| C SOCKET BACKGROUND OF THE I NVENTION 5 The present invention relates to
an | C socket used for establishing reliable connection between el ectrode
terminals of an IC, and a wiring board or the |ike connected to inspection
equi pnent at the tinme of inspection of a nonolithic I1C or a hybrid IC,
such as an LSl (a large-scale integrated circuit), or a nodul e conponent
into which a plurality of discrete conponents, such as 10 ICs and LCRs, are
integrated to performa required function (the ICs and the nodule
conponents are hereinafter collectiy Igobﬂqafred to sinply as an "IC").
More specifically, the present invention relates to an | C socket capabl e of
connecting a high frequency, high-speed IC (an analog high frequency is
called a high frequency; a digital frequency having a very short 15 pul se

wi dth and a very short pul Bﬂd ﬁb‘(ﬁsllDiéF ENU 'Ngiszpeed; and both
frequencies are herei nafter—cﬁemﬁ—y—ig-a-re%—m—ds radi o frequency
"RF") in which termnals are arranged with a very narrow pitch of about
0.4 mm so that the IC can transmt a signal without fail. Characteristics
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interval s g module component into which a plurality of discrete components, such as
10 ICs and LCRs, are integrated to perform a required function (the ICs and the
module components are hereinafter collectively referred to simply as an “IC”).
More specifically, the present invention relates to. an IC socket
capable of connecting a high-frequency, high-speed IC (an analog high
frequency is called a high frequency; a digital frequency having a very short
16 pulse width and a very short pulse interval is called high speed; and both
frequencies are hereinafter collectively referred to as radio frequency "RF”) in
which terminals are arranged with a very narrow pitch of about 0.4 mm, so that
the IC can transmit a signal without fail.
Characteristics of a recent IC which has been highly integrated and
20 has attained high performance must be inspected before it is actually mounted
on a circuit. When such an IC is inspected, wiring terminals of a wiring board
which is connected to inspection equipment and has wiring patterns formed
thereon must be reliably connected to electrode terminals of an IC without use

of soldering. Therefore, an IC socket employing leaf springs or contact

25 probes provided on an insulative base is used. Particularly, in the case of a




beconme smaller, the 1C can be preferably connected by way of slender |eads
t hrough use of contact probes which require smaller contact areas. Fig. 9
shows an | C socket 70 using such contact probes. In the IC 5 socket 70,
contact probes 72 are arranged in a matrix nanner so as to correspond to
el ectrode termnals 73a of an IC 73 nounted on a plastic or ceram c base
71. Each of the contact probes 72 is configured such that a pair of
plungers are held in a netal pipe by way of a spring, so that the plungers
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10 When the IC 73 is pressed against one side of the IC socket 70 while
being positioned by a guide hole 71a, reliable contacts are established
between the terminals 73a and one ends of the contact probes with the aid of . .
the elastic retraction of the plungers. The other side of the IC socket 70 is
mounted on a wiring board 75 on which wirings connected to the inspection.
15 equipment are provided, and-fixed thereon through use of screws or the like. -
The contacts between the other ends of the contact probes and the wirings
can be also reliably established with the aid of the elastic retraction of the
plungers.
However, the recent IC is susceptible to a higher-frequency and
20 higher-speed signal as well as to high integration and high performance. In
the case of a narrow lead such as a contact probe,. transmission of an RF
signal of 1 GHz or higher is hindered by a reactance component of the lead, or
influence of signal reflection cannot be ignored. For instance, even when
contact probes are shortened to a size of the order of about 2 mm in order to

25 reduce an inductance component, difficulty is encountered in reducing the




react ance conponent of the contact probes to 1 nH or |less. For instance, a
probe of 1 nH yields inpedance of 63 Qat 10 GHz. In order to solve such a
problem in ajig for inspecting a nodule device, there is conceived a
coaxial structure, in which a netal block serves as 5 a base and contact
probes are inserted into through holes by way of dielectric tubes (see
Japanese Patent Publication No. 2001-99889A). As nentioned previously, in
association with the frequency and speed of an |IC having been increased, a
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relative di gf 6UE fafiRg DM indPedd®d, a conventional IC socket formed by setting
contact probes upright on an insulative base suffers inhibition of signal
10 transmission, such as distortion of a waveform due to attenuation or reflection,
to thus fails to perform accurate inspection. For this reason, realization of a
- probe of coaxial structure is also conceivable.
However, in order to achieve predetermined impedance through use
of the coaxial structure, an. outer diameter “d” of each of a plurality of contact:
15 ' probes serving as core conductors and an inner-diameter “D” of a hole of a
metal block serving as an outer conductor must satisfy the relationship
expressed by Equation (1) while a relative dielectric constant of a dielectric
substance interposed between the contact probes and the metal block serves

as g.
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Therefore, even when an attempt is made to realize a coaxial
structure of 50 Q through use of a tube formed from polytetraflucroethylene,
which is known as a dielectric having a small relative dielectric constant on the
order of 2.1, the inner diameter D of a hole formed in the metal block must be

25 about 3.3 times as large as the outer diameter "d” of the contact probe.



order of 2.1, the inner dianeter D of a hole forned in the netal block nust
be 25 about 3.3 tines as large as the outer dianmeter "d" of the contact
probe. 3 A high-frequency, high-speed device consunes a | arger anount of
electric current in association with a recent increase in the degree of
integration of an IC, and a very |arge nunber of earth term nals and power
termnals are forned with a view toward decreasing the DC resistance and 5
hi gh-frequency i npedance of the earth term nals and those of the power
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10 provided at a narrow pitch of about 0.4 mm, the contact probes may fail to be -
compatible with an IC having a narrow pitch of about 0.4 mm unless the outer
diameter of the contact probe is reduced to 0.1 mm or less.

However, the contact probes have a structure in which a spring and a

plunger are inserted into a metal pipe. If the outer diameter of each of the

contact probes is reduced excessively, the contact probes become very costly.

Further, there is raised a problem of a drop in durability and reliability.

SUMMARY OF THE INVENTION

it is therefore an object of the invention to provide an IC socket which
can be connected to wiring terminals of a wiring board connected to inspection
equipment without inducing hindrance of signal transmission, even during
inspection of a recent IC having electrode terminals for RF signal terminals
arranged at very narrow pitches.

