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a contact structure to establish electric cont act ct’ targets
such as contact pads or |leads of electronic circuits or devices, and nore
particularly, to a nmethod of. producing ajcontact structure to be used in a
probe card to test sem conductor wafers, sem conductor chips, packaged

sem conductor devices or printed circuit boards and the |like with an

i mproved frequency bandwi dth, pin pitch and contact perfornmance and
reliability. Background of the Invention In testing
hi gh density and hi gh speed el ectrical devices such as LSl and VLSI :

cireuits, high perf or BaeHe i PRISULENE % cOMCRSaREORRgRRNt aCt or's of

test contactors, nust be used.. The contact structure o present
invention is not limted to the _ Sofn and burn-in of
sem conduct or waf erhiandifivéntPoh ifelates to a method of producing a

contact structure to establish electrical contact with
contact targets such as contact pads or leads of electronic
circuits or devices, and more particularly, to a method of
producing a contact structure to be used in a probe card to
test semiconductor wafers, semiconductor chips, packaged
semiconductor devices or printed circuit boards and the like
with an improved frequency bandwidth, pin pitch and contact
performance and reliability.
Backaground of the Invention
In testing high density and high speed electrical

devices such as LSI and VLSI circuits, high performance
contact structures, such as probe contactors or test
contactors, wmust be used. The contact structure of the
present invention is not limited to the application of
testing and burn-in of semiconductor wafers and die, but is
inclusive of testing and burn-in of packaged semiconductor
devices, printed circuit boards and the like. The contact
structure of the present invention can also be used in more
general applications including an IC lead, IC packaging, and.
other electrical connections. However, for the convenience
of explanation, the present invention is described mainly
with reference to the semiconductor wafer testing.

In the case where semiconductor devices to be tested are
in the form of a semiconductor wafer, a semiconductor test
system such as an IC tester is usually connected to a
substrate handler, such as an automatic wafer prober, to
automatically test the semiconductor wafer. Such an exampie
is shown in Figure 1 in which a semiconductor test system has
a test head which is ordinarily in a separate housing and
electrically connected to the test system with a bundle of
cables. The test head and the substrate handler are
mechanically as well as electrically connected with one



inclasive of testing and burn-in of packaged seni conductor devices, printed
circuit boards and the |ike. The contact structure of the present invention
can al so be used in nore general applications including an IC lead, IC
packagi ng, and ot her electrical connections. However, for the convenience
of explanation, the present invention isjydescribed mainly with reference to
the sem conduct or wafer testing. I n the case where sem conduct or
devices to be tested are in the formof a sem conductor wafer, a

sem conductor test systemsuch as an IC tester is usually connected to a
substrate handl er, such as an automatic wafer prober, to automatically test
t he seni condunathenf er. Boeh aeméganghetioyr swalierisn Eioguhke 1 testvdd chazme
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housi ng and el ectri ca ected to e test systemwt
cabl es. ThéiQ(ﬁﬂb$k%§F%hHaﬂﬁéersubstrate handl er are nechanically as

vel | as electricaldy ©iganeesedhubdh A8 semiconductor wafer to be tested
2 is provided with test signals generated by the semiconductor
test system. The resultant output signals from the
semiconductor wafer under test (IC circuits formed on the
semiconductor wafer) are transmitted to the semiconductor
test system. In the semiconductor test system, the output
signals are compared with expected data to determine whether
the IC circuits on the semiconductor wafer function
correctly. |
In Figure 1, the test head 100 and the substrate handler
400 are connected through an interface component 140
consisting of a performance board 120 which is a printed
circuit board having electric circuit connections unique to
a test head’s electrical footprint, coaxial cables, pogo-pins
and connectors. In Figure 2, the test head 100 includes a
large number of printed circuit boards 150 which correspond
to the number of test channels (pins) of the semiconductor
test system. Each of the printed circuit boards 150 has a
connector 160 to receive a corresponding contact terminal 121
of the performance board 120. A "frog" ring 130 is mounted
on the performance board 120 to accurately determine the
contact position relative to the substrate handler 400. The
frog ring 130 has a large number of contact pins 141, such as
ZIF connectors or pogo-pins, connected to contact terminals
121, through coaxial cables 124.

' As shown in Figures 1 and 2, the test head 100 is placed
over the substrate handler 400 and mechanically and .
electrically connected to the substrate handler through the
interface component 140. Typically, the movement of the test
head 100 relative to the substrate handler 400 is assisted by
a manipulator 500 having a motor 510 therein. In the
substrate handler 400, a semiconductor wafer 300 to be tésted
is mounted on a chuck 180. In this example, a probe card 170



anot ker . The sem conductor wafers to be tested are automatically
provided to a test position of the test head by the substrate handl er.

On the test head, the sem conductor wafer to be tested is provided with
test signals generated by the sem conductor test system The resultant
output signals from the sem conductorgwafer under test (ICcircuits
formed on the sem conductor wafer) are transmtted to the sem conductor
test system In the sem conductor test system the output signals are
conpared with expected data to determ ne whether the IC circuits on the

sem conductor wafer function correctly. In Figure 1, the test head 100
and t he substiatprhyadedr abogeatbec semiciaaiudhaugaier iF@rtacee cbepordnt
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121 is connected to the printed circuit board 150 of the test
head 100. Further, the printed circuit boards 150 are
connected to the semiconductor test system through the cable
110 having several hundreds of inner cables.

Under this arrangement, the probe contactors 190 contact
the surface (contact targets) of the semiconductor wafer 300
on the chuck 180 to apply test signals to the semiconductor
wafer 300 and receive the resultant ocutput signals from the
wafer 300. The resultant output sighals from the
semiconductor wafer 300 under test are compared with the
expected data generated by the semiconductor test system to
determine whether the IC circuits on the semiconductor wafer
300 performs properly. _

Figure 3 is a bottom view of the probe card 170 of
Figure 2. 1In this example, the probe card 170 has an epoxy
ring on which a plurality of probe contactors 190 called
needles or cantilevers are wmounted. When the chuck 180
mounting the semiconductor wafer 300 moves upward in Figure
2, the tips of the cantilevers 190 contact the pads or bumps
(contact targets) on the wafer 300. The ends of the
cantilevers 190 are connected to wires 194 which are further
connected to transmission lines (not shown) formed in the
probe card 170. The transmission lines are connected to a
plurality of electrodes 197 which further contact the pogo
pins 141 of Figure 2.

Typically, the probe card 170 is structured by a multi-



electrically connected to the substrate handler through the interface
conponent 140. Typically, the novenent of the test head 100 relative to the
substrate handl er 400 is assisted by a mani pul at or 500 having a notor 510

therein. In the substrate handl er 400, a sem conductor wafer 300 to be
tested is mounted on a chuck 180. In thig exanple, a probe card 170
3 I s provi ded above the sem conductor wafer 300 to be tested. The probe

card 170 has a | arge nunber of probe contactors (such as cantilevers or

needl es) 190 to contact with contact targets such as circuit termnals or
contact pads in the ICcircuit on the sem conductor wafer 300 under test.
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by balancing the distributed parameters, i.e., dielectric

constant and wmagnetic permeability of the polyimide,
inductances and capacitances of the signal paths within the
probe card 170. Thus, the signal lines are impedance matched
lines establishing a high frequency transmission bandwidth to
the wafer 300 for supplying currents in a steady state as
well as high current peaks generated by the device’s outputs
switching in a transient state. For removing noise,
capacitors 1923 and 195 are provided on the probe card between
the power and ground planes.

An eguivalent circuit of the probe card 170 is shown in
Figure 4 to explain the limitation of the high frequency
performance in the conventional probe card technology. As
shown in Figures 4A and 4B, the signal transmission line on
the probe card 170 extends from the electrode 197, the strip
(impedance matched) line 196, the wire 194 and the needle or
cantilever (contact structure) 190. Since the wire 194 and
needle 190 are not impedance matched, these portions function
as an inductor L in the high frequency band as shown in
Figure 4C. Because of the overall length of the wire 194 and
needle 190 is around 20-30mm, significant limitations will be
resulted from the inductor when testing a high frequency
performance of a device under test.

Other factors which limit the frequency bandwidth in the
probe card 170 reside in the power and ground needles shown
in Figures 4D and 4E. If the power line can provide large.
enough currents to the device under test, it will not
seriously limit the operational bandwidth in testing the
device. However, because the series connected wire 194 and
needle 190 for supplying the power (Figure 4D) as well as the
series connected wire 194 and needle 190 for grounding the
power and signals (Figure 4E) are equivalent to inductors,



head *100. Further, the printed circuit boards 150 are connected to the
sem conduct or test systemthrough the cable 110 havi ng several hundreds of

i nner cabl es. Under this arrangenent, the probe contactors 190 contact
the surface (contact targets) of the sem conductor wafer 300 on the chuck
180 to apply test signals to the sem conquctor wafer 300 and receive the
resul tant output signals fromthe wafer 00. The resultant output
signals from the sem conductor wafer 300 under test are conpared with the
expected data generated by the sem conductor test systemto determ ne
whether the I C circuits on the sem conductor wafer 300 perforns properly.
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The capacitors 195 have a relatively small capacitance value
such as 0.01puF and fixedly connected close to the DUT. These
capacitors serve the function as high frequency decoupling on
the power lines. In other words, the capacitors limit the
high frequency performance of the probe contactor.

Accordingly, the most widely used probe contactors as
noted above are 1limited to the frequency bandwidth of
approximately 200MHz which is insufficient to test recent
semiconductor devices. In the industry, it is considered
that the frequency bandwidth comparable to the tester’s
capability, which is currently on the order of 1GHz or
higher, will be necessary in the near future. Further, it is
desired in the industry that a probe card is capable of
handling a large number of semiconductor devices, especially
memories, such as 32 or more, in a parallel fashion to
increase test throughput.

