
US 20060158181A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2006/0158181 A1 

Shoji (43) Pub. Date: Jul. 20, 2006 

(54) EDDY-CURRENT PROBE Publication Classi?cation 

(75) Inventor: Shi eru Sho'i, Tok 0 JP 51 Int. Cl. g J y 
G01N 27/82 (2006.01) 

Correspondence Address: (52) US. Cl. ............................................................ .. 324/240 
BUCHANAN INGERSOLL PC 

(INCLUDING BURNS, DOANE, SWECKER & 57 ABSTRACT 
MATHIS) ( ) 
POST OFFICE BOX 1404 An eddy-current probe according to the present invention 
ALEXANDRIA’ VA 22313-1404 (Us) comprises: a substrate having a ?rst surface facing to a 

_ _ _ subject to be tested and a second surface opposite to said ?rst 
(73) Asslgnee' TDK Corporatlon’ Tokyo (JP) surface; an exciting coil formed on the second surface, 

_ having a pair of current lines in parallel With each other 
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(22) Filed, Dec 23 2005 to each other during testing, for generating an alternate 

' l ’ magnetic ?eld applied to the subject by the exciting currents; 
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axis between the pair of current lines on the second surface 

(62) Division of application No. 11/203,252, ?led onAug. Of the Substrate, fol detecting a magnetic ?eld generated 
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EDDY-CURRENT PROBE 

PRIORITY CLAIM 

[0001] This application is a divisional application of appli 
cation Ser. No. 11/203,252, ?led Aug. 15, 2005, Which is a 
divisional application of application Ser. No. 10/938,541, 
?led Sep. 13, 2004. 

[0002] This application claims priority from Japanese 
patent application No. 2003-326174, ?led on Sep. 18, 2003, 
Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention relates to an eddy-current 
probe that is able to detect obj ect’s shapes, defects and so on 
nondestructively. 
[0005] 2. Description of the Related Art 

[0006] Eddy-current testing (ECT) technique is frequently 
utilized for nondestructive testing of distorted surfaces of 
important metal machine parts used in a nuclear poWer plant, 
an airplane and so on, such as turbine blades, various pipes 
and airplane Wings. Generally, such an ECT probe using the 
eddy-current includes mainly an exciting coil and a detector 
coil for detecting a magnetic ?eld based on an eddy-current 
induced by an alternating magnetic ?eld generated by the 
excited coil. Such a technique is described in for example, 
Japanese Patent Publications Nos. 07-083884A, 
09-189682A, 11-248685A and 2002-090490A. 

[0007] Further, a planar-type ECT probe for inspecting 
printed circuit boards is proposed, including a meander-type 
exciting coil and a pick-up coil for the eddy-current detec 
tion Which are formed on a ?exible planar substrate. Such a 
probe is described in for example, T. Miyagoshi, D. 
KacprZak, S. Yamada and M. IWahara, “Feasibility of 
Inspecting Defects in Printed Circuit Boards by Using 
Eddy-Current Testing Techniques”, Journal of the Magnetics 
Society ofJapan, Vol. 23, No. 4-2, pp. 1613-1616, 1999, and 
S. Yamada and M. IWahara, “Trend of Detection Techniques 
Using Planar-Type Micro-Eddy-Current Testing Probes”, 
Journal of the Magnetics Society of Japan, Vol. 23, No. 7, 
pp. 1817-1825, 1999. 

[0008] Recently, in such an ECT probe, an element for 
detecting the eddy-current, that is, an eddy-current sensor 
has been intended to be miniaturized, and to be improved in 
resolution and sensitivity. In order to improve its detecting 
resolution, as Well as to miniaturiZe it, the ECT probe has 
been required to have less spacing betWeen the sensor and a 
subject. 
[0009] It is di?icult for the planar-type ECT probe using a 
planar substrate to constantly keep the spacing betWeen the 
surfaces of the substrate and of a subject much small. In 
some cases, the surfaces of the substrate and of the subject 
are almost in contact With each other. Further, When the 
subject has distorted surfaces, the ECT probe using a ?exible 
thin substrate is desirable to be utiliZed to folloW the surfaces 
smoothly. HoWever, it is impossible to folloW such a ?exible 
substrate in no contact With the subject’s surface. 

