to
19h of needles are arranged 1n two rows, each row consisting,
of four groups. As shown 1n FIG. 4, the probe needles of the
groups 19a to 19d extend downwards through the hole 17 to
contact the external pads 31 of the IC chips 3a to 3d arranged
in one column, and the probe needles of the groups 19¢ to
19h extend upwards through the hole 17 to contact the outer
pads 31 of the IC chips 3¢ to 3h arranged in the next row. As
shown 1n FIG. 3, the probe contacts 21 are provided on the
substrate 20, arranged along the circumierential edge of the
substrate 20. The contacts 21 are connected to the groups
19a to 19h of needles by wires (not shown) which are pro-
vided on or 1n the substrate 20.
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In operation, the probe card 15 1s positioned with respect
to the semiconductor water 1, such that the probe needles of
the groups 19a to 19h contact the outer pads 31 of the chips
3a to 3h, respectively, as 1s 1llustrated 1n FIG. 4. A test signal
1s supplied from a tester (not shown) to the probe contacts 21
and hence to the groups 19a to 19h of needles through the
wires. The test signal 1s simultaneously supplied to the eight
chips 3a to 3h through the groups 19a to 19h of needles. In
response to the test signal, the chips 3a to 3h output response
signals, which are supplied to the probe contacts 21 first
through the groups 19a to 19h of needles and then through
the wires. The response signals are ultimately supplied from
the probe contacts 21 to the tester. The tester compares the
levels, leading edge time and trailing edge time of the
response signals with prescribed values or ranges. Thus, the
tester determines, at a time, whether eight chips 3a to 3h

arranged 1n four rows and two columns are flawless or not.

The probe card 15 shown in FIG. 3 serves to test eight
chips 3a to 3h at a time, as does the conventional probe card
5' (FIG. 2) which has eight groups of probe needles arranged
in one column. It helps to shorten the time required to test
one chip, and ultimately the time required to test all chips on
one semiconductor wafer.

Furthermore, the probe card 135 has a diameter D as small
as that of the conventional probe card 5 (FIG. 1) which has
four groups of probe needles arranged 1n one column. As a
result, the difference in length between the longest and
shortest wires provided on or in the substrate 20 1s similar to
the conventional card 5. It [fellows] follows that the differ-
ences 1n resistance and capacitance among the wires 1s pro-
portionally similar to the conventional card 5. Hence, the
skew diflerence among the wires, which impairs the accu-
racy ol probing test, disabling the tester to determine the true
characteristic or ability of each chip tested is similar to the
conventional card 5. Since the probe card 135 has a small
diameter, it warps but very little, exerting but a very little
stress on the wires provided on or in the substrate 20 and
scarcely altering the electrical characteristics of the wires. In
addition, since the wires are short, the crosstalk among the
wires 1s small.

In view of these advantages, the probe card 15 can serve to
enhance the [productivity] production of semiconductor
integrated circuits and also to reduce the manufacturing cost
ol semiconductor integrated circuits.

FIG. 5A 1s a graph representing the results of conventional
probing test, while FIG. 3B 1s a graph representing the
results of the probing test performed by using the probe card
15. As seen from FIG. 5A, three out of eight chips 3a to 3h
were found to be flawless when tested by using the probe
card 5' shown 1n FIG. 2. In FIG. 5A, the true characteristics
of the chips tested are indicated by broken lines. In view of
the true characteristics of the chips, seven chips should have
been found to be flawless. This means that four chips [were]
3a, 31, 3g and 3h were regarded as defective, though they
were flawless 1n fact.

When the probe card 15 was used, testing chips 3a to 3h
arranged 1n four rows and two columns, six of the chips were
found to be flawless, as can be seen from FIG. 5B. Only one
of the chips was found to be defective, though 1t was actually
flawless, as can be understood from FIG. 5B. It should be
noted that the eight chips tested by using the probe card 15
were respectively 1dentical 1n characteristics to those eight
chips tested by using the conventional probe card 5'.

Namely, some of the tlawless chips which were regarded
as defective when tested by using the conventional probe

card 5' were correctly found [to] flawless when tested by

10

15

20

25

30

35

40

45

50

55

60

65

6

using the probe card 15 according to the invention. In other
words, the probe card 15 serves to test chips with high
accuracy, thus saving flawless chips which would have been
discarded as detective 1f the conventional probe card §' had
been used. As a result, the probe card 135 serves to decrease
the manufacturing cost of semiconductor mtegrated circuits.