It is also an object of the invention to provide an IC socket in which




25 It is also an object of the invention to provide an |IC socket in which 4
the size of the through holes to be used for receiving probes for other
than RF signal, thereby making the I C socket conpact. In order to achieve
t he above objects, according to the invention, there is provided an IC
socket, for receiving an IC provided with arrayed 5 term nals, conprising:
a conductive block, forned with a first face opposing to the received IC
and a plurality of holes arrayed in association with the termnals of the
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IC, and a plurality of holes arrayed in association with the terminals of the
received IC;
a plurality of contact probes, each of which is disposed in each of the
10 holes, and comprises:
a conductive pipe; and
a conductive plunger, retractably provided at a first end of the pipe,
the plunger being to be brought into contact with an associated one of the
terminals; and ..

15 a retainer, comprising an insulative member through which the pipe is
coaxially held within an associated one of the holes while forming a gap
between an outer periphery of the pipe and an interior wall of the associated
one of the holes,

wherein at least one of the contact probes to be brought into contact

20 with an RF signal terminal among the terminals of the received IC is retained
by the retainer.

Here, the “RF" encompasses a high analog frequency and a
high-speed digital short pulse having a short pulse interval, wherein iteration of

a sinusoidal wave or pulses is 1 GHz or more. Further, an “IC” encompasses

25 a monolithic IC or a hybrid {C, such as an LS| (a large-scale integrated circuit),




a sinusoidal wave or pulses is | GHz or nore. Further, an "IC' enconpasses
25 a monolithic IC or a hybrid IC, such as an LSI (a |arge-scale integrated
circuit), 5 and a nodul e conponent into which a plurality of discrete
conmponents, such as ICs and LCRs, are conbined together in the formof a
hybrid and which executes a required function, Wth the above
configuration, the specific dielectric constant er of the 5 dielectric
substance in Equation (1) can be deened to be substantially 1. Even when
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Even in the case of an IC having a terminal pitch of 0.4 mm, a coaxial structure
10 of 50 Q can be constituted of a contact probe having an outer diameter of 0.15
mm and a hole having an inner diameter of 0.35 mm. Consequently, a
contact probe of coaxial structure can be formed with a.narrow space. Even
an IC having RF signal terminals can be electrically connected to another
equipment with very high reliability without involvement of attenuation of a
15 signal or deformation in a signal, which would otherwise be caused by
reflection.
Preferably, at least one of the contact probes is brought into contact
with an earth terminal among the terminals of the received IC.
With such a configuration, not only the electric connection to the earth
20 terminal of the IC can be performed without fail, but also an electric current can
be caused to flow in response to an RF signal at low resistance without the
reactance problem.
Preferably, the IC socket further comprises a conductive rubber layer,
disposed between the first face of the block and an earth terminal among the

25 terminals of the received IC.




Preferably, the I C socket further conprises a conductive rubber |ayer,

di sposed between the first face of the block and an earth term nal anong
the 25 termnals of the received IC. 6 Wth such a configuration, it is
enabl ed el ectrical connection to the earth termnals with a wde area. An
el ectric current can preferably be caused to flow at much | ower

resi stance. Here, the conductive rubber |ayer may be a rubber sheet in
which a plurality of metal wires are extending in the 5 thicknessw se
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which is to be brought into contact with the RF signal terminal. A ratio of an
10 inner diameter of a first hole in which the first contact probe is disposed to an
outer diameter of the first contact probe is smaller than a ration of an inner
diameter of a second hole. in which the second contact probe is disposed to an
outer diameter of the second contact probe.
With such a configuration, reactance does not raise much of a
15 problem in a low frequency or a DC signal. If anything, smali resistance is
preferable, and the current capacity can be increased by rendering the contact
probe thick, or the IC socket can be caused to cope with a reduction in pitch by
rendering the inner diameter of the hole small. Even when an interval
between the contact probe and the hole has become small, occurrence of
20 contact between the contact probe and the hole can be prevented by coating

the contact probe with an insulator.
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7 BRI EF DESCRI PTI ON OF THE DRAW NGS The above objects and advant ages of the

present invention will becone nore apparent by describing in detail
preferred exenplary 5 enbodi nents thereof with reference to the

acconpanyi ng drawi ngs, wherein: Fig. | Ais a plan view of an |IC socket
according to a first enbodinent of the invention; Fig. 1 Bis a section
view taken along a line 113-113 in Fig. IIA, Fig. 1Cis an enlarged section
vi ew showi ng an i nspection coaxial 10 cable for a RF signal }n the IC
socket of in Fig. 1 B, H | rge ' ,ew of a contact
probe in the inspectioBﬁ Fl S o) 6 '.qE : .éZAisapIan Vi ew

of the IC socket of Fig. I A showing a state that an ICis munted
thereon; 15-- Fig. 2B is a section view taken along a line 1113-1113 in
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for the RF oiétﬁesih%}?ﬁo-ri'n an | C socket according to a third enbodi nent of

t he invention-, !

Fig. 1B is a section view taken along a line IB-IB in Fig. 1A;

Fig. 1C is an enlarged section view showing an inspection coaxial
cable for a RF signal in the IC socket of in Fig. 1B:;

Fig. 1D is an enlarged section view of a contact probe in the
. inspection coaxial cable of Fig. 1C;

Fig. 2A is a plan view of the IC socket of Fig. 1A, showing a state that
an IC is mounted thereon;

Fig. 2B is a section view taken along a line IIB-IIB in Fig. 2A,;

Fig. 3 is an enlarged section view showing an inspection coaxial cable
for a non-RF signal in the IC socket of Fig. 1B;

Fig. 4 is a graph showing return loss characteristics of the inspection
coaxial cables shown in Figs. 1C and 3, achieved at various frequencies;

Fig. 5A is a section view of an inspection coaxial cable for the RF
signal in an IC socket according to a second embodiment of the invention;

Fig. 5B is an enlarged section view of an insulative spacer in the
inspection coaxial cable of Fig. 5A;

Fig. 5C is a section view of an inspection coaxial cable for the RF

signal in an IC socket according to a third embodiment of the invention;