[0010] When the surfaces of the substrate used in the 
planar-type ECT probe and of the subject are almost in 
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contact With each other, an adsorption phenomenon (stick 
tion) is likely to occur betWeen the surfaces of the substrate 
and of the subject. 

[0011] When the sticktion occurs, some external-force 
application is needed to remove the probe substrate from the 
subject’s surface against the sticktion. The application is 
likely to damage the probe substrate. The Weaker is the 
strength of the substrate, the damage by the sticktion occurs 
more frequently. Because the ?exible substrate has a small 
thickness and a Weak mechanical strength, the durability and 
lifetime of the planar-type ECT probe depend largely on the 
occurrence of the sticktion, especially in the measurement of 
the distorted surface Where the substrate inevitably has a 
contact With the subject’s surface. 

[0012] This problem tends greatly to appear in micro 
defect detection on the smooth surface of the substrate. 

BRIEF SUMMARY OF THE INVENTION 

[0013] It is therefore an object of the present invention to 
provide an eddy-current probe for high resolution testing, 
possessing very high performances of the durability and 
lifetime by reducing an occurrence probability of the stick 
tion. 

[0014] An eddy-current probe according to the present 
invention comprises: a substrate having a ?rst surface facing 
to a subject to be tested and a second surface opposite to the 
?rst surface; an exciting coil formed on the second surface, 
having a pair of current lines in parallel With each other 
through Which exciting currents ?oW in opposite directions 
to each other during testing, for generating an alternate 
magnetic ?eld applied to the subject by the exciting currents; 
and at least one eddy-current sensor positioned on a central 
axis betWeen the pair of current lines on the second surface 
of the substrate, for detecting a magnetic ?eld generated 
neWly from the subject by an eddy-current induced by the 
alternate magnetic ?eld. Especially, according to the present 
invention, the substrate has a non-planar form having at least 
one convex-surface portion on the ?rst surface, and the at 
least one eddy-current sensor is formed on at least one 
concave-surface portion formed on the second surface, 
Which is corresponding to the at least one convex-surface 
portion. 

[0015] Because the ?rst surface of the substrate facing to 
the subject (the measurement surface) has a non-planar form 
having the at least one convex-surface portion and therefore 
has a small facing/contact area With the subject’s surface, the 
sticktion hardly occurs. Even if the sticktion occurs, much 
less external-force application should be needed to remove 
the probe from the subject’s surface against the sticktion. 
Consequently, a damage probability by the sticktion is 
drastically reduced, and therefore, the durability and lifetime 
can be improved in a large extent. Further, because the at 
least one eddy-current sensor is formed on the at least one 
concave-surface portion formed on the second surface (the 
opposite surface to the measurement surface), Which is 
corresponding to the at least one convex-surface portion, the 
distance betWeen the subj ect’s surface and the eddy-current 
sensor does not increase, and therefore, a high performance 
of resolution is provided. 

[0016] Preferably, the at least one convex-surface portion 
has a Waved convex form Where the substrate is curved 
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along a traverse direction Qi direction). In the case, it is 
preferable that the at least one convex-surface portion is a 
single convex-surface portion or a plurality of convex 
surface portions. 

[0017] It is also preferable that the substrate is a ?exible 
substrate. 

[0018] Further, an eddy-current probe according to the 
present invention comprises: a substrate having a ?rst sur 
face facing to a subject to be tested and a second surface 
opposite to the ?rst surface; an exciting coil formed on the 
second surface, having a pair of current lines in parallel With 
each other through Which exciting currents How in opposite 
directions to each other during testing, for generating an 
alternate magnetic ?eld applied to the subject by the exciting 
currents; and at least one eddy-current sensor positioned on 
a central axis betWeen the pair of current lines on the second 
surface of the substrate, for detecting a magnetic ?eld 
generated neWly from the subject by an eddy-current 
induced by the alternate magnetic ?eld. Especially, accord 
ing to the present invention, the ?rst surface of the substrate 
has a plurality of concaves and convexes. 

