| NSPECTI ON COAXI AL PROBE AND | NSPECTI ON UNI T | NCORPCORATI NG THE SAME
BACKGROUND OF THE I NVENTION 5 The present invention relates to an

i nspection coaxial probe which establishes reliable connection between a
device to be inspected and inspection equipment for inspecting an

el ectrical characteristic of a nodule of high-frequency/hi gh-speed
circuitry (an analog high frequency is called a high 10 frequency; a
digital frequency dealing with a very short-pulse width and a very short
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wave or pulses is 1 GHz 15 or nore. For instance, the RF circuitry

i ncl udes an anplification circuit or a m xer circuit, which are to be

I ncorporated into, e.g. a DAk E RI o a filter circuit,
or an IC. Suchlnspectlon' ' ] peti e or ICis

i ncorperated into a circuit board 20 I\/bre speC|f|caIIy, t he present

I nvention relates to a coaxial probe for use in inspecting an RF device
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high-frequency/high-speed circuitry (an analog high frequency is called a high

10 frequency; a digital frequency dealing with a very short-pulse width and a very
short pulse interval is called high speed; and both frequencies are hereinafter
collectively referred to as a radio frequency “RF”). .. Here, an RF encompasses
an analog high frequency and a high-speed digital short pulse having a short
pulse interval, wherein an iteration rate of a sinusoidal wave or pulses is 1 GHz

15 or more.

For instance, the RF circuitry includes an amplification circuit or a
mixer circuit, which are to be incorporated into, e.g., a portable celiular phone,
or a filter circuit, or an IC. Such inspection is performed before the module or
IC is incorporated into a circuit board.

20 More specifically, the present invention relates to a coaxial probe for
use in inspecting an RF device which eliminates a necessity for soldering a
device to be inspected; which can effect full electrical contact even at an RF
range; and which can also establish connection with the device to be inspected
through use of a coaxial structure, which is free from the influence of noise,

25 even when electrode terminals of the device are arranged at a very narrow




The present invention is also related to an inspection unit incorporating
such a coaxi al probe. Wien an electrical characteristic of an RF device,
such as a 5 sem conductor wafer, an IC, or a nodule, is inspected,

i npedance will vary if, particularly, a contact condition of a term nal
section is inconplete, which causes variations in a measured val ue. For
this reason, inspection is performed through use of a jig such as that
shown in Fig. 8. Specifically, in order to prevent interference of

external no which is a device 10 to be inspected, is
assenbl ed | ghg@%BEE 4§§th I ncorporating an anplification circuit and a
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- the prgpe tg lh@Hnlpet@dS is assembled into a module 50 by incorporating an
amplification circuit and a mixer circuit into a metal housing. RF signal input
- and output terminals 51, 54, a power supply terminal 52, and a ground (earth).
terminal 53 are provided on the back face of the housing. The RF circuit is
. inspected by electrically connecting the RF circuit to respective terminals of a
15 wiring board 66 on which wiring for inspection purpose is laid. -
An example shown in Fig. 8 adopts the following configuration.
Specifically, the configuration uses contact probes, wherein each contact
probe is constituted by inserting a spring and one end of a plunger in a metal
pipe such that the plunger is projected outwardly by the spring and such that
20 the plunger is withdrawn when depressed. Electrode terminals are connected
together by placing Rf signal contact probes 63, power supply contact probes
64, and earth contact probes 65 within a metal block 61 for preventing
influence of external noise. In order to diminish an inductance component,

the RF signal contact probe 63 is formed into a short probe having a length of,

25 e.g., about 2 mm. Even in the case of such a short probe, difficulty is
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at an RF range. For instance, the probe of 1 nH yields inpedance of 63 0 at
10 GHz. Therefore, there is enployed a coaxial structure in which a
dielectric 5 tube is interposed between the RF signal contact probe 63 and
the netal block 61 and the contact probe 63 serves as a core conductor and
the metal block 61 serves as an outer conductor, to thus prevent an

I ncrease in inpedance or intrusion of noise (see, e.g., Japanese Patent
Publ i cati on No. 2001-99889A). 1In Fig. 8, reference nuneral 67 designates a

575 S SR S SRR AT AR T
15 urspeeted o rhaadn R 0edh b ABSee b GeioRORHuBRG, SERRRIREC, ,

as shown in i@ﬁz 9A and 913, an I1C socket 70 is formed of a 15 block 71
made of plastiC Or ceram c, and contact probes 72 are anal ogous to those
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10 a support for retaining the metal pipe provided around an outer periphery of the
contact probe.

Even when an IC is inspected, lead terminals of an IC and a wiring
board are connected together by way of an IC socket formed from a leaf spring.
Alternatively, as shown in Figs. SA and 9B, an IC socket 70 is formed of a

15 block 71 made of plastic or ceramic, and contact probes 72 are analogous to
those mentioned previously and arranged in a matrix pattern in association
with electrode terminals 73a of an IC 73. The IC 70 is connected to the wiring
laid on a multilayer wiring board 75 by way of the IC socket 70.