In the conventional technology, the probe card and probe
contactors such as shown in Figure 3 are manually made,
resulting in inconsistent quality. Such inconsistent quality
includes fluctuations of size, frequency bandwidth, contact
forces and resistance, etc. In the conventional probe
contactors, another factor making the contact performance
unreliable is a temperature change under which the probe
contactors and the semiconductor wafer under test have
different temperature expansion ratios. Thus, under the
varying temperature, the contact positions therebetween vary
which adversely affects the contact force, contact resistance
and bandwidth. _

- The inventors of this invention have proposed new types



4 ¥ layer of polyimde substrates having ground pl anes, power pl anes,
signal transm ssion lines on many layers. As is well known in the art, each
of the signal transmssion lines is designed to have a characteristic
i npedance such as 50 ohns by bal ancing the distributed paraneters, i.e.,
dielectric constant and magnetic perneabglity of the polyimde, inductances
and capacitances of the signal paths within the probe card 170. Thus, the
signal lines are inpedance natched |ines establishing a high frequency
transm ssion bandwi dth to the wafer 300 for supplying currents in a steady
state as well as high current peaks generated by the device's outputs
switching inof trentheht strmctures Fam r dhafd nPatrmitse Appbbcatbos 19 .
and 195 are p hggd b e h .
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Summa of the Invention

Therefore, it is an object of the present invention to
provide a method of producing a contact structure for
electrically contacting a contact target which is capable of
achieving a high frequency bandwidth, high pin counts and
high contact performance as well as high reliability.

It is another object of the present invention to provide
a method of producing a contact structure such as a probe
contactor to establish electrical connection in applications
such as testing semiconductor devices and the like, having a
very high frequency bandwidth to meet the test requirements
in the next generation semiconductor technology.

It is a further object of the present invention to
provide a method of producing a contact structure to
establish electrical connection in applications such as
testing semiconductor devices, which are suitable for testing
a large number of semiconductor devices in parallel at the
same time.

It is a further object of the present invention to a
method of producing a contact structure to establish
electrical connéction.in.testing semiconductor devices, which
are produced through a semiconductor production process
without involving manual assembly or handling, thereby
achieving consistent quality.

It is a further object of the present invention . to
provide a method of producing a contact structure through a
plastic molding (hot embossing) process for establishing
electrical connection in testing semiconductor devices.

It is a further object of the present invention to
provide a method of producing a contact structure through a



needle 190 are not inpedance matched, these portions function as an

i nductor L in the high frequency band as shown in Figure 4C. Because of the
overall length of the wire 194 and needle 190 is around 20-30nmm
significant limtations wll be resulted fromthe inductor when testing a
hi gh frequency performance of a device upder test. O her factors which
limt the frequency bandwidth in the probe card 170 reside in the power and
ground needl es shown in Figures 4D and 4E. If the power |ine can provide

| arge enough currents to the device under test, it will not seriously limt
t he operational bandwidth in testing the device. However, because the
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the capacitors 1931@nqg¢l93 af-tHe&di88Ject of the present invention to
provide a method of producing a contact structure to be
mounted on a probe card for testing semiconductor devices
which are capable of compensating temperature expansion
coefficient of a semiconductor wafer under test.

In the present. invention, a contact structure for
establishing an electrical connection with a contact target
iz formed by a substrate of a planar surface on which a
contactor is created by a microfabrication process using a
plastic molding technology or a photolithography technology
incorporating a gray-tone photomask.

In one aspect of the present invention, the method of
producing a contact structure having a contactor involves the
plastic molding process. The production method is comprised
of: providing a substrate having a planar surface thereon;
forming a plastic layer on the planar surface of the
substrate; positioning a mold insert over the plastic layer
wherein the mold insert has a shape representing at least a
part of the contactor to be formed on the substrate; pressing
the mold insert into the plastic layer in a high temperature
environment; removing the mold insert from the plastic layer
in a low temperature environment to form a plating pattern
transferred from the mold insert on the plastic layer;
electroplating the plating pattern on the plastic layer to
form the contactor; repeating the steps of mold insert
pressing and removing for other mold insert for forming a
remaining portion of the contactor; and removing one or more
plastic layers from the substrate; wherein the contactor has
a horizontal portion and a contact portion vertically formed
on one end of the horizontal portion, and the horizontal
portidn produces a contact force when the contactor is
pressed against the contact target.

In another aspect of the present invention, the method



bet ween the power line and the ground |line to secure a proper performance
of the device under test by filtering out the noise or surge pulses on the
power lines. The capacitors 193 have a relatively |large val ue such as
10[err] F and can be di sconnected fromthe power lines by switches if
necessary. The capacitors 195 have a relgtively smal | capaci tance val ue
such as 0.01f[err]F and fixedly connected”close to the DUT. These capacitors
serve the function as high frequency decoupling on the power lines. In

ot her words, the capacitors limt the high frequency performance of the
probe cont act or. Accordingly, the nost wi dely used probe contactors as
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| the photomask; electroplating the plating pattern on the
photoresist layer to form the contactor; repeating the above
procedure for forming a remaining part of the contactor; and
removing one or more photoresist layers f£rom the substrate;
wherein the contactor has a horizontal portion and a contact
portion vertically formed on one end of the horizontal
portion, and the horizontal portion produces a contact force

when the contactor is pressed against the contact target.

According to the present invention, the contact
structure has a very high frequency bandwidth to meet the
test requirements of next generation semiconductor
technology. Since the contact structure is formed through a
modern miniaturization technology used in the semiconductor
production process, a large number of contactors can be
aligned in a small space which is suitable for testing a
large number of semiconductor devices at the same time. The
contact structure of the present invention can also be used
in more general applications including an IC 1lead, IC
packaging, and other electrical connections.

Since the large number of contactors are produced at the
same time on the substrate with the use of the
microfabrication technology without  involving wmanual
handling, it is possible to achieve consistent quality, high

- reliability and 1long 1life in the contact performance.
Further, because the contactors can be fabricated on the same



varying tenperature, the contact positions therebetween vary which
adversely affects the contact force, contact resistance and bandw dt h.

The inventors of this invention have proposed new types

6 of contact structures in U S. Patent Application No. 09/099,614 filed
June 19, 1999 and U.S. Patent ApplicationgNo. 09/303,475 filed April 30,
1999 to solve the problens involved in the conventional technol ogy. There
are various nethods of producing such contact structures that are not

di scl osed in the above noted patent applications. Sunmmary
of the Invention Therefore, it is an object of the present invention
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errors.
Brief Description of the Drawings

Figure 1 is a schematic diagram showing a structural
relationship between a substrate handler and a semiconductor
test system having a test head.

Figure 2 is a diagram showing an example of a more
detailed structure for connecting the test head of the
semiconductor test system to the substrate handler through an
interface component. _

Figure 3 is a bottom view showing an example of the

- probe card having an epoxy ring for mounting a plurality of
probe contactors (needles or cantilevers) in the conventional
technélogy. |

Figures 4A-4E are circuit diagrams showing equivalent
circuits of the probe card of Figure 3.

Figure 5 is a schematic diagram showing contact
structures of the present invention produced through a
microfabrication process.

Figures 6A-6C are schematic diagrams showing examples of
structure of the contact structure of the present invention
formed on a substrate.

Figures 7A-7M are schematic diagrams showing an example
of production process using a plastic molding technology for
forming the contact structure of Figures 5 and 6 in the
present invention. '

Figure 8A and 8B are sdhematic diagrams showing further
examples of contact structures formed on substrates according
to the present invention.

Figures 9A-9N are schematic diagrams showing an example
of production process using a plastic molding technology for
forming the contact structure in Figure 8A in the present
invention.

Figures 10A-10G are schematic diagrams showing an



a nethod of producing a contact structure such as a probe contactor to
establish electrical connection in applications such as testing

sem conductor devices and the |ike, having a very high frequency bandw dth
to meet the test requirenents in the next generation sem conductor

t echnol ogy. It is a further object .af the present invention to provide
a nethod of producing a contact structure to establish electrical
connection in applications such as testing sem conductor devices, which are
suitable for testing a | arge nunber of sem conductor devices in parallel at
the sane tine. It is a further object of the present invention to a
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Detailed Description of the Preferred Embodiment

The first example of the contact structure of the
present invention is shown in Figures 5 and 6A-6C, and the
second example of the contact structure of the present
invention is shown in Figures 8A and 8B. The production
processes of the first example of the contact structure are
shown in Figures 7A-7M and 10A-10G, and the production
processes of the second example of the contact structure are
shown in Figure 9A-9N and 11A-11E. .

With respect to the first example, Figure 5 shows a
contact structure having a plurality of contactors 230 formed
on a substrate 220 which is typically a silicon substrate.
Other materials such as glass fiber, ceramic, alumina or
other dielectric materials are also feasible for the
substrate. All of the contactors 230 are produced through
the same production processes on the silicon substrate 220 at
the sa?ne time. Such a semiconductor production process
includes a photolithography process, a micro-machining
process, a plastic molding process (hot embossing), and the
like.