[0019] Because the ?rst surface of the substrate (the 
measurement surface) has a plurality of concaves and con 
vexes, the sticktion hardly occurs. Even if the sticktion 
occurs, much less external-force application should be 
needed to remove the probe from the subject’s surface 
against the sticktion. Consequently, a damage probability by 
the sticktion is drastically reduced. Therefore, the durability 
and lifetime of the eddy-current probe shoW no decrease, 
even When a high resolution is obtained by putting the 
measurement surface of the probe toWard the subject’s 
surface as closely as possible to minimiZe the distance 
betWeen the subject’s surface and the eddy-current sensor. 

[0020] Preferably, the surface having a plurality of con 
caves and convexes is a rough surface by such as a blast 
?nishing or an embossed surface. 

[0021] Preferably, a lubricant layer, a diamond-like carbon 
(DLC) layer, or both of a DLC layer and a lubricant layer are 
formed on the ?rst surface having a plurality of concaves 
and convexes. The lubricant layer, the DLC layer, or both of 
the DLC layer and the lubricant layer formed on the surface 
can prevent the sticktion more surely, and reduce the Wear 
outs of the measurement surface of the substrate and of the 
subject’s surface. 

[0022] Furthermore, an eddy-current probe according to 
the present invention comprises: a substrate having a ?rst 
surface facing to a subject to be tested and a second surface 
opposite to the ?rst surface; an exciting coil formed on the 
second surface, having a pair of current lines in parallel With 
each other through Which exciting currents How in opposite 
directions to each other during testing, for generating an 
alternate magnetic ?eld applied to the subject by the exciting 
currents; and at least one eddy-current sensor positioned on 
a central axis betWeen the pair of current lines on the second 
surface of the substrate, for detecting a magnetic ?eld 
generated neWly from the subject by an eddy-current 
induced by the alternate magnetic ?eld. Especially, accord 
ing to the present invention, the ?rst surface of the substrate 
has a plurality of grooves. 

[0023] Because the ?rst surface of the substrate (the 
measurement surface) has a plurality of grooves, the stick 
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tion hardly occurs. Even if the sticktion occurs, much less 
external-force application should be needed to remove the 
probe from the subject’s surface against the sticktion. Con 
sequently, a damage probability by the sticktion is drasti 
cally reduced. Therefore, the durability and lifetime of the 
eddy-current probe shoW no decrease, even When a high 
resolution is obtained by putting the measurement surface of 
the probe toWard the subject’s surface as closely as possible 
to minimize the distance betWeen the subject’s surface and 
the eddy-current sensor. 

[0024] Preferably, a plurality of grooves are grooves 
extended along a traverse direction (X direction) of the 
substrate, grooves extended along a longitudinal direction (Z 
direction) of the substrate, or grooves extended along an 
oblique direction to the traverse direction (X direction) of 
the substrate. 

[0025] Preferably, a lubricant layer, a DLC layer, or both 
of a DLC layer and a lubricant layer are formed on the ?rst 
surface having a plurality of grooves. The lubricant layer, 
the DLC layer, or both of the DLC layer and the lubricant 
layer formed on the surface can prevent the sticktion more 
surely, and reduce the Wear-outs of the measurement surface 
of the substrate and of the subject’s surface. 

[0026] Further, an eddy-current probe according to the 
present invention comprises: a substrate having a ?rst sur 
face facing to a subject to be tested and a second surface 
opposite to the ?rst surface; an exciting coil formed on the 
second surface, having a pair of current lines in parallel With 
each other through Which exciting currents How in opposite 
directions to each other during testing, for generating an 
alternate magnetic ?eld applied to the subject by the exciting 
currents; and at least one eddy-current sensor positioned on 
a central axis betWeen the pair of current lines on the second 
surface of the substrate, for detecting a magnetic ?eld 
generated neWly from the subject by an eddy-current 
induced by the alternate magnetic ?eld. Especially, accord 
ing to the present invention, the ?rst surface of the substrate 
has a plurality of holes. 