8 Fig. 5Dis a section view of an inspection coaxial cable for the RF
signal in an I C socket according to a fourth enbodi nent of the invention;
Fig. BE is a section view of an inspection coaxial cable for the RF signal
in an |1 C socket according to a fifth enbodi nent of the invention; 5 Fig. 5F
IS a section view of a contact probe in an | C socket according to a sixth
enbodi nent of the invention; Fig. 6Ais a schematic plan view of an IC
socket according to a seventh enbodi nent of the invention; Fig. 6B is a
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board. Specitfic nsertion
Fig. 6A is a schematic plan view of an IC socket according to a

seventh embodiment of the invention;
Fig. 6B is a section view taken along a line VIB-VIB in Fig. 8A;
10 Fig. 7A is a section view of an IC socket according to an eighth
embodiment of the invention;
Fig. 7B is a plan view of a conductive rubber sheet in the IC socket of
Fig. 7A;
Fig. 8 is a partial section view of an IC socket according to a ninth
15 embodiment of the invention;
Fig. 9A is a schematic side view of a related-art IC socket; and

Fig. 9B is a plan view of the IC socket of Fig. 9A.

DETAILED DESCRIPTION OF THE DRAWINGS

20
Preferred embodiments of the invention will be described below in
detail with reference to the accompanying drawings.
As shown in Fig. 1A, an IC socket according to a first embodiment of
the invention is for connecting electrode terminals of an IC which are arranged
25 in a matrix manner to wirings of an inspection board. Specifically, insertion




9 holes 21 are forned in |locations on a plate-shaped netal block 2, the

| ocations corresponding to electrode termnals of the I1C when the IC
socket is connected to the IC. A contact probe 1 is provided in each

i nsertion hole 21 such that plungers 11, 12 retractably project from
respective ends of the insertion hole 5 21. O the contact probes 1, at

| east a probe to be connected to an RF signal termnal of the ICis fixed
such that a hollow section 4l1a is formed between the probe 1 and the

i nsertion hpgl
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(nmovable pigi) 11, 12 are housed within a netal pipe 13. Recessed sections
13a areé forfed in the netal pipe 13 so as to prevent the plungers 11, 12
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plunger i's ges Gt b3 1 BRPFSIRIPLS 235! stitute a coaxial probe 41 in
10 which the contact probe 1 serves as a core conductor and an interior wall of
the insertion hole 21 serves as an outer conductor, so as to have a
predetermined impedance. Reference numeral 42 designates an earth probe
which is fitted into the insertion hole 21 of a metal block 2, thereby being
electrically connected thereto.
15 For instance, as shown in Fig. 1D, the contact probe 1 has a structure
in which a spring 14 and one end of each of the plungers (movable pins) 11,
12 are housed within a metal pipe 13. Recessed sections 13a are formed in
the metal pipe 13 so as to prevent the plungers 11, 12 from being dislodged
from the metal pipe 13. The plungers 11, 12 are forced outwardly by the
20 spring 14, so that the extremity of the plungers 11, 12 project when no force is
exerted on the contact probe 1. When the extremities of the plungers 11, 12
are pressed, the spring 14 is compressed so that the plungers are retracted
into the metal pipe 13. The extent to which the plunger moves is about 0.3
mm in one direction. The plunger is designed such that appropriate spring

25 pressure (repulsion force} is achieved and reliability of the plungers is




25 pressure (repulsion force) is achieved and reliability of the plungers
s 10 maxi m zed when the plungers are conpressed to a total |ength of about
0.6 mMmm The netal pipe 13 has a |l ength of about several mllinmeters and is
formed from e.g., white nmetal (e.g., an alloy consisting of copper,

nickel, and 5 zinc). Awre of the order of about 0.1 mmfornmed from e.g.,
an SK material (carbon tool steel material) or a berylliumcopper alloy is
used for the plungers 11, 12, and the spring 14 is fornmed from piano wre.
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connected t n earth termnal of the IC nay be replaced with a conductive
rubber sheeﬁm?vvi |1 be discussed later). The netal block 2 is for retaining
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adapted to contact respective electrode terminals of the IC. A contact probe
10 connected to an earth terminal of the IC may be replaced with a conductive
rubber sheet (will be discussed later).
The metal block 2 is for retaining the contact probes 1 for use as
signal terminals, a power terminal, or an earth terminal, which are to be
brought into contact with the electrode terminals of the IC. For instance, .
15 when the contact probes 1 to be connected to the RF signal terminal are
formed as coaxial probes 41 through use of a metal body, such as, aluminum,
an interior wall of the insertion hole 21 into which the contact probe 1 is
inserted serves as an outer conductor, while the contact probe 1 serves as a
core conductor. Thus, the contact probe 1 can be formed into the coaxial
20 structure having a small cross-sectional area.
When the contact probe 1 is formed into a signal terminal not for an
RF signal or a power terminal, the contact probe 1 is fixed in the insertion hole
21 by way of an insulative tube so as not to come into contact with the metal

block 2. When the contact probe 1 is formed for use as an earth terminal, the

25 contact probe 1 is fitted within the insertion hole 21 and brought into contact




bl ock 2. When the contact probe 1 is forned for use as an earth term nal,
the 25 contact probe 1 is fitted within the insertion hole 21 and brought
into contact 11 with the nmetal block 2, thereby form ng an earth probe 42.
The netal block 2 wusually has a thickness of about 3 to 8 nmand a size of
about 30 to 50 mm per side. As shown in Fig. 1C, in the coaxial probe 41,
both ends of the netal 5 pipe 13 are fixed so as to becone concentric with
the insertion hole 21 by, e.g., an insulative substrate 31, thereby formng
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10 hole 21 are determined such that a predetermined impedance is achieved on
the basis of Equation (1).
In order to retain the contact probe 1 concentric with the insertion hole
21 while forming the hollow section 41a in the insertion hole 21, there is
provided on the surface of the metal block 2 is the insulative substrate 31
15 having recessed sections 31a matching in shape with the end section of the
metal pipe 13 and through holes 31b formed so as to penetrate the plunger 11
therethrough substantially concentrically with the recessed sections 31a (for
convenience of comprehension of the recessed section 31a, the insulative
substrate 31 is exaggerated as being separated from the metal pipe 13).
20 Each of the insulative substrates 31 has a structure in which the insulative
substrate 31 is fixed to the metal block 2 by screws 44 such that the recessed
section 31a becomes concentric with the insertion hole 21 of the metal block 2.
This embodiment adopts a structure in which both end sections of the contact
probe 1 are secured by the insulative substrates 31 and the insulative

25 substrates 31 are provided on both sides of the metal block 2.

