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(54) Titlee PROBE ASSEMBLY AND MANUFACTURING METHOD THEREOF

(57) Abstract: A probe assembly hasinsertion holes formed
in abase layer provided on acircuit board. Probe pins are
inserted into the insertion holes and fixed by a conductive ad-
hesive filled in the insertion holes. The probe pins can be
arranged with small pitch without mechanically electrically
in-1 terfering with neighboring pins using the insertion holes.
Furthermore, the base layer isformed of a semiconductor ma-
teria to prevent aproblem caused by adifference inthe coeffi-
cient of thermal expansion between the base layer and awafer.
Moreover, coplanarity and alignment accuracy of the probe
pins can be improved using aligning mask layers or aligning
mask in a process of manufacturing the probe assembly. In
addition, probe assembly manufacturing time can be reduced
by using apin array frame into which alarge number of probe
pins are temporarily inserted.
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Description
PROBE ASSEMBLY AND MANUFACTURING METHOD
THEREOF

Technical Field

The present invention relates to aprobe assembly and, more particularly, to aprobe
assembly of aprobe card and a manufacturing method thereof.

Background Art

In order to examine the electrical characteristics of small semiconductor devices
(e.g., semiconductor chips in awafer), aprobe card isused as the medium of
connection between atester and atest target, i.e., semiconductor devices. Aswell
known, such a semiconductor device has input/output terminals (also referred to as
contact pads) exposed outwardly, and the probe card has probe pins that make a
mechanical contact with the input/output terminals and aso provide apath for
electrical signals. That is, when receiving predetermined signals from the tester
through the probe pins being in contact with the input/output terminals, the semi-
conductor device operates according to the received signals and then outputs the result
to the tester through the probe pins.

In general, for arapid and effective test, such atest process is performed by means of
several probe pins that make simultaneous contacts with several terminals of the
device. By the way, the size of the device becomes more and more reduced, and the
number of the terminals becomes more and more increased. So the pad pitch, namely,
the distance between adjacent terminals, also grows more and more decreased. For
such reasons, the probe card needs agreat number of probe pins that are arranged with
afine pitch corresponding to the pad pitch. However, asthe pitch of the probe pins
grows reduced, it isvery difficult to arrange the probe pins without electrica and
mechanical interference between adjacent pins. Additionally, it isimportant, but
actualy difficult, to precisely dispose the pins with ahigh level of coplanarity.

A known conventional solution for fine pitch arrangement of the probe pins is to use
MEMS (micro electro-mechanical system) technique. This technique, however,
inherently employs semiconductor fabrication process that causes complication and
high cost. Therefore, another solution with simpler and cost-reduced process is
required for aprobe assembly.

On the other hand, a conventional probe assembly has aproblem of probe pin contact
failure due to adifference in therma expansion between the wafer and the probe
assembly. Generally, ahot test and acold test are used to test the semiconductor
devices in the wafer under extreme conditions. Though there are minor differences in
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such test conditions between semiconductor manufacturers, atemperature of the wafer
iscommonly increased to 1200C in the hot test and decreased to -400C in the cold test.
The probe pin contact failure often occurs while these tests are performed.

Referring to FIG. 1, since the wafer W and the probe assembly 100 normally differ in
acoefficient of thermal expansion, the probe pin 10 may deviate from the contact pad
P on the wafer W, that is, from the input/output terminal of the semiconductor device
during the hot test or the cold test. This problem may be more serious near edges of the
probe assembly 100 as the size of the probe assembly 100 increases.

Another problem associated with aconventiona probe assembly is exemplarily il-
lustrated in FIG. 2. Referring to FIG. 2, when the probe pin 10 isin contact with the
contact pad P on the wafer W, the surface of the wafer W and the probe pin 10 may be
damaged due to amechanical impact. This problem is generated when equipment that
adjusts the contact distance between the contact pad P of the wafer W and the probe
pins 10 wrongly operates so that it moves by more than a contact tip height of the pins
10. In this case, roots of the probe pins 10 aswell asthe surface of the wafer W may be
remarkably damaged to cause a serious problem in the elasticity and position
alignment of the probe pins 10.

In addition, the conventional probe assembly has various problems. For example,
problem assembly manufacturing time increases as the number of probe pins increases
and electronic devices are required to be simply formed in the probe assembly together
with the probe pins.

Disclosure of Invention

Technical Problem

An object of the present invention isto provide aprobe assembly and a manu-
facturing method thereof capable of forming probe pins on acircuit board with small
pitch while preventing mechanical and electrical interferences between neighboring
probe pins.

Another object of the present invention isto provide aprobe assembly and a manu-
facturing method thereof capable of manufacturing the probe assembly at reduced
manufacturing cost.

Y et another object of the present invention isto provide aprobe assembly and a man-
ufacturing method thereof capable of arranging alarge number of probe pins in a small
area of acircuit board with small pitch of severa tens of micrometers while improving
alignment accuracy and coplanarity.

Still another object of the present invention isto provide aprobe assembly having the
same coefficient of therma expansion asthat of a semiconductor wafer and a manu-
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facturing method thereof.

A different object of the present invention isto provide aprobe assembly and a man-
ufacturing method thereof capable of preventing probe pins and awafer from being
mechanically damaged due to wrong operation of related equipment when the probe
pins make contact with contact pads of the wafer.

Another different object of the present invention isto provide aprobe assembly and a
manufacturing method thereof capable of improving process efficiency to remarkably
reduce manufacturing time.

Still another different object of the present invention isto provide aprobe assembly
and a manufacturing method thereof capable of simply forming electronic devices as
well as probe pins.

Technical Solution

According to an aspect of the present invention, there is provided aprobe assembly
comprising acircuit board, aconductive adhesive, and probe pins. The circuit board is
electrically connected to acircuit pattern and has pads formed thereon and arranged
with small pitch. The conductive adhesive isformed on the pads. The probe pins are
electrically connected to the pads and each of the probe pins has a connectable root, a
laterally elongated beam, and acontact tip. The connectable root is vertically inserted
into the conductive adhesive and mechanically fixed. The lateraly elongated beam is
bent at right angle to the connectable root and extended lengthwise in parallel with and
at adistance from the surface of the circuit board. The contact tip is extended upwardly
from one end of the laterally elongated beam, being opposite to the connectable root.

The probe assembly may further comprise abase layer. The base layer isformed on
the surface of the circuit board at adistance from laterally elongated beams of the
probe pins. The base layer has first insertion holes formed respectively corresponding
to the pads and filled with the conductive adhesive.

According to another aspect of the present invention, there isprovided aprobe
assembly for testing semiconductor devices formed on awafer, which comprises a
circuit board, abase layer, aconductive adhesive, and probe pins. The circuit board is
electrically connected to acircuit pattern and has pads formed thereon and arranged
with small pitch. The base layer isformed on the surface of the circuit board and has
first insertion holes formed respectively corresponding to the pads. The conductive
adhesive isformed in the first insertion holes. The probe pins are electrically connected
to the pads. Each of the probe pins has a connectable root, alaterally elongated beam,
and a contact tip. The connectable root isvertically inserted into the corresponding first
insertion hole and mechanically fixed by the conductive adhesive. The laterally
elongated beam isbent at right angle to the connectable root and extended lengthwise
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in parallel with and at a distance from the surface of the circuit board. The contact tip
is extended upwardly from one end of the laterally elongated beam, being opposite to
the connectable root. The base layer isformed of the same semiconductor material as
the wafer.

