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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a method according to the preamble of claim 1. In particular, the present invention
relates to a method of manufacturing a test probe used for testing the operation of semiconductor integrated circuits
which are formed on semiconductor wafers.

2. Description of the Related Art

[0002] In a conventional probe, as shown in Fig. 13A, a testing (probing) is carried out by attaching a probe 202
having a fore end bent into a hook-like shape to a probe card 201 which is vertically movable, and pushing the probe
202 against a test pad of a semiconductor integrated circuit (referred to as a pad hereinafter) in such a condition that
an oxide film on the pad surface is broken off to establish true contact (electrical contact) between the probe and a
fresh surface of the pad. The condition of a probe tip under the probing is shown in Fig. 13B. For the sake of explanation,
Fig. 13B is illustrated in the form of a simplified model with respect to dimensions and so on. A tip 200 of the conventional
probe 202 is originally finished to have a flat end face, as shown in Fig. 13B. Even when the probe tip is machined to
have a spherically curved surface intentionally, a sphere approximating the curved surface has a radius R of curvature
as large as 20 - 30 µm. At the time of probing, therefore, the whole of flat end portion first comes into contact with a
pad 203 while an oxide film 204 and contaminants on the surface of the pad 203 are interposed between the probe tip
and the pad surface. Then, as the probe 202 is more closely pushed against the pad 203, the oxide film 204 on the
surface of the pad 203 is partly broken off to produce an electrical continuity region 206 in which electrical true contact
can be established, thereby enabling a continuity test to be performed. With repetition of the probing, however, the
oxide film 204 is accumulated on a heel portion 205 of the probe 202 which is subject to maximum stresses, and an
area of the true contact with the pad 203 is so reduced as to make electrical continuity unstable. To reliably establish
the electrical contact, vibration is applied to the probe tip in JP-A- 6-18560, for example.
[0003] Further, tungsten used as material of the probe 202 is in the form of a powder sintered compact which has
material defects (voids) therein. Accordingly, when the powder sintered compact is machined so as to provide a tip
shape of the probe 202, the material defects appear on the probe surface. Pad materials such as aluminum, for example,
enter the material defects appearing in the tip (end) face of the probe 202 to form deposition nuclei and grow into
deposits. As a result, the contact resistance is increased.
[0004] For removing those material defects, heat treatment is applied to tungsten materials in JP-A-5-140613, for
example.
[0005] Thus, in the conventional probe having the above-described construction, as shown in Fig. 13B, the true
contact area (electrical continuity region 206) between the tip 200 of the probe 202 and the pad 203 is very small during
the test of electrical characteristics. Accordingly, a sufficient degree of electrical continuity is not obtained between the
probe 202 and the pad 203 in some cases.
[0006] Also, voids produced in tungsten materials of the probe 202 are conceivably eliminated by heat treatment.
However, if the tungsten materials are subject to heat treatment at a temperature not lower than the recrystallization
temperature, there arises another problem that the probe materials become brittle.
[0007] The document by Nadeau N et al.: "An Analysis of Tungsten Probes' Effect on Yield in a Production Wafer
Probe Environment" , Proceedings of the International Test Conference, US, Washington, IEEE Comp. Soc. Press vol.
Conf. 20, 1989, pages 208 to 215, XP 000089949, ISBN: 0-8186-8962-5, discloses various aspects of tungsten probes
without showing the details concerning their manufacturing.
[0008] The document US-A-3 413 393 relates to the fabrication of controlled-porosity metals, indicating that temper-
atures in a range of 150 °C to 400 °C should be used for warm pressing. Hence, only a general use of heat treatment
in probe manufacturing is taught.
[0009] The document GB-A-898 847 relates to the manufacture of sintered and worked tungsten bodies. However,
the products in question are used for incandescent lamp filaments and, therefore, specific aspects of preparing a test
probe for testing semiconductor devices are not addressed.