12




Thi s enbodi mrent adopts a structure in which both end sections of the
contact probe 1 are secured by the insulative substrates 31 and the
insulative 25 substrates 31 are provided on both sides of the netal bl ock
2. 12 Consequently, both end sections of the netal pipe 13 are fitted into
the recessed sections 3la of the insulative substrate 31. Further, the

I nsul ative substrates 31 are fixed in the netal block 2 such that the
recessed sections 31 a beconme concentric with the insertion hole 21 of the
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10 11, 12 are retracted to the surfaces of the insulative substrates 31, whereupon
reliable contact can be established between electrode terminals of the device

- to be inspected and wiring patterns of the wiring board.
If an insulative substrate formed from resin; e.g., polyetherimide (PEI),
is used as the insulative substrate 31, the recessed sections 31a and the
=~ 15 through holes 31b can preferably be readily formed through resin molding and
in accurate dimensions even when the plurality of contact probes 1 are
arranged at narrow pitches. Further, if the insulative substrates 31 are formed
from the foregoing resin, the substrates possess high mechanical strength. If
the insulative substrates 31 are each formed to a thickness of about 1 mm, no
20 warpage will arise and contact probes can be secured very stably even when
hundreds of contact probes or more are provided in the insulative substrates
31. However, another material may also be employed, so long as the
material is thin and exhibits an electrical insulative characteristic and sufficient

mechanical strength.

25 So long as the outer diameter of the metal pipes 13 and the inner




31. However, another material may al so be enployed, so long as the

material is thin and exhibits an electrical insulative characteristic and
sufficient nechanical strength. 25. So long as the outer dianeter of the
nmetal pipes 13 and the inner 13 dianeter of the insertion holes 21 have
been set beforehand in accordance wth Equation (1), coaxial probes can be
readily formed with small cross-sectional areas by fitting the end
sections of the netal pipes 13 into the recessed sections 3la of the
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10 structure, none of the contact probes is formed in a coaxial structure over the

entire length thereof. However, in a case where a coaxial probe was formed
such that the contact probes 1 are provided at a pitch of 0.5 mm: the outer
diameter of the metal pipe 13 is set to 0.15 mm: and the inner diameter of the
insertion hole 21 is set to 0.35 mm, to thus form the contact probes in a coaxial
15 structure having a characteristic impedance of 500, return loss generated by
the coaxial probe at frequencies was examined through simulation. As shown
by A in Fig. 4, the return loss assumes a value of -20 dB or less at a frequency

of about 10 GHz or less. Hence, there was no practical problem.
The earth contact probe 42 is to be used for establishing connection
20 with an earth terminal of the IC. The contact probe 1, such as that shown in
Fig. 1D, is tightly fitted into the insertion hole 21 of the metal block 2. The
contact probe 1 having an outer diameter of, e.g., 0.3 mm. can be inserted into
the insertion hole 21 having an inner diameter of 0.3 mm in a contacting
manner. The inner diameter of the insertion hole 21 may be equal to the

25 diameter of the coaxial probe 41. Thus, a thick contact probe can be used.




Fig. 1 D is tightly fitted into the insertion hole 21 of the netal bl ock
2. The contact probe 1 having an outer dianeter of, e.g., 0.3 mm can be
inserted into the insertion hole 21 having an inner diameter of 0.3 M in
a contacting manner. The inner dianeter of the insertion hole 21 may be
equal to the 25 dianeter of the coaxial probe 41. Thus, a thick contact
probe ran be used. 14 Further, in the case of the earth contact probe, only
pl ungers project fromthe netal block. Al the contact probes are arranged
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| C socket was constructed by adopting a con
10 the signal terminals for an RF signal. A probe having a structure such as that

=

shown in Fig. 3 can be used as a probe for use with such electrode terminals.

In Fig. 3, the contact probe. 1, the metal block 2, and the insulative substrate

31 are identical in structure with those shown in Fig. 1C. However, the inner

diameter of the insertion hole 21 is formed to a smaller size relative to the

15 outer diameter of the contact probe 1, thereby ignoring the requirements for

Equation (1). An outer periphery of the contact probe 1 is sheathed with a

dielectric tube 48 formed from polyimide, thereby attempting to insulate the
contact probe 1 from the interior wall of the insertion hole 21.

For instance, the IC socket was constructed by adopting a contact

20 probe having an outer diameter of 0.3 mm for the contact probe 1 and forming

the inner diameter of the insertion hole 21 to 0.42 mm. A return loss caused

by the IC socket at various frequencies was examined through simulation. As

shown by B in Fig. 4, a retumn loss has a value of -20 dB or less at a frequency

of about 800 MHz. Specifically, if the signal supplied to the signal terminal is

25 800 MHz or less, the IC socket of this structure can be sufficiently used without




20 probe having an outer dianmeter of 0.3 mmfor the contact probe 1 and
formng the inner diameter of the insertion hole 21 to 0.42 mm A return

| oss caused by the IC socket at various frequencies was exam ned through
simulation. As shown by Bin Fig. 4, areturn |oss has a value of -20 dB
or less at a frequency of about 800 MHz. Specifically, if the signal
supplied to the signal termnal is 25 800 Miz or less, the IC socket of
this structure can be sufficiently used without 15 involving an attenuation
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10 through use of a power probe, the thus-superimposed RF noise can be
bypassed by adopting ceramic having a large dielectric constant in lieu of the
polyimide tube, to thereby generate capacitance between the contact probe 1
and the metal block 2. As a result, accurate inspection can be performed
without being affected by noise.
15~ A guide plate 43 which is formed from, e.g., polyetherimide, and has
an IC guide hole 43a formed therein is fastened to a side surface of the IC
socket opposing an IC, and the guide plate 43 is fastened to the metal block 2
with the screws 44 in conjunction with the insulative substrate 31. In order to
align the insulative substrates 31 and the guide plate 43 to the metal block 2, a
20 positioning pin 46 is provided on the metal block 2 (see Fig. 1A). Another
positioning pin 46 is formed on the other side of the metal block 2; that is, the
side opposing the wiring board 5 (see Figs. 1B and 2B). Thus, the positioning
pins 46 are formed in such a manner that each can be inserted into the wiring

board 5 as well and such that alignment of the wiring board 5 (see Fig. 2) can

25 be performed simultaneously with positioning of the insulative substrates 31.