When the semiconductor wafer 300 under test moves
upward, the contactors 230 contact corresponding contact
targets (electrodes or contact pads) 320 on the wafer 300 to
be tested. The pitch between the contact pads 320 may be as
small as 50um or less. The contactors 230 of the present
invention can easily be aligned in the same pitch since the
contactors are made by the same semiconductor production

. process as the wafer 300 are made.
The contactors 230 on the silicon substrate 220 can be



7 ‘phot ol i t hogr aphy process using a gray-tone photomask for establishing
el ectrical connection in testing sem conductor devices. It is a
further object of the present invention to provide a method of producing a
contact structure to be nounted on a probe card for testing sem conductor
devi ces which are capabl e of conpensating tenperature expansion coefficient
of a sem conductor wafer under test. In the present invention, a
contact structure for establishing an electrical connection with a contact
target is formed by a substrate of a planar surface on which a contactor is
created by a mcrofabrication process using a plastic nolding technol ogy or
a photol i t hogdltpagtlEcnavnbgd PhRcar pehes fard Gueh BensShshes: okmskigure 3|,n
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contactors on a probe card can be increased to, for example
2,000, which is able to test as many as 32 or more wmemory
devices in parallel at the same time.
Furthermore, because the contactors 230 of the present
invention are formed on the silicon substrate. 220,
environmental changes such as a temperatufe expansion ratio
of the silicon substrate are the same as those of the
semiconductor wafer 300 under test. Therefore, the accurate
positioning between the contactors 230 and the pads 320 can
be maintained throughout the test.
Figures 6A-6C provide more detailed views of the contact
structure having the contactor 230 on the silicon substrate
220. To establish an interconnection with the probe card or
the IC package as noted above, the examples of Figures 6A-6C
show basic three types of electrical path to form such
interconnections. Figure 6A shows an example in which such
an electrical connection is established at the top of the
substrate. Figure 6B shows an example in which an electrical
connection is established at the bottom of the substrate
while Figure 6c shows an example in which an electrical
connection is formed at the edge of the substrate. Almost
any types of existing IC package design or probe card design
can accommodate at least one of the interconnect types of
Figures 6A-6C.
The example of Figure 6A includes an interconnect trace
232 also designated by a and an interconnect pad 233 on the
substrate 220. The interconnect trace 232 establishes an
electric path from the contactor 230 to the interconnect pad
233. The example of Figure 6B includes an interconnect trace



kn a+<low tenperature environment to forma plating pattern transferred from
the nold insert on the plastic layer; electroplating the plating pattern on
the plastic layer to formthe contactor; repeating the steps of nold

i nsert pressing and renoving for other nold insert for formng a renaining
portion of the contactor; and renoving g3 or nore plastic |layers fromthe
substrate; wherein the contactor has a horizontal portion and a contact
portion vertically formed on one end of the horizontal portion, and the

hori zontal portion produces a contact force when the contactor is pressed
agai nst the contact target. I n anot her aspect of the present

i nvention, tlE32pethandinterconnect pad 235 via the substBate @R Opranidcamng

b ocese. usi n i eFSpRREkE pRar Ak Rt tnk MOLEER oI LOELTEIS Ty

provi di ng a sttstexamplhavvhdFigptans?, stre snterrorrect forage @32 extends

photoresi st layernoneghe BEapRE subkecatrel zohe subsidRlifoPadid ioRhRg1as,
the interconnect trace 232 also functions to fan-out the
small pitch of the contactors 230 to a larger pitch to f£it to
the probe card or IC package. " _

As shown in each of Figures 6A-6C, the contactor 230 has
vertical portions b and 4 and a horizontal beam ¢ and a tip
portion e. The tip portion e of the contactor 230 is
preferably sharpened to achieve a scrubbing effect when
pressed against the contact target 320 requiring penetration
through a metal-oxide layer. For example; if the contact
target 320 on the wafer 300 has aluminum oxide on its
surface, the scrubbing effect is necessary to establish the
electric contact with low contact resistance. The spring
force of the horizontal beam ¢ provides an appropriate
contact force against the contact pad 320. The elasticity
produced by the spring force of the horizontal beam ¢ also
functions to compensate the differences in size or the
fluctuation of flatness involved in the contactors 230, the
silicon substrate 220, the contact pad 320 and the
semiconductor wafer 300.

An example of material of the contactor 230 includes
nickel, aluminum and copper. The tip portion e may be plated
by nickel palladium, rhodium, nickel gold, iridium or several
other depositable materials. An example of size of the
contactor intended for a probe-test application may be 100-
400pm in overall height, 50~-400pm in horizontal length, and
about 30-60um in thickness for the pitch of. 50um between
contact targets 320.

Figures 7A-7M show an example of process for producing
the contact structure of the present invention through a
plastic molding (hot embossing) technology. Another example
of production process involving a photolithography process
using a gray-tone photomask is described with reference to



phot ohmask over the photoresist |ayer wherein the photomask has a pattern
representing at least a part of the contactor expressed by transparent
portions, opaque portions and sem - transparent portions; exposing the
photoresist layer with |ight and renovi ng uncured parts of the photoresist
to forma plating pattern on the photoregsjst |layer transferred fromthe
phot omask; el ectroplating the plating pattern on the photoresist |ayer to
formthe contactor; repeating the above procedure for formng a remaining
part of the contactor; and renoving one or nore photoresist |ayers fromthe
substrate; wherein the contactor has a horizontal portion and a contact
portion vert|EaguyﬂﬁnﬂﬁﬁrlﬁﬁoneTbﬂdmmldimghprozeasabfpﬁuguresamm e is

hori zont al poék?@@lBﬁQ§“C§§efu§OQRQCE Eﬂer Wmﬁ%lﬁ@%é¥ﬂﬁé¥ﬁé% Q&fséﬁg
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nunber of se to t tlne t str cture of
t he present |n%1ve ?%h 'F(L:gg&\'(‘% %%}ée %orbgﬁxgs%rag:&pﬁﬁgat i '8 g metal
i ncl udi ng an l&yeraa37| I—:Spaci%gdinbayex\ot@tarre}nleveoelecla&mmhrt&md@daslv1ty
Si'nce the | arﬂ@rnﬂ&?ﬁﬁ.n ftﬁ@”ﬁﬁ%%%rﬂfe%uo ﬁc%ge‘becbﬁ rﬂf 7238 of

the substrate th use m cr of abri cati1on ec né#ogy

without i nv%}gﬁ‘ﬁ@ ﬁanEQIrOHSﬁ‘dI Pﬁ’g eilteqtsrqn}ésﬁzmga tRrorsdeve cohfi sthet
quality, highineerebnhhety erdceong2l and icddthtEINHY A TRAREE Schrough

other deposition process such as sputtering, the seed layer
237 is unnecessary.

A plastic layer 242 is formed on the metal layer 237
over which a mold insert 280 is provided to directly form a
plating pattern on the plastic layer 242. An example of
material for the plastic layer 242 is thermoplastic polymer
or thermoplastic resin. The mold insert 280 is made, for
example, of steel, copper or nickel. The shape of the mold
insert 280 is realized by various methods including electron
beam writing, deep UV photoresists,.excimer laser ablation,
electrodischarge machining, laser cutting, and X-ray
lithography. In the example of Figure 7A, the mold insert
280 has an insert portion at the bottom thereof which has a
shape corresponding to the vertical beam and the horizontal
beam of the contactor shown in Figures 6A-6C.

In the process of Figure 7B, the mold insert 280 is
fully pressed against the polymer layer 242 under the high
temperature atmosphere. When the mold insert 280 is removed
under the lower temperature, a hollow, i.e., a ;piating
pattern (A), shown in Figure 7C is created on the plastic
layer 242. Such a plating pattern (A) depicts the multilevel
structure of the contactor 230 including the vertical and
horizontal beams.

Figure 7D shows a situation where the necessary
procedures such as a cleaning process for removing residue



“Purther, because the contactors can be fabricated on the sane

9 substrate material as that of the device under test, it is possible to
conpensat e the tenperature expansi on coefficient of the device under test,
which is able to avoid positional errors. Brief Description of
t he Draw ngs Figure 1 is a schematig, di agram showi ng a structura

rel ati onshi p between a substrate handl er and a sem conductor test system
havi ng a test head. Figure 2 is a diagram showi ng an exanple of a nore
detailed structure for connecting the test head of the sem conductor test
systemto the substrate handler through an interface conponent. Fi gure
3 is a bottonmandewa sheednd ayrexcx fopméngl drvcerobascar dphepaRgtabnePey a
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conductive fllm 1s formed on the polymer layer 242 as shown
in Figure 7D. Such a cleaning and seed layer forming process
may be repeated in a later stage for forming other parts of
the contact structure, although descriptions of which will
not be not repeated for convenience of explanation.

An electroplating process is performed on the pattern
formed by the plastic molding in the foregoing in Figure 7B,
thereby creating the contactor 230 which has beam portions a
and b shown in Figures 6A-6C. An example of the conductive
material for the contactor 230 in the plating processes
includes nickel, aluminum and copper. In the next step shown
in Figure 7F, an overplating portion of the contactor 230 is
removed and planarized.