A probe card 13 according to the second embodiment will
be described, with reference to FIG. 6 which 1s a plan view.
The second embodiment 1s characterized in that groups of
wires are arranged on or in the substrate 20 such that all
wires are as short as possible.

As shown 1n FIG. 6, the probe card 15 has a substrate. The
substrate has a rectangular through hole 17 extending along
a diameter 30 of the substrate 30. The substrate has a right
half 33R and a left half 33L on the night and left sides of the
diameter 30, respectively. Provided 1n the night half 33R are
four wiring regions 33a to 35d. Provided in the left half 33L
are four wiring regions 35¢ to 35h. In the wiring region 33a,
a group 37a of wires 1s provided, connecting the probe con-
tacts ol a group 21a to the probe needles of the group 19a
(not shown) which are to contact the pads of a chip 3a.
Similarly, in the wiring region 33b, a group 37b of wires 1s
provided, connecting the probe contacts of a group 21b to
the probe needles of the group 19b (not shown) which are to
contact the pads of a chip 3b. In the other wiring regions 35¢
to 35h, groups 37c to 37h of wires are provided, respectively,
cach connecting a probe pad to a probe needle. For example,
the wires of the group 37h provided 1n the wiring region 35h
connect the probe pads of the group 21h to the probe needles
of the group 19h which are to contact the pads of a chip 3h.

Thus the four groups 19a to 19d of probe needles to con-
tact the chips 3a to 3d, groups 21a to 21d of probe contacts,
and groups 37a to 37d of wires are arranged 1n the right half
33R of the substrate. The remaining four groups 19¢ to 19h
of probe needles to contact the chips 3e to 3h, groups 21e to
21h of probe contacts, and groups 37¢ to 37h of wires are
arranged in the [right] lef? half 33L of the substrate.

Arranged as shown 1n FIG. 6, the wires of the groups 37a
to 37h are shorter than otherwise, and the difference in
length between the longest and shortest wires provided 1is
relatively small. Hence, the differences in resistance and
capacitance among the wires 1s proportionally small. In
addition, since the wires are short, the crosstalk among the
wires 1s small. The probe card 15 according to the second
embodiment can therefore help accomplish high-accuracy
probing test, in which eight chips are tested at the same time.

Another probe card 15 according to the third embodiment
of this invention will be described, with reference to FIG. 7
which 1s an exploded view. The third embodiment 1s similar
to the first embodiment. It 1s characterized in that the sub-

strate 20 15 designed so as to reduce the crosstalk among the
wires.

As 1llustrated 1n FIG. 7, the substrate 20 1s composed of
seven layers 20-1 to 20-7. Probe contacts 21 are mounted on
the first layer 20-1. This probe card 15 1s designed for use in
testing semiconductor memories and has six types of wires
27, which are: address signal wires; data signal wires;
ground (VSS) wires; control wires for supplying control sig-
nals such as row-address strobe signals and column-address
strobe signals; power-supply wires; and other wires for a
monitor or the like. The address signal wires are provided on
the second layer 20-2, the data signal wires on the third layer
20-3, the ground wires on the fourth layer 20-4, the control
wires on the fifth layer 20-5, the power-supply wires on the
sixth layer 20-6, and the other wires on the seventh layer
20-7. The wires 37 provided on the second to seventh layers
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20-2 to 20-7 extend through holes 39 made 1n these layers
20-2 to 20-7 and are connected to the probe contacts 21
which are provided on the first layer 20-1.

Since the wires 37 of each type are provided on one layer,
not together with the wires of any other type, the crosstalk
among the wires 37 1s far less than in the case all wires are
arranged densely on one and the same layer. The probe card
15 according to the third embodiment can, therefore, help to
achieve high-accuracy probing test. It has eight groups of
probe needles and can serve to test eight chips at the same
time.

The third embodiment can be used in combination with
the probe card according to the second embodiment.

Methods of probe-testing semiconductor integrated cir-

cuits by using the probe card according to the invention will
be described as the fourth, fifth and sixth embodiments.

FIG. 8 15 a diagram explaining the probe-testing method
according to the fourth embodiment. This method can test
more chips at the same time than 1s possible by using the
probe card 15 according to the first embodiment.