align the insulative substrates 31 and the guide plate 43 to the metal

bl ock 2, a 20 positioning pin 46 is provided on the netal block 2 (see Fig.
1A). Another positioning pin 46 is formed on the other side of the netal
block 2; that is, the side opposing the wiring board 5 (see Figs. | B and
213). Thus, the positioning pins 46 are forned in such a manner that each
can be inserted into the wiring board 5 as well and such that alignment of
the wiring board 5 (see Fig. 2) can 25 be perfornmed sinultaneously with
positioning of th
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metal 40  inserted in and pressed against the IC guide hole 43a, whereby electrode

terminals 47a of the IC are connected to the wiring terminals of the wiring

board 5 by.way of the contact probes 1 and inspected. . ICs can be

sequentially inspected by replacing the thus-inspected IC with another one.

In this embodiment, in order to constitute the coaxial probe 41, the

15 insulative substrate 31 having the recessed sections 31a whose shapes match
the shapes of end sections of the metal pipes 13 is used as a retainer for
concentrically fixing the contact probe 1 into the insertion hole 21 of the metal
block 2. However, another retainer may be adopted to retain the contact
probes 1 coaxially with the insertion holes 21. The details will be described

20 below.

Fig. 5A shows an inspection coaxial probe according to a second
embodiment of the invention. The members similar to those in the first
embodiment will be designated by the same reference numerals, and the
repetitive explanations will be omitted.

25 In this embodiment, the structure of an upper portion of the contact




bl ock 2. However, another retainer nmay be adopted to retain the contact
probes 1 coaxially with the insertion holes 21. The details will be
described 20 below. Fig. 5A shows an inspection coaxial probe according to
a second enbodi ment of the invention. The nenbers simlar to those in the
first enbodinment will be designated by the sane reference nunerals, and
the repetitive explanations will be omtted. 25 In this enbodi nent, the

structure of an upper portion of the contact 17 probe 1 (i.e., the
obe 1 where, t he er 11.is
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shown in Fig. 5B, the outer dimension of the insulative spacer 32 is brought in
10 conformance with the shape of the insertion hole 21 and that of the narrowed
section 23. A recessed section 32a which enables insertion of the end
section of the metal pipe 13 is formed in the center of one side of the insulative
spacer 32. Further, a through hole 32b which enables penetration of the
plunger 11 is formed in the center of the recessed section 32a, and the
15 thickness “t” of the insulative spacer 32 is about 0.5 mm. T
In Fig. 5A, reference numeral 6 designates an insulation film which is
formed from, e.g., a polyimide film, and has a thickness of about 0.1 mm. The
insulation film 6 is provided for preventing occurrence of, e.g., a short circuit,
which would otherwise be caused when electrode terminals of the device to be
20 inspected, such as an IC, come into contact with the metal block 2.  If no such
potential risk is present, the insulation film does not need to be provided,
regardless of the retainer 33.
A retainer 34 is provided on a lower portion of the contact probe 1
shown in Fig. 5A (i.e., a portion of the contact probe 1 where the plunger 12 is

25 provided). Specifically, the structure is achieved by setting the thickness of

18




formed from e.g., a polyimde film and has a thickness of about 0.1 nm
The insulation film®6 is provided for preventing occurrence of, e.g., a
short circuit, which would otherw se be caused when el ectrode term nals of
the device to be 20 inspected, such as an IC, cone into contact with the
metal block 2. If no such potential risk is present, the insulation film
does not need to be provided, regardless of the retainer 33. Aretainer 34
is provi ded on a |l ower portion of the contact probe 1 shown in Fig. 5A

pr bvi aeg) po%e(@{éf@f:%lb% ,zcﬁéﬁcﬁt’ﬁt‘ﬁ@qge‘%ﬁifzé\qﬁé Eﬁr@hgﬁa@naﬁ{'ﬁlﬁ‘&@ﬁgﬁ Hikk [lelss
o e o |c e_end section t nmet a
pT pésléh bggé%@géx%@géaa fﬁg gﬁ@ﬁ&%‘h W'?@ﬁnfﬁ@eséeﬁeé%%@@??!gal&chﬁ ﬁ4a
wihthe niTPudERIEEibdl SuhEteRe Hy %cﬁaweﬁ%gé sl eﬂa@%tr& t%f&’i
Pt LXE9, L ngrblBa Bt BB il SRR R S ﬁse%%’@ffm ﬁea
focesssd ool et ﬁaﬁ%&*@*‘*’hﬂﬂw% e@eﬁ%ﬁ@%@%@sroiéheﬁ%ﬁsvﬁrs%g%&” "
b ough hol 5098 Vst eler s 58" 5741 hel BPERT aﬁﬁ?“lﬁﬁe TtaifPoaBa on
I thi s embadiuApds bR Sikter A RaviRghe AleBiehied Ibestad secfon B30 0T
cases, the g ftﬁégrtubggﬁoh%{é*ﬁd fﬁéﬁfed tﬁgFefl@CSnd @1%;3%@ m?‘%\?‘ﬁ‘l E’E’aﬁ tal

cover 24 |s conne W 1 ng boar ty of

films provi gedietdiindd rédys gbg s@étrﬁﬁ'iﬁﬁ?g@?hb%%@?&@%bqarrﬁ%ltl'ﬁ’éFEm.’ and

earth conductors are provi on the s
10 An insulative film may be provided on the metal cover 24 as in the

upper portion of the metal block 2. However, in this embodiment, such an
insulative film is omitted because, in many cases, the surface (i.e., the lower
surface in the drawing) of the metal cover 24 is connected to a wiring board
formed by stacking a plurality of films provided with wiring to be connected to

15 inspection equipment, and earth conductors are provided on the surface of the
wiring board exclusive of connected sections.

Fig. 5C shows an inspection coaxial probe according to a third
embodiment of the invention. The members similar to those in the first
embodiment will be designated by the same reference numerals, and the

20 repetitive explanations wiil be omitted.