SUMMARY OF THE INVENTION

[0010] It is an object of the present invention to provide a method of manufacturing a test probe for a semiconductor
device with high stability and with enhanced live time which is capable of an increased true contact area between a
probe tip and a pad and, hence, of establishing a reliable electrical contact.
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[0011] This object is solved by the manufacturing method according to claim 1. An advantageous improvements of
the solution is specified in the depending claim.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Figs. 1A and 1B are explanatory views each showing a contact condition of a probe and a pad.
Fig. 2 is an explanatory view showing the relationship between another probe and a pad.
Figs. 3A and 3B are representations each showing a probe trace left on the pad by the probe according to Fig. 2.
Fig. 4 is an explanatory view showing the relationship between another probe and a pad.
Figs. 5A and 5B are explanatory views showing another probe and the relationship between the probe and a pad.
Figs. 6A, 6B and 6C are explanatory views for explaining a method of manufacturing a probe according to the
present invention.
Figs. 7A and 7B are explanatory views showing stresses applied to the pad from the probe according to Fig. 6.
Figs. 8A and 8B are photographs, taken with an SEM (scanning electron microscope), of respective structures of
a general and a probe.
Fig. 9 is an explanatory view showing the relationship between the probe according to Fig. 8 and a pad.
Fig. 10 is an explanatory view showing another probe.
Fig. 11 is a sectional view showing a construction of a probe apparatus.
Fig. 12 is a sectional view showing a construction of a probe apparatus according to Fig. 11.
Fig. 13A is an explanatory view for explaining a conventional probe apparatus, and Fig. 13B is an explanatory
view showing a contact condition of a probe and a pad in the related art.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] Preferred embodiments of the present invention will be described below with reference to the drawings.

Embodiment 1.

[0014] Figs. 1A and 1B are explanatory views each showing a contact condition of a probe and a pad. In these
drawings, denoted by reference numeral 1 is a probe, 2 is a pad, 3 is a crystal orientation of the pad 2, 4, 5 and 6 are
slip planes, 7 is a vector in the tangential direction with respect to a tip face of the probe 1, 8 is an oxide film formed
on the surface of the pad 2, 9 is an oxide-film-adhering region, 10 is an electrical continuity region, and 11 is a shearing
deformation. In the probing, as shown in Fig. 1B, electrical continuity between the probe 1 and the pad 2 is established
upon the probe 1 causing a shearing deformation in the pad 2 to break off the oxide film 8 on the pad surface and then
coming into contact with a fresh surface of the pad 2. The angle at which a shearing deformation may occur depends
on the orientation of crystals produced by sputtering. For an aluminum pad, for example, it is known that the crystal
orientation 3 of the pad 2 during the sputtering is aligned with respect to the lattice place (111), i.e., exhibits the so-
called C-axis orientation, as shown in Fig. 1A. An angle formed between the slip plane 4 represented by (111) and the
pad surface is 0 degree. Of other slip planes, the slip plane 5 forming the pad surface at a minimum angle is given by
any of (110), (101) and (011), and that angle is 35.3 degrees. If shearing may occur only at the angle of the slip plane,
the pad should be subject to a shearing deformation just at discrete angles such as 0 degree, 35.3 degree, and so on.
As a result of experiments, however, it was found that a shearing deformation occurs at various angles rather than
discrete angles. This is attributable to that shearings along the slip plane 4 and the slip plane 5 are combined with each
other, causing the shearing deformation 11 to occur as shown in Fig. 1B. It was also found from experiments that an
angle of the slip plane 6 along which shearing may occur at a minimum angle is 15 degrees, and an angle of the slip
plane 6 along which shearing can stably occur is 17 degrees. Accordingly, if the probe end is shaped such that an
angle formed between the vector 7 in the tangential direction with respect to the probe tip face and the pad surface is
larger than 15 degrees, preferably 17 degrees, the probe tip can break off the oxide film 8 on the surface of the pad 2
to establish contact with a fresh surface of the pad, and therefore a sufficient degree of electrical continuity is estab-
lished.
[0015] The tip of the probe 1 is formed to have an end face defined by a spherically curved surface with a radius R,
as shown in Fig. 2. Assuming that the film thickness of the pad 2 is t and the angle formed at the pad surface between
the tangential direction with respect to the probe tip face and the pad surface is θ, the following relationship holds
among R, θ and t:
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Hence, by designing the tip shape of the probe 1 to have a spherically curved surface which meets the relationship of;