As mentioned previously, probes to be connected with respective

20 electrode terminals are covered with a metal block. Further, RF signal
contact probes are constituted in the form of a coaxial line, thereby preventing
occurrence of reflection or attenuation of an RF signal, which would otherwise
be caused by a contact probe or intrusion of external noise or delivery of noise

to other electrode terminals. Thus, a jig for inspecting an RF device is

25 constituted. Fig. 8 shows two RF signal contact probes 63 (for input and
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however, all the probes are actually fornmed in a |large nunber. Further, in
association with a recent increase in the degree of integration of an |IC
there is a case where electrode termnals having an area of about 6001lcn®
are 5 provided in a matrix pattern. An I C having el ectrode termnals
arranged at a narrow pitch of about 0.4 nmm has cone into existence. In
order to achi eve predeterm ned i npedance by the coaxial structure such as
that mentioned previously, an outer dianeter '1ld" of the contact probe

te
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has a struckye a4 ehtiBnsd préddo@ly &n outer diameter “a” of the contact probe
serving as a core conductor and an inner diameter “D” of a hole of the metal
10 block serving as an outer conductor must satisfy the relationship expressed by
Equation (1) provided below, while a relative dielectric constant of a dielectric
. substance interposed between the core conductor and the:outer conductor

serves as gr.
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Therefore, even when an attempt is made to realize a coaxial

structure having an impedance 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 the hole formed

20 in the metal block must be about 3.3 times as large as the outer diameter “d” of
the contact probe. Thus, the contact probes may fail to be compatible with a

device to be inspected which has a narrow pitch of about 0.4 mm or less,

unless the outer diameter “d” of the contact probe is reduced to 0.1 mm or

less.

25 However, the contact probe has a structure in which a spring and a




4 plunger are inserted into a netal pipe. If the outer dianeter of the
contact probe is reduced excessively, the contact probe becones very
costly. Further, there is an anxiety that durability and reliability of
the contact probe are |lowered. 5 SUMWARY OF THE INVENTION It is therefore
an object of the present invention to provide a coaxial probe for

I nspecting an RF device which can performhighly reliably inspection 10

wi t hout being affected by noise, through use of inexpensive contact probes
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structure comp . It is also an object of the present |nvent|on to provide
an inspection “unit using such coaxial probes. 20 In order to achieve the

above @bj ects, according to the invention, there is provided an inspection
coaxi al probe, conprising: a conductive block, formed with a first face, a

second face and a through hgw,ﬁgw F PEy N face and the second
face; a contact probe, conprm‘n‘g-ﬁQTCM| pe; and 5

it is therefore an object of the present invention to provide a coaxial
probe for inspecting an RF device which can perform highly reliably inspection
10 without being- affected by noise, through use of inexpensive contact probes of
coaxial structures even when a recent RF device having electrode terminals
arranged at a very small pitch is.inspected. \
It is also an object of the present invention to provide a specific
retainer which can tightly retain contact probes in the. centers of respective
15 insertion holes, thereby reducing a ratio of the inner diameter to the outer:
diameter of the coaxial structure and making an attempt to render the coaxial .
structure compact.
It is also an object of the present invention to provide an inspection
unit using such coaxial probes.
20 In order to achieve the above objects, according to the invention,
there is provided an inspection coaxial probe, comprising:
a conductive block, formed with a first face, a second face and a
through hole connecting the first face and the second face;

a contact probe, comprising:

25 a conductive pipe; and




a conductive plunger, retractably provided in at a first end of the pipe,
the plunger being to be brought into contact with a device to be

i nspected; and a first retainer, conprising a first insulative nmenber

t hrough which the 5 first end of the pipe is retained in the vicinity of
the first face of the block, such that the pipe is coaxially held within
the through hole while form ng a gap between an outer periphery of the
pi pe and an interior wall of the through hole. Wth such a configuration,
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10 probe. Consequently, the relative dielectric constant g of the dielectric
substance in Equation {1) can be deemed to be substantially 1. Even when
the coaxial structure is imparted with an impedance of 50 Q, the only
requirement is to render the inner diameter of the through hole 2.3 times as
. large as the outer diameter of the contact probe.. Even in the case of a device
15 “to be .inspected having a pitch of 0.4 mm between electrode terminals, a
coaxial structure of 50 ) can be constituted of a contact probe having an outer -
diameter of 0.15 mm and a through hole having an inner diameter of 0.35 mm.
Preferably, the first insulative member is a substrate provided on the
first face of the block, and formed with a recess and a through hole
20 communicated with the recess. The first end of the pipe is fitted into the
recess such that the plunger coaxially extends through the through hole of the
substrate.

With such a configuration, the contact probe can be retained while the

end of the pipe is retained firmly through use of the insulative substrate

25 possessing mechanical strength; e.g., polyetherimide (PEI) having a thickness




of about 1 mm As a result, novenent of the contact probe or occurrence of
war page in the insulative substrate can be prevented. Further, even when
the gap is defined between the contact probe and the interior wall of the
through hole, an accurate coaxial characteristic can be maintained. In
this case, no 5 coaxial configuration is established within the thickness
portions of the insulative substrates. However, as will be described

| at er, absence of a coaxial structure poses little influence at a
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probe further conprises conductive plate, for ss and
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first qpecess and tihefdrabfl £MstObnd portion of the through hole of the block is
narrowed. The first insulative member is a spacer formed with a recess and a
through hole communicated with the recess. The first insulative member is
inserted into the first end portion of the through hole and the first end of the
pipe is fitted into the recess, such that the plunger coaxially extends through
15 - the through hole of the spacer and the through hole of the substrate:

With such a configuration, since the contact probe is fixed by the
block by way of the insulative spacer, high mechanical strength can be
secured. Further, even when the number of coaxial probes is extremely large,
the probes can be fixed without involvement of the warpage problem.

20 Preferably, the inspection coaxial probe further comprises a
conductive plate, formed with a first recess and a first through hole
communicated with the first recess, the plate being provided on the first face of

the block. The first insulative member is a spacer formed with a second

recess and a second through hole communicated with the second recess.