According to still another aspect of the present invention, there is provided aprobe
assembly for testing semiconductor devices formed on awafer, which comprises a
circuit board, abase layer, afirst conductive adhesive, a second conductive adhesive,
and probe pins. The circuit board is electrically connected to acircuit pattern and has
pads formed thereon and arranged with small pitch. The base layer isformed on the
surface of the circuit board and has first insertion holes, second insertion holes, and a
redistribution line. The second insertion holes are formed respectively corresponding
to the pads, the first insertion holes are separately formed at positions different from
the positions of the second insertion holes, and aredistribution line connects the first
insertion holes and the second insertion holes. The first conductive adhesive and the
second conductive adhesive are respectively formed in the first insertion holes and the
second insertion holes. The probe pins are electrically connected to the pads through
the redistribution line. Each of the probe pins has a connectable root, alaterally
elongated beam, and a contact tip. The connectable root is vertically inserted into the
corresponding first insertion hole and mechanically fixed by the first conductive
adhesive, the laterally elongated beam isbent at right angle to the connectable root and
extended lengthwise in parallel with and at adistance from the surface of the circuit
board, and the contact tip is extended upwardly from one end of the laterally elongated
beam, being opposite to the connectable root.

The base layer may be formed of the same semiconductor material as the wafer.

The probe assembly may further comprise aplating layer formed on sidewalls of the
first insertion holes of the base layer in order to improve the adhesive strength between
the base layer and the conductive adhesive.

The probe assembly may further comprise a supporting agent additionally formed on
the conductive adhesive to envelop the connectable roots of the probe pins.

The probe assembly may further comprise adamper which is provided on the surface
of the base layer and has aheight higher than the height of the laterally elongated beam
and lower than the height of the contact tip.

The base layer may further comprise athird insertion hole. In this case, the probe
assembly may further comprise an electronic device inserted into the third insertion
hole and fixed by the conductive adhesive.

The circuit board may be ablock type circuit board having the circuit pattern formed
on the top surface and side thereof.

According to still another aspect of the present invention, there is provided a method
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for manufacturing aprobe assembly, comprising the steps of: preparing acircuit board
electrically connected to acircuit pattern and having pads formed thereon and arranged
with small pitch; forming abase layer having first insertion holes formed respectively
corresponding to the pads on the surface of the circuit board; filling the first insertion
holes with a conductive adhesive; and arranging probe pins each of which has a
connectable root and a contact tip respectively bent at right angle to both ends of a
laterally elongated beam in opposite directions in such amanner that the probe pins are
inserted into the first insertion holes and mechanically fixed by the conductive
adhesive.

According to still another aspect of the present invention, thereis provided a method
for manufacturing aprobe assembly, comprising the steps of: preparing acircuit board
electrically connected to acircuit pattern and having pads formed thereon and arranged
with small pitch; forming abase layer having second insertion holes formed re-
spectively corresponding to the pads, first insertion holes separately formed at
positions different from the positions of the second insertion holes, and aredistribution
line connecting the first insertion holes and the second insertion holes on the surface of
the circuit board; filling the first insertion holes with a conductive adhesive; and
arranging probe pins each of which has a connectable root and a contact tip re-
spectively bent at right angle to both ends of alaterally elongated beam in opposite
directions in such amanner that the probe pins are inserted into the first insertion holes
and mechanically fixed by the conductive adhesive.

The method may further comprise the steps of: forming afirst aligning mask layer
having aflat surface on the base layer such that the first insertion holes are exposed
outwardly; and forming a second aligning mask layer having aligning holes on the first
aligning mask layer such that the flat surface is exposed outwardly before the step of
filling the conductive adhesive in the first insertion holes. In this case, the probe pins
are arranged such that the laterally elongated beams are vertically aligned through the
flat surface and the contact tips are horizontally aligned through the aligning holes.

The method may further comprise the step of forming an aligning mask having
aligning recesses on the base layer to align the contact tips through the aligning
recesses after the step of arranging the probe pins.

The method may further comprise the steps of: preparing apin array frame composed
of alower frame having aplurality of insertion holes and an upper frame having a
plurality of insertion holes; and inserting aplurality of probe pins into the pin array
frame in such amanner that contact tips of the probe pins are inserted into the insertion
holes of the lower frame and connectable roots of the probe pins are inserted into the
insertion holes of the upper frames. Here, the probe pins are arranged after the probe
pins are inserted into the pin array frame.
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Advantageous Effects

According to the present invention, the insertion holes of the base layer are formed
respectively corresponding to the pads of the circuit board and the probe pins are
firmly fixed through the conductive adhesive filled in the insertion holes. By using the
insertion holes, the probe pins can be easily arranged with small pitch and respectively
reliably disposed without mechanically electrically interfering with neighboring pins
because neighboring insertion holes provide spaces completely separated from each
other. Furthermore, the areas of the insertion holes are sufficiently larger than the
probe pins inserted thereinto, and thus the conductive adhesive can completely fill the
insertion holes and fully envelope the probe pins to firmly support the probe pins. In
addition, the method for manufacturing aprobe assembly using insertion holes can
easily manufacture aprobe assembly at areduced manufacturing cost.

Moreover, during aprocess of manufacturing a probe assembly, the probe pins can
be verticaly aligned through the flat surface of the first aligning mask layer to secure
good coplanarity. Furthermore, the probe pins can be precisely aligned in the
horizontal direction through aligning holes of the second aligning mask layer or
aligning holes or aligning recesses of the aligning mask.

In addition, the base layer into which the probe pins are inserted and fixed is formed
of the same semiconductor material as awater to be tested such that the base layer and
the wafer have the same coefficient of thermal expansion. Accordingly, it is possible to
solve the conventional problem that the probe pins deviate from the contact pads on the
wafer during ahot test or acold test due to a difference in the coefficient of thermal
expansion between the wafer and the probe assembly.

Furthermore, the probe assembly of the present invention has the damper formed on
the surface of the base layer, which has aheight higher than the height of the laterally
elongated beam of the probe pin and lower than the height of the contact tip, to prevent
the conventional problem that acontact distance between neighboring probe pins
decreases due to wrong operation of equipment that adjusts the contact distance so as
to mechanically damage the probe pins and the wafer.

Moreover, the method for manufacturing aprobe assembly according to the present
invention performs aprobe pin inserting process independently of the entire manu-
facturing process using the pin array frame into which alarge number of probe pins are
temporarily inserted. This improves process efficiency to remarkably reduce the time
required to manufacture the probe assembly and the time required to deliver the probe
assembly to related orderer when the probe assembly is order-manufactured.

In addition, the probe assembly of the present invention provides spaces in which
electronic devices as well asthe probe pins are formed through the insertion holes of
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the base layer, and thus the electronic devices can be formed easily and securely.

Brief Description of the Drawings

FIG. lisaschematic view illustrating aproblem of a conventional probe assembly.

FIG. 2 isaschematic view illustrating another problem of aconventiona probe
assembly.

FIG. 3isacross-sectiona view showing aprobe assembly in accordance with afirst
embodiment of the present invention.

FIG. 4 isacross-sectiona view showing aprobe assembly in accordance with a
second embodiment of the present invention.

FIG. 5isacross-sectional view showing aprobe assembly in accordance with athird
embodiment of the present invention.

FIG. 6 isacross-sectiona view showing aprobe assembly in accordance with a
fourth embodiment of the present invention.

FIGS. 7 and 8 are cross-sectional views showing aprobe assembly in accordance
with afifth embodiment of the present invention.