a shearing deformation can be smoothly developed in the pad 2 with relatively small force so that the tip of the probe
1 can establish contact with a fresh surface of the pad and a sufficient degree of electrical continuity is obtained. Note
that although the shape of the tip face of the probe 1 is illustrated and described as being spherical for the sake of
easier explanation about the relationship between the angle of the slip plane, at which a shearing deformation of the
pad material may occur, and the shape of the probe tip, the tip face is not necessarily a perfect spherical surface in
practice and a similar advantage can be obtained with the probe having a curved tip face dose to a spherical surface.
[0016] The above-mentioned shape of the probe tip face can be produced, as shown in Fig. 6A, by repeatedly piercing
the probe 1 into an abrasive plate 63 formed by setting abrasive grains 61 with a synthetic resin 62. Starting from a
flat state of a tungsten probe tip, for example, a spherically curved surface with a radius of approximately 15 µm is
obtained by piercing the probe tip 3000 - 4000 times into the abrasive plate which is made up of silicone rubber and
#3000-mesh diamond abrasive grains at a weight ratio of about 1 : 3. Further, by piercing the probe tip several hundred
times into an abrasive plate in which grinding materials comprise diamond abrasive grains in the range of #6000 -
10000, surface roughness of the probe tip is improved to a value about 1 µm or less.
[0017] Fig. 3 shows trace left on the pad 2, which is made of aluminum, by the probe 1. It is understood that because
aluminum 31 has a layered (lamella) structure, the tip of the probe 1 develops shearing deformations in the pad 2
continuously. The layered structure is heaped beyond the 0.8 µm thickness of the pad 2 so as to project on the pad 2.
The projected portion on the pad 2 can serve as a start point for contact or joint between the pad and a wire when wire
bonding is externally carried out on the pad 2. A cutdown in bonding time and enhancement of bonding strength are
therefore expected. Also, because a dimple 32, which is an evidence of ductile rupture, is observed in a contact portion
between the tip face of the probe 1 and the pad 2, it is understood that the tip of the probe 1 is in contact with a fresh
surface of the pad 2. As a result of conducting a continuity test with the probe of this embodiment, it was confirmed
that a failure of electrical continuity did not essentially occur during the test of making contact 20000 times.
[0018] While aluminum is used, by way of example, as materials of the test pad in this embodiment, a similar ad-
vantage as described above can be obtained so long as the pad is made of any of those materials which develop a
slip deformation (shearing deformation) like aluminum. Examples of usable materials include gold, copper, an alloy of
aluminum and copper, and an alloy of aluminum and silicon.
[0019] For the test probe 1 as shown in Fig. 4, which has the tip face formed into a spherically curved surface,
assuming that the width of a probe trace marked by the probe 1 contacting the pad 2 is W, the relationship between
W and a radius R of curvature of the probe tip face is given below:

Hence, R is given by:

In other words, by monitoring the width of the probe trace, the radius R curvature of the probe tip face can be determined
and the probe shape can be checked. On condition that the thickness of the pad 2 is 0.8 µm, if the width W of the probe
trace marked in the test pad is 9 µm as a result of observing the probe trace with an optical microscope, the radius R
of curvature of the probe tip face is calculated as about 13 µm. Thus, the tip shape of the probe 1 can be easily checked
by observing the probe trace with an optical microscope and measuring the width W of the probe trace. Consequently,
a conventional step of removing the probe 1 and inspecting the tip of the probe 1 off-line for each check routine can
be omitted.
[0020] Fig. 5A shows another probe. An apparatus called a prober is employed to perform the operation of contacting
a probe with a test pad. In some models of probers, the probe is positioned by optically recognizing a probe tip. Where
the radius of curvature of the tip face of the probe according to Fig. 1 is on the order of several microns, the probe tip
face cannot be confirmed by image recognition and automatic alignment cannot be effected in some cases because
the probe tip has a spherically curved surface and the depth of a focus of an optical system used for observing the