25 The first insulative member is inserted into the first recess and the first end of




the pipe is fitted into the second recess, such that the plunger coaxially

extends through the first through hole, the second through hole and the

t hrough hole of the block. Wth such a configuration, the contact probe can
be fixed by attaching 5 only the plate on the surface of the bl ock by way

of the insulative spacer. There is no necessity for inserting the contact

probes into the narrowed portion forned in the block by way of the

i nsul ative spacers. Hence, the coaxial probe can be assenbled very easily
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Preferably, the inspection coaxial probe further comprises a second
S retainer, comprising a second insulative member through which a second end
of the pipe is retained in the vicinity of the second face of the block. The
contact probe is electrically connected to a wiring board on which an inspection

~ 15 circuit is provided via the second end of the pipe.

Here, it is preferable that a first recess is formed on the second face
of the block. The second insulative member is a spacer formed with a second
recess and a through hole communicated with the second recess. The
spacer is fitted into the first recess and the second end of the pipe is fitted into

20 the second recess, such that the second end of the pipe is electrically
connected to the wiring board via the through hole of the spacer, while the
spacer is held by the wiring board within the first recess.

According to the invention, there is also provided an apparatus for

inspecting an electrical characteristic of a device, the apparatus comprising:

25 the above inspection coaxial probe; and




a wring board, on which an inspection circuit is provided, and to which a
second end of the pipe is electrically connected. BRI EF DESCRI PTI ON OF THE
DRAW NGS 5 The above objects and advantages of the present invention wll
beconme nore apparent by describing in detail preferred exenplary

enbodi nents thereof with reference to the acconpanying draw ngs, wherein
Fig. 1A is a section view of an inspection coaxial cable according to a 10
first enmbodi nent of the invention; Fig. 1 Bis a section view of a contact

probe ! nco PO 2o ) B BECUHER, SRR R bl and 1, ©
shown 10 i 28I A LKL s BEHEIS Shnerten, 2,75 22k ®

enbodi mrent of the invention; Fig. 3Bis a section view of an insulative
spacer incorporated in the inspection coaxial cable shown in Fig. 3A; Fig.

4 is a graph showng a r FnDiigiﬁRI?’ R Pr'lj'l-féilfR f I coaxial 20 probe
shown in Fig. 3A achi GVM—WPU‘UM‘EH‘ETESA%, —oA is a section
view of an inspection coaxial cable according to a third embodiment of the
inventiron, Fig. 5B is a section view of an inspection coaxial cable
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the inventipfsome more apparent by describing in detail preferred exemplary
embodiments thereof with reference to the accompanying drawings, wherein:
Fig. 1A is a section view of an inspection coaxial cable according to a
10 first embodiment of the invention:
Fig. 1B is a section view of a contact probe incorporated in the
inspection coaxial cable shown in Fig. 1A; .
Fig. 2 is a graph showing a return loss characteristic of the coaxial
probe shown in Fig. 1 achieved at various frequencies; .
15 Fig. 3A is a section view of an inspection coaxial cable according to a
second embodiment of the invention;
Fig. 3B is a section view of an insulative spacer incorporated in the
inspection coaxial cable shown in Fig. 3A;
Fig. 4 is a graph showing a return loss characteristic of the coaxial
20 probe shown in Fig. 3A achieved at various frequencies;
Fig. 5A is a section view of an inspection coaxial cable according to a
third embodiment of the invention;

Fig. 5B is a section view of an inspection coaxial cable according to a

fourth embodiment of the invention;

25 Fig. 5C is a section view of an inspection coaxial cable according to a




Fig. 6Ais a plan view of an inspection unit incorporating the inspection
coaxial cable of the invention; Fig. 6B is a section view taken along a
line VIB-VIB of Fig. 6A; 5 Fig. 7Ais a plan view of the inspection unit,
showing a state that an inspected ICis nmounted thereon; Fig. 7B is a
section view taken along a line VIIB-VIIB of Fig. 7A;, Fig. 8 is a section
view of a first related-art inspection unit; Fig. 9Ais a schenmatic side
view of a second related-art inspection 10 unit; and Fig. 9B is a plan view
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Fig. 9A is a schematic side view of a second related-art inspection

10 unit; and

Fig. SB is a plan view of the inspection unit shown in Fig. SA.

DETAILED DESCRIPTION OF THE INVENTION

15 Preferred embodiments of the invention will be described below in
detail with reference to the accompanying drawings.

As shown in Figs. 1A and 1B, an inspection coaxial probe according
to a first embodiment of the invention comprises contact probes 1 inserted in
respective insertion holes 21 of a metal block 2. The contact probe 1 is

20 provided with a spring 14 and plungers 11, 12, all being inserted in a metal
pipe 13. It is configured that the length of at least one of the plungers 11 and
12 projected from the metal pipe 13 can be adjusted. The inspection coaxial
probe is provided with a retainer 3 for retaining each of the contact probes 1 in

the metal block 2 by way of an insulator (an insulative substrate 31 in the

25 embodiment shown in Figs. 1A and 1B) which retains an end section of the




| npedance, while each of the contact probes 1 serves as a core conductor
and 5 the netal block 2 serves as an outer conductor. Although the draw ng
is illustrated as if a large gap is present between the insulative
substrate 31 and the end section of the netal pipe 13, the insulative
substrate 31 and the netal pipe 13 are alnost fitted together actually. As
showmn in Fig. 1 B, the contact probe | has a structure in which the 10
spring 14 and one end of each of the plungers (novable pins) 11, 12 are
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term Apl s Ofpring 14 and one end of each of the plungers (movable pins) 11, 12 are
housed within the metal pipe 13. Recessed sections 13a formed in the metal
pipe 13 prevent the plungers 11, 12 from being dislodged from the metal pipe
13. The plungers 11, 12 are forced outwardly by the spring 14. The spring
14 contracts and is compressed into the metal pipe 13 when the extremities of
15 - the plungers 11, 12 are pressed, and the extremity of the plunger 11 projects
to, e.g., about 1 mm, when no force is exerted on the contact probe 1.