In this embodiment, the metal cover 24 is provided on either side of
the metal block 2, so that the metal biock 2 has a three-layer structure as
described the above. The retainer 34 is formed in each of the metal covers
24 along with the insulative spacer 32. Moreover, the inner diameter of the

25 recessed section 24a formed in the metal cover 24 is set so as to become




Wi ring board exclusive of connected sections. Fig. 5C shows an inspection
coaxi al probe according to a third enbodinent of the invention. The
menbers simlar to those in the first enbodinment will be designated by the
sanme reference nunerals, and the 20 repetitive explanations wll be
omtted. In this enbodi nent, the nmetal cover 24 is provided on either side
of the netal block 2, so that the netal block 2 has a three-I|ayer
structure as described the above. The retainer 34 is forned in each of the
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hole 21 by about 0.15 mm.

10 - - As mentioned above, as a result of the outer diameter of the
insulative spacer 32 being formed slightly larger, in accordance with the
increase of the. amount of dielectric substance, a decrease in impedance can
be avoided. Since the impedance is matched to 50 Q, the high frequency
characteristic of the coaxial cable can be enhanced.

16 Fig. 5D shows an inspection coaxial probe according to-a fourth
embodiment of the invention. The members similar to those in the first
embodiment will be designated by the same reference numerals, and the
repetitive explanations will be omitted.

In this embodiment, an insulative spacer 37 to be used for retaining

20 the contact probe 1 is constituted of a first spacer 37a provided around the
metal pipe 13 of the contact probe 1, and a second spacer 37b provided
around each of the plungers 11, 12. Further, a retainer 38 is constituted of
the metal block 2 in which steps 26, 27 corresponding to the spacers 37a, 37b

are formed, and a retainer 39 is constituted of the metal cover 24 in which

25 similar steps 26, 27 are formed.

20




15 Fig. 5D shows an inspection coaxial probe according to a fourth

enbodi nent of the invention. The nenbers simlar to those in the first
enbodi ment will be designated by the sanme reference nunerals, and the
repetitive explanations will be omtted. In this enbodinment, an insulative
spacer 37 to be used for retaining 20 the contact probe 1 is constituted
of a first spacer 37a provided around the netal pipe 13 of the contact
probe 1, and a second spacer 37b provided around each of t he plungers 11,
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10 The second spacer 37b is for ensuring the longitudinal position of the

contact probe 1. The contact probe 1 is fixed by the surface of the second
. spacer 37b contacting the.end face of the metal pipe 13, and another surface
of the same contacting the metal block 2 or the metal cover 24. Since the
longitudinal force of the contact probe 1 is large, the contact probe 1 can be
-~ 15 sufficiently retained through use of polyetherimide (PEl) having high
mechanical strength and a thickness of about 0.3 mm. Since PEI has a high
dielectric constant, and the inner diameter of an outer conductor must be larger
than the outer diameter of the core conductor of the coaxial structure.
However, the core conductors are the narrow plungers 11, 12 and have high
20 dielectric constants. Hence, it is preferable for the dielectric constant and the
outer diameter of the second spacer 37b to be larger, because a contact area
between the second spacer 37b and the metal block 2 or a contact area
between the second spacer 37b and the metal cover 24 can be made large, so

that the second spacer 37b can retain the contact probe 1 tightly.

In this embodiment, the first spacer 37a has the same diameter as

21




| ongi tudi nal force of the contact probe 1 is large, the contact probe 1 can
be 15 sufficiently retained through use of polyetherimde (PEI) having high
mechani cal strength and a thickness of about 0.3 mm Since PEI has a high
dielectric constant, and the inner dianmeter of an outer conductor nust be

| arger than the outer dianeter of the core conductor of the coaxi al
structure. However, the core conductors are the narrow plungers 11, 12 and
have high 20 dielectric constants. Hence, it is preferable for the
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10 first spacer 37a. This configuration is shown in Fig. 5E as a fifth embodiment

of the invention.

Fig. SF shows an inspection coaxial probe according to a sixth
embodiment of the invention. The members similar to those in the first
embodiment will be designated by the same reference numerals, and the

15 repetitive explanations will be omitted.

In this embodiment, dielectric rings 15 are integrally formed at the
recessed sections 13a of the metal pipe 13. The dielectric ring 15 is formed
so as to have a diameter d; which is larger than the inner diameter D of the
insertion hole 21 by about 0.1 mm to 0.2 mm, and to have a length L of about

20 0.4 mm. The dielectric rings 15 are fitted into the insertion hole 21 to be
securely fixed.

The dielectric ring 15 is formed through resin molding. Hence, the
degree of concentricity of the contact probe 1 and the degree of concentricity
of the outer diameter of the dielectric ring 15 are determined accurately.

25 Further, the coaxial structure which is constituted of the insertion hole 21 and

22




enbodi nent of the invention. The nenbers simlar to those in the first
enbodi nent will be designated by the sane reference nunerals, and the 15
repetitive explanations will be omtted. In this enbodi nent, dielectric
rings 15 are integrally forned at the recessed sections 13a of the netal
pi pe 13. The dielectric ring 15 is formed so as to have a dianmeter d3which
Is larger than the inner dianmeter D of the insertion hole 21 by about 0.1
mmto 0.2 nw1 and to have a length L of about 20 0.4 mm The dielectric
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10 insertion of the contact probe 1 into the insertion hole 21. - However, the
diameter may be entirely made identical. In connection with the number of
the dielectric rings 15, it is enough to provide one dielectric ring at each of the .-
end sections of the contact probe 1. However, the number may be increased
in view of the length of the contact probe 1 unless the dielectric constant
15 between the core conductor and the outer conductor is excessively increased. -
Incidentally, resin used to form the dielectric ring 15 is preferably resin havihg
a small dielectric constant such as polypropylene (PP).
In the embodiments that have been described thus far, the coaxial
probe 41 is formed from a structure in which the contact probe 1 is provided in
20 the insertion hole 21 of the metal block 2 by way of a hollow section. Hence,
a coaxial probe compatible with an RF signal can be used for a socket of an IC
whose terminal pitch is made narrow to a pitch of about 0.4 mm. Even when
RF signal terminals are adjacently arrayed, coaxial probes can be associated

therewith.