FIG. 9 isacross-sectional view showing aprobe assembly in accordance with a sixth
embodiment of the present invention.

FIGS. 10 and 11 are cross-sectional views showing aprobe assembly in accordance
with a seventh embodiment of the present invention.

FIG. 12 isacross-sectional view showing aprobe assembly in accordance with an
eighth embodiment of the present invention.

FIGS. 13 and 14 are perspective views showing aprobe assembly in accordance with
aninth embodiment of the present invention.

FIGS. 15 and 16 are perspective views showing aprobe assembly in accordance with
atenth embodiment of the present invention.

FIGS. 17 to 36 are views showing a method for manufacturing aprobe assembly in
accordance with an eleventh embodiment of the present invention, wherein:

FIGS. 17 and 18 are aplan view and a cross-sectional view showing acircuit board;

FIGS. 19 and 20 are aplan view and a cross-sectional view showing a structure in
which abase layer formed on the circuit board shown in FIGS. 17 and 18;

FIG. 21is aperspective view showing an exemplary step of forming the base layer;

FIGS. 22 to 27 are cross-sectiona views showing another exemplary step of forming
the base layer;

FIGS. 28 to 32 are across-sectional view, aperspective view and aplan view
showing an exemplary step of arranging and inserting probe pins;

FIGS. 33 and 34 are aperspective view and across-sectional view showing another
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exemplary step of arranging the probe pins; and

FIGS. 35 and 36 are a perspective view and a cross-sectional view showing still
another exemplary step of arranging the probe pins.

FIGS. 37 to 50 are views showing a method for manufacturing a probe assembly in
accordance with atwelfth embodiment of the present invention, wherein:

FIGS. 37 and 38 are perspective views showing astep of arranging probe pinsin a
pin array frame;

FIGS. 39 to 42 are aplan view and a cross-sectional view showing a step of forming
abase layer;

FIGS. 43 to 45 are cross-sectional views showing an exemplary step of inserting the
probe pins using the pin array frame;

FIG. 46 is across-sectional view showing another exemplary step of inserting the
probe pins using the pin array frame;

FIGS. 47 and 48 are cross-sectional views showing still another exemplary step of
inserting the probe pins; and

FIGS. 49 and 50 are cross-sectional views showing still another exemplary step of
inserting the probe pins.

FIG. 51 isacross-sectional view showing an exemplary step of bonding acircuit
board and abase layer.

FIGS. 52 to 57 are cross-sectional views showing amethod for manufacturing a
probe assembly in accordance with athirteenth embodiment of the present invention.

FIGS. 58 to 61 are cross-sectional views showing amethod for manufacturing a
probe assembly in accordance with afourteenth embodiment of the present invention.

Best Mode for Carrying Out the Invention

The present invention will now be described more fully hereinafter with reference to
the embodiments below. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein.
Rather, the disclosed embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the invention to those
skilled in the art.

Well-known structures and processes are not described or illustrated in detail to
avoid obscuring the essence of the present invention. The figures are not drawn to
scale. Rather, for simplicity and clarity of illustration, the dimensions of some of the
elements are exaggerated relative to other elements. Like reference numerals are used
for like and corresponding parts of the various drawings.
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1st Embodiment (Probe Assembly)

FIG. 3isacross-sectional view showing aprobe assembly in accordance with afirst
embodiment of the present invention. Referring to FIG. 3, the probe assembly 100 is
composed of probe pins 10, acircuit board 20, abase layer 30, and a conductive
adhesive 40.

The circuit board 20, which is aprinted circuit board (PCB) or aceramic substrate,
has acircuit pattern 22 formed therein and aplurality of pads 24 thereon. The circuit
pattern 22, single-layered or multi-layered, is electrically connected to the pads 24
through via. The top surface of the circuit board 20 is covered with an insulating
protective layer (not shown). The pads 24 are arranged with small pitch of severa tens
of micrometers throughout the top surface of the circuit board 20 without being
covered with the protective layer. In general the circuit board 20 is combined with an
interface board (not shown) of the probe card and electrically connected to atester (not
shown) through the interface board.

The base layer 30 is formed on the top surface of the circuit board 20. The base layer
30 has aplurality of insertion holes 32, each of which corresponds to each pad 24 on
the circuit board 20. The base layer 30 is made of material that is resistant to heat and
does not generate particles acting as a pollution source to the target of test, i.e.,
electronic devices. For example, the base layer 30 may be made of ceramic, FR4,
polyimide, insulating organic material, epoxy, etc. In some cases, photoresist (PR) or
dry film can be used for the base layer 30. If thereis apossibility that acontact failure
of the probe pins occurs due to adifference in the coefficient of thermal expansion
between the wafer and the probe assembly, it is desirable that the base layer 30 uses
the same material, e.g., silicon, as the semiconductor wafer does.

The conductive adhesive 40 that has both electrical conductivity and adhesive
property is provided in the insertion holes 32. For example, the conductive adhesive 40
ismetal-filled liquid adhesive, solder paste, or equivalents. Nickel (Ni), gold (Au),
silver (Ag), copper (Cu), etc. may be used for metal fillers, and tin (Sn), zinc (Zn),
indium (In), nickel (Ni), gold (Au), silver (Ag), etc. may be used for solder paste.

The probe pin 10 isformed in the shape of cantilever and made of tungsten (W) or
any other conductive material. The probe pin 10 is composed of a connectable root 12,
alaterally elongated beam 14, and a contact tip 16. The connectable root 12 is
vertically inserted into the insertion hole 32 of the base layer 30, being mechanically
fixed in the insertion hole 32 and electrically connected to the pad 24 by means of the
conductive adhesive 40. The laterally elongated beam 14 is bent at right angle to the
connectable root 12 and extended lengthwise in parallel with and at a distance from the
base layer 30. The contact tip 16 is extended upwardly from one end of the laterally
elongated beam 14, being opposite to the connectable root 12. The contact tip 16 isa
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part for making contact with a corresponding terminal of atarget device.

In the probe assembly 100 of this embodiment, the base layer 30 with the insertion
holes 32 isformed on the circuit board 20 with the pads 24, and the probe pins 10 are
fixedly located in the insertion holes 32 through the conductive adhesive 40. The
insertion holes 32 are formed at small pitch according to the positions of the pads 24,
so the probe pins 10 can be easily and closely disposed by using the insertion holes 32.
Additionally, since any two adjacent insertion holes 32 provide acompletely separate
space therebetween, the respective probe pins 10 can be reliably disposed without in-
terfering with neighboring pins 10. Similarly, the adjacent insertion holes 32 allow the
conductive adhesive 40 therein to be sufficiently separated. Furthermore, since the
insertion hole 32 has an enough size to receive the probe pin 10, the conductive
adhesive 40 can fully enclose the probe pin 10 in the insertion hole 32 and thus fixedly
support the probe pin 10.

The probe assembly described hereinbefore has abasic structure, which may be
varied or improved in agreat variety of forms. Hereinafter, various embodiments of
the probe assembly according to the present invention are described.

2nd_Embodiment_(Probe Assembly)
A probe assembly 100a shown in FIG. 4 is acase where aplating layer 50 is formed

on sidewalls of the insertion hole 32 of the base layer 30.

The plating layer 50 in the insertion hole 32 may enhance the adhesive strength
between the base layer 30 and the conductive adhesive 40. For that reason, the plating
layer 50 may employ amaterial, such as gold, that has a good adhesive property with
the conductive adhesive 40.