In this embodiment, the plungers 11, 12 are provided at respective
ends of the metal pipe 13. However, any structure is allowable, so long as at
least one side of the contact probe 1 which is to contact a device to be

20 inspected is provided with a plunger. The metal pipe 13 assumes a length of
about several millimeters and is formed from, e.g., white metal (e.g., an alloy
consisting of copper, nickel, and zinc). A wire having a diameter of about 0.1

mm formed from, e.g., an SK material (carbon tool steel material) or a

beryllium copper alloy is used for the plungers 11, 12, and the spring 14 is

25 formed from piano wire.




an I C or nodule which is a device to be inspected. For instance, the
contact 5 probe 1 can be constituted in a coaxial structure through use of
a nmetal body, such as alum num wherein an interior wall of the insertion
hole 21 into which the contact probe 1 is inserted serves as an outer
conductor and the contact probe 1 serves as a core conductor. The inner

di aneter of the insertion hole 21 is determned so as to 10 yield

predet ermi ned i npedance on the basis of Equation (1) in consideration of
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al nbst concentrica e insertion hole 21 of the netal block 2. In

this enbodinent, Rg ihkdakiffeter bf theinGtion Hoid B9 UsAbsimfi 56 L 31

provi ded on
10 - yield predetermined impedance on the basis of Equation (1) in consideration of

the outer diameter of the contact probe 1 and a dielectric constant of a
dielectric substance interposed between the insertion hole 21 and the contact
probe 1. When the probe is used as a signal probe for use with a DC or
low-frequency signal or the probe is used as a power supply probe, the coaxial

15 structure does not need to be adjusted to specific impedance, such as 50 Q.
The drawing shows that the metal block 2 is provided with only one contact
probe 1. However, in an actual inspection unit, the metal block 2 is provided
with a plurality of contact probes as shown in Figs. 6A and 6B, which will be
described later.

20 The thickness and size of the metal block 2 varies according to a
purpose; for example, an IC socket used for merely coupling an IC to an
inspection board having wiring laid thereon, or an inspection jig to be
connected to a board connected to a coaxial cable or the like. However, the
metal block 2 usually assumes a thickness of about 3 to 8 mm and a size of

25 about 30 to 50 mm per side.
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both main surfaces of the nmetal block 2. Specifically, each of the

I nsul ative 5 substrates 31 has a recessed section 3la conform ng in shape
to the end section of the nmetal pipe 13, and a through hole 31 b for
permtting penetration of the plunger concentrically with the recessed
sections 3la. Each of the insulative substrates 31 has a structure in
whi ch the insulative substrate 31 is fixed to the netal block 2 by
unillustrated screws such that the recessed 10 section 31 a becones
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Accordingly, the contact probe 1 is aligned with the center axis of the

insertion hole 21. Since the through holes 31b through which the plungers. 11,

12 penetrate are formed in the respective insulative substrates 31, the

plungers 11, 12 project from the surfaces of the insulative substrates 31.

15 When being pressed by the device to be inspected, the plungers 11, 12 are

depressed to the surfaces of the insulative substrates 31, whereupon reliable

contact can be established between electrode terminals of the inspected
device and wiring patterns of a wiring board.

If an insulative substrate formed from resin; e.g., polyetherimide (PEL),

20 is used as the insulative substrate 31, the recessed sections 31a and the

through holes 31b can be more readily formed through resin molding and in

accurate dimensions, even when the plurality of contact probes 1 are arranged

at narrow pitches. For this reason, the insulative substrate formed from resin

is preferable as material of the insulative substrate 31. Further, if the

25 insulative substrates 31 are formed from the above resin, the substrates




are provided in the insulative substrates 31. However, another material may
5 al so be enployed, so long as the material is thin and exhibits an

el ectrical insulative characteristic and sufficient mechanical strength.
Since the insulative substrates 31 serving as the retainer 3 are
constituted in the manner nentioned previously, so long as the outer

di aneter of each of the netal pipes 13 and the inner dianmeter of each of
the insertion 10 hol es 21 have been set beforehand in accordance with
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31 on the | ”’W‘ﬁf%%@“@“ﬁ%ﬁ@%ﬁ '8‘?‘”“8%?%@553%0@?’%%@' L
cnbodi ment . CERES SEEEE (19 ot 0 WA Ringrs 2l & pbek 2"@@%&?

the | nsul at AUt PLoER 1P e LBURRb < sRwplit 35, ABR8TE:, andiheLFRREE M none
engt n 3 her a5 Bpcrigbicyad; 36786 &b %?@éﬁ@o'?xtf“ﬁf boils FoRRrd e
i ametor of oLl EpBcibr8E aRY Akithen eé‘f@*'ﬁ*n@t%ﬁam e nner di aneter of
the insertion hol g n%é lr%a%éulétﬂze <soBstfes! 911 B4Si fgr 0 e r%%@ﬁf}c fobes