[0027] Because the ?rst surface of the substrate (the 
measurement surface) has a plurality of holes, the sticktion 
hardly occurs. Even if the sticktion occurs, much less 
external-force application should be needed to remove the 
probe from the subject’s surface against the sticktion. Con 
sequently, a damage probability by the sticktion is drasti 
cally reduced. Therefore, the durability and lifetime of the 
eddy-current probe shoW no decrease, even When a high 
resolution is obtained by putting the measurement surface of 
the probe toWard the subject’s surface as closely as possible 
to minimize the distance betWeen the subject’s surface and 
the eddy-current sensor. 

[0028] Preferably, the holes are blind holes or through 
holes. 

[0029] Preferably, a lubricant layer, a DLC layer, or both 
of a DLC layer and a lubricant layer are formed on the ?rst 
surface having a plurality of holes. The lubricant layer, the 
DLC layer, or both of the DLC layer and the lubricant layer 
formed on the surface can prevent the sticktion more surely, 
and reduce the Wear-outs of the measurement surface of the 
substrate and of the subject’s surface. 

[0030] Furthermore, an eddy-current probe according to 
the present invention comprises: a substrate having a ?rst 
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surface facing to a subject to be tested and a second surface 
opposite to the ?rst surface; an exciting coil formed on the 
second surface, having a pair of current lines in parallel With 
each other through Which exciting currents How in opposite 
directions to each other during testing, for generating an 
alternate magnetic ?eld applied to the subject by the exciting 
currents; and at least one eddy-current sensor positioned on 
a central axis betWeen the pair of current lines on the second 
surface of the substrate, for detecting a magnetic ?eld 
generated neWly from the subject by an eddy-current 
induced by the alternate magnetic ?eld. Especially, accord 
ing to the present invention, the substrate includes a lubri 
cant layer, a DLC layer, or both of the DLC layer and the 
lubricant layer formed on the ?rst surface. 

[0031] The lubricant layer, the DLC layer, or both of the 
DLC layer and the lubricant layer formed on the ?rst surface 
of the substrate (measurement surface) can reduce the stick 
tion, and the Wear-outs of the measurement surface of the 
substrate and of the subject’s surface. 

[0032] Preferably, the at least one eddy-current sensor is a 
single eddy-current sensor or a plurality of eddy-current 
sensors aligned on the central axis betWeen said pair of 
current lines. 

[0033] It is also preferable that the at least one eddy 
current sensor is a magnetoresistive element. In the case, the 
magnetoresistive element is preferably a giant magnetore 
sistive element or a tunnel magnetoresistive element. 

[0034] It is also preferable that the at least one eddy 
current sensor is a detection coil. 

[0035] Preferably, the exciting coil is a meander-type coil. 

[0036] It is also preferable that the exciting coil comprises 
a coil conductor layer formed on the substrate and an 
insulating layer covering the coil conductor layer. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0037] FIG. 1 shoWs a diagram schematically illustrating 
a con?guration of an testing system using the eddy-current 
according to a preferred embodiment of the present inven 
tion; 

[0038] FIG. 2 shoWs a perspective vieW schematically 
illustrating a con?guration of the ECT probe according to 
the embodiment in FIG. 1; 

[0039] FIG. 3 shoWs a cross-sectional vieW taken along 
With line III-III in FIG. 2; 

[0040] FIG. 4 shoWs a perspective vieW schematically 
illustrating a con?guration of the ECT probe according to 
another embodiment of the present invention; 

[0041] FIG. 5 shoWs a cross-sectional vieW taken along 
With line V-V in FIG. 4; 

[0042] FIG. 6 shoWs a cross-sectional vieW schematically 
illustrating a con?guration according to an alternative of the 
embodiment in FIG. 4; 

[0043] FIG. 7 shoWs a perspective vieW schematically 
illustrating a subject and a con?guration of the ECT probe 
according to a further embodiment of the present invention; 
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[0044] FIG. 8 shoWs a cross-sectional vieW taken along 
With line VIII-VIII in FIG. 7; 

[0045] FIG. 9 shoWs a perspective vieW schematically 
illustrating a con?guration of the ECT probe according to a 
still further embodiment of the present invention; 

[0046] FIG. 10 shoWs a cross-sectional vieW taken along 
With line X-X in FIG. 9; 