3rd Embodiment (Probe Assembly)

A probe assembly 100b shown in FIG. 5 is acase where a supporting agent 60 is
used in addition to the conductive adhesive 40.

During atest, the probe pin 10 undergoes repeated mechanical contacts with the

terminal of atarget device. Therefore, due to fatigue stress, some of the probe pins 10
may deviate from an original position, fall down, or become deformed. In order to
prevent such unfavorable results, the probe pins 10 should be firmly supported in the
insertion holes 32 of the base layer 30. Of course, as discussed before, the conductive
adhesive 40 that fully encloses the probe pin 10 in the insertion hole 32 can sufficiently
support the probe pin 10. However, to maximize a supporting strength to the probe pin
10, the supporting agent 60 may be additionally used. The supporting agent 60 is
formed on the conductive adhesive 40 and encloses the connectable root 12 of the
probe pin 10, thus providing an additional supporting strength. Since the supporting

10
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agent 60 isout of the insertion hole 32, it isdesirable that the supporting agent 60 uses
nonconductive material such as epoxy.

[89]

[90] 4th Embodiment (Probe Assembly)

[91] A probe assembly 100c shown in FIG. 6 is acase where the above-discussed base
layer (30 in FIG. 3) isremoved from and not included in the fina structure.

[92] Aswill be described again, the probe assembly may often need an aligning mask
layer for alignment of the probe pins 10 during the process of manufacture, and this
aligning mask layer isremoved after alignment. If the base layer is made of the same
material asthe aligning layer, the base layer may be removed together with the
aligning layer and not included in the final structure of the probe assembly. In this
case, the supporting agent 60 may be additionally and favorably used, while fully
covering the conductive adhesive 40.

[93]

[94] 5th. Embodiment_(Probe Assembly)

[95] Probe assemblies 100d and 100e respectively shown in FIGS. 7 and 8 are char-
acterized by adamper 65 provided on the base layer 30.

[96] The damper 65 shown in FIG. 7 isformed at any positions except for the probe pin

10, and the damper 65 shown in FIG. 8isformed to cover the connectable root 12 of
the probe pin 10 at the insertion hole 32.

[97] When the probe pins 10 are in contact with the contact pads (Pin FIG. 2) of the
wafer, the damper 65 protects the probe pins 10 and the surface of the wafer (W in
FIG. 2) from being damaged on mechanical impact due to wrong operation of related
equipment. So the height of the damper 65 should be higher than the height 14aof the
laterally elongated beam 14. On the other hand, the damper 65 should alow normal
contact movements of the probe pins 10 without disturbance, so the height of the
damper 65 should be lower than the height 16a of the contact tip 16. The damper 65
may be preferably made of nonconductive material, such as epoxy, that is elastic and
does not generate particles.

[98] The damper 65 shown in FIG. 8, covering the connectable root 12 of the probe pin
10, acts as the supporting agent (60 in FIGS. 5 and 6) for the connectable root 12.

[99]

[100] 6th Embodiment (Probe Assembly)

[101] A probe assembly 100f shown in FIG. 9 is acase where the base layer 30 isbonded

to the circuit board 20 through anonconductive adhesive 70 interposed between the
circuit board 20 and the base layer 30.

[102] Asdescribed above, the base layer 30 can be formed using various materials. The
method of forming the base layer 30 may depend on the material used to form the base
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layer 30. The nonconductive adhesive 70 may berequired when the base layer 30
formed in the shape of sheet or film isbonded to the circuit board 20.

7th Embodiment (Probe Assembly)
Probe assemblies 100g and 100h respectively shown in FIGS. 10 and 11 are char-

acterized by first and second insertion holes 32 and 34 formed in the base layer 30 and
aredistribution line 80 for electrically connecting the insertion holes 32 and 34.

Specificaly, the first insertion hole 32 into which the connectable root 12 of the
probe pin 10 isinserted and the second insertion hole 34 corresponding to the pad 24
of the circuit board 20 are formed at different positions separately from each other.
There isno need for the first insertion hole 32 to completely penetrate the base layer 30
because the first insertion hole 32 isonly required to have depth that can receive the
connectable root 12 while the second insertion hole 34 penetrates the base layer 30
because it should be connected with the pad 24 disposed at the bottom of the base layer
30.

The redistribution line 80 isformed on the inner walls of the two insertion holes 32
and 34 and the portion of the surface of the base layer 30 disposed between the two
insertion holes 32 and 34. The redistribution line 80 can be formed of a nonconductive
material (e.g., metal) using awell-known deposition process (e.g., sputtering or plating
after sputtering) since the redistribution line 80 provides an electrical path between the
two insertion holes 32 and 34.

The conductive adhesive 40 (referred to as afirst conductive adhesive hereinafter) is
formed in the first insertion hole 32 and aconductive adhesive 42 (referred to as a
second conductive adhesive hereinafter) isformed in the second insertion hole 34. The
second conductive adhesive 42 allows mechanical contact and electrically connection
between the redistribution line 80 and the pad 24.

Asshown in FIG. 11, aplating layer 82 can be additionally formed on the redis-
tribution line 80. The plating layer 82 improves conductivity of the redistribution line
80 and provides an additional supporting strength to the connectable root 12 being
inserted into the first insertion hole 32.

8th_ Embodiment (Probe Assembly)
A probe assembly 100i shown in FIG. 12 is acase where an electronic device 90 is

formed in addition to the probe pins 10.

The electronic device 90, such as a capacitor, aregister, acondenser, atransistor, a
relay, an integrated circuit, etc., is mounted on the circuit board 20 using surface mount
technology (SMT) or directly formed in the base layer 30 through a semiconductor
process.
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In the former case, the electronic device 90 can be easily formed in such a manner
that the electronic device 90 isinserted into athird insertion hole 36 of the base layer
30 an fixed with the conductive adhesive 40. The insertion holes 32 and 36 of the base
layer 30 allow electronic and mechanical structures such asthe probe pins 10 and the
electronic device 90 to be boned to or mounted on the circuit board 20.

In the latter case, the electronic device 90 can be easily formed in the base layer 30
using semiconductor manufacturing process technology when the base layer 30is
formed of the same material asthe wafer. Furthermore, when the probe assembly has
the redistribution line (80 of FIG. 10) asdescribed above in the eighth embodiment, the
process of forming the electronic device 90 can be performed in connection with the
process of forming the redistribution line.

9th Embodiment _(Probe Assembly)
The circuit board of the probe assembly can have various shapes. FIG. 13 shows a

block type circuit board 20.

While the circuit board in the aforementioned embodiments isin arectangular shape
or acircular shape similar to the wafer and has acircuit pattern formed therein, the
block type circuit board 20 isin along block shape and has acircuit pattern 26 formed
on the side and the top surface thereof. The circuit pattern 26 disposed on the top
surface of the block type circuit board 20 corresponds to the pad of the above-
described circuit board. The block type circuit board 20 has screw combining holes 28
respectively formed at both ends thereof. The block type circuit board 20 may be made
of ceramic, FR4, polymer, and various materials that are not warped due to small
therma expansion and sufficient degree of hardness. The circuit pattern 26 can be
formed through adeposition process such as sputtering or plating.