In a coaxi al struc ure a charac erIStIC I ance o re urn

| oss gener aESHstﬁﬁte%{alnttﬁg ﬁ&@%r%aﬁﬁ?ﬂ.ﬁd ?rte Vidis %Bclbﬁg AR RE %%éi?f ough

si mul ati on '0Ss Sunes a va ue o

02,9, 155 B eeh Mo pss e i SFERE of U i,
the ingerti @Bles 21 have been set beforehand in accordance with Equation (1), the
inspection coaxial probes can be readily formed, by fitting the extremities of the
metal pipes 13 into the recessed sections 31a of the insulative substrates 31 -
and securing the insulative substrates 31 on the metal block 2 through use of
screws, even when a plurality. of contact probes 1 are arranged in the form of
15 . an array.
In this embodiment, the insulative substrates 31 are formed to a
thickness of about 1 mm. Since the portions of the contact probes 1
corresponding to the insulative substrates 31 are not formed in a coaxial
structure, none of the contact probes is formed in a coaxial structure over the
20 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

structure having a characteristic impedance of 50Q, return loss generated by

25 the coaxial probe at frequencies was examined through simulation. As shown




holes 21 is set to 0.35mm sufficient nechanical strength can be achieved

5 even if the coaxial cables are arranged adjacent to each other at a pitch
of 0.4 mm Fig. 3A shows an inspection coaxial probe according to a second
enbodi nent of the invention. The nenbers simlar to those in the first
enbodi mrent w Il be designated by the sane reference nunerals, and the 10
repetitive explanations will be omtted. In this enbodi nent, the structure
of an upper portion of the contact probe | (i.e.,. the structure of a
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32a which e |l es insertion of the end section of the netal pipe 13 is
formed in the center of one side of the insulative spacer 32. Further, a
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10 repetitive explanations will be omitted.

In this embodiment, the structure of an upper portion of the contact
probe 1 (i.e.,. the structure of a portion of the -contact probe 1 where the
plunger 11 is provided) is provided with a narrowed section 23 communicated
with a through hole 22 through which the plunger 11 penetrates. A retainer

16 33 is constituted of the metal block 2 having the narrowed section 23 formed

therein, and an insulative spacer 32 interposed between the narrowed section

23 and the end of the metal pipe 13. The through hole 22 is formed in
sufficient size so as not to contact the plunger 11.

The insulative spacers 32 are formed from, e.g., polyetherimide. As

20 shown in Fig. 3B, the outer dimension of the insulative spacer 32 is brought in

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

25 plunger 11 is formed in the center of the recessed section 32a, and the




insulation film8 is provided for preventing occurrence of, e.g., a short
circuit, 5 which would otherw se be caused when el ectrode termnals of the
device to be inspected, such as an IC, conme into contact with the netal
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
provided on a |lower portion of the contact probe 1 10 shown in Fig. 3A
(i.e., a portion of the contact probe 1 where the plunger 12 is provided).
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the captact sReWRGn Fid. /2 (ild)€a portion of the contact probe 1 where the plunger 12 is
provided). Specifically, the structure is achieved by setting the thickness of

the metal block 2 to an extent to which the end section of the metal pipe 13,

becomes exposed, and additionally forming a recessed section 24a and a
through hole 24b in a metal cover 24 (both being identical in shape with the
15 narrowed section 23 and the through hole 22). The metal cover 24 is fixed to
the metal block 2 with unillustrated screws by way of the dielectric spacer 32
having the same shape as that of the upper retainer. The retainer 34 is
constituted of the spacer 32 having the predetermined recessed section 32a
and the through hole 32b formed therein, and the metal cover 24 having the
20 predetermined recessed section 24a and the through hole 24b formed therein.
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

25 formed by stacking a plurality of films provided with wiring to be connected to




insertion hole 21, at |east one end of each of the insertion holes forned
in the 5 netal block 2 nust be opened. Therefore, the previously-described
narrowed section 23 cannot be formed on both ends of each insertion hole
21, Therefore, as shown in Fig. 3A, the other end of each of the insertion
hol es nust be given a structure in which the netal block 2 is divided into
two sub-sections and one of the sub-sections is used as the metal cover 24
for 10 covering the remaining part of the sub-section. In such a
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10 covering the remaining part of the sub-section.
In such a configuration, the recessed sections 24a can be formed
easily and inexpensively. Therefore, the metal block 2 may .be constituted in
a three-layer structure, and there can be formed the retainer 34 which fix both
upper and lower end sections of the insertion hole 21 through use of a pair of
156 sets each consisting of the metal cover 24 and the insulative spacer 32.
Further, since the retainers 33, 34 are constituted of the insulative
spacer 32 and metal, such as the metal block 2 or the metal cover 24, the
contact probes can be secured with a smaller thickness and greater strength
than those achieved by only the insulative substrates 31 in the first
20 embodiment.
For instance, under the assumption that the load exerted on one
contact probe is 10 gf and 1000 contact probes are provided, a spring pressure
of 10 kgf in total is exerted on the retainer. However, even in such a case, the

retainer can sufficiently retain the contact probes. Moreover, metal exists in

25 the neighborhood of the holes through which the plungers 11, 12 penetrate,
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frequenci es through sinmulation anal ogous to those shown in Fig. 2, a 5
frequency range at which a return |l oss of -20 dB or | ess extends up to 28
GHz. Fig, 5A shows an inspection coaxial probe according to a third
enbodi nent of the invention. The nenbers simlar to those in the first
enbodi mrent w Il be designated by the sanme reference nunerals, and the
repetitive explanations will be omtted. 10 In this enbodi nent, the netal
cover 24 is provided on either side of the nmetal block 2, so that the
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10 In this embodiment, the metal cover 24 is provided on either side of
the metal block 2, so that the metal block 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
recessed section 24a formed in the metal cover 24 is set so as to become
15 greater than the inner diameter of the insertion hole 21 formed in the metal
block 2. The outer diameter of the insulative spacer 32 is formed so as ta
become substantially identical with the inner diameter of the insertion hole 21.
In other words, the diameter of the retainer 34 is slightly larger than that in the
second embodiment. For instance, the diameter of the contact probe 1
20 assumes a value of 0.15 mm and the inner diameter of the insertion hole 21
assumes a value of 0.35 mm, and the inner diameter of the recessed section
24a is formed so as to become larger than the inner diameter of the insertion

hole 21 by about 0.15 mm.