As shown 1n FIG. 8, four test stations 43-1 to 43-4 are
provided for one tester 41. Each test station 1s equipped with
one probe card. More precisely, the test stations 43-1 to 43-4
have probe cards 15-1 to 15-4, respectively. Four semicon-
ductor waters 1—1 to 1-4 are located at the test stations 43-1
to 43-4, respectively. Using the probe cards 15-1 to 15-4, the
tester 41 tests four waters 1-—1 to 1-4 simultaneously.

With this method, the more test stations are installed, the
more chips can be tested at the same time with high accu-
racy. Namely, LxM chips can be tested at a time, where L 1s
the number of chips that can be simultaneously tested by
using one probe card, and M 1s the number of test stations
installed.

In the instance shown 1n FIG. 8, L=8 and M=4. Hence, the
tester 41 can test 32 chips at a time. The probe cards 15-1 to
15-4 may be those of the first embodiment, the second
embodiment, the third embodiment or a combination of the
second and third embodiments. Since the probe card 15 of
any embodiment serves to test chips with high accuracy, the
tester 41 can test as many as 32 chips simultaneously with
suificiently high accuracy.

FIG. 9 1s a diagram explaining the probe-testing method
which 1s the fifth embodiment of this invention. The fifth
embodiment requires but little cost per chip, and 1s better 1n
cost performance than the method according to the fourth
embodiment.

As illustrated 1n FIG. 9, the method uses one tester 41 and
one test station 43. The test station 43 1s equipped with two
probe cards 15-1 and 15-2. The probe cards 15-1 and 15-2
are used at the same time to test chips provided on one
semiconductor substrate 1. In this method, the tester 41 can
test LxN chips simultaneously, where N 1s the number of
probe cards provided at the test station 42 and L 1s the num-
ber of chups that can be simultaneously tested by using one
probe card. Hence, one test station can test more chips at the
same time than 1s possible with the fourth embodiment, with
the same accuracy as 1s possible with the fourth embodi-
ment. In the case shown in FI1G. 9, wherein [.=8 and N=2, the
test station 42 can test 16 chips at a time, whereas each test
station can test only 8 chips at a time 1n the fourth embodi-
ment (FIG. 8). Furthermore, the accuracy of probing test
remains high, because both probe cards 15-1 and 15-2
attached to the station 43.

Still further, the number of chips tested simultaneously at
one test station increases since two or more probe cards 135
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are attached to one test station. Theretfore, the facility cost
for testing one chip 1s low. Having only one test station, the
[prober] probing system shown in FIG. 9 occupies a smaller
floor area than the [prober] probing system shown in FIG. 8
which needs two test stations to test the same number of
chips at the same time. The smaller the floor area required,
the lower the air-conditioning cost required, or the [hither]
higher the air purity in the probing room. In view of this, the
probe-testing method according to the fifth embodiment
helps to decrease the possibility that chips are contaminated
with harmful substance such as sodium and the possibility
that the wires of each chip are short-circuited by electrically
conductive particles such as silicon dust.

As may be understood from FIG. 9, the method according
to the fifth embodiment 1s advantageous when used to test a
large semiconductor wafer which has an increased number
of chips.

FIG. 10 1s a diagram explaining a probe-testing method
according to the sixth embodiment of the present invention.
As may be seen from FIG. 10, the sixth embodiment 1s a
combination of the methods according to the fourth and fifth
embodiments.

In the sixth embodiment, two test stations 43-1 and 43-2
are provided for one tester 41, and two probe cards are
attached to each test station. To be more specific, probe cards
15-1 and 15-2 are attached to the first test station 43-1, and
probe cards 15-3 and 15-4 to the second test station 43-2.
Two semiconductor waters 1—1 and 1-2 are simultaneously
tested at the test stations 43-1 and 43-2, respectively, by
using the four probe cards 15-1 to 15-4.

The probe-testing method according to the sixth embodi-
ment can test LxMxN chips at the same time, where L 1s the
number of chips one probe card can test at a time, M 1s the
number of test station provided, and N 1s the number of
probe cards attached to one test station. The sixth embodi-
ment can serve to test many chips simultaneously with high
accuracy as does the fourth embodiment, and can achieve
good cost performance as does the fifth embodiment.

A semiconductor IC [chips] ckip which can be easily
tested by using a probe card [which is] according to the
seventh embodiment of the invention will zow be described.