25 However, as mentioned previously, an IC has numerous power
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the dielectric rings 15, it is enough to provide one dielectric ring at
each of the-..,, end sections of the contact probe 1. However, the nunber
may be increased in view of the length of the contact probe 1 unless the
dielectric constant 15 between the core conductor and the outer conductor
I s excessively increased. Incidentally, resin used to formthe dielectric
ring 15 is preferably resin having a snmall dielectric constant such as
pol ypropyl ene (PP). In the enbodi ments that have been described thus far,
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will be omitted.
10 Reference numeral 41 designates an RF signal probe; 411
designates a non-RF signal probe; 42 designates an earth contact probe; and
. .49 designates a power probe. As shown in Fig. 6B, the RF signal probe 41 is
formed in the same structure as that of the coaxial probe shown in Fig. 1C,
except that the RF signal probe 41 is formed by inserting the contact probe 1 in
.15 - the insertion hole 21 of the metal block 2 by way of a dielectric tube 41b
formed from, e.g., polytetrafluoroethylene. The earth probe 42 is tightly fitted
into the insertion hole 21, as in the first embodiment. With such a structure,
the contact probe 1 is concentrically fixed within the insertion hole 21 by the
dielectric tube 41b. Hence, the dielectric substrate 31 may have a structure
20 which has no recessed sections 31a and presses merely the end faces of the
metal pipes 13.
As mentioned previously, as a result of the dielectric tube 41b being
interposed between the insertion hole 21 and the contact probe 1, the inner

diameter D of the insertion hole 21 requires a size which is about 3.3 times as

25 large as the outer diameter “d” of the contact probe 1. For instance, when the




desi gnates a non-RF signal probe; 42 designates an earth contact probe; and
49 designates a power probe. As shown in Fig, 68, the RF signal probe 41 is
formed in the same structure as that of the coaxial probe shown in Fig. 1C,
except that the RF signal, probe 41 is formed by inserting the contact
probe 1 in ,15- the insertion hole 21 of the netal block 2 by way of a
dielectric tube 41 b formed from e.g., polytetrafluoroethylene. The earth
probe 42 is tightly fitted into the insertion hole 21, as in the first
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respectively have a
10 structure in which the contact probe 1 is inserted in the insertion hole 21 by

way of the dielectric tube 48, such as that shown in Fig. 3. As mentioned
previously, the structure does not need to satisfy Equation (1). Hence, a ratio
of an inner diameter D¢ of the insertion hole 21 to an outer diameter d; of the
contact probe 1 (Dy/dy) can be made smaller than a ratio of an inner diameter
15 D: of the insertion hole 21 to an outer diameter d» of the contact probe 1
corresponding to the previously-described RF signal terminal (Dy/dz). The
contact probe 1 can be formed in a cross-sectional area which is smaller than
that of the RF signal coaxial probe, unless the outer diameter of the contact
probe 1 is made extremely large. Therefore, even when the probe adjacent to
20 the RF signal coaxial probe is not the earth contact probe, but the non-RF
signal probes or the power probes, the IC socket can cope with an IC having a

narrow terminal pitch.
In a case where a coaxial probe having a hollow section as shown in

Fig. 1C is adopted, the probe can cope with an IC having a further narrow

25 terminal pitch, by rendering the ratic D/d of the non-RF signal probe or that of




10 structure in which the contact probe 1 is inserted in the insertion hole
21 by way of the dielectric tube 48, such as that shown in Fig. 3. As
mentioned previously, the structure does not need to satisfy Equation (1).
Hence, a ratio of an inner dianeter D, of the insertion hole 21 to an
outer dianmeter d, of the contact probe 1 (D/dl) can be nmade snmaller than
a ratio of an inner dianeter 15 D2 O the insertion hole 21 to an outer

di aneter d2 of the contact probe 1 <corresponding to the

previ ousl y- ' E.sljgnal termnal (D2/d2). The contact probe 1 can
be forned iﬁ%ﬁ:\#%ﬁ?gégl 1%al area which is smaller than that of the RF
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However, another configuration may be ado nce e rell |
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coaxi al progpuchird 8s WSt Bdwrin' . S@TE The earth contact probe is not formed as
10 an earth terminal adjacent to the coaxial probe. No insertion holes are formed
in the metal block 2. Instead, a conductive rubber sheet 8 is provided on the
e surface of the metal block 2. As a result, the earth terminal of the IC and the S
earth wire of the wiring board 5 are connected together by way of the
conductive rubber sheet 8 and the metal block 2.
" 15 As shown in Fig. 7A, the conductive rubber sheet 8 comprises an.
elastic insulative material 81, such as rubber, having a thickness t; of about 0.3
mm, for example. A plurality of metal wires 82 formed from fine gold wires, or
copper wires plated with goid, and having a thickness of about 20 um to 30 um
are arranged in a matrix manner at a pitch of about 30 um to 50 um. As a
20 result of the conductive rubber sheet 8 being pressed vertically, electrical
connection can be established between upper and lower surfaces of the
conductive rubber sheet 8 by way of the metal wires 82. Further, the metal

wires 82 are horizontally insulated from each other by the insulative material

81. Hence, electrical connection is not established in a horizontal direction.

25 The thickness of the conductive rubber sheet 8 is set appropriately, as required.




structure as that shown in Fig. 5C. The earth contact probe is not forned
as 10 an earth term nal adjacent to the coaxial probe. No insertion holes
are formed in the netal block 2. Instead, a conductive rubber sheet 8 is
provi ded on the surface of the nmetal block 2. As a result, the earth
termnal of the IC and the earth wire of the wiring board 5 are connected
toget her by way of the conductive rubber sheet 8 and the netal block 2. 15
As shown in Fig. 7A, the conductive rubber sheet 8 conprises an. elastic
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10 connection over a wide area. Hence, a current path can be broadened, which
is preferable for signal transmission. Namely, when an electrode terminal is
connected with hard metal such as a plunger, the plunger has irregularities
from the microscopic viewpoint even when connection is established while the
plunger is made thick. Therefore, the plunger contacts the electrode terminal

16 with only the top portion of the plunger, and hence a contact area becomes
extremely smail. In contrast, the conductive rubber becomes deformed in
conformance with the shape of the electrode terminal by elasticity of rubber.
Hence, the conductive rubber contacts a large number of metal wires provided
upright, thereby eventually increasing a contact area. Further, there is

20 obviated a necessity for forming, in the metal block, insertion hoies to be used
for inserting contact probes. Hence, the conductive rubber can more easily
cope with a reduction in pitch between the electrode terminais of the IC.