In such a configuration, there can be maintained the diameter of the

25 coaxial outer conductor which becomes optimum as a result of insertion of a




enbodi nent of the invention. The nenbers simlar to those in the first 5
enbodi nent will be designated by the sane reference nunerals, and the
repetitive explanations will be omitted. In this enbodi nent, the retainer
33 provided in the upper portion of the nmetal block 2 is identical with
that in the second enbodi ment. Specifically, the retainer 33 is
constituted of the nmetal block 2 having the narrowed section 10 23, and
the insul ative spacer 32. On the other hand, a recessed section 25, which
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10 23, and the insulative spacer 32.
On the other hand, a recessed section 25, which is larger in inner
diameter than the insertion hole 21, is formed in the surface of the metal block
2 located at the lower end section of the insertion hole 21. A dielectric spacer
35 is inserted into one end section of the contact probe 1 and the recessed
t5 - section 25 of the metal block 2. The dielectric spacer 35 has a recessed
section 35a whose diameter conforms to the outer diameter of the extremity of
the metal pipe 13, and a through hole 35b through which the plunger 12
penetrates concentrically with the recessed section 35a.
Since the dielectric spacer 35 is not fixed in this state, the contact
20 probe 1 is not fixed either. However, the metal block 2 is usually fixed with
screws while a lower portion of the metal block 2 remains in contact with the
wiring board 5 formed from muiltiple layers. As a result of the metal block 2

being fastened to the wiring board 5, the dielectric spacer 35 is fixed firmly,

and the contact probe 1 is also fixed concentrically with the insertion hole 21.

25 In this embodiment, a retainer 36 is constituted of the metal block 2 having the




Wth such a configuration, the contact probe 1 can be fixed concentrically
with the insertion hole 21 by only the netal block 2, the 5 insulative
spacer 32, and the dielectric spacer 35. Fixing of the contact probe 1 can
be achieved with use of a smaller nunber of conponents, while reducing a
non-coaxi al portion. In this case, inpedance m smatch can be corrected by
adj usting the depth and i nner dianeter of the recessed section 25.
Consequently, there is yielded a nerit of the ability to inexpensively 10
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10 manufacture a high-performance coaxial probe.

Fig. 5C shows an inspection coaxial probe according to a fifth
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.

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

20 are formed, and a retainer 39 is constituted of the metal cover 24 in which
similar steps 26, 27 are formed.

With such a configuration, the insulative spacer 37 can be formed in a

simple ring shape. Different materials can be used for the two rings.

Specifically, the only requirement for the first spacer 37a is to ensure

25 concentricity between the contact probe 1 and the insertion hole 21, and the




dielectric constant and a thickness of about 0.3 mm As in the third

enbodi nent, the influence of inpedance m smatch can be inhibited without 5
i nvol venent of an increase in the dianeter of the insulative spacer, The
second spacer 37b is for ensuring the |ongitudinal 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 netal pipe 13, and another surface of
the sane contacting the nmetal block 2 or the netal cover 24. Since the 10
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sufficiently retained through use of polyetherimide (PEI) 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.

B 15 However, the core conductors are-the narrow plungers 11, 12 and have high
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

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

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

that of the insertion hole 21. However, the first spacer 37a may be given a
diameter slightly larger than that of the insertion hole 21 and is press-fitted into

the insertion hole 21.  Since no longitudinal force is exerted on the first spacer

25 37a, the contact probe can be retained sufficiently. As a matter of course,

21



slightly larger than the inner dianeter of the insertion hole 21, as in the
third enbodinent, thereby enhancing the high-frequency characteristic and
formng 5 a space to be used for retaining the first spacer 37a. As

nmenti oned above, according to the coaxial probe of the present invention,
the contact probe 1 is fixed in the insertion hole 21 fornmed in the netal
block 2 with a gap between the outer wall of the contact probe 1 and the
inner wall of the insertion hole 21 so as to establish the coaxi al
structure 10 constituted of the core conductor and the outer conductor by
way of the IMPedangs imatehing dncactridanee awith| Bavationyi(d) cean i ke cashieved Er
of nearly one, |Inpedance of 50 n can be achi eved, by naking the inner
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di ameter of the core conductor. Consequently, a coaxial structure can be
formed t hr o&l@htlsarger thanitbedonendiamstenel thehmsertipmholeu? br aglimtie hirdf
about--O. 15 nm even when the pitch between electrode termnals is about
0.4 mm ThefBi@diment, darrebyrienhansihe tbegugh-freguepey charactgfistisgnstiormingan be
obt ai ned i nexpensively w thout involving occurrence of a |oss, which would
ot her wise b@ $PA¢8da bsyusasior refaininaihafinst spacempist ed section. 20 Next, an
i nspection unit for inspecting a device through use of the above coaxi al
probe will be deschsteentigned abevs, cancerdisgrpgbe eraxialrpoba afghe preseat
socket for inspecting an IC or a nodule circuit is exenplified. The

i nspecti on UeNtipR, theooortast prake kAs fixgdan tbeninaetioprje2 Uiormed imhtheret al
bl ock 2 such that extremties of the retractable plungers 11, 12 are 25
protruded f msiakbleck gpdth agap katweendbe sutsr walbohthegontagaxobe 1Rnhthef t he
22 RIF contact probes 41 is identical with that showmn in Fig. 1 B. The RF
signal conter walbiet the insertionahaled2di shias tohestablish tthencomdial stiugtaiened in
t he netal
10 constituted of the core conductor and the outer conductor by way of the