A probe assembly 100j shown in FIG. 14 uses the block type circuit board 20. The
base layer 30 includes the insertion holes 32 corresponding to the circuit pattern 26 and
is attached to the top surface of the block type circuit board 20. A conductive adhesive
(not shown) isfilled in the insertion holes 32 and the probe pins 10 are respectively
inserted into the insertion holes 32 and fixed by the conductive adhesive. This probe
assembly 100j is mounted on an interface board of aprobe card through the screw
combining holes 28. Here, aplurality of probe assemblies 100j can be adjacently
mounted side by side.

10th Embodiment  (Probe Assembly)
Probe assemblies 100k and 1001 respectively shown in FIGS. 15 and 16 also use
circuit boards 20 in different shapes. These circuit boards 20 are made of ceramic,

FR4, polymer, etc. similarly to the block type circuit board of the ninth embodiment.
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The circuit pattern 26 is not formed in the circuit board 20 but formed on the top
surface and side thereof. The circuit pattern 26 can be formed through adeposition
process, bonded to a separately manufactured flexible printed circuit board (FPCB) or
formed in such amanner that agroove isformed on the surface of the circuit board 20
and then awire isburied in the groove.

Referring to FIG. 15, the circuit pattern 26 of the circuit board 20 is electrically
connected to the second insertion hole 34 through the second conductive adhesive 42.
Referring to FIG. 16, the top portion of the circuit pattern 26 of the circuit board 20 is
vertically inserted into the second insertion hole 34 so the circuit pattern 26 is
electrically connected to the second insertion hole 34.

The probe assemblies according to various embodiments of the present invention
have been described. A method for manufacturing aprobe assembly according to the
present invention will now be explained. The structure of the probe assembly will
become apparent from the following explanations.

11th_. Embodiment (M ethod for manufacturing_a probe assembly)
FIGS. 17 to 36 are views showing a method for manufacturing a probe assembly in

accordance with an eleventh embodiment of the present invention. The main point of
the method of manufacturing aprobe assembly according to this embodiment is that
the base layer having insertion holes formed therein isused in order to bury aplurality
of probe pinsin acircuit board and aligning mask layers are used in order to precisely
align the probe pins and secure ahigh level of coplanarity. Process steps of the method
for manufacturing aprobe assembly according to this embodiment can be partially
changed, which is also explained.

FIGS. 17 and 18 are aplan view and a cross-sectional view taken along line X-X of
FIG. 17, which show the circuit board 20 functioning as a base of the probe assembly.

Asshown in FIGS. 17 and 18, the circuit board 20 includes a circuit pattern 22
formed therein and aplurality of pads 24 formed thereon. The pads 24 are electrically
connected to the circuit pattern 22 without being covered with an insulating protective
layer (not shown). The pads 24 are arranged with small pitch of several tens of mi-
crometers. The position, form, number and pitch of the pads 24 and the number of pad
rows can be changed.

FIGS. 19 and 20 are aplan view and a cross-sectional view taken along line X-X of
FIG. 19, which show a structure in which the base layer 30 is formed on the circuit
board 20 shown in FIGS. 17 and 18.

Asshown in FIGS. 19 and 20, the base layer 30 is formed on the circuit board 20.
The base layer 30 has aplurality of first insertion holes 32 and at |east one third
insertion holes 36 formed therein. The first insertion holes 32 respectively correspond
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to the pads 24 of the circuit board 20 and the third insertion hole 36 is formed over two
neighboring pads 24. Probe pins are inserted into the first insertion holes 32 and the
electronic device described in the eighth embodiment isinserted into the third insertion
hole 36. The base layer 30 may not have the third insertion hole 36 asit does in other
embodiments. Even in the eighth embodiment, the third insertion hole 36 may not be
required when the electronic device is directly formed in the baser layer 30.

The base layer 30 is attached to the circuit board 20 in the form of sheet or film or
directly formed on the circuit board 20 through a manufacturing process. The former is
exemplarily shown in FIG. 21 and the latter is exemplarily shown in FIGS 22 to 27.

Referring to FIG. 21, the base layer 30 in the form of sheet or film is attached to the
circuit board 20 according to aknown laminating technique. The insertion holes 32 and
36 are formed in the base layer 30 before or after the base layer 30 is attached to the
circuit board 20. The insertion holes 32 and 36 can be formed using known techniques
such as laser processing, micro milling, micro machining, punching, drilling, etc.
Although the positions, number and pitch of the insertion holes 32 and 36 are
determined by the positions, number and pitch of the pads 24, the insertion holes 32
and 36 can have various shapes such as rectangular, circular and oval shapes.

FIG. 22 shows aportion of the circuit board 20 having the pad 24 formed thereon. A
photo mask layer 110 istemporarily formed on the circuit board 20 to cover the overal
surface of the circuit board 20 including the pad 24, as shown in FIG. 23. The photo
mask layer 110 is photoresist or dry film.

Asshown in FIG. 24, the photo mask layer 110 is exposed through an exposure mask
112. The exposure mask 112 has amask pattern corresponding to an insertion hole to
be formed and the exposure process can employ both apositive method and a negative
method. A developing process is performed after the exposure process to leave the
photo mask layer 110 only on the portion corresponding to the insertion hole, as shown
in FIG. 25.

A baser layer material such asinsulating organic material or epoxy is coated to form
the flat base layer 30, as shown in FIG. 26, and the left photo mask layer 110 is
removed to obtain the base layer 30 having the insertion hole 32 formed therein, as
shown in FIG. 27. If required, aplanarization process can be carried out before the
photo mask layer 110 isremoved. Subsequently, the plating layer (50 of FIG. 4)
described in the second embodiment can be formed on the sidewall of the insertion
hole 32 in order to improve the adhesive strength of a conductive adhesive which will
be explained later.

After the formation of the base layer 30 on the circuit board 20 and the insertion hole
32 in the base layer 30, probe pins are respectively inserted into the insertion holes 32
such that the probe pins are arranged on the circuit board 20 with fine pitch without
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electrically and mechanically interfering with neighboring probe pins. Here, the probe
pins are aligned using an aligning mask layer and fixed using the conductive adhesive
disposed in the insertion holes. These steps are shown in FIGS. 28 to 32.

Asshown in FIG. 28, afirst aigning mask 120 isformed on the base layer 30. The
first aligning mask layer 120 exposes the insertion hole 32 of the base layer 30
outwardly and has aflat surface 122 for aligning the laterally elongated beams of the
probe pins to secure coplanarity.

The first aligning mask layer 120 can be formed using photoresist, dry film, PCB
film, polyimide film, glass, etc. In the case of photoresist or dry film, the photoresist or
dry film iscoated or attached onto the base layer 30, exposed and developed to form
the first aligning mask layer 120 on adesired portion. In the case of PCB film,
polyimide film or glass, the PCB film, polyimide film or glass isformed in asize cor-
responding to the desired portion and attached to the base layer 30 to form the first
aligning mask layer 120.

Subsequently, asecond aligning mask layer 130 isformed on the first aligning mask
layer 120, as shown in FIGS. 29 and 30 which are across-sectional view and a
perspective view showing an exemplary step of forming the second aligning mask
layer 130. The first aligning mask layer 120 isfor aligning the probe pins in the
vertical direction (z direction), that is, for securing coplanarity, while the second
aligning mask layer 130isfor aigning the probe pins in the horizontal direction (x and
y directions). Accordingly, aligning recesses 132 respectively corresponding to the
probe pins are formed in the second aligning mask layer 130. Alignment of the probe
pins in the x and y directions are achieved through sidewalls 134 of the aligning
recesses 132.