The eighth embodiment employs a structure in which the metal block
2 is formed into a three-layer structure and the metal cover 24 is exposed on

25 both sides of the metal block 2. Hence, the conductive rubber sheet 8 is




The earth termnal is connected not with a contact probe but with such
conductive rubber, whereby the earth termnal is brought into contact and
10 connection over a wi de area. Hence, a current path can be broadened,
which is preferable for signal transm ssion. Nanely, when an el ectrode
termnal is connected with hard netal such as a plunger, the. plunger has
irregularities fromthe m croscopic viewoint even when connection is
established while the plunger is nade thick. Therefore, the plunger
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10 probes 1 are retained through use of a GND substrate 9 while electrical
connection is established with the metal block 2. As a result, the earth
terminal can be connected to the metal block 2 by the conductive rubber. sheet

8.
Specifically, the GND substrate 9 is formed from, e.g., a glass epoxy
15 substrate. Through holes 92 are formed in the GND substrate 9, wherein the
through hole 92 permits penetration of the plunger 11 of the contact probe 1
and has a diameter smaller than the outer diameter of the metal pipe 13.
Further, the GND substrate 9 is formed so that an upper end section of the
metal pipe 13 of the contact probe 1 can be secured by the neighborhood of
20 the through hole 92 of the GND substrate 9. Through holes, each having a
diameter of about 0.3 mm, are formed in areas of the GND substrate 9 remote
from the through holes 92 at an interval of about 1 mm in a matrix pattern, and

vias 91 are formed in the through holes by, e.g., plating. The upper and lower

surfaces of the GND substrate 9 can be electrically connected together by the

25 vias 91.




ni nth enbodi nent of the invention. The nmenbers simlar to those in the
first enbodinent will be designated by the sane reference nunerals, and
the repetitive explanations will be omtted. In this enbodi nent, the
contact 10 probes 1 are retained through use of a G\D substrate 9 while
electrical connection is established wwth the netal block 2. As a result,
the earth termnal can be connected to the netal block 2 by the conductive
rubber sheet 8. Specifically, the G\D substrate 9 is formed from e.g., a

S “wher6irT the ¢ K ONRONE 6B 392%!41& Sohlrd § ?%h”@ﬁnwﬁa &%%59@'“ o
L L O ek
e o anbolfet v B il o e e s ﬁf; o
GNI D éubstrﬁ@lﬁggn{ﬂb@eﬁ ‘?ﬁt 'St R'}%’u({ﬁ? }P&m"r@e %ﬁgt ﬁerﬂt?elgvé EO¥about
1 i O R
:’;‘I(;lDt ﬁgbﬁtrg eﬁ‘@qcan ransmt ﬁhegél IE?‘}E % po'pe]q ﬁ? a%n? 4& ock

i nsulati ve. denepp@ecd (SR ke, 166 NP ABslPR 2. TR ?égi%ﬁa%e

r ubber .shee% °§k'?bfﬁﬂ'“g%§ﬁ§[§°}§w Pﬁ%t rate 9, thereby 5 electrically

connecti ng ear and the earth |ine of the
Although the present invention has been shown and described with

10 reference to specific ‘preferred embodiments, various changes and
modifications will be apparent to those skilled in the art from the teachings
herein. Such changes and modifications as are obvious are deemed to come

within the spirit, scope and contemplation of the invention as defined in the

appended claims.




wiring board 5 to the nmetal block 2. In Fig. 8, reference nuneral 48

desi gnates an insulative tube. The G\D substrate 9 is fastened to the netal
block 2 by unillustrated screws or the like. Al though the present invention
has been shown and described with 10 reference to specific - preferred
enbodi nents, various changes and nodifications will be apparent to those
skilled in the art fromthe teachings herein. Such changes and

nodi fications as are obvious are deened to conme. wthin the spirit, scope
and conterrp!g@tlkiggil mggq rllg,ention as defined in the appended clains. 15
29 WHAT IS . —An | C socket, for receiving an IC provided with
arrayed termnals, the 2 |IC socket conprising: 3 a conductive bl ock,
formed with a first face opposing to the received 4 IC and a plurality of
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PRk Empheiy
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5 received IC;

6 a plurality of contact probes, each of which is disposed in each of the

7 holes, and comprises:

8 a conductive pipe; and

S a conductive plunger, retractably provided at a first end of the pipe,
10 the plunger. being to be brought into contact with an associated one of the
11 terminals; and
12 a retainer, comprising an insulative member through which the pipe is
13 coaxially held within an associated one of the holes while forming a gap
14 between an outer periphery of the pipe and an interior wall of the associated
15 ocne of the holes,
16 wherein at least one of the contact probes to be brought into contact
17 with an RF signal terminal among the terminals of the received IC is retained

18 by the retainer.

1 2. The IC socket as set forth in claim 1, wherein at least one of the

2 contact probes is brought into contact with an earth terminal among the

3 terminals of the received IC.




14 between an outer periphery of the pipe and an interior wall of the
associ ated 15 one of the holes, 16 wherein at |east one of the contact
probes to be brought into contact 17 with an RF signal term nal anong the
termnals of the received ICis retained 18 by the retainer. 1 2. The IC
socket as set forth in claiml1, wherein at | east one of the 2 contact
probes is brought into contact with an earth termnal anong the 3
termnals of the received IC. 30 1 3. The I C socket as set forth in claim
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is to be 5 brought into contact wwth the RF signal termnal; and 6 a ratio
of an inner dianmeter of a first hole in which the first contact 7 probe is
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3 contact with either a non-RF signal terminal or a power supply terminal among
the terminals of the received IC, and a second contact probe which is to be

brought into contact with the RF signal terminal; and

probe is disposed to an outer diameter of the first contact probe is smaller than

4
5
6 a ratio of an inner diameter of a first hole in which the first contact
7
8 a ration of an inner diameter. of a second hole in which the second contact.
9

probe is disposed to an outer diameter of the second contact probe.