R - Rcosθ = t

θ = cos-1(1 - t/R) ^ 15°

(W/2)2 = R2 - (R - t)2

R = (W2 + 4t2) / 8t
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probe tip face is shallow. Therefore, the probe tip is formed to have a flat portion 51 as shown in Fig. 5A. With the
provision of the flat portion 51, the probe tip face can be dearly confirmed by image recognition and a time required
for automatic alignment can be cut down.
[0021] Incidentally, the flat portion 51 is not necessarily perfectly flat, but may be formed to have a flat surface having
such a flatness or a spherically curved surface having such a large radius of curvature that either surface can be
recognized with an optical system having the depth of a focus on the order of about 3 - 6 µm.
[0022] In the probe having such a tip shape as described in connection with Fig. 5, assuming that the radius of
curvature of a spherical surface portion 52 of the probe tip is R, the radius of the flat portion 51 of the probe tip is r,
the film thickness of the test pad is t, and the angle formed at the pad surface between the tangential direction with
respect to the spherical surface portion 52 of the probe tip and the pad surface is θ, as shown in Fig. 5B, the following
relationship holds:

Therefore, by forming the probe tip to have a spherically curved surface with the radius R of curvature which meets
the relationship of;

the probe tip can develop a shearing deformation in the pad to surely break off the oxide film on the pad surface. As
a result, the probe tip can be brought into contact with a fresh surface of the pad, and a sufficient degree of electrical
continuity can be established.
[0023] Additionally, on-line check of the probe tip shape can be performed based on the following relationship:

[0024] The probe having such a tip shape as described above is modified to have a curved surface 53 smoothly
joining between the flat portion 51 and the spherical surface 52, as shown in Fig. 5A. A probe having the flat portion
51 and the spherical surface 52, which are continuously joined with each other by the curved surface 53, can be
manufactured as follows. First, as shown in Fig. 6A, the probe tip is rounded to have the spherical surface 52 with the
radius R of curvature by repeatedly piercing the probe 1 into the abrasive plate 63 formed by setting the abrasive grains
61 with the synthetic resin 62. Then, as shown in Fig. 6B, the probe tip is rubbed against a ceramic plate 64 having
higher rigidity than the probe 1, thereby forming the flat portion 51. After that, the probe tip is polished by a polisher
65 having lower rigidity than the probe 1 so that the flat portion 51 and the spherical surface 52 are joined with each
other by the smooth curved surface 53. With the probe having the tip shape thus formed, stresses are less concentrated
on the pad 2, whereby damages upon the pad 2 and a layer lying under the pad 2 can be abated. Figs. 7A and 7B
show distribution of stresses imposed upon the pad 2 in states before and after the probe is polished by the polisher
65, respectively.
[0025] When any of the probes described above is used, the material of the test pad exhibits a specific deformation
as shown in Fig. 3. Specifically, the probe tip causes continuous shearing deformations in the pad material, and a trace
marked upon displacement of part of the pad material has a layered structure (lamella structure) 31 heaped in multiple
layers. When the material of the test pad having the lamella structure is partly displaced, deformation resistance of the
test pad material is so small that a stress load applied to the layer lying under the test pad can be reduced. Further, a
projection formed by the layered structure heaped on the pad surface serves to promote formation of a joint nucleus
in a subsequent step of wire bonding made on the pad. As a result, it is possible to shorten a ultrasonic oscillating time
necessary for the wire bonding, and to enhance the bonding strength.
[0026] For comparison in structure difference between a tungsten probe of the present invention and a general
tungsten probe, Figs. 8A and 8B show photographs taken with an SEM (scanning electron microscope) after a section
of each tungsten probe has been etched. Fig. 8A represents the structure of the general tungsten probe, and Fig. 8B
represents the structure of that tungsten probe after it has been subject to heat treatment. A tungsten probe is a sintered
compact and hence includes voids in the probe material after sintering. To collapse the voids, the tungsten probe has
been conventionally produced by mechanically rolling the probe material after sintering, and then drawing the rolled
material to have the probe crystal structure. Even by so producing, the tungsten probe still includes voids of 1 - 2 %.
It is conceivable to carry out heat treatment for collapsing the voids. However, if the heat treatment is carried out in a
temperature range where the tungsten material is recrystallized, the probe crystal structure of the tungsten material

(R2 - r2)1/2 - Rcosθ = t .