[0047] FIG. 11 shoWs a perspective vieW schematically 
illustrating a con?guration of the ECT probe according to a 
still further embodiment of the present invention; 

[0048] FIG. 12 shoWs a cross-sectional vieW taken along 
With line XII-XII in FIG. 11; 

[0049] FIG. 13 shoWs a perspective vieW schematically 
illustrating a con?guration of the ECT probe according to an 
alternative of the embodiment in FIG. 11; 

[0050] FIG. 14 shoWs a perspective vieW schematically 
illustrating a con?guration of the ECT probe according to 
another alternative of the embodiment in FIG. 11; 

[0051] FIG. 15 shoWs a perspective vieW schematically 
illustrating a con?guration of the ECT probe according to a 
still further embodiment of the present invention; 

[0052] FIG. 16 shoWs a cross-sectional vieW taken along 
With line XVI-XVI in FIG. 15; 

[0053] FIG. 17 shoWs a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to an alternative of the embodiment in FIG. 15; 

[0054] FIG. 18 shoWs a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to a still further embodiment of the present invention; 

[0055] FIG. 19 shoWs a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to a further embodiment of the present invention; 

[0056] FIG. 20 shoWs a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to a still further embodiment of the present invention; 

[0057] FIG. 21 shoWs a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to a still further embodiment of the present invention; 

[0058] FIG. 22 shoWs a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to a still further embodiment of the present invention; 

[0059] FIG. 23 shoWs a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to a still further embodiment of the present invention; 

[0060] FIG. 24 shoWs a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to a still further embodiment of the present invention; 

[0061] FIG. 25 shoWs a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to a still further embodiment of the present invention; 

[0062] FIG. 26 shoWs a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to a still further embodiment of the present invention; 
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[0063] FIG. 27 shows a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to a still further embodiment of the present invention; 

[0064] FIG. 28 shoWs a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to a still further embodiment of the present invention; and 

[0065] FIG. 29 shoWs a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to a still further embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0066] FIG. 1 shoWs a diagram schematically illustrating 
a con?guration of an testing system using the eddy-current 
according to a preferred embodiment of the present inven 
tion, FIG. 2 shoWs a perspective vieW schematically illus 
trating a con?guration of the ECT probe according to the 
embodiment in FIG. 1, and FIG. 3 shoWs a cross-sectional 
vieW taken along With line III-III in FIG. 2. 

[0067] In these ?gures, reference numeral 10 indicates an 
ECT probe, 11 indicates its ?exible substrate formed of an 
insulative material such as polyimide, 12 indicates a mean 
der-type exciting coil including coil conductors formed as a 
planar pattern turned back on the opposite surface 11b to the 
measurement surface 11a of the substrate 11, 13 and 14 
indicate a pair of electrode terminals formed on the substrate 
11, Which is connected electrically to both ends of the 
exciting coil 12, 15 to 19 indicate thin-?lm chips bonded on 
the exciting coil 12, each of Which is mounted With a GMR 
element (eddy-current sensor) such as an SVMR element, 20 
indicates a subject, 2011 indicates a defect such as a ?aW and 
a crack appearing on the subject 20, 21 indicates a multi 
plexer connected electrically to the each GMR element in 
the ECT probe 10, Which applies these GMR elements With 
a sense current and takes out signals from the each GMR 
element, 22 indicates a lock-in ampli?er that receives the 
signals from the each GMR element through the multiplexer 
21 and detects the signal’s level, 23 indicates a computer 
that processes the input signals from the lock-in ampli?er, 
displays the results and so on, and 24 indicates a poWer 
supply for alternate magnetic ?eld, Which provide the excit 
ing coil 12 in the ECT probe 10 With an alternate exciting 
current and provide the lock-in ampli?er 22 With the excit 
ing current as reference signals, respectively. 

[0068] The exciting coil 12 includes a coil conductor layer 
formed on the insulative substrate 11 and an insulating layer 
covering the coil conductor layer. An exciting part of the 
exciting coil 12 has a plurality of current lines that extend in 
parallel With each other to Z direction on the substrate 11, 
and are turned back at both ends. During testing, alternate 
exciting currents With opposite directions to each other How 
through the current lines adjacent to each other, respectively. 