Like the first to third embodiments, this probe card 1s
designed to test IC chips arranged 1n two columns and at
least two rows, at the same time, to determine whether the
chips are flawless or defective. The probe card comprises a
substrate having a rectangular through hole. It 1s desirable
that some of the probe needles be arranged along one long
side of the hole to contact the pads of the chips provided on a
semiconductor walter and forming one column and that the
other probe needles be arranged along the other long side of
the hole to contact the pads of chips provided on the water
and forming a next column. If the probe needles are thus
arranged, the wires provided on or in the substrate can be
made shortest as has been explained in conjunction with the
second embodiment.

A semiconductor IC chip should have pads arranged 1n a
column to be tested [by] using [the] a probe card according
to the invention, which has groups of probe needles arranged
in the specific manner described above.

FIG. 11 1s a diagram representing the positional relation-
ship between the probe needles of the probe card, on the one
hand, and the pads of the IC chip 3, on the other. As shown in
FIG. 11, the chip 3 1s rectangular and has a column of pads
31 arranged along the longitudinal axis. This type of a chip 1s
known as “center-pad type” and 1s used 1n, for example,
semiconductor memories of large storage capacity.
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It 1s easy to bring the probe needles of one group 19 pro-
vided on the probe card into contact with the pads 31
because the pads 31 are arranged 1n a column. Even 11 iden-
tical chips on the semiconductor wafer are arranged 1n two
columns as shown 1n FIG. 4, there will be formed only two
columns of pads 31 which are to contact the probe needles of
one group 19 provided on the probe card. Arranged in two
columns, the pads 31 can easily contact the needles of the
group 19 provided on the probe card, some of which are
arranged along one long side of the rectangular hole of the
substrate and the others of which are arranged along the
other long side of the rectangular hole.

Alternatively, the pads 31 may be arranged in staggered
tashion as 1s 1llustrated 1n FIG. 12.

A probe card 15 according to the eighth embodiment of
this invention will be described, with reference to FIG. 13
which 1s a perspective view.

As shown 1 FIG. 13, this probe card 15 serves to test 16
chips simultaneously, which are arranged in eight rows and
two columns, whereas the first embodiment (FIG. 3) serves
to test eight chips at the same time, which are arranged in
four rows and two columns.

Designed to test chips arranged 1n eight rows, the probe
card 15 inevitably [have] 4as a larger diameter D than the
first embodiment (FIG. 3). Hence, it may have the same
problems as does the conventional probe card §' (FIG. 2).
Nevertheless, the eighth embodiment will be practically use-
ful since the probe card technology 1s well expected to
advance to simultaneously test 16 chips arranged 1n eight
rows and two columns, with accuracy as high as in the case
eight chips arranged 1n four rows and two columns are tested
at the same time. Needless to say, the eighth embodiment has
a smaller diameter than a conventional probe card which 1s
designed to test 16 chips arranged 1n a single column. The
cighth embodiment (FI1G. 13) can therefore help not only to
increase the [productivity] production of semiconductor
integrated circuits, but also to reduce the manufacturing cost
of semiconductor integrated circuits.

As can be understood from the eighth embodiment, the
present invention 1s not limited to probe cards which are
designed to test eight chips arranged in four rows and two
columns. Rather, the mvention can provide probe cards
which serve to test more chips at a time, arranged 1n more
rows and two columns.

A probe card according to the ninth embodiment of the
present invention will be described, with reference to FIGS.
14 and 15. The ninth embodiment 1s designed to test semi-
conductor memories each having a large storage capacity
and, hence, a relatively large number of pads.

As shown in FIG. 14, a semiconductor memory to be
tested has 24 pads arranged in eight rows and three columns.
The probe card has group 19 of probe needles, each group
consisting of 24 needles which are arranged 1n eight rows
and three columns. FIG. 15 1s a plan view showing how the
probe needles of groups 19a to 19h are positioned with
respect to the pads 31 of semiconductor memories 3a to 3h.
(Shown 1n FIG. 15 are only groups 19a, 19b, 19¢ and 19h
and only memories 3a, 3b, 3g and 3h.) As the probe card
technology advances as expected, each group 19 may [con-
sists] consist of more probe needles arranged in m rows and
n column, where m>8 and n>3, whereby the probe card can
test semiconductor integrated circuits each having more
pads.