θ = cos-1 [{(R2 - r2)1/2 - t} / R] ^ 15° ,

(W/2)2 = R2 - {(R2 - r2)1/2 - t}2 .
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would be disintegrated and the material strength of tungsten itself would be lost. In this embodiment, therefore, voids
in the tungsten material are collapsed under a combined effect of temperature and pressure by externally applying a
high pressure at relatively low temperatures. For a metal material after being drawn as with tungsten of the probe,
there remain considerable machining strains (residual stresses) in the material. It is thought that metal atoms arrayed
in random near the grain boundary, in particular, have higher chemical potential energy due to the machining strains,
and that those metal atoms are apt to move even at relatively low temperatures.
[0027] With the above in mind, in this embodiment, static pressure is externally applied to the metal material including
considerable machining strains when it is subject to relatively low temperatures to make metal atoms tend to move,
thereby collapsing voids residing near the grain boundary in the metal material. To this end, heat treatment conditions
are set to a temperature not higher than the recrystallization temperature of the metal material, a pressure under which
the metal material develops cubical contraction, and a treatment time required for cubical contraction of the metal
material under treatment to be almost completed or stopped. Practically, pores (voids) are remarkably reduced by
carrying out the heat treatment under conditions of a treatment temperature of 300 °C - 600 °C, a treatment pressure
of 200 - 2000 atm. and the treatment time of 0.5 - 5 hours. As a result of repeating experiments under those conditions
for heat treatment, it was also found that voids are more remarkably reduced when setting a treatment temperature to
500 °C, a treatment pressure to be not lower than 1000 atm and the treatment time to be not shorter than 1 hour. For
the pressure condition, the higher the set pressure, the shorter is the required treatment time. However, the pressure
apparatus had an upper limit at 2000 atm. To collapse void defects in the material, it has been customary to carry out
heat treatment (called HIP treatment) under high pressure at a temperature not lower than the recrystallization tem-
perature of the material (usually a temperature equal to 0.4 or 0.5 of the melting point of the material). On the other
hand, in this embodiment, voids can be collapsed by carrying out the heat treatment at a lower temperature that is
approximately one digit, i.e., 1/10, lower than the melting point 3400 °C of tungsten, for example.
[0028] Further, it was found that as a result of the heat treatment described above, the crystal orientation is markedly
aligned in the direction in which the probe material has been drawn. With this effect, an etching or grinding rate in a
process of forming the probe tip becomes even, and therefore the probe top can be finished to have a very smooth
surface. Consequently, oxides are hard to adhere onto the probe tip, and probing can be performed with good electrical
continuity.
[0029] In addition, as shown in Table 1 below, mechanical properties also become uniform (e.g., a Young's modulus
of the probes varies in the range of 18.8 - 25.2 3 103 kgf/mm2 before the heat treatment, but in the range of 22.3 -
26.3 3 103 kgf/mm2 after the heat treatment). Hence, by performing the probing with such a probe attached to a probe
card, it is possible to reduce extra over-driving or load which has been necessitated in vie of variations in probe prop-
erties.

[0030] Moreover, the following point was found. Since the tip face of the probe is formed to be smooth, the coefficient
of friction between the probe and the test pad material with which the probe comes into contact is reduced. Even with
the probe having the conventional tip shape defined by a spherically curved surface with a radius of curvature ranging
from 20 to 30 microns, therefore, the pad material is slipped and moved forward of the probe upon being pushed by
the probe tip. As a result, an effect of reducing and stabilizing the electrical contact resistance can be obtained.
[0031] Accordingly, by forming the probe having the tip shape according to Fig. 5 with the material which has been
subject to the heat treatment described above, probing under stable electrical contact resistance and automatic rec-
ognition of the probe tip position can be achieved. This results in a remarkable reduction in time and cost for the test.
[0032] Further, the above heat treatment of the probe enables contact resistance to be stabilized even in the probe
having the conventional tip shape.
[0033] Fig. 9 shows, in the form of a simplified model, a probing state where a probe tip is in contact with a test pad.