[0069] The thin-?lm chips 15 to 19 are aligned on a central 
axis of a pair of current lines 1211 and 12b positioned at the 
center in the X direction on the exciting coil 12. These 
thin-?lm chips 15 to 19 are bonded on the opposite surface 
to the subject 20 in the exciting coil 12. 

[0070] Each of the thin-?lm chips 15 to 19 includes a 
GMR element such as an SVMR element for example, a pair 
of lead conductors connected electrically to the GMR ele 
ment, and a pair of electrode terminals connected electrically 
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to the lead conductors, all of Which are formed by thin-?lm 
technique on a chip substrate. 

[0071] According to the present embodiment, as under 
stood from FIG. 3, the substrate 11 has a non-planar form 
curved along a traverse direction Qi direction) Where the 
measurement surface 11a shoWs a Waveform of a single 
convex-surface. The thin-?lm chips 15 to 19 are mounted, 
via the exciting coil 12, on the opposite surface 11b of the 
substrate 11, Which is a single concave-surface correspond 
ing to the single convex-surface. 

[0072] Because the measurement surface 11a on the sub 
strate shoWing a Waveform of a single convex-surface has a 
small facing/contact area With the subject 20, the sticktion 
hardly occurs. Even if the sticktion occurs, much less 
external-force application should be needed to remove the 
probe from the subject 20 against the sticktion. Conse 
quently, a damage probability by the sticktion is drastically 
reduced, and therefore, the durability and lifetime can be 
improved in a large extent. Further, because the thin-?lm 
chips 15 to 19 are mounted on the concave-surface of the 
opposite surface 11b of the substrate 11, the distance 
betWeen the surface of the subject 20 and the GMR element 
does not increase, and therefore, a high performance of 
resolution is provided. 

[0073] FIG. 4 shoWs a perspective vieW schematically 
illustrating a con?guration of the ECT probe according to 
another embodiment of the present invention, and FIG. 5 
shoWs a cross-sectional vieW taken along With line V-V in 
FIG. 4. 

[0074] In these ?gures, reference numeral 41 indicates a 
?exible substrate formed of an insulative material such as 
polyimide, 42 indicate a meander-type exciting coil includ 
ing coil conductors formed as the planar pattern turned back 
on the opposite surface 41b to the measurement surface 41a 
of the substrate 41, 43 and 44 indicate a pair of electrode 
terminals formed on the substrate 41, Which is connected 
electrically to both ends of the exciting coil 42, and 45 and 
46 indicate thin-?lm chips bonded on the exciting coil 42, 
each of Which is mounted With a GMR element (eddy 
current sensor) such as an SVMR element, respectively. 

[0075] The exciting coil 42 includes a coil conductor layer 
formed on the insulative substrate 41 and an insulating layer 
covering the coil conductor layer. An exciting part of the 
exciting coil 42 has a plurality of current lines that extend in 
parallel With each other to Z direction on the substrate 41, 
and are turned back at both ends. During testing, alternate 
exciting currents With opposite directions to each other How 
through the current lines adjacent to each other, respectively. 

[0076] The thin-?lm chips 45 and 46 are aligned on a 
central axis of tWo pairs of current lines 4211 and 42b, and 
420 and 42d positioned at different locations from each other 
in the X direction on the exciting coil 42. These thin-?lm 
chips 45 and 46 are bonded on the opposite surface to the 
subject in the exciting coil 42. 

[0077] Each of the thin-?lm chips 45 and 46 includes a 
GMR element such as an SVMR element for example, a pair 
of lead conductors connected electrically to the GMR ele 
ment, and a pair of electrode terminals connected electrically 
to the lead conductors, all of Which are formed by thin-?lm 
technique on a chip substrate. 



US 2006/0158181A1 

[0078] According to the present embodiment, as under 
stood from FIG. 5, the substrate 41 has a non-planar form 
curved along a traverse direction (X direction) Where the 
measurement surface 4111 shows a Waveform of tWo convex 
surfaces. The thin-?lm chips 45 and 46 are mounted, via the 
exciting coil 42, on the opposite surface 41b of the substrate 
41, Which has tWo concave-surface portions corresponding 
to the tWo convex-surface portions. 