It isdesirable to form the second aligning mask layer 130 using photoresist or dry
film which can be patterned because the aligning recesses 132 should be formed in the
second aligning mask layer 130. However, the second aligning mask layer 130 can be
formed of any other material as does the first aligning mask layer 120 if required. In
this case, the aligning recesses 132 are formed through an additional process.

Upon the formation of the first and second aligning mask layers 120 and 130, the
conductive adhesive 40 isfilled in the insertion hole 32 of the base layer 30, as shown
in FIG. 31. Asdescribed above, the conductive adhesive 40 is metal-filled liquid
adhesive or solder paste. The conductive adhesive 40 can be filled in each insertion
hole 32 according to an individual dispensing method and may be smultaneously filled
in al of insertion holes 32 through silk screen before the aligning mask layers 120 and
130 are formed according to circumstances.

Subsequently, the probe pins 10 are inserted into the insertion holes 32 of the base
layer 30 while being aligned through the aligning mask layers 120 and 130. That is,
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connectable roots 12 of the probe pins 10 are inserted into the conductive adhesive 40
filled in the insertion holes 32 and laterally elongated beams of the probe pins 10 are
located in the aligning recesses 132 of the second aligning mask layer 130. Here, the
laterally elongated beams 14 of the probe pins 10 are all placed on the flat surface 122
of the first aligning mask layer 120, and thus coplanarity is naturally secured.
Furthermore, contact tips 16 of the probe pins 10 are al aligned in the horizontal
direction through the sidewalls 134 of the aligning recesses 132 of the second aligning
mask layer 130.

Thereafter, the conductive adhesive 40 isbaked through aknown process such as
reflow or laser bonding to fix the probe pins 10. Then, the first and second aligning
mask layers 120 and 130 are all removed to obtain the fina structure of the probe
assembly 100 as shown in FIG. 3. FIG. 32 isaplan view showing an exemplary final
structure of the probe assembly.

Meanwhile, various electronic devices 90 in addition to the probe pins 10 can be
mounted on the circuit board 20, as described above in the eighth embodiment. In this
case, there isno need to precisely align the electronic devices 90 differently from the
probe pins 10, and the insertion hole 36 of the base layer only provides positions at
which the electronic devices 90 are mounted.

Furthermore, the supporting agent (60 of FIG. 5) described in the third embodiment
can be additionally formed in order to improve a supporting strength to the probe pin
10 before and after the aligning mask layers 120 and 130 are removed in the step
shown in FIG. 31. Moreover, when the base layer 30 and the first and second aligning
mask layers 120 and 130 are formed of the same material such as photoresist or dry
film, the base layer 30 is eliminated together with the first and second aligning mask
layers 120 and 130 in the step of removing the first and second aligning mask layers
120 and 130 to obtain the probe assembly 100c shown in FIG. 6 according to the afore-
mentioned fourth embodiment. Here, the supporting agent (60 of FIG. 5) can be
formed such that the conductive adhesive 40 isfully enveloped by the supporting agent
60 after the base layer 30 isremoved.

Asdescribed above, the probe pins 10 are aligned in the vertical and horizontal
directions according to the first and second aligning mask layers 120 and 130, re-
spectively. The horizontal alignment of the probe pins 10 can be achieved using
various means other than the second aligning mask layer 130. Two examples of hor-
izontally aligning the probe pins 10 using means other then the second aligning mask
layer 130 will now be explained.

Referring to FIGS. 33 and 34, the first aligning mask layer 120 isformed, and then
an additional aligning mask 140 instead of the second aligning mask layer isformed
thereon. The aligning mask 140 has aplurality of aligning holes 142 formed therein at
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regular intervals. Accordingly, the probe pins 10 can be aligned in the horizontal
direction when they are verticaly inserted into the aligning holes 142 of the aligning
mask 140 such that the contact tips 16 of the probe pins 10 penetrate the aligning holes
142.

FIGS. 35 and 36 show another aligning mask 150 that substitutes for the second
aligning mask layer. The aligning mask 150 is placed on the first aligning mask layer
120 and has aplurality of aligning recesses 152 formed at one side thereof at regular
intervals. Differently from the aligning recesses 132 shown in FIG. 30, the aligning
recesses 152 are only required to have depth to receive the contact tip 16 of the probe
pin 10. The probe pins 10 can be aigned while the aligning mask 150 is moved in the
horizontal direction.

The aligning masks 140 and 150 that substitute for the second aligning mask layer
can be fixed to additional jigs (not shown) to control precise horizontal alignment.

Asdescribed above, the method for manufacturing aprobe assembly according to the
eleventh embodiment of the present invention can arrange alarge number of probe
pins with small pitch using the base layer having the insertion holes. Furthermore, the
method for manufacturing aprobe assembly can precisely arrange probe pins using the
aligning mask layers or aligning mask to secure ahigh level of coplanarity. If the base
layer 30 has sufficient coplanarity, the probe pins can be aligned using only the second
aligning mask layer or aligning mask without using the first aligning mask layer. If
required, the probe assembly can be manufactured without using the aligning mask
layers or aligning mask.

12th Embodiment (M ethod for manufacturing a probe assembly)
FIGS. 37 to 51 are views showing a method for manufacturing a probe assembly in

accordance with atwelfth embodiment of the present invention. The main point of the
method for manufacturing aprobe assembly according to the twelfth embodiment of
the present invention isthat alarge number of probe pins are previously inserted using
an additional pin array frame.

FIGS. 37 and 38 are perspective views showing astep of arranging the probe pins 10
in apin array frame 160. Referring to FIG. 37, the pin array frame 160 includes a
lower frame 162 and an upper frame 164. The lower frame 162 has aplurality of
insertion holes 162aformed therein and the upper frame 164 has aplurality of insertion
holes 164aformed therein. Contact tips 16 of the probe pins 10 are respectively
inserted into the insertion holes 162a and connectable roots 12 of the probe pins 10 are
respectively inserted into the insertion holes 164a.

Asshown in FIG. 38, the pin array frame 160 can additionally include amiddle
frame 166 in addition to the lower frame 162 and the upper frame 164. The middle
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frame 166 has insertion holes 166ainto which laterally elongated beams 14 of the
probe pins 10 are respectively fitted.

The pin array frame 160 is a component for temporarily inserting the probe pins 10
during aprocess of manufacturing aprobe assembly. A wafer has several hundreds of
semiconductor devices formed thereon and each of the semiconductor devices has tens
to hundreds of contact pads, in general, and thus the probe assembly may have tens of
thousands of probe pins in order to simultaneously test the semiconductor devices
throughout the wafer. Accordingly, atime required for aprobe pin inserting process in
the time required for the entire assembly manufacturing process isrelatively long
because alarge number of probe pins should be inserted into the insertion holes of the
base layer.

When the pin array frame 160 isused, it is possible to perform the probe pin
inserting process independently of the entire probe assembly manufacturing process
and then simultaneously insert the probe pins into the insertion holes of the base layer.
This reduces the probe assembly manufacturing time. Particularly, in the case where
the probe assembly is order-manufactured, the probe pins 10 can be inserted into the
pin array frame 160 in advance to remarkably reduce the time required to deliver the
probe assembly to the orderer.

A method for manufacturing aprobe assembly using the pin array frame 160 will
now be explained. Although the manufacturing method is applied to the probe
assembly of the seventh embodiment in this embodiment, it can be also applied to the
probe assemblies according to other embodiments.