In Figure 7G, a thin metal layer 235 and a plastic
(polymer) layer 243 are produced on the planarized surface of
Figure 7F. In Figure 7H, a mold insert 282 having an insert
portion corresponding to the upper vertical beam of the
contactor is prepared over the polymer layer 243. The mold
insert 282 is pressed into the polymer layer as shown in
Figure 71 under the high temperature environment. When the
mold insert 282 is removed under the lower temperature, a
plating patterﬁ (B) shown in Figure 7J is created on the
polymer layexr 243. |

Thus, by applying the plating process again, the
vertical beam of the contactor 230 which is a portion c
(Figures 6A-6C) is created as shown in Figure 7K. The
oyerplated portion of the contactor 230 in Figu're 7K is
removed .in the grinding (planarizing) process as.shown in
Figure 7L. In Figure 7M, the polymer layers 242, 243 and the
seed layer 235 are stripped off with use of a special
solvent. As in the foregoing, the contactor 230 is formed on
the silicon substrate 220 by the plastic molding (hot
embossing) process. Although only one contactor 230 is shown
in the foregoing explanation, a large number of contactors



Fi gures 4A-4E are circuit diagrans show ng equivalent circuits of the probe
card of Figure 3. Figure 5 is a schematic diagram show ng
contact structures of the present invention produced through a

m cr of abri cati on process. Fi gures 6A-6C are schematic di agrans show ng
exanpl es of structure of the contact strygture of the present invention
formed on a substrate. Figures 7A-7M are schematic di agrans showi ng an
exanpl e of production process using a plastic nolding technol ogy for

form ng the contact structure of Figures 5 and 6 in the present invention.
Figure 8A and 8B are schematic diagrans show ng further exanples of contact
structures foRA@d eansdest paedycadcatdi bhet osate prhiesenbyi rilent pabduction

br acess Usi noT e e et O R e, O ho the tontact

structure in Fi gur Fignnes Sheapee8Brehowidif isqeond exampe ¢f the coBtact

schematic di ageaiet¥I@NMJEY €He present invention. In this examPle, the
contact structure has a contactor 530 whose structure is
simpler than that of the first example in the foregoing. The
contactor 530 is formed on a substrate 520 which is typically
a silicon substrate or a dielectric substrate. The contactor
530 is formed of a horizontal beam and a vertical beam where
the horizontal beam exerts a spring force when the contactor
is pressed against a contact target. A recess 550 is
provided on the substrate 520. The recess 550 is positioned
under the vertical beam to provide a free space for the
contactor 530 to enter therein to exert a contact force when
pressed downward in Figures 8A and 8B. _

In the example of Figure 8B, an interconnect trace 532
connected to the contactor 530 is also shown to establish
interconnection with outer components such as a printed
cirquit board or an IC package (not shown). Such an
interconnection may be directly made between the outer
components and the contactor 530 in the example of Figure 8A.
A thin metal layer 537 is shown in Figures 8A and 8B which
functions as a seed layer for an electroplating process for
forming the contactor 530 as will be described later.

In the contact structure of the second example, similar
to the example of Figure 5, a plurality of contactors 530 may
be formed on a common substrate, typically a silicon
substrate 520. All of the contactors 530 are produced at the
same time through the same production processes on the
silicon substrate 520. Such a production process includes a
photolithography process, a micro-machining process, a
plastic mold process (hot embossing), and the like.

The contactors 530 on the silicon substrate 520 can be
directly mounted on a probe card such as shown in Figure 3,
or molded in a package, such as a traditional IC package
having leads, so that the package is mounted on a probe card.



exanpl e of production process of the present invention using a gray-tone
phot omask for form ng the contact structure of Figures 5 and 6.

Figures 11A-11E are schenmatic diagrams showi ng an exanpl e of production
process of the present invention using a gray-tone photomask for formng
the contact structure in Figures 8A and4gB. Det ai | ed Descri ption of
the Preferred Enbodi nent The first "exanple of the contact structure of
the present invention is shown in Figures 5 and 6A-6C, and the second
exanpl e of the contact structure of the present invention is shown in
Figures 8A and 8B. The production processes of the first exanple of the
contact str ucﬁm@eatlaesnmtaacrtqmg&& qan71m;eaﬁabm¢xane¢ laln@ tvery small

production pr o] | h
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process (hot enbosEunghermouet hbekakee the contactors 530 of the present
invention are formed on the silicon substrate 520, variations
caused by environmental changes such as a temperature
expansion ratio of the silicon substrate 520 of the contact
structure are the same as those of the semiconductor wafer
300 undexr test. Therefore, the accurate positioning between
the contactors 530 and the contact pads on the wafer 300 can
be maintained throughout the test.

An example of material of the contactor 530 includes
nickel, aluminum and copper. The tip portion of the
contactor 530 may be plated by nickel palladium, rhodium,
nickel gold, iridium or several other depositable materials.
An example of size of the contactor 530 intended for a probe-
test application may be 50-200um in overall height, 50-400um
ih horizontal length, and about 30-60pm in thickness for the
pitch of 50pum between contact targets.

Figures 9A—9J show an example of process for producing
the contactors of the present invention in Figure 8
incorporating a plastic molding process although other
processes are also applicable. Another example of production
process involving a photolithography process using a gray-
tone photomask will be described later with reference to
Figures 11A-11E. . S . .

In Figure 9A, a photoresist layer 542 is formed on the
substrate 520 by a photolithography process. Such a
photolithography process includes the steps of photoresist
coating, masking, exposure, and photoresist stripping as is
well known in the art. Although not shown, a photomask is‘
aligned over the photoresist layer 542 so that the



When t he sem conductor wafer 300 under test noves upward, the contactors
230 contact correspondi ng contact targets (el ectrodes or contact pads) 320
on the wafer 300 to be tested. The pitch between the contact pads 320 may
be as small as 50[err]mor |less. The contactors 230 of the present

I nvention can easily be aligned in the s;ge pitch since the contactors are
made by the same sem conduct or production process as the wafer 300 are
made. The contactors 230 on the silicon substrate 220 can be

directly mounted on a probe card such as shown in Figure 3, or nolded in a
package, such as a traditional |IC package having | eads, so that the package
I s mount ed onphooaies icar dayBimsa2t he expbsed it 3 tearvika dabhigtat ¢hddy a
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hi gher. Becaugetdng iphainttesistzeistheedunbbe ghotoresist covered by the
opaque portions of the photo mask is hardened (cured) after
the exposure. The exposed part of the resist can be
dissolved and washed away, leaving a photomask layer 542 of
Figure 9A which defines an etching area.

Through an etching process, an indented. (groove) portion
555 is created on the substrate 520 as shown in Figure 9B.
The photoresist layer 542 in Figure 9A is removed with. use of
a dissolution solvent. In Figure 9C, a sacrificial part 548
is formed in the indented portion 555 on the substrate 520.
The sacrificial part 548 is made, for example, of sgilicon
dioxide (Si0O,) through a deposition process such as chemical
vapor deposition (CVD). A thin metal layer 537 is formed on
the substrate to function as a plating seed layer.

A plastic layer 542 is formed on the metal layer 537
over which a mold insert 580 is provided to directly form a
plating pattern on the plastic layer 542. An example of
material for the plastic layer 542 includes thermoplastic
polymer and thermoplastic resin. The mold insert 580 is made
of, for example, steel, copper or nickel. The shape of the
mold insert 580 is realized by various methods including
electron beam writing, deep UV photoresists, excimer laser
ablation, electrodischarge machining, laser cutting, and X-
ray lithography. In the example of Figure 9D, the mold
insert 580 has an insert portion at the bottom thereof which
has a shape corresponding to the horizontal beam of the
contactor 530 shown in Figures 8A and 8B.

In the process of Figure 9E, the mold insert 580 is
fully pressed against the plastic layer 542 under the high
temperature atmosphere. When the mold insert 580 is removed
undex: the lower temperature, a hollow, i.e., a plating
pattern (A), shown in Figure 9F is created on the plastic
layer 542. Although not shown, necessary procedures such as
a cleaning process for removing residue and a seed layer



eontactors on a probe card can be increased to, for exanple 2,000, which is
able to test as many as 32 or nore nenory devices in parallel at the sane
tinme. Furt hernore, because the contactors 230 of the present invention
are formed on the silicon substrate 220, environnental changes such as a
tenperature expansion ratio of the siliggn substrate are the sane as those
of the sem conductor wafer 300 under test. Therefore, the accurate
positioning between the contactors 230 and the pads 320 can be mai ntai ned

t hroughout the test. Fi gures 6A-6C provide nore detailed views of the
contact structure having the contactor 230 on the silicon substrate 220. To
establish an fmtmingnprotésa ast b pMeppm@maomaﬁ@roa1pmaﬂihgxﬂwumﬁsss not ed
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233. The exa rgure 6B includes an interconnect trace
' In the process of Figure 9I, a thin metal (seed) layer

and a plastic (polymer) 1layer 543 are produced on the
planarized surface of Figure 9H. Also in Figure 9I, a mold
insert 582 having an insert portion corresponding to the
vertical beam of the contactor 530 is prepared over the
plastic layer 543. The mold insert 582 is pressed into the
polymer as shown in Figure 9J under the high temperature
envifonment. When the mold insert 582 is removed in the
lower temperature, a plating pattern (B) shown in Figure 9K
is created on the polymer layer 543. _

Thus, by applying the plating process again, the
vertical beam of the contactor 530 is created as shown in
Figure 9L. The overplated portion of the contactor 530 in
Figure 9L is removed in the grinding (planarizing) process as
shown in Figure SM. In Figure 9N, the polymer layers 542 and
543 are stripped off with use of a special solvent. As in
the foregoing, the contactor 530 is formed on the silicon
substrate 520 by the plastic mold (hot embossing) process.
Although only one contactor 530 is shown in the foregoing
explanation for the simplicity'of explanation, a large number
of contactors 530 can be produced at. the same time by the
production of the present invention.