Table 1

Tensile Load Young's Modulus

Sample gf x103kgf/mm2

Probers before heat treatment 12.800 18.8

12.960 25.2

13.060 18.8

Probers after heat treatment 13.520 22.3

13.800 23.8

13.840 26.3
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Assuming, for example, that a probe 1 has a tip shape formed into a spherically curved surface, the radius of curvature
of the tip shape is R, the diameter of a beam or stem portion of the probe 1 joining with the spherically curved surface
is D, and when the probe 1 contacts at an inclination angle (with a test pad 2 having a thickness t, the greatest distance
between a line, at which the beam portion of the probe 1 intersects the spherically curved surface, and a bottom surface
of the test pad 2 is H, it is essential to meet not only the following contact condition;

but also the condition explained above in connection with Embodiment 1 for developing a shearing deformation in the
pad material. However, material defects in the probe 1 can be eliminated and the tip face of the probe can be finished
to be very smooth by heat-treating the probe 1 in a non-oxidizing atmosphere at a temperature not higher than the
recrystallizaiton temperature of the metal material while raising the pressure of a non-oxidizing gas to a level enough
to make the volume of the metal material contracted over time. As a result, the coefficient of friction between the pad
material and the tip face of the probe 1 is so reduced that the pad material is pushed to move forward and the tip face
of the probe 1 is brought into contact with a fresh surface of the pad material so long as the probe is in the contact
state shown in Fig. 9 regardless of the probe tip shape. It was thus confirmed that stable contact can be obtained due
to the effect of the heat treatment even with the probe 1 having the conventional tip shape.
[0034] Fig. 10 shows another probe. During the probing, the contact surface between a tip of a probe 90 and a pad
2 may produce high temperatures not lower than 1000 °C due to a shearing deformation. Tungsten is very apt to oxidize
under high temperatures. To avoid oxidation of tungsten, in this embodiment, the heat treatment described above is
carried on the probe 90, and a surface coating layer 91 of 0.01-0.1 µm made from Pt, Ir, Rh, Au, Cd or an alloy of these
elements formed is formed over the tip of the probe 90 by plating or vacuum deposition. By performing the probing
with a probe apparatus which includes the probe 90 attached thereto, oxides are more hard to adhere onto the tip of
the probe 90 and the probing can be achieved with good electrical continuity.
[0035] Fig. 11 is a sectional view showing a construction of a probe apparatus according to the present invention.
The probe apparatus includes cantilever probes 100 attached to one side of a probe board (card) 101. The probe board
101 has an opening formed in such a position that tips of the probes 100 can be seen through the opening from the
opposite side of the probe board including no probes. A plate 104 provided with nozzles 105 formed therethrough is
fitted to the opening of the probe board 101 from the opposite side including no probes in facing relation to the tips of
the probes 100 so that gas can be sprayed to the tips of the probes 100. Further, a cover 103 is attached to the opposite
side of the probe board 101 in covering relation to the plate 104 so as to define a space between itself and the plate
104. A tube 102 for injecting gas is attached to the cover 103, and a non-oxidizing gas such as argon or nitrogen is
injected to the space between the cover 103 and the plate 104 through the tube 102 at a rate of 5 - 10 liters/minute.
The injected non-oxidizing gas is directly sprayed to the tips of the probes 100 from the nozzles 105. Accordingly, the
density of the non-oxidizing gas in the vicinity of the probe tips is so increased as to prevent oxidization of the probes
100. Further, since the gas is ejected in violent flows, dust on the wafer can be removed at the same time.
[0036] In addition, by attaching cantilever probes, which have been subject to the heat treatment described above
in connection with Embodiment 7, to the probe apparatus thus constructed, electrical continuity during the probing is
improved and oxidization of the probes can be avoided.
[0037] Fig. 12 is a sectional view showing a construction of another probe apparatus. The probe apparatus has a
multi-layered structure comprising a plurality of vertical or like probes 110, a probe fixed plate 111, and a plate 113
provided with guide holes 115 for guiding the probes 110. A space is defined between the probe fixed plate 111 and
the plate 113 provided with the guide holes 115, and is sealed off by an air-tight seal 114, thereby providing an air-
tightly sealed structure. The guide holes 115 each have a diameter 1.2 - 1.5 times larger than the diameter of the guide
holes 115. With that structure, by supplying a non-oxidizing gas to the enclosed space between the probe fixed plate
111 and the plate 113 and ejecting the non-oxidizing gas through the guide holes 115 at a rate of 2 - 5 liters/minute, a
non-oxidizing atmosphere can be produced near the tip of each of the probes 110 and oxidization of the probes 110
is avoided. Further, since the gas is ejected in violent flows, dust on the wafer can be removed at the same time.
[0038] In addition, by attaching vertical or like probes, which have been subject to the heat treatment described
above, to the probe apparatus thus constructed, electrical continuity during the probing is improved and oxidization of
the probes can be avoided.
[0039] While the above embodiments have been described in connection with the probes and the probe apparatus
for testing primarily wafers on which semiconductor integrated circuits are formed, the present invention is also appli-
cable to, by way of example, probes used for testing semiconductor products fabricated by other manufacturing proc-
esses such as a film forming process, and enables the probing to be carried out with good electrical continuity.
[0040] Further, the probe of the present invention can be applied to the case where it is required to establish contact
with a lead frame of a semiconductor device which is formed by plating a soft solder on a material such as a 42-alloy,