FIGS. 39 to 42 show a step of forming the base layer 30. Referring to FIG. 39, first
insertion holes 32 and second insertion holes 34 are formed in the base layer 30, a
photoresist pattern (not shown) isformed on the base layer 30, and the redistribution
line 80 isformed using a deposition process.

Subsequently, the photoresist pattern isremoved and the base layer 30 is bonded to
the circuit board 20 through the nonconductive adhesive 70. Here, the second
conductive adhesive 42 is previously formed on the pad 24 of the circuit board 20. As
shown in FIGS. 40 and 41, the second conductive adhesive 42 isformed in the second
insertion holes 34 of the base layer 30 when the base layer 30 isbonded to the circuit
board 20.

The second conductive adhesive 42 can use reflowable solder ball, solder paste and
metal-filled liquid adhesive. The second conductive adhesive 42 can be filled in the
second insertion hole 34 after the base layer 30 is bonded to the circuit board 20.

Referring to FIG. 42, the aligning mask layers 120 and 130 are formed on the base
layer 30, and then the first conductive adhesive 40 isfilled in the first insertion hole 32.

FIGS. 43 to 45 show an exemplary step of inserting the probe pins using the pin
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array frame. Referring © FIGS. 43 and 44, the probe pins 10 fitted into the pin array
frame 160 are inserted into the first insertion holes 32 of the base layer 30 all at once.
Here, laterally elongated laterally elongated beams 14 and the contact tips 16 of the
probe pins 10 are aligned by the aligning mask layers 120 and 130 and the connectable
roots 12 of the probe pins 10 are inserted into the first insertion holes 32 of the base
layer 30 and fixed by the conductive adhesive 40.

The direction of inserting the probe pins 10 can be opposite to the direction shown in
FIG. 43. That is, the probe pins 10 can be inserted while being located down such that
the connectable roots 12 of the probe pins 10 look upward and the base layer 30 is
disposed upward such that the first insertion holes 32 look downward. Furthermore, no
aligning mask can be disposed on the base layer 30, as shown in FIG. 46.

After the probe pins 10 are inserted into the first insertion holes 32 and fixed by the
conductive adhesive 40, the pin array frame 160 and the aligning mask layers 120 and
130 are &l removed to obtain the final structure of the probe assembly 100g, as shown
in FIG. 45.

FIGS. 47 and 48 show still another exemplary step of inserting the probe pins. This
step forms the plating layer 82 on the redistribution line 80 as described above with
reference to FIG. 11. When the pin array frame 160 isremoved after the probe pins 10
are inserted into the first insertion holes 32 of the base layer 30 all at once using the pin
array frame 160, the structure shown in FIG. 47 is obtained.

Subsequently, anonconductive protective material 170 is coated on the lateraly
elongated beams 14 and the contact tips 16 of the probe pins 10 and aplating process
isperformed, as shown in FIG. 48. Accordingly, the plating layer 82 isformed on the
outwardly exposed connectable roots 12 of the probe pins 10 and the redistribution line
80. After the plating layer 82 isformed, the protective material 170 and the aligning
mask layers 120 and 130 are removed.

FIGS. 49 and 50 show still another exemplary step of inserting the probe pins. This
step forms the damper 65 enveloping the connectable root 12 of the probe pin 10. The
damper 65 is substantially identical to the damper 65 described above with reference to
FIG. 8 although it depends on whether the redistribution line 80 exists.

Asshown in FIG. 49, the damper 65 iscoated to envelop the connectable root 12 of
the probe pin 10 while the pin array frame 160 shown in FIG. 55 isremoved and the
aligning mask layers 120 and 130 are left. Then, the aligning mask layers 120 and 130
are removed, as shown in FIG. 50.

FIG. 51 shows an exemplary step of bonding the circuit board and the base layer.
This step corresponds to the case where the probe assembly 100k shown in FIG. 15 is
manufactured. Referring to FIG. 51, the circuit pattern 26 isformed on the top surface
and the side of the circuit board 20 and a nonconductive adhesive 70a is coated on a
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portion of the top surface of the circuit board 20 on which the circuit pattern 26 is not
formed. The second conductive adhesive 42 isformed on aportion of the bottom face
of the base layer 20, which corresponds to the second insertion hole 34, and a non-
conductive adhesive 70a is coated on the other portion of the bottom face of the base
layer 30. Accordingly, the base layer 30 can be bonded to the circuit board 20 through
the nonconductive adhesives 70a and 70b. The bonding structure shown in FIG. 16 can
be obtained in the same manner as the method shown in FIG. 15 except that the circuit
pattern 26 instead of the second conductive adhesive isinserted into the second
insertion hole 34.

13th.Embodiment (M ethod for manufacturing_a probe assembly)
FIGS. 52 to 57 show amethod for manufacturing aprobe assembly in accordance
with athirteenth embodiment of the present invention. This method uses a means

similar to the pin array frame of the twelfth embodiment.

Referring to FIG. 52, the base layer 30 isformed on the circuit board 20 and has
insertion holes 32 corresponding to pads 24 of the circuit board 20. The conductive
adhesive 40 isfilled in each insertion hole 32.

The probe pins 10 are additionally prepared, as shown in FIG. 53. Referring to FIG.
53, abase plate 180 made of amaterial such as rubber or polymer is prepared. The
base plate 180 includes insertion holes 182 respectively corresponding to the insertion
holes of the base layer. Mask layers 190 and 200 similar to the aforementioned
aligning mask layers are sequentially formed on the base plate 180. The mask layers
190 and 200 are formed of photoresist or dry film material. The probe pins 10 are
aligned through the mask layers 190 and 200 and respectively inserted into the
insertion holes 182 of the base plate 180.

Referring to FIG. 54, a supporting layer 210 isformed on the mask layers 190 and
200. The supporting layer 210 is made of amaterial such as epoxy and fixes the probe
pins 10 being inserted into the insertion holes 182.

Subsequently, the base plate 180 shown in FIG. 54 isremoved, asshown in FIG. 55.
Then, the bottom ends of the connectable roots 12 of the probe pins 10 are projected
from the lower mask layer 190 downward. In this step, adry film or an adhesive film
can be interposed between the base plate and the lower mask layer 190 to physically
easily separate the base plate from the mask layer so asto easily remove the base plate.
In addition, the separated base plate can be re-used.

Referring to FIG. 56, the probe pins 10 are inserted into the insertion holes 32 of the
base layer 30. When the conductive adhesive 40 filled in the insertion holes 32 is
baked and securely fixes the probe pins 10, the mask layers 190 and 200 and the
supporting layer 210 are all removed to obtain the final structure shown in FIG. 57.
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The mask layers 190 and 200 and the supporting layer 210 are removed using known
solvent suitable for their materials.

14th Embodiment (M ethod for manufacturing a probe assembly)

FIGS. 58 to 61 are cross-sectional views showing amethod for manufacturing a
probe assembly in accordance with afourteenth embodiment of the present invention.
This method is characterized by that a conductive adhesive isformed before an
aligning mask layer isformed and a protective layer isused in order to protect the

conductive adhesive.

Referring to FIG. 58, the base layer 30 isformed on the circuit board 20 and has the
insertion hole 32 corresponding to the pad 24 of the circuit board 20. The conductive
adhesive 40 isfilled in the insertion hole 32. That is, the conductive adhesive 40 is si-
multaneoudly filled in the insertion holes 32 of the base layer 30 according to silk
screen method without using individua dispensing method before the aligning mask
layer isformed.