Figures 10A-10G show another example of procedure for
producing the contactor of the present invention having the
structure shown in Figures 5 and 6. The production method in
Figures 10A-10G involves a photolithography process using a
gray-tone photomask. In this invention, a gray-tone



12 + 232, an interconnect pad 235 via the substrate 220 and an

I nterconnect pad 236 at the bottom of the substrate 220. In the exanple of
Figure 6C, the interconnect trace 232 extends to the edge of the substrate
220. In each of the exanples, the interconnect trace 232 also functions to
fan-out the small pitch of the contactorgg 230 to a larger pitch to fit to

the probe card or |C package. As shown in each of Figures 6A-6C, the
contactor 230 has vertical portions b and d and a horizontal beamc and a
tip portion e. The tip portion e of the contactor 230 is preferably

sharpened to achi eve a scrubbing effect when pressed agai nst the contact
target 320 r RReEPRYSHerdd raeedn thr a8 £ nBudtideveed |sirarcturer afabpee;

i f the contacdodasebr328 Ghd hexpedere 3p@obagsal Uk NERXinBEe)N S base
surface, the scrupbi effect .is necessary top establjsh the electric
contact i th YOR LOM detamcard She dior hreteal iIRAT EE e GNE o PEoRRarm
beam ¢ provi das Phg@apes0pr afalleé is created by using one photomask.

In Figure 10A, a plating seed (thin metal) layer 637 is
formed on the surface of a silicon substrate 620. The
silicon substrate 620 is also provided, on the seed layer
637, with a photoresist layer 642. The photoresist layer 642
has a relatively larger thickness to accommodate a plating
pattern therein corresponding to the vertical and horizontai
beams of a contactor'_630 shown in Figure 10G. In this
example, the photoresist 642 is positive resist.

A photomask 680 is positioned over the photoresist layer
642 for UV light exposure. ' The photomask 680 includes not
only transparent and opaque portions but intermediate (semi-
transparent or gray) portions as well. The photoresist which
is not exposed with the UV 1light because of the opaque .
(black) portion of the mask 680 is cured. The photoresist
which is exposed with the UV light because of the transparent
(white) portion of the mask 680 is uncured. The photoresist
which is insufficiently exposed with the UV light because of
the semi-transparent (gray) portion of the mask is cured at
the lower part but uncured at the upper part.

Thus, when the uncured photoresist is removed, a plating
pattern (A) shown in Figure 10B is created. By applying the
electroplating process for the plating pattern (A) of Figure
10B, and planarizing an overplating portion, the vertical and
horizontal beams of the contactor 630 are formed as shown in
Figure 10C. An example of the conductive material for the
contactor 630 in the plating process .includes nickel,
aluminum and copper.

Figures 10D-10F show the next photolithography process
in which the upper vertical beam of the contactor 630 is
formed on the horizontal beam. 1In Figure 10D, a thin metal
layer (not shown) and a photoresist layer 643 are provided on
the surface planarized in the process' of Figure 10C. A



eontact force against the contact pad 320. The elasticity produced by the
spring force of the horizontal beamc al so functions to conpensate the
differences in size or the fluctuation of flatness involved in the
contactors 230, the silicon substrate 220, the contact pad 320 and the

sem conduct or wafer 300. An exanpl egof material of the contactor 230

I ncl udes nickel, alum num and copper. The tip portion e may be plated by

ni ckel palladium rhodium nickel 'gold, iridiumor several other
depositabl e materi al s. An exanpl e of size of the contactor intended for a
probe-test application may be 100- 400[err]min overall height,
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gray-tone photomask 1s described wth referernce to

13 beam of the contactor 630 is produced by plating the pattern
(B). By removing the photoresist layers 642 and 643, the
contactor 630 shown in Figure 10G is fabricated on t'he
substrate 620. In the foregoing, although only one contactor
630 is shown in the foregoing explanation, a large number of
contactors 630 can be produced at the same time by the
production of the present invention.

Similar to the production process of Figures 10A-10G, an
example of procedure for producing the contactor having the
structure shown in Figures 8A and 8B by the photolithography
using the gray-tone photomask is shown in Figure 11A-11E. As
noted above, the gray-tone mask is used to form a multilevel
structure of the contactor in one exposure process. In the
example of Figures 11A-11E, the whole structure of the
contactor shown in Figures 8A and 8B (also Figure 11E) is
created by using one photomask.

In Figure 11A, a plating seed (thin metal) layer 737 and
a sacrificial part 748 are formed on the surface of a silicon
substrate 720 by the process described in Figures 9A-9C. on
the seed layer 737, the silicon substrate 720 is also
provided with a photoresist layer 742. The photoresist layer
742 has a sufficient thickness to accommodate a plating
pattern therein corresponding to the overall height of the
contactor 530 shown in Figures 8A and 8B (730 in Figure 11E).
In this example, the photoresist 642 is negative resist.

A photomask 780 is positioned over the photoresist layer
742 for the UV light exposure. The photomask 780 is a gray-
tone photomask including transparent, opaque and semi-
transparent (gray) portions. The photoresist which is
exposed with the UV light because of the transparent (white)
portion of the mask 780 is cured. The photoresist which is

not exposed with the UV light because of the opaque (black)



Fi gures 10A-10G  The nol ding process of Figures 7A-7TMis especially
useful to forma nmultilevel structure of the contactor in one nolding
process. For exanple, the vertical beamand the horizontal beam of the
contactor shown in Figures 5 and 6 are fabricated at the sane tine.

In Figure 7A, a thin nmetal |ayer 237 nage of copper, for exanple, is
provided on the silicon substrate 220. The netal |ayer 237 is a seed | ayer
to achieve electrical conductivity for form ng the interconnect trace 232
and contactor 230 of Figure 6 through an electroplating process. | f
the interconnect trace 232 and contactor 230 are forned through ot her
deposi ti on prpsestonusth tdse sridl aE@ngs theusedd |'EyerpBSForssisvewiesshr s
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for exanple,qﬁﬁ&%%ggéfec%%geﬁﬂggkﬁﬁcEgl?ﬁghgogﬁggga%?Lthe nold insert 280
is realized by varTeus, ndieRdde MICWRSSyPEPESTESA Skedm RRTEVAE, AdbAUing

phot or esi st s, a?ﬁ‘@éfﬁrg)aséﬁoﬁb' 2t i Plgued ecid ot sehad9ed . Iarp;mrinéf\éﬁé

cutting, an X-ray lithography. In_the exanple, of Figure 7A the npld
i nsert 280 h&leFEFoR ‘P‘El]ﬁ%rm%%eﬁ? fore e t%’ﬂfég e%?&nﬁ?@h“h)aso Eigpee
correspondi nQL1@ drite plemardainean evdrplathag poptdbnheaheotontrctont aBoor

500U ) SHSRRE Bl by abfhIeaBachERS 8RO A0 Sk ' BNS0h
) in Figure 11D. An example of the conductive material for the
contactor 730 in the plating process includes nickel,
aluminum and copper. By removing the photoresist. layer 742
and the sacrificial part 748, the contactor 730 shown in
Figure 11E is fabricated on the substrate 720. A hollow
(indented portion) 750 of Figure 11E functions as a recess
when the contactor 730 is pressed against a contact target
and bent backwaxrd. In the foregoing, although only one
contactor 730 is shown in the foregoing explanation, a large
number of contactors 730 can be produced at the same time by

the production of the present invention.

According to the present invention, the contact
'structure has a very high frequency bandwidth to meet the
test requirements of next generation semiconductor
technology. Since the contact structure is formed through a
modern miniaturization technology used in the semiconductor
production process, a large number of contactors can be
aligned in a small space which is suitable for testing a
large number of semiconductor devices at the same time. The
contact structure of the present invention can also be used
in wmore. general applications including an IC lead, .IC
packaging, and other electrical connections.

Since the large number of contactors are produced at the
same time on the substrate with the wuse of the
microfabrication technology without involving manual
handling, it is possible to achieve consistent quality, high
reliability and long 1life in the contact performénce.



t'enper at ure at nosphere. When the nold insert 280 is renoved under the | ower
tenperature, a hollow, 1i.e., a plating pattern (A), shown in Figure 7Cis
created on the plastic |ayer 242. Such a plating pattern (A) depicts the
mul tilevel structure of the contactor 230 including the vertical and

hori zontal beans. Figure 7D shows aygituati on where the necessary
procedures such as a cleaning process for renoving residue
14 and a seed layer form ng process as a preparation for a plating

process. Thus, a seed |ayer 239 which is a thin conductive filmis forned
on the polyner |ayer 242 as shown in Figure 7D. Such a cleaning and seed
| ayer form ngFprbbess begabser theat@tkactors ataat bat Fadrfidated Bnghet Bame

ot T epeat od FapeEEare mitel I R A, SR EhePhefRRe” wrlRs Kt DPodecs

i s perforned passhblpateerampenaatiebyhe ieempesateramxipagsiontdeef Hlegentg

in Figure 7E,of the device under test, which is able to avoid positional
errors. _

Although only a preferred embodiment is specifically
illustrated and described herein, it will be appreciated that
many modifications and variations of the present invention

" are pbssible in light of the above teachings and within the
purview of the appended claims without departing the spirit
and intended scope of the invention.