H = R - Rsin(β-α) ^ t (where β = cos-1(D/2R))
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whereby a final test can be performed with good electrical continuity.
[0041] Additionally, the probe of the present invention can be applied to an operation test for an electronic circuit
board on which semiconductors are mounted, enabling the probing to be carried out with good electrical continuity.
[0042] With the method of manufacturing the test probe for semiconductor devices according to the present invention,
there is obtained such a probe end shape that a flat portion is formed at the probe tip and the flat portion is joined with
a spherical surface by a smooth curved surface. As a result, a probe capable of providing good electrical continuity
and being easily positioned in place can be manufactured.
[0043] In addition, stresses are less concentrated on the pad, whereby damages upon the pad and the layer lying
under the pad can be abated.
[0044] With the method of manufacturing the test probe for semiconductor devices according to the present invention,
voids in the vicinity of the grain boundary can be collapsed under action of pressure while crystals in the metal material
are suppressed from becoming coarse. Accordingly, the voids are remarkably reduced and mechanical properties are
made uniform. By employing the probe which has been subject to the heat treatment of the present invention, therefore,
a probe having good and uniform electrical characteristics can be provided. As a result, a margin that must be taken
into consideration in relation to an amount of pressing of the probe into the pad can be reduced, and electrical continuity
can be established for all probes under a smaller probe load.
[0045] With the method of manufacturing the test probe for semiconductor devices according to the present invention,
since the voids are remarkably reduced and mechanical properties are made uniform by properly carrying out the heat
treatment of the present invention, it is possible to overcome such a conventional problem that, in a probe made of, e.
g., tungsten and containing voids therein, substances having large electrical resistance, such as oxides peeled off from
the pad, may enter the voids to impede establishment of electrical continuity during the probing. As a result, a probe
having good and uniform electrical characteristics can be provided.
[0046] With the test probe for semiconductor devices manufactured according to the present invention, there appear
no material defects in the probe tip face after being finished, and hence stable contact can be achieved with even with
a probe having a conventional probe tip shape.
[0047] With the test probe for semiconductor devices manufactured according to the present invention, even when
the pad is subject to high temperatures due to a shearing deformation during the probing, oxidation of the metal material
constituting the probe can be avoided, and therefore a probe having good electrical continuity can be provided.