A probe card according to the tenth embodiment of the
invention will be described, with reference to FIGS. 16 and

17. As seen from FIGS. 16 and 17, this probe card 1s
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designed to test semiconductor integrated circuits each hav-
ing many pads 31 which are arranged 1n m rows and n col-
umuns 1n staggered fashion.

In the probe cards 15 according to the invention, which
are shown 1n FIGS. 3, 6, 7 and 13, the probe contacts 21 are
arranged 1n a circle, along the circumierence of the substrate
20. The probe card may need to have so many probe contacts
21 that 1t 1s no longer possible to arrange the contacts 21 1n

one circle. I so, the probe contacts 21 may well be arranged
in two or more concentric circles.

As has been described, the present invention can provide a
probe card which can help to enhance the productivity of
semiconductor integrated circuits and to reduce the manu-
facturing cost thereof, and can also provide a method of
probe-testing semiconductor integrated circuits by using the
probe card.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the invention in
its broader aspects 1s not limited to the specific details, rep-
resentative devices, and illustrated examples shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the gen-
eral inventive concept as defined by the appended claims and
their equivalents.

What 1s claimed 1s:

[1. A probe card for use in probing test of semiconductor
integrated circuits arranged on a semiconductor water 1n
rows and columns, comprising;

a card substrate;

groups ol probe needles, said groups arranged on said
card substrate in two columns and at least two rows, to
contact connection terminals of semiconductor inte-
grated circuits which are arranged in two columns and
at least two rows, and

groups of signal lines, each group of signal lines provided
for one group of probe needles, each signal line pro-
vided for supplying a test signal from a tester to one
probe needle and a response signal from the probe
needle to the tester,

wherein a test signal supplied from said tester 1s supplied
from said probe needles to the semiconductor inte-
grated circuits arranged 1n two columns and at least two
rows at the same time through said groups of probe
needles, and response signals generated by the semi-
conductor 1ntegrated circuits arranged 1 two columns
and at least two rows are simultaneously supplied to the
tester through said groups of probe needles.]

[2. The probe card according to claim 1, wherein said card
substrate has a rectangular through hole having first and sec-
ond long sides, the probe needles of the groups extend
through the rectangular through hole, the probe needles of
some groups are arranged along the first long side of the
rectangular hole to contact the connection terminals of the
semiconductor integrated circuits arranged in the first
column, and the probe needles of the other groups are
arranged along the second long side of the rectangular
through hole to contact the connection terminals of the semi-
conductor integrated circuits arranged in the first column.}

[3. The probe card according to claim 1, wherein connec-
tion terminals of the semiconductor itegrated circuits com-
prise a plurality of pads which are arranged 1n at least two
columns.]

[4. The probe card according to claim 2, which further
comprises groups ol contacts exposed on a surface of said
card substrate, to be connected to the tester, and groups of
wires connecting the groups of probe contacts to the groups
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of probe needles; and 1n which said probe substrate consists
of first and second halves divided along a longitudinal axis
of said rectangular hole, the wires connected to the probe
needles to contact the connection terminals of the semicon-
ductor integrated circuits arranged in the first column and the
probe contacts connected to these wires are provided on the
first half of said probe substrate, and the wires connected to
the probe needles to contact the connection terminals of the
semiconductor integrated circuits arranged in the second
column and the probe contacts connected to these wires are
provided on the second half of said probe substrate.]

[S. The probe card according to claim 4, wherein said
probe substrate comprises a plurality of layers, said wires are
divided into groups 1n accordance with types of signals and
types of powers, and the groups of wires, thus formed, are
provided on the layers, respectively .}

6. A method of testing semiconductor integrated circuit
chips, the method comprising:

coupling each of a plurality of probe contact terminals on
a probe card to an independent external tester, the
probe card having a plurality of probe needles and each
of the plurality of probe contact terminals arranged
thereon, whevein the probe contact terminals ave divect
connected to the probe needles by mechanical wirvings;

preparing a semiconductor wafer having a plurality o
semiconductor integrated circuit chips arranged
thereon in at least two columns and at least two rows,
each of the plurality of semiconductor integrated civcuit
chips having a plurality of external terminals;

coupling the plurality of probe needles on the probe card
to the plurality of external terminals of each of the plu-
rality of semiconductor integrated circuit chips
arranged thereon in at least two columns and at least
Wwo rows;