thereby creating the contactor 230 which has beam portions a and b shown in
Fi gures 6A-6C. An exanple of the conductive material for the contactor 230
in the plating processes includes nickel, alum numand copper. |n _the next
step shown in Figure 7F, an overplating portion of the contactor 230 is
renoved and pl anari zed. In Figure 7 athin rreﬂ" uﬂﬂ

pl'astic (polyner) |ayer 243 are produced®“on the plan lu ﬂ"’ Mﬂm
Figure 7F. In Figure 7H, a nold insert 282 having an fnsertt pdrtson*
corresponding to the upper vertical beam of the contactor is prepared over

the polyner layer 243. The nold insert 282 is pressed into the pol yner
| ayer as showWHAT BEiSQ@IATIMEDITMEYs the high tenperature environnent. Wen

the nmold insert 282 is e l.ower te | atin
pattern (B) shown ﬁn Fi gu%%&%%epggpggl&g ?hS"ﬁg %FEFWEP%E&?‘%W a
Thus, by appl gongacherpl foicnaphbeebng aga neleberveali cadniectrioh tWicth a
contactor 230 | tlﬂﬁmﬁr - s created as shown in
Figure 7K. ﬁgt§%§r§|a portlonégﬁqnma(:§§é§%ort230 in Figure 7K is
renmoved in the grindi ngP(ﬁﬂ‘%Mialrn% @g) spbatrateashaniovm ian Plgmes 7burfiace
Figure 7M the pol y#Rkeoy,ers 242, 243 and the seed | ayer 235 are stripped
off wwth use of a speC|%l 'sol vent I n the foregoing, the contactor 230
is formed on the silico QQHiﬂ9£ﬁeP%§EFh@ %ﬂEeﬁl8§tﬁbﬁnﬂkﬁﬂﬁf(ﬂ%¥face of

enbossi ng) processthAl shsdrad;y one contactor 230 is shown in the

foregoi ng expl anation, 2 laé%oﬁ&ﬂgnﬂ.(gléx¥H§g¥é"over the plastic layer,

the mold insert having a shape representing at least a

part of the contactor to be formed on the substrate;

pressing the mold insert into the plastic layer in

a high temperature environment;

removing the mold insert from the plastic layer in

a low temperature environment to form a plating pattern

transferred from the mold insert on the plastic layer;

electroplating the plating pattern on the plastic
layer to form the contactor;

repeating the steps of mold insert pressing and
removing for other mold insert for forming a remaining
portion of the contactor; and

removing one or more plastic layers from the
substrate;

wherein the contactor has a horizontal portion and

a contact portion vertically formed on one end of the

horizontal portion, and the horizontal portion produces

a contact force when the contactor is pressed against

the contact target.

2. A method of producing a contact structure as
defined in Claim 1, the substrate is a dielectric substrate
or a silicon substrate. |

3. A method of producing a contact structure as
defined in Claim 1, wherein the contactor is made of
conductive metal formed by the electroplating step.

4. A method of producing a contact structure as
deflned in Claim 1, wherein the contactor further includes a



15 + 230 can be produced at the sane tinme by the production process of the
present invention. Fi gures 8A and 8B show t he second exanpl e of the
contact structure of the present invention. |In this

structure has a contactor 530 whose structure is sinpl ﬁlﬂﬂ%“ﬂ ’u
first exanple in the foregoing. The contactor 530 is f rate
520 which is typically a silicon substrate or a dielectric substrate. The
contactor 530 is forned of a horizontal beam and a vertical beam where the
hori zontal beam exerts a spring force when the contactor is pressed agai nst
a contact target. A recess 550 is provided on the substrate 520. The
recess 550 i P9\ tPFetLBndeetyaeny ckhecFubsERRE® MR dha fhewizprtal

for the cont 96151%0 t:ﬁeeubtaere tﬁ&f@icﬁhtﬁeﬁi rh @ee@abag_t Helint s WhSdrting
pressed dovvn e exanpl re 8B, an

r F| ure f Fi
o connoct Ehe AEtsShEat Sorfion Shd contalt ossion of e GiiFEebor .
establish interconpectiAn methodutef gargiueitics aucboasaetprsnradtutrlecuats

board or an 'g%gaCk 9¢ (éhgh:t@??‘{‘“)whereﬁt‘c&é‘“p&%‘%ri%or‘l“a%?ézi:OEs”ar&’aé)g of

directly made
thermoplast:.c polymer or thermoplastic resin.

6. A method of producing a contact structure having a
contactor for achieving an electrical connection with a
contact target, comprising the steps of:

providing a substrate having a planar surface
thereon;

forming a groove on the planar surface of the
substrate and filling in the groove with a sacrificial
matexrial;

forming a plastic layer on the sacrificial material
and the plaﬁar surface of the substrate;

positioning a mold insert over the plastic layer,

the mold insert having a shape representing at least a

part of the contactor to be formed on the substrate;

pressing the mold insert into the plastic layer in

a high temperature environment; '

removing the mold insert from the plastic layer in

a low temperature environment to form a plating pattern

transferred from the mold insert on the plastic layer;

electroplating the plating pattern on the plastic
layer to form the contactor; and

removing the plastic layer and the sacrificial
material from the substrate;

wherein the contactor has a horizontal portion and

a contact portion vertically formed on one end of the

horizontal portion, and the horizontal portion produces

a contact force when the contactor is pressed against

the contact target.

7. A method of producing a contact structure as
defined in Claim 6, the substrate is a dielectric substrate

or a silicon substrate.



conponents and the contactor 530 in the exanple of Figure 8A. A thin netal
| ayer 537 is shown in Figures 8A and 8B which functions as a seed layer for
an el ectroplating process for formng the contactar 530 as will be

described | ater. In the contact structure of the second exanpl e,”

simlar to the exanple of Figure 5 a plggality of mmnm'glﬂ y be

formed on a conmon substrate, typically a silicon s H I tOf t he
]

contactors 530 are produced at the same tine through*the same prsoduCti on
processes on the silicon substrate 520. Such a production process includes
a photolithography process, a m cro-nachining process, a plastic nold

process (hot enbossi.ng) A amdthba | bke.produciA§ W@NiRHRE 538 R thfi® as
silicon substratfe 520 can gfﬁdl rectly .nounfed gn a probe card such as shown

in Figure 3, SELdbffedifn 3BkaBe, NRFCIR £he aftaetion cigackage of
havi ng | eads, cendueati viehengradk fgarnes] mpuntlesl eheetpopbet Diag dstep .

16 Since the cogtact grsagfl,gan,pe gflgéﬁgfﬁgd a N 3ntlt Sgglructure as
defined in Claim 6, wherein the plastic layer is made of
thermoplastic polymer or thermoplastic resin.

10. A method of producing a contact structure as
defined in Claim 6, wherein the sacrificial material on the
substrate is made of silicon dioxide and is removed from the

J substrate after forming the contactor to create a recess
below the contactor. '

11. A method of producing a contact structure having a
contactor for achieving an  electrical connection with a
contact target, comprising the steps of:

providing a substrate having a planar surface
thereon; _

forming a photoresist layer on the planar surface
of the substrate;

positioning a photomask over the photoresist layer,

the photomask having a pattern representing at least a

part of the contactor expressed by transparent portions,

opaque portions and semi-transparent portions;
exposing the photoresist layer with light and

removing uncured parts of the photoresist to form a

plating pattern on the photoresist layer transferred

from the photomask;

electroplating the plating pattern on the
photoresist layer to form the contactor; _

repeating the above procedure for forming a
remaining part of the contactor; and. .

removing one or more photoresist layers from the
substrate;

wherein the contactor has a horizontal portion and

a contact portion vertically formed on one end of the

horizontal portion, and the horizontal portion produces

a contact force when the contactor is pressed against



si ze,» a frequency bandw dth of a probe card nounting the contactors of the
present invention can be easily increased to 2GHz or hi gher. Because of the
smal | size, the nunber of contactors on a probe card Tan be increased to,

for exanple 2,000, thereby being able to test as many r nory
devices in parallel at the same tine. 26 Furtherrrorejmail%jmﬂumw
contactors 530 of the present invention are forned on t ey ate
520, variations caused by environnmental changes such as a tenperature
expansion ratio of the silicon substrate 520 of the contact structure are
the sane as those of the sem conductor wafer 300 under test. Therefore, the

accurate positioni FehEOREATH HFaxrgdti-act ors 530 and the contact pads on the

waf er 300 can be mapnt ainefletRBAUIBEUtpEEELE BSS - A X agphe,
mat eri al of tag cont.actor..530 incl uﬂgsp nj cke:IE}l§é f;}ur?ionum and copﬁufre e

tip portion fipgd ipnCieir 13z0thayskbshratedisyariieéechairagnbetrate
rhodi um ni ckelr golsd]licondismbstratever al ot her depositable materials. An
exanpl e of size of 15_he gon be- test application

t&%ﬁ.‘gr 530 intended for a e
may be 50-200[err]iiin dve Hei Ght PERRUOHRS: A nCORRGT 2 SEERCHURRyt RS
and about 30-€6faénefimim tQiaikmedd ,f owhelreipi t the ofccffarttdim bt waeide of

contact target§nductivel Qx%;tce:@t e W%e%w&%@{gée%éef or

produci ng the contactors of the presen ntion’i gur |%Corporati ng
a plastic nolding pfeceds Bethedgrht mroPrvtsses gratacto appluictalde. as

Anot her exanphef ohel 2dUCL M ANQC SR rd iR ItH G ch et Ht if&%éphynegaa%%s
(0]

using a gray-_taqne hotogask v¥iéll be described |ater with reference
Fi gures 11A- 13EP35€ PPRUEPHyREYICeD ofBbRErafgy and4ihes korieansal

t he portion, the base portion being a vertical beam supporting
the horizontal portion and contact portion of the contactor.
15. A method of producing a contact structure having a
contactor for achieving an electrical connection with a
contact target, comprising the steps of:
providing a substrate having a planar surface
thereon; _
forming a groove on the planar surface of the
substrate and filling in the groove with a sacrificial
material;
forming a photoresist layer on the sacrificial
material and the planar surface of the substrate;
positioning a photomask over the photoresist 'layer,
the photomask having a pattern representing the
contactor expressed by transparent portions, opaque
portions and semi-transparent portions;
exposing the photoresist layer with light and
removing uncured parts of the photoresist to forfn a
plating pattern on the photoresist layer transferred
from the photomask; S
electroplating the plating pattern on the plastic
layer to form the contactor; and
removing the photoresist layer and the sacrificial
material from the substrate;
wherein the contactor has a horizontal portion and
a contact portion vertically formed on one end of the



substrate 520 by a photolithography process. Such a photolithography
process includes the steps of photoresist coating, nmasking, exposure, and.
photoresist stripping as is well known in the art. Although not shown, a

O e LT L S T

17 photoresi st layer 542 is exposed wpbh ultraviol et “@

pattern printed on the photonask. If a positive actin onesmst si s*
used, the photoresist covered by the opaque portions of the photo mask is
har dened (cured) after the exposure. The exposed part of the resist

can be di ssol ved and washed away, |eaving a photomask | ayer 542 of Figure
9A whi ch defines ahoetichntglapeation, afidr chghhanietnbalgppreceasSprafuces

H gure 96 “The. phoborsutact Sered SRS HoReREREr] 3 Ridedta  agatort,

di ssol uti on sol venthe| goptggte td@get sacrificial part 548 is formed in the

i ndented portion 5%g onat hgegHBat rgke p¥iucing a contact structure as
defined in Claim 15, the substrate is a dielectric substrate
or a silicon substrate.