[0079] Because the measurement surface 4111 on the sub 
strate shoWing a Waveform of the tWo convex-surfaces has 
a small facing/contact area With the subject, the sticktion 
hardly occurs. Even if the sticktion occurs, much less 
external-force application should be needed to remove the 
probe from the subject against the sticktion. Consequently, 
a damage probability by the sticktion is drastically reduced, 
and therefore, the durability and lifetime can be improved in 
a large extent. Further, because the thin-?lm chips 45 and 46 
are mounted respectively on the tWo concave-surfaces of the 
opposite surface 41b of the substrate 41, the distance 
betWeen the surface of the subject and the GMR element 
does not increase, and therefore, a high performance of 
resolution is provided. 

[0080] FIG. 6 shoWs a cross-sectional vieW schematically 
illustrating a con?guration according to an alternative of the 
embodiment in FIG. 4. 

[0081] According to the alternative, the substrate 41' has a 
non-planar form curved along a traverse direction (X direc 
tion) Where the measurement surface 41a‘ facing to the 
subject shoWs a Waveform of a single convex-surface that 
has a planar central portion. The thin-?lm chips 45 and 46 
are mounted, via the exciting coil 42, at the different position 
from each other on the opposite surface 41b' of the substrate 
41', Which is a single concave-surface that has a planar 
central portion corresponding to a single convex-surface that 
has a planar central portion. The other con?gurations 
according to the alternative are almost the same as those 
according to the embodiment in FIG. 4. 

[0082] In the alternative, because the measurement surface 
41a‘ on the substrate shoWing a Waveform of a single 
convex-surface that has a planar central portion has a small 
facing/contact area With the subject, the sticktion hardly 
occurs. Even if the sticktion occurs, much less external-force 
application should be needed to remove the probe from the 
subject against the sticktion. Consequently, a damage prob 
ability by the sticktion is drastically reduced, and therefore, 
the durability and lifetime can be improved in a large extent. 
Further, because the thin-?lm chips 45 and 46 are mounted 
on the single concave-surface that has a planar central 
portion of the opposite surface 41b' of the substrate 41', the 
distance betWeen the surface of the subject and the GMR 
element does not increase, and therefore, a high performance 
of resolution is provided. 

[0083] FIG. 7 shoWs a perspective vieW schematically 
illustrating a subject and a con?guration of the ECT probe 
according to a further embodiment of the present invention, 
and FIG. 8 shoWs a cross-sectional vieW taken along With 
line VIII-VIII in FIG. 7. 

[0084] In these ?gures, reference numeral 70 indicates a 
ECT probe, 71 indicates a ?exible substrate formed of an 
insulative material such as polyimide, 72 indicates a mean 
der-type exciting coil including coil conductors formed as 
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the planar pattern turned back on the opposite surface to the 
measurement surface of the substrate 71, 75 indicates a 
plurality of thin-?lm chips bonded on the exciting coil 72, 
each of Which is mounted With a GMR element (eddy 
current sensor) such as an SVMR element, and 80 indicates 
a subject, respectively. 

[0085] The thin-?lm chips 75 are aligned on a central axis 
of a pair of current lines positioned at the center in the X 
direction on the exciting coil 72. These thin-?lm chips 75 are 
bonded on the opposite surface to the subject 80 in the 
exciting coil 72. 

[0086] Each of the thin-?lm chips 75 includes a GMR 
element such as an SVMR element for example, a pair of 
lead conductors connected electrically to the GMR element, 
and a pair of electrode terminals connected electrically to the 
lead conductors, all of Which are formed by thin-?lm tech 
nique on a chip substrate. 

[0087] According to the present embodiment, as under 
stood from FIG. 8, the substrate 71 has a non-planar form 
curved along a traverse direction Qi direction) Where the 
measurement surface facing to the subject 80 shoWs a 
Waveform of a single convex-surface. Further, the substrate 
71 has ?exibility Where the substrate can curve ?exibly 
along the curved surface of the subject 80. The thin-?lm 
chips 75 are mounted, via the exciting coil 72, on the 
opposite surface of the substrate 71, Which is a single 
concave-surface corresponding to the single convex-surface. 