concurrently receiving a plurality of independent test sig-
nals and independent power supply for the probe card
by each of the plurality of probe contact terminals from
the independent external tester;

concurrently supplyving the plurality of independent test
signals and the independent power supply through the

plurality of probe needles on the probe cavd to each of

the plurality of semiconductor integrated cirvcuit chips
from the probe cavd;

concurrvently receiving a plurality of independent data
output signals of each of the plurality of semiconductor

integrated civcuit chips in response to the plurality of

independent test signals and independent power supply
through the plurality of probe needles on the probe card
by the probe card;

concurrently receiving the plurality of independent data
output signals of each of the plurality of semiconductor
integrated civcuit chips through the plurality of probe
contact tevminals on the probe card by the independent
external tester; and

concurrently comparing electrical charvacteristics of the

plurality of independent data output signals of each of

the plurality of semiconductor integrated circuit chips
by the independent external tester.

7. The method according to claim 6, wherein the external
terminals are centrally disposed within the integrated circuit
chips.

8. The method according to claim 6, wherein the inte-
grated circuit chips include a memory array.

9. The method according to claim 6, wherein the indepen-
dent test signals and the independent power supply are sup-
plied from the independent external tester to the probe
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needles by way of a plurality of wiring lines on internal
lavers of the probe card.
10. The method according to claim 6, wherein the inde-

pendent test signals and the independent power supply are

supplied from the independent external tester to the probe
needles by way of the probe contact terminals and the
mechanical wirings on diffevent internal layers of the probe
card.

11. A method of testing semiconductor integrated circuit
chips, the method comprising:

coupling a plurality of probe contact tevminals on a probe
card to an independent external tester, the probe card
having a plurality of probe needles and a plurality of
probe contact terminals arranged theveon, whevein the
probe contact terminals are divect connected to the
probe needles by mechanical wivings,

preparing a semiconductor wafer having a plurality of
semiconductor integrated circuit chips arranged
thereon in at least two columns and at least two rows,
each of the plurality of semiconductor integrated civcuit
chips having a plurality of external terminals;

coupling the plurality of probe needles on the probe card
to the plurality of external tevminals of each of the plu-
rality of semiconductor integrated circuit chips, the
plurality of probe needles being arranged on the probe
card in at least two columns and at least two rows, the
plurality of probe needles corresponding to those of the
plurality of external tevminals;

concurrvently veceiving a plurality of independent test sig-
nals and independent power supply for the probe card
by each of the plurality of probe contact terminals from
the independent external tester;

concurrently supplying the plurality of independent test
signals and the independent power supply through the
plurality of probe needles on the probe card to each of
the plurality of semiconductor integrated circuit chips
from the probe cavd,;

concurrently receiving a plurality of independent data
output signals of each of the plurality of semiconductor
integrated civcuit chips in response to the plurality of
independent test signals and independent power supply
through the plurality of probe needles on the probe card
by the probe card;

concurrvently veceiving the plurality of independent data
output signals of each of the plurality of semiconductor
integrated civcuit chips through the plurality of probe
contact tevminals on the probe card by the independent
external tester; and

concurrently comparing the plurality of independent data
output signals of each of the plurality of semiconductor
integrated circuit chips by the independent external
lester.
12. A method of testing semiconductor integrated circuit
chips, the method comprising:

coupling each of a plurality of probe contact terminals on
at least one probe card to an independent external
tester, the probe card having a plurality of probe
needles and each of the plurality of probe contact ter-
minals arranged theveon, wherein the probe contact
terminals are divect connected to the probe needles by
mechanical wirings;

preparing a semiconductor wafer having a plurality of
semiconductor integrated circuit chips arranged
thereon in at least two columns and at least two rows,
each of the plurality of semiconductor integrated circuit
chips having a plurality of external terminals;
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coupling the plurality of probe needles on the probe card
to the plurality of external terminals of each of the plu-
rality of semiconductor integrated circuit chips
arranged theveon in at least two columns and at least
Wo rows;

concurrently rveceiving a plurality of independent test sig-
nals and independent power supply for the probe card
by each of the plurality of probe contact terminals from
the independent external tester;

concurrently supplying the plurality of independent test
signals and the independent power supply through the
plurality of probe needles on the probe cavd to each of
the plurality of semiconductor integrated cirvcuit chips
from the probe card;

concurrvently receiving a plurality of independent data
output signals of each of the plurality of semiconductor
integrated civcuit chips in response to the plurality of
independent test signals and independent power supply
through the plurality of probe needles on the probe card
by the probe cavd;

concurrently receiving the plurality of independent data
output signals of each of the plurality of semiconductor
integrated civcuit chips through the plurality of probe
contact terminals on the probe card by the independent
external tester; and

concurrently comparing electrical charvacteristics of the
plurality of independent data output signals of each of
the plurality of semiconductor integrated circuit chips
by the independent external tester.