17. A method of producing a contact structure as
defined in Claim 15, wherein the contactor is made of
conductive metal formed by the electroplating step.

18. A method of producing a contact structure as
defined in Claim 15, wherein the sacrificial material on the
substrate is made of silicon dioxide and is removed from the
substrate after forming the contactor to create a recess
below the contactor.



The sacrificial part 548 is made, for exanple, of silicon dioxide (SiQR)

t hrough a deposition process such as chem cal vapor deposition (CVD). A
thin metal layer 537 is formed on the substrate to function as a plating
seed | ayer. A plastic layer 542 is forned on the netal |ayer 537 over
which a nold insert 580 is provided to ddgectly forma plating pattern on
the plastic |layer 542. An exanple of material for the plastic |ayer 542

i ncl udes thernoplastic polynmer and thernoplastic resin. The nold insert 580
i s made of, hesTeatdPlor wiFEYrscamuRe or nickel . The shape of the nold
insert 580 is Teatized by various metnods including el ectron beamwiting,
deep WV photoresists, exciner |aser ablation, electrodischarge machi ni ng,

| aser cutting, and X- rﬂyﬁéﬁhggrgﬂwuc]_-nbnAt E@NQKEWEQRQEFE\%%”G 9D, the
nold insert 580 has an 1 nsert portion at the bottomthereo ch has a
shape corresponding to the horizontal beam of the contactor 530 shown in

Figures 8A and 8B.A methdd ARGy & doriii®t Yerudtr®Ifdy R iewBlgl S
fully pressed a% i nst Ihagl pl astic ] aye 42 under the hi %h t enper at ure

at nospher e. ater‘r'é: iGRIEISC r5‘8‘6h"§'1‘ VL Afde FaGAE Y oneie contact

t enper at ur e, aﬁmidm incﬂud@smaiomcpwt efdrried) ,ors oWl ana i Ba & b8

created on the er. 542. u not . shpown, necessar rocedur es
such as a cl &ffi #’? oce ForF cﬁ@%‘%n cagg CHuES o%loggédsfréiéé) aspect,

the product:.on method 1nvolves a plastic molding technology.

In another aspect, the production method involves a
photolithography technology using a gray-tone photomask. The
contactor has at least a horizontal portion formed on the
substrate and a contact portion formed on one end of the
horizontal portion. A spring force of the horizontal portion
of the contactor provides a contact force when the contactor
is pressed against the contact target. In a further aspect,
the contact structure includes a recess for providing a free
space for the contactor when the contactor is pressed against

the contact target.
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'8 + formng process as a preparation for a plating process. In
Figure 9G an electroplating process is perfornmed on the plating pattern
formed by the plastic nolding in the foregoing, thereby creating the
contactor 530 which has the horizontal beam An exanple of the conductive

material for the contactor 530 in the pl afd ng processes includes nickel,
al um num and copper. In the next step shown in Figure 9H, an overplating
portion of the contactor 530 is renoved and pl anari zed. In the process

of Figure 91, a thin nmetal (seed) |layer and a plastic (polyner) |ayer 543
are produced on the planarized surface of Figure 9H. Also.in Figure 91, a
nol d i nsert 582 having an insert portion corresponding to the vertical beam
of the contactor 530 is prepared over the plastic |ayer 543. The nold
insert 582 is pressed into the polymer as shown in Figure 9J under the high
tenperature environnent. \Wen the nold insert 582 is renoved in the | ower
tenperature, a plating pattern (B) shown in Figure 9K is created on the

pol ymer | ayer 543. Thus, by applying the plating process again, the
vertical beam of the contactor 530 is created as shown in Figure 9L. The
overplated portion of the contactor 530 in :
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Figure 9L is renmoved in the grinding (planarizing) process as shown in
Figure 9M 1In Figure 9N, the polyner |ayers 542 and 543 are stripped off
with use of a special solvent. As in the foregoing, the contactor 530 is
formed on the silicon substrate 520 by the plastic nold (hot enbossing)
process. Although only one contactor 53Qjiss shown in the foregoing
explanation for the sinplicity of explanation, a | arge nunber of contactors
530 can be produced at the sanme tine by the production of the present

i nventi on. Fi gures 10A-10G show anot her exanpl e of procedure for
produci ng the contactor of the present invention having the structure shown
in Figures 5 and 6. The production nethod in Figures 10A-10G involves a
phot ol i t hography process using a gray-tone photonask. In this
invention, a gray-tone 19

photomask is used to forma nultilevel structure of the contactor in one
exposure process. For exanpl e, ?Eg basge
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vertical beam and the horizontal beam of the contactor shown in Figures 5
and 6 is created by using one photonask. In Figure 10A, a plating seed
(thin nmetal) layer 637 is forned on the surface of a silicon substrate 620.
The silicon substrate 620 is al so provided, on the seed |ayer 637, wth a
photoresi st |ayer 642. The photoresist 4 éﬁﬁ; 642 has a relatively |arger

t hi ckness to accommopdate a plating pattern therein corresponding to the
vertical and horizontal beans of a contactor 630 shown in Figure 10G In
this exanple, the photoresist 642 is positive resist. A phot omask 680
is positioned over the photoresist |ayer 642 for WV |light exposure. The
phot omask 680 includes not only transparent and opaque portions but
internediate (sem - transparent or gray) portions as well. The photoresi st
whi ch is not- exposed with the WV |ight because of the opaque (bl ack)
portion of the mask 680 is cured. The photoresist which is exposed with the
UV I'ight because of the transparent (white) portion of the mask 680 is
uncured. The photodgy ichis |nsuff|c e =ypQsed with the UV |ight
because of the seni-t®Ansparent (gray) Qsk | 7@ured at the
| ower part but uncured at the upper , p{t he "uncur ed
photoresist is renoved, a plating } elBis

created. By applying the el ectropl/&s T ng p&ttern (A
of Figure 10B, and planariziqgy a g i 87 and
hori zontal beans of the contacto 0 2 re gure 10C. An
exanpl e of the conductive nmaterijfx ? ¢ pl ati ng

process includes nickel, alumn 30 ﬁﬁ”&o-- ‘ Ax110F show t he

next photolithography process
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i‘n whi ch the upper vertical beam of the contactor 630 is forned on the

hori zontal beam In Figure 1D, a thin netal |ayer (not shown) and a

phot oresi st | ayer 643 are provided on the surface planarized in the process
of Figure 10C. A 20 phot omask 682
is aligned over the photoresist |ayer 6%81%hrough which the photoresist is
exposed with the WV light. By renoving the uncured resist, a plating
pattern (B) shown in Figure 10E is created. In Figure 10F, the upper
vertical beam of the contactor 630 is produced by plating the pattern (B)
By renoving the photoresist |ayers 642 and 643, the contactor 630 shown in
Figure 10G is fabricated on the substrate 620. In the foregoing, although
only one contactor 630 is shown in the foregoing explanation, a |large
nunber of contactors 630 can be produced at the same tine by the production
of the present invention. Simlar to the production process of Figures

10A- 10G, an | Fig. 5
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exanpl e of procedure for producing the contactor having the structure shown
in Figures 8A and 8B by the photolithography using the gray-tone photonask
is shown in Figure 11A-11E. As noted above, the .gray-tone mask is used to
forma multilevel structure of the contactor in one exposure process. In

t he exanple of Figures 11A-11E, the mhogglgtructure of the contactor shown
in Figures 8A and 8B (also Figure 11E) TS Created by using one phot omask.
In Figure 11A, a plating seed (thin netal) layer 737 and a sacrificial part
748 are formed on the surface of a silicon substrate 720 by the process
described in Figures 9A-9C. On the seed layer 737, the silicon substrate
720 is also pravided with a photoresist |ayer 742. The photoresist |ayer
742 has a sufficient thickness to acconmobdate a plating pattern'therein
corresponding to the overall height of tZE' niszgor 530 shown in Figures
8A and 8B (730 in Figure 11E). In this e aﬂgﬁe, e photoresist 642 is
negati ve resist.: A phot omask 780 is positioned over the photoresist

| ayer 742 for the WV |light exposure. The photonmask 780 is a gray- tone

phot omask i ncl udi ng transparent, opaq230 apd semi- transparent (gray)
portions. The photoresist which is .expoged with the UV Iight because of
the transparent (white) portion2a32 7806is cufed. The phot or esi st
which is not exposed with the UV |igh)\ because of dpaque (bl ack)