dielectric substance having a relative dielectric constant ¢, of nearly one.
Impedance of 50 Q can be achieved, by making the inner diameter of
the outer conductor about 2.3 times as large as the outer diameter of the core
conductor. Consequently, a coaxial structure can be formed through use of a
15 . contact probe 1 having an outer diameter of about-0.15 mm even when the
pitch between electrode terminals is about 0.4 mm. Therefore, a coaxial
probe capable of performing inspection can be obtained inexpensively without
involving occurrence of a loss, which would otherwise be caused by the
inductance of a connected section.
20 Next, an inspection unit for inspecting a device through use of the
above coaxial probe will be described with reference to Figs. 6A through 7B.
An IC socket for inspecting an IC or a module circuit is exemplified.
The inspection unit is provided with RF signal contact probes 41 in
the metal block 2 such that extremities of the retractable plungers 11, 12 are

25 protruded from the upper and lower faces of the metal block 2. Each of the
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bl ock 2 by the insulative substrate 31 (retainer) while formng a gap
between the outer periphery of the contact probe 41 and the interior wall
of the insertion 5 hole 21. Thus, a coaxial structure of the predeterm ned
characteristic inpedance is achieved. A contact probe adjacent to the RF
signal contact probe 41 is an earth probe 42, wherein the netal pipe 13
showmn in Fig. 1 Bis fifted directly within the insertion hole of the
metal block 2. A guide plate 43 for positioning an I1Cis placed on the
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screws 44. The lower insulative substrate 31 in the drawing is also fixed to

- the metal block 2 by screws 45, Reference numeral 46 designates
positioning pins used for fixing the IC socket to the wiring board 5.

As shown in. Fig. 7B, the IC socket is fixed on the wiring board 5

16 through use of the positioning pins 46, whereupon the plungers 12 located on

the lower parts of the contact probes 41 are retracted. As a result, the wiring

board 5 and the insulative substrate 31 are brought into contact with each

other and fastened together by unillustrated screws. Further, when an IC 47

is inserted and pressed against a recessed section 43a (see Fig. 6B) of an

20 upper guide plate 43, the corresponding upper plunger 11 is alsc depressed.

By upward driving force of the spring 14 provided in the contact probe 1 (see

Fig. 1B), one of electrode terminals 47a of the IC 47 is tightly, electrically

connected with the plunger 11 of the contact probe 1. The IC is eventually

connected to the inspection equipment connected to the wiring board 5,

25 thereby enabling inspection of an electrical characteristic of the IC.

23



mat ching i s achi eved between the 1C 47 and the wiring board 5, and hence
the |1C 47 can be inspected accurately without loss. 5 Wien the plurality
of electrode termnals of the IC 47 are connected wth the wiring board 5
by way of the IC socket, the wiring board 5 is constituted into a

mul tilayer structure. Further, wiring is forned such that respective

W ring patterns assune specific inpedance of 50 0 or the |ike. The
invention is also applicable to another inspection unit such as the 10

I nspection jig,sho in -Eig. 8 Even when an IC - is for high-frequency,
hi gﬁ- speed %@g}aihﬁ BEeg'SI"@'cF‘P"c‘i@Et peeba %&I sonpected taean ;ng £leddrades mal |

pitch, the J]C ca I nspected very, stably through use of the coaxial cable
of the pre@mnaqrq?zm P@ﬁ‘?v!ﬁ@mhﬂdr%%mﬁ eexiak Rrpbadlon HaNce, ingekance n t he
case of the %e | C socket, the retractable plungers are rovi ded at

15
both ends ofMaiE¥ng iHAchieYeqPetweenthrcdled’ and the widrg hpaaidS.aAnd hemce the ends

Is always fjxed on the wiring board, the plunger at the one end may be
omtted, anif 4dsanihainspesipdiaceuratelyeuitRouless.as sol dering. That is, the
retractabl e plunger nmay be provided at the other end of the contact probe

whi ch Be to be br oigen thamiirabiv abelegirede teninalspeicihed Cidv iare corpemtachough

the present invention has been shown and described with reference to
speci fic prwittrthed wirig oasdt 8, by vaw X healigesodiel thbwifing abeards Swis | be
apparent to those skilled in the art fromthe teachings herein. Such

changes andceisiitetedainte s mudtilgyer shiurlre. af ertaere wigingoisctormednsuch thathe
spirit, scope and contenplation of the invention as defined in the 25
appended cl EASPECtiveWErPalteros AssEMe snecific impdanssié &0 Qordbakked probe,
conprising: The invention is also applicable to another inspection unit such as the

10 inspection jig shown in Fig. 8. Even when an IC is for high-frequency,
high-speed purposes and the electrode terminals are formed at a very small
pitch, the IC can be inspected very stably through use of the coaxial cable of ..
the present invention without involving attenuation of a signal.

in the case of the above IC socket, the retractable plungers are
18 provided at both ends of each contact probe. However, in a case where one
of the ends is always fixed on the wiring board, the plunger at the one end may
be omitted, and substituted by fixing means such as soldering. That is, the
retractable plunger may be provided at the other end of the contact probe

which is to be brought into contact with the inspected device.