13. The method accovding to claim 12, wherein the inde-
pendent test signals and the independent power supply are
supplied from the independent external tester to the probe
needles by way of a plurality of wiring lines on internal
layers of the probe card.

14. The method according to claim 12, wherein the inde-
pendent test signals and the independent power supply are
supplied from the independent external tester to the probe
needles by way of the probe contact terminals and the
mechanical wirings on different internal layers of the probe
card.

15. The method according to claim 12, further compris-
Ing:

preparing at least one test station; and

attaching a plurality of probe cards to the at least one test

station.

16. A method of testing semiconductor integrated circuit
chips, the method comprising:

coupling a plurality of probe contact terminals on at least
one probe cavd to an independent external tester, the
probe card having a plurality of probe needles and a
plurality of probe contact tevminals arrvanged theveon,
wherein the probe contact terminals are divect con-
nected to the probe needles by mechanical wirvings;

preparing a semiconductor wafer having a plurality of
semiconductor integrated circuit chips arranged
thereon in at least two columns and at least two rows,
each of the plurality of semiconductor integrated circuit
chips having a plurality of external terminals;

coupling the plurality of probe needles on the probe card
to the plurality of external tevminals of each of the plu-
rality of semiconductor integrated circuit chips, the
plurality of probe needles being arranged on the probe
card in at least two columns and at least two rows, the
plurality of probe needles corresponding to those of the
plurality of external terminals;
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concurrently receiving a plurality of independent test sig-
nals and independent power supply for the probe card
by each of the plurality of probe contact terminals from
the independent external tester;

concurrvently supplving the plurality of independent test
signals and the independent power supply through the
plurality of probe needles on the probe card to each of
the plurality of semiconductor integrated circuit chips
from the probe cavd,;

concurrently receiving a plurality of independent data
output signals of each of the plurality of semiconductor
integrated civcuit chips in response to the plurality of
independent test signals and independent power supply
through the plurality of probe needles on the probe card
by the probe cavd;

concurrvently veceiving the plurality of independent data
output signals of each of the plurality of semiconductor
integrated civcuit chips through the plurality of probe
contact tevminals on the probe card by the independent
external tester; and

concurrvently comparing the plurality of independent data
output signals of each of the plurality of semiconductor
integrated civcuit chips by the independent external
lester.

17. A method of testing semiconductor integrated cirvcuit

Jormed in a semiconductor wafer, the method comprising:

coupling a plurality of probe contact terminals on a probe
card to an independent external tester, the probe card
having a plurality of probe needles and a plurality of
probe contact terminals arranged theveon, whevein the
probe contact terminals are divect connected to the
probe needles by mechanical wivings,

preparing a semiconductor wafer having a plurality of

semiconductor integrated circuit chips arranged
thereon in at least two columns and at least two rows,
each of the plurality of semiconductor integrated circuit

chips having a plurality of external terminals;

coupling the plurality of probe needles on the probe card
to the plurality of external tevminals of each of the plu-
rality of semiconductor integrated circuit chips
arranged thereon in at least two columns and at least
Wwo rows;

concurrvently veceiving a plurality of independent test sig-
nals and independent power supply for the probe card
by each of the plurality of probe contact terminals from
the independent external tester;

concurrently supplving a plurality of test signals and
power supply voltages through the plurality of probe
needles on the probe card to the external terminals on
each of the plurality of semiconductor integrated circuit
chips in at least two columns and at least two rows from
the independent external tester;

concurrvently receiving independent data output signals
from each of the plurality of semiconductor integrated
circuit chips in at least two columns and at least two
rows by the independent external tester through the
external terminals, the probe needles and the probe
contacts; and

concurrently comparing electvical charvacteristics of the

plurality of independent data output signals of each of
plurality of semiconductor integrated civcuit chips by

the independent external tester.
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