235
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21 - portion of the mask 780 is uncured. The photoresist which is
insufficiently exposed with the UV Iight because of the sem - transparent
(gray) portion of the mask 780 is cured at the upper part but uncured at
the | ower part. Thus, when the uncured photoresist is renoved, a
plating pattern (A) shown in Figure llcg}fscreated. By applying the

el ectroplating process for the plating pattern (A) of Figure 11C and

pl anari zing an overplating portion, the contactor 730 having the horizontal
and vertical beans is formed as shown in Figure 11D. An exanple of the
conductive material for the contactor 730 in the plating process includes
ni ckel , al um num and copper. By renoving the photoresist layer 742 and the

sacrificial part 748, the cont AT SO AN BT IEIRR] f-apgd cat ed
on the substrat e.720. hol | o KPS OE USRS ARt ¢ 11E
functions as a i; S n the contactor RRBRESsed agai nst a cont act
target and bent ba€kward. In the foregoi 4 al though only one contactor
730 is shown in the foregoi ng expl anati on, ‘t arge nunber of contactors 730
can be produced at the sane ti ' 2sent

I nventi on. According to t
has a very high frequency band
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t'est - requirenents of next generation sem conduct or technol ogy. Since
the contact structure is formed through a nodern m niaturization technol ogy
used in the sem conductor production process, a |large nunber of contactors
can be aligned in a small space which is suitable for testing a | arge
nunber of sem conductor devices at the time. The contact structure of
the present invention can al so be used i re general applications
including an IC lead, |IC packaging, and other electrical connections.
Since the | arge nunber of contactors are produced at the sane tinme on

the .substrate with the wuse of the mcrofabrication. technol ogy

W t hout I nvol ving manual handling, it is possééﬁe to achi eve consi stent
quality, high reliability and long life in.the/ act performance. .

22 Furt her, because the con he sane

Substrate materi,fl, as thét of t 242
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possi-bl e to conpensate the tenperature expansion coefficient of the device
under test, which is able to avoid positional errors. Al t hough only a
preferred enbodi nent is specifically illustrated and descri bed herein, it

wi ||l be appreciated that nmany nodifications and variations of the present

I nvention are possible in [ight of the %2 %e teachings and within the ;
purvi ew of the appended cl ai ns w thout g rting the spirit and intended
scope of the invention. . WHAT IS CLAI MED | S: 1. A method
of producing a contact structure having a contactor for achieving an

el ectrical connection with a contact target, conprising the steps of:

provi ding a substrate having a planar surface . thereon; 282
formng a plastic layer on the pramEResERtanas ;

. Peteteletetelete el 243
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t‘he substrate; positioning a nold insert over the plastic |ayer,
the nold insert having a shape representing at |east a part of the
contactor to be forned on the substrate,; pressing the nold insert
into the plastic layer in a high tenperature environnent;

removing the nold insert fromthe plmﬁgfagayer in a |low tenperature
environnment to forma plating pattern transferred fromthe nold insert
on the plastic |ayer; ~electroplating-the plating pattern on the
pl astic | ayer to formthe contactor; - repeating the steps of
nold insert pressing and removing for other nold insert for formng a
remai ni ng - portion of the contactor; and renovi ng one or nore
plastic layers fromthe substrat e; ' wherein the contactor has
a horizontal portion and a contact portion vertically forned on one
end of the hori zontal portion, and the horizontal portion produces

a contact force when the contactor is pressed agai nst t he confact
target. 2. A method of producing a contact structure as defined in
Caim1l, the substrateiF: digglgctric substrate or a silicon substrate.

3. A nmethod of producingiz- act structure as defined in Claimal,
wherein the contactor is made of conductive netal fo d by the

el ectropl ati ng step. 4. A nethod of producing a contact structure
as defined in Caim1l, wherein the contactor furtfler includes a

— 537
+—520

_ 537
L-520




rase :porti on between the substrate and the horizontal portion, the base
portion being a vertical beam supporting the horizontal portion and contact
portion of the contactor. 5. A nethod of producing a contact
structure as defined in Claim1l, wherein the plastic |layer is nade of

t her nopl astic pol yner or thernnplasticleign. 6. A nmethod of
produci ng a contact structure having a contactor for achieving an

el ectrical connection with a contact target, conprising the steps of:

provi ding a substrate having a planar surface t her eon; )
form ng a groove on the planar surface of the substrate and filling in
the groove with a sacrificial mat eri al ; formng a plastic

| ayer on the sacrificial material and the planar surface of the
substrat e; positioning a nold insert over the plastic |ayer,
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tthe mol d insert having a shape representing at | east a part of the

contactor to be formed on the substrate; pressing the nold insert
into the plastic layer in a high tenperature environnent;
removing the nold insert fromthe plastic layer in a |l ow tenperature
environment -to forma plating pattern transferred fromthe nold insert
on the plastic |ayer; el ectropttdhg the plating pattern on the
pl astic | ayer to formthe contactor; and renoving the plastic
| ayer and the sacrificial material fromthe substrate; wherein
t he contactor has a horizontal portion and a contact portion
vertically forned on one end of the hori zontal portion, -and the
hori zontal portion produces a contact force when the contactor is
pressed agai nst the contact target. 7. A nmethod of producing a
contact structure as defined in Claim6, the substrate is a dielectric
substrate or a silicon substrate. ' (A)
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8. A nethod of producing a contact structure as defined in Caimb6,
wherein the contactor is made of conductive netal formed by the

el ectropl ati ng st ep. 9. A nethod of producing a contact structure as
defined in Caim6, wherein the plastic layer is nmade of thernoplastic
pol ymer or thernoplastic resin. 195 /4set hod of produci ng a contact

structure as defined in Claim6, wherein the sacrificial material on the
substrate is made of silicon dioxide and is renoved fromthe substrate
after formng the contactor to create a recess bel ow the contactor.

11. A method of producing a contact structure having a contactor for
achieving an electrical connection with a contact target, conprising the
steps of: providing a gubstrate haying a plang 3GE 582

t her eon; : £ orm a pPhoRERRKSE RSN RS
t he substrate; Flg. ng]jositio,, s : ,
t he phot omask havi a pattern & "c§4 he
contactor expressed by transpar ggit ) : e

senmi -transparent portions; oo §§s: N NITTT “T3yer with
l'i ght and renmovi ng uncured e pnor-or
plating pattern on the photores
phot onask; el ectropl at
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phot eresi st |ayer to formthe contactor; repeating the above
procedure for formng a remai ni ng part of the contactor; and

renovi ng one or nore photoresist |ayers fromthe substrat e;

wherein the contactor has a horizontal portion and a contact portion
vertically formed on one end of the  33yyg zontal portion, and the

hori zontal portion produces a contact force when the contactor is
pressed agai nst 26 the contact target. 12. A et hod
of producing a contact structure as defined in Caim1ll, the substrate is a
dielectric substrate or a silicon substrate. 13. A nethod of producing
a contact structure as defined in Claim1ll, wherein the contactor is nade
of conductive netal forned by the eIectropI&ting slep. l .
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4. A method of producing a contact structure as defined in Claim1l1l,
wherein the contactor further includes a base portion between the substrate
and the horizontal portion, the base portion being a vertical beam
supporting the horizontal portion and contact portion of the contactor.

15. A method of producing a contact st%yfigre having a contactor for
achieving an electrical connection wt contact target, conprising the

steps of: ~ providing a substrate having a planar surface

t her eon; form ng a groove on the planar surface of the

substrate and filling in the groove with a sacrificial mat eri al ;
formng a photoresist |ayer on the sacrificial mat erial and the pl anar
surface of the substrate; positioning a photomask over the
phot or esi st | ayer, t he photommask having a pattef@ representing the
contactor expressed by transparent portlons 'opaq;‘e portions and

sem -t ranspar ent port I ons; i %’43V\A th
a

light and . renoving uncur ed

plating pattern Fighe r esg h&42

phot omask; el pl at g '|?§5 :
| ayer to formthe contactor; | ayer
and the sacrificial material fromthe substrate F HN t he
contactor has a horizontal port|on and" a cont act portlon Vgr rcally

formed on one end of the
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27 = hori zontal portion, and the horizontal portion produces a
contact force when the contactor is pressed against t he cont act

target. 16. A method of producing a contact structure as defined in
Claim15, the substrate is a dielectric substrate or a silicon substrate.
17. A nmethod of producing a contact stjggigre as defined in Caimli5,
wherein the contactor is made of conductive netal formed by the

el ectroplating step. 18." A nethod of producing a contact structure as-
defined in Claim15, wherein the sacrificial material on the substrate is
made of silicon dioxide and is renoved fromthe substrate after formng the

contactor to cr?t.e ai(:fASS bel ow t he cont act‘(}_ﬁw
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ABSTRACT OF THE DISCLOSURE

METHOD OF PRODUCING A CONTACT STRUCTURE

A method of producing a contact structure for achieving
an electrical connection with a contact target. The contact
structure includes a contactor formed on a planar surface of
a substrate by a microfabrication technology. In one aspect,
the production method involves a plastic molding technology.
In another aspect, the production method involves a
photolithography technology using a gray-tone photomask. The
contactor has at least a horizontal portion formed on the
substrate and a contact portion formed on one end of the
horizontal portion. A spring force of the horizontal portion
of the contactor provides a contact force when the contactor
is pressed against the contact target. In a further aspect,
the contact structure includes a recess for providing a free
space for the contactor when the contactor is pressed against
the contact target.

FIG. 7A