20 Although the present invention has been shown and described with
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

25 appended claims.
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2 a conductive block, fornmed with a first face, a second face and a 3

t hrough hol e connecting the first face and the second face; 4 a contact
probe, conprising: 5 a conductive pipe; and 6 a conductive plunger,
retractably provided in at a first end of the 7 pipe, the plunger being to
be brought into contact with a device to be 8- inspected; and 9 a first
retainer, conprising a first insulative nmenber through which the 10 first
end of the pipe is retained in the vicinity of the first face of. the

bl ock, such t h ipe is coaxially held within the through hole
while form T I@een an outer peri phery of the pipe and an
interior wall of the through hole. 1 2. The inspection coaxial probe as set
forth in claiml, wherein: 2 the first insulative nenber is a substrate
provi ded on the first face of 3 the block, and forned with a recess and a
t hrougf hol & conm/D ingregtiancraxigbprobe; eeEpEisingid 5 the first end of the
pipe is fitted into the recess such that the plunger 6 coaxially extends

t hrougR t he t hr ough afsidbiCkve diacks fersiediveth @ Brst Taee,i asyrseondofaceoand &
probe as set forth in claim1, wherein: 2 a first end portion of the

t hrougB hol treegh helerenedtiagribe fisstdace andnlae speend fagsul ati ve nmenber is a
spacer formed with a recess and a 25 4 through hole comunicated with the
recess? and 5 the 3 rpetact pEAReaCPTRrigf@er is inserted into the first end
portion of the 6 through hole and the first end of the pipe is fitted into
the refess, such thacanuctive pipfi@dd coaxi al |y extends through the through

hol e of the spacer and the 8 through hole of the substrate.
6 a conductive plunger, retractably provided in at a first end of the

7 pipe, the plunger being to be brought into contact with a device to be
8- inspected, and
S a first retainer, comprising a first insulative member through which the

10 first end of the pipe is retained in the vicinity of the first face of. the block, such
11 that the pipe is coaxially held within the through hole while forming a gap

12 between an outer periphery of the pipe and an interior wall of the through hole.

1 2. The inspection coaxial probe as set forth in ¢laim 1, wherein:

the first insulative member is a substrate provided on the first face of
the block, and formed with a recess and a through hole communicated with the
recess; and

the first end of the pipe is fitted into the recess such that the plunger

O O A W N

coaxially extends through the through hole of the substrate.

1 3. The inspection coaxial probe as set forth in claim 1, wherein:
2 a first end portion of the through hole of the block is narrowed;
3 the first insulative member is a spacer formed with a recess and a
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1 4. The inspection coaxial probe as set forth in claim1l, further 2
conprising a conductive plate, fornmed with a first recess and a first
through 3 hole communicated with the first recess, the plate being
provided on the first 4 face of the block, wherein: 5 the first insulative
menber is a spacer forned with a second recess 6 and a second through hol e
communi cated with the second recess; and 7 the first insulative nenber is
inserted into the first recess and the first 8 end of the pipe is fitted
into the second recess, such that.the plunger coaxially 9 extends through
the fidst tHrough hote eommunicatedmithithedegessi@nd and the 10 through hol e of
the block. 1 5. The inspection coaxial probe as set forth in claiml,
furthed 2 conpri sthedirst isctatiste meembeeis inserntediisionthedirstend ¢partieubhthese
menber through 3 which a second end of the pipe is retained in the
vi ci ni By of thrhegk dolendnd doe ficst end af Hiee Iplipee ks, fitlediinty thienreicess csudhattiat theobe i s
electrically connected to a wiring board 6 on which an inspection circuit
i s proVi dedplunget reoaxedlyneixtends dhraugh thepdhraeghlhéle dhéhe repaeet iama theaxi al
cable as set forth in claimb5, wherein: 2 a first recess is fornmed on the
second 8f acethsbughdold otthe subistratesecond i nsul ati ve nenber is a spacer forned
with a second 4 recess and a through hole conmmunicated with the second
recess; 5 the spacer is fitted into the first recess and the second end of
the pipe 6 is fitted into the second recess, such that the second end of
the pife is4. 7 el ethei twpegticronteendald praba has wseti figrttoobr cclaima 1 hduttheough
hol e of the spacer, 8 while the spacer is held by the wiring board within
the fi2st roompasing d.cofduatiye pttesfdanmed with ex first geaerssebadta fficst! through
characteristic of a device,

3 hole communicated with the first recess, the plate being provided on the first

face of the block, wherein:

the first insulative member is a spacer formed with a second recess

4

5

6 and a second through hole communicated with the second recess; and . R
7 the first insulative member is inserted into the first recess and the first

8 end of the pipe is fitted into the second recess, such that the plunger coaxially
9 extends through the first through hole, the second through hole and the

10 through hole of the block.

1 5. The inspection coaxial probe as set forth in claim 1, further
2 comprising a second retainer, comprising a second insulative member through
3 which a second end of the pipe is retained in the vicinity of the second face of
4 the block,

5 wherein the contact probe is electrically connected to a wiring board
6 on which an inspection circuit is provided via the second end of the pipe.
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2 the apparatus conprising: 3 the inspection coaxi al
claim1; and 4 a wiring board, on which an inspection circuit is provided,

and to

o ~N O ;0 A W N

—
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5 which a second end of the pipe is electrically connected. 27

6. The inspection coaxial cable as set forth in claim 5, wherein:

a first recess is formed on the second face of the block;

the second insulative member is a spacer formed with a second
recess and a through hole communicated with the second recess;

the spacer is fitted into the first recess and the second end of the pipe
is fitted into the second recess, such that the second end of the pipe is

electrically connected to the wiring board via the through hole of the spacer,

‘while the spacer is held by the wiring board within the first recess.

7. An apparatus for inspecting an electrical characteristic of a device,
the apparatus comprising:

the inspection coaxial probe as set forth in claim 1; and

a wiring board, on which an inspection circuit is provided, and to

which a second end of the pipe is electrically connected.

27

probe as set forth in