Claims

1. A method of manufacturing a test probe (1) for a semiconductor device, wherein the test probe (1) is made of a
linearly shaped metal material and has a tip portion which is adapted to be pressed against a test pad (2) of a
semiconductor device to establish an electric contact between the tip portion and the pad (2) for testing the oper-
ation of the semiconductor device,
characterized in that the test probe (1) is produced by rolling and drawing a metal material which has been
prepared by sintering powdered raw materials, and in that the test probe (1) is subsequently subject to a heat
treatment in an atmosphere of non-oxidizing gas under such conditions that the treatment temperature is not higher
than the recrystallization temperature of the metal material and the pressure of the non-oxidizing gas is raised to
a level at which the volume of the metal material contracts over time .

2. The method according to claim 1,
characterized in that the test probe (1) is made of tungsten or a tungsten alloy, and in that the heat treatment is
carried out under conditions of a treatment temperature of 300 °C to 600 °C, a treatment pressure of 200 Bar to
2000 Bar, and a treatment time of 0.5 to 6 hours.

Patentansprüche

1. Verfahren zum Herstellen einer Prüfsonde (1) für eine Halbleitervorrichtung, wobei die Prüfsonde (1) aus einem
linear geformten Metallmaterial hergestellt wird und einen Spitzenbereich besitzt, der dazu ausgelegt ist, gegen
eine Prüfkontaktfläche (2) einer Halbleitervorrichtung gedrückt zu werden, um einen elektrischen Kontakt zwischen
dem Spitzenbereich und der Prüffläche (2) herzustellen, um den Betrieb der Halbleitervorrichtung zu prüfen,
dadurch gekennzeichnet,
daß die Prüfsonde (1) hergestellt wird durch Walzen und Ziehen eines Metallmaterials, das durch Sintern von
pulverförmigen Rohstoffen hergestellt worden ist,
und daß die Prüfsonde (1) anschließend einer Wärmebehandlung in einer Atmosphäre von nicht oxidierendem
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Gas unter solchen Bedingungen unterzogen wird, daß die Behandlungstemperatur nicht höher als die Rekristal-
lisationstemperatur des Metallmaterials ist und der Druck des nicht oxidierenden Gases auf einen Pegel erhöht
wird, bei dem das Volumen des Metallmaterials über die Zeit kontrahiert wird.

2. Verfahren nach Anspruch 1,
dadurch gekennzeichnet,
daß die Prüfsonde (1) aus Wolfram oder einer Wolframlegierung hergestellt wird und daß die Wärmebehandlung
unter den Bedingungen einer Behandlungstemperatur von 300 °C bis 600 °C, einem Behandlungsdruck von 200
bar bis 2000 bar sowie einer Behandlungsdauer von 0,5 bis 6 Stunden durchgeführt wird.

Revendications

1. Procédé de fabrication d'une sonde de test (1) de composant à semiconducteur, dans lequel la sonde de test (1)
est réalisée dans un matériau de métal formé de manière linéaire, et possède une partie d'embout qui est conçue
pour être pressée contre une plage de connexion de test (2) d'un composant à semiconducteur pour établir un
contact électrique entre la partie d'embout et la plage de connexion (2) pour tester le fonctionnement du composant
à semiconducteur,
caractérisé en ce que la sonde de test (1) est réalisée en roulant et en tirant un matériau de métal qui a été
préparé en frittant des matières premières pulvérulentes, et en ce que la sonde de test (1) est soumise par la
suite à un traitement thermique dans une atmosphère de gaz non oxydant dans des conditions telles, que la
température de traitement n'est pas supérieure à la température de recristallisation du matériau de métal, et que
la pression du gaz non oxydant ait atteint un niveau auquel le volume du matériau de métal se contracte dans le
temps.

2. Procédé selon la revendication 1,
caractérisé en ce que la sonde de test (1) est réalisée en tungstène ou dans un alliage de tungstène, et en ce
que le traitement thermique est effectué dans des conditions de température de traitement comprise entre 300
°C et 600 °C, de pression de traitement comprise entre 200 bars et 2000 bars et de durée de traitement comprise
entre 0.5 heure et 6 heures.
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