The conductive adhesive 40 may be affected by the following process which forms
the aligning mask layers. That is, the conductive adhesive 40 may be deteriorated. Ac-
cordingly, aprotective layer 220 covering the conductive adhesive 40 isformed on the
base layer 30 to protect the conductive adhesive 40, as shown in FIG. 59. Photoresist
or dry film can be used for the protective layer 220.

Subsequently, the aligning mask layers 120 and 130 are formed on the protective
layer 220, as shown in FIG. 60. Here, the conductive adhesive 40 is protected by the
protective layer 220 even though exposure and development processes are performed
in order to form the aligning mask layers 120 and 130.

Referring to FIG. 61, the connectable root of the probe pin 10 isinserted into the
insertion hole 32 of the base layer 30 while the probe pin 10 is aligned through the
aligning mask layer 120 and 130. Here, the probe pin 10 penetrates the protective layer
220 to be inserted into the conductive adhesive 40 filled in the insertion hole 32. After
the probe pin 10 isinserted, asupporting agent 170 is coated to fix the probe pin 10,
and the connectable root of the probe pin 10 being inserted into the insertion hole 32 is
fixed through reflow.

Then, the supporting agent 170, the aligning mask layers 120 and 130 and the
protective layer 220 are all removed to obtain the final structure.

While the present invention has been particularly shown and described with reference
to exemplary embodiments thereof, it will be understood by those of ordinary skill in
the art that various changes in form and details may be made therein without departing
from the spirit and slope of the present invention as defined by the following claims.
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Claims
A probe assembly comprising :
acircuit board electrically connected to acircuit pattern and having pads formed
thereon and arranged with small pitch;
aconductive adhesive formed on the pads; and
probe pins each of which has a connectable root vertically inserted into the
conductive adhesive and mechanically fixed, alateraly elongated beam bent at
right angle to the connectable root and extended lengthwise in parallel with and
at adistance from the surface of the circuit board, and a contact tip extended
upwardly from one end of the laterally elongated beam, being opposite to the
connectable root, the probe pins being electrically connected to the pads.
The probe assembly of claim 1, further comprising abase layer formed on the
surface of the circuit board at adistance from laterally elongated beams of the
probe pins and having first insertion holes formed respectively corresponding to
the pads and filled with the conductive adhesive.
A probe assembly for testing semiconductor devices formed on awafer,
comprising:
acircuit board electrically connected to acircuit pattern and having pads formed
thereon and arranged with small pitch;
abase layer formed on the surface of the circuit board and having first insertion
holes formed respectively corresponding to the pads;
aconductive adhesive formed in the first insertion holes; and
probe pins each of which has a connectable root vertically inserted into the cor-
responding first insertion hole and mechanicaly fixed by the conductive
adhesive, alateraly elongated beam bent at right angle to the connectable root
and extended lengthwise in parallel with and at adistance from the surface of the
circuit board, and a contact tip extended upwardly from one end of the laterally
elongated beam, being opposite to the connectable root, the probe pins being
electrically connected to the pads,
wherein the base layer isformed of the same semiconductor material as the
wafer.
A probe assembly for testing semiconductor devices formed on awafer,
comprising:
acircuit board electrically connected to acircuit pattern and having pads formed
thereon and arranged with small pitch;
abase layer formed on the surface of the circuit board and having second
insertion holes formed respectively corresponding to the pads, first insertion
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holes separately formed at positions different from the positions of the second
insertion holes, and aredistribution line connecting the first insertion holes and
the second insertion holes;

afirst conductive adhesive formed in the first insertion holes,

a second conductive adhesive formed in the second insertion holes; and

probe pins each of which has a connectable root vertically inserted into the cor-
responding first insertion hole and mechanicaly fixed by the first conductive
adhesive, alateraly elongated beam bent at right angle to the connectable root
and extended lengthwise in parallel with and at adistance from the surface of the
circuit board, and a contact tip extended upwardly from one end of the laterally
elongated beam, being opposite to the connectable root, the probe pins being
electrically connected to the pads through the redistribution line.

The probe assembly of claim 4, wherein the base layer isformed of the same
semiconductor material as the wafer.

The probe assembly of one of claims 2, 3, 4 and 5, further comprising aplating
layer formed on sidewalls of the first insertion holes of the base layer in order to
improve the adhesive strength between the base layer and the conductive
adhesive.

The probe assembly of one of claims 1to 5, further comprising a supporting
agent additionally formed on the conductive adhesive to envelop the connectable
roots of the probe pins.

The probe assembly of one of claims 2, 3, 4 and 5, further comprising a damper
which isprovided on the surface of the base layer and has aheight higher than
the height of the lateraly elongated beam and lower than the height of the
contact tip.

The probe assembly of one of claims 2, 3, 4 and 5, further comprising an
electronic device, wherein the base layer further comprises athird insertion hole
into which the electronic device isinserted and fixed by the conductive adhesive
therein.

The probe assembly of one of claims 1to 5, wherein the circuit board is ablock
type circuit board having the circuit pattern formed on the top surface and side
thereof.

A method for manufacturing aprobe assembly, comprising the steps of:
preparing acircuit board electrically connected to acircuit pattern and having
pads formed thereon and arranged with small pitch;

forming abase layer having first insertion holes formed respectively cor-
responding to the pads on the surface of the circuit board;

filling the first insertion holes with aconductive adhesive; and

24



WO 2009/005214 PCT/KR2008/002237

[12]

[13]

[14]

[15]

arranging probe pins each of which has a connectable root and a contact tip re-
spectively bent at right angle to both ends of alaterally elongated beam in
opposite directions in such amanner that the probe pins are inserted into the first
insertion holes and mechanically fixed by the conductive adhesive.

A method for manufacturing aprobe assembly, comprising the steps of:
preparing acircuit board electrically connected to acircuit pattern and having
pads formed thereon and arranged with small pitch;

forming abase layer having second insertion holes formed respectively cor-
responding to the pads, first insertion holes separately formed at positions
different from the positions of the second insertion holes, and aredistribution
line connecting the first insertion holes and the second insertion holes on the
surface of the circuit board,;

filling the first insertion holes with aconductive adhesive; and

arranging probe pins each of which has a connectable root and a contact tip re-
spectively bent at right angle to both ends of alaterally elongated beam in
opposite directions in such amanner that the probe pins are inserted into the first
insertion holes and mechanically fixed by the conductive adhesive.

The method of claim 11 or 12, further comprising the steps of:

forming afirst aligning mask layer having aflat surface on the base layer such
that the first insertion holes are exposed outwardly; and

forming asecond aligning mask layer having aligning holes on the first aigning
mask layer such that the flat surface is exposed outwardly before the step of
filling the conductive adhesive in the first insertion holes,

wherein the probe pins are arranged such that the laterally elongated beams are
verticaly aligned through the flat surface and the contact tips are horizontally
aligned through the aligning holes.

The method of claim 11 or 12, further comprising the step of forming an aligning
mask having aligning recesses on the base layer to align the contact tips through
the aligning recesses after the step of arranging the probe pins.

The method of claim 11or 12, further comprising the steps of:

preparing apin array frame composed of alower frame having aplurality of
insertion holes and an upper frame having aplurality of insertion holes; and
inserting aplurality of probe pins into the pin array frame in such a manner that
contact tips of the probe pins are inserted into the insertion holes of the lower
frame and connectable roots of the probe pins are inserted into the insertion holes
of the upper frames,

wherein the probe pins are arranged after the probe pins are inserted into the pin
array frame.
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