[0088] The other con?gurations according to the present 
embodiment are almost the same as those according to the 
embodiment in FIG. 1. 

[0089] Because the measurement surface of the substrate 
shoWing a Waveform of the single convex-surface has a 
small facing/contact area With the subject 80, the sticktion 
hardly occurs. Even if the sticktion occurs, much less 
external-force application should be needed to remove the 
probe from the subject 80 against the sticktion. Conse 
quently, a damage probability by the sticktion is drastically 
reduced, and therefore, the durability and lifetime can be 
improved in a large extent. Further, because the thin-?lm 
chips 75 are mounted on the single concave-surface of the 
opposite surface of the substrate 71, the distance betWeen the 
surface of the subject 80 and the GMR element does not 
increase, and therefore, a high performance of resolution is 
provided. 

[0090] FIG. 9 shoWs a perspective vieW schematically 
illustrating a con?guration of the ECT probe according to a 
still further embodiment of the present invention, and FIG. 
10 shoWs a cross-sectional vieW taken along With line X-X 
in FIG. 9. Here, FIG. 9 shoWs a vieW from the side of the 
opposite surface to that of FIG. 2, that is, of the measure 
ment surface facing to the subject. 

[0091] In these ?gures, reference numeral 91 indicates a 
?exible substrate formed of an insulative material such as 
polyimide, 92 indicates a meander-type exciting coil includ 
ing coil conductors formed as the planar pattern turned back 
on the opposite surface 91b to the measurement surface 91a 
of the substrate 91, 93 and 94 indicate a pair of electrode 
terminals formed on the substrate 91, Which is connected 
electrically to both ends of the exciting coil 92, and 95 to 99 
indicate thin-?lm chips bonded on the exciting coil 92, each 
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of Which is mounted With a GMR element (eddy-current 
sensor) such as an SVMR element, respectively. 

[0092] The exciting coil 92 includes a coil conductor layer 
formed on the insulative substrate 91 and an insulating layer 
covering the coil conductor layer. An exciting part of the 
exciting coil 92 has a plurality of current lines that extend in 
parallel With each other to Z direction on the substrate 91, 
and are turned back at both ends. During testing, alternate 
exciting currents With opposite directions to each other How 
through the current lines adjacent to each other, respectively. 

[0093] The thin-?lm chips 95 to 99 are aligned on a central 
axis of a pair of current lines positioned at the center in the 
X direction on the exciting coil 92. These thin-?lm chips 95 
to 99 are bonded on the opposite surface to the subject in the 
exciting coil 92. 

[0094] Each of the thin-?lm chips 95 to 99 includes a 
GMR element such as an SVMR element for example, a pair 
of lead conductors connected electrically to the GMR ele 
ment, and a pair of electrode terminals connected electrically 
to the lead conductors, all of Which are formed by thin-?lm 
technique on a chip substrate. 

[0095] According to the present embodiment, the entire 
substrate 91 has a planar form, and a part of the measure 
ment surface 91a facing to subject has a large number of, 
preferably much small, machined concaves and convexes 
910 such as a blasting rough surface or an embossed surface. 

[0096] Because the measurement surface 91a of the sub 
strate has a large number of machined concaves and con 
vexes 910, the sticktion hardly occurs. Accordingly, a dam 
age probability by the sticktion is drastically reduced, and 
therefore, the durability and lifetime can be improved in a 
large extent. 

[0097] FIG. 11 shoWs a perspective vieW schematically 
illustrating a con?guration of the ECT probe according to a 
still further embodiment of the present invention, and FIG. 
12 shoWs a cross-sectional vieW taken along With line 
XII-XII in FIG. 11. Here, FIG. 11 shoWs a vieW from the 
side of the opposite surface to that of FIG. 2, that is, of the 
measurement surface facing to the subject. 

[0098] In these ?gures, reference numeral 111 indicates a 
?exible substrate formed of an insulative material such as 
polyimide, 112 indicates a meander-type exciting coil 
including coil conductors formed as the planar pattern 
turned back on the opposite surface 111!) to the measurement 
surface 11111 of the substrate 111, 113 and 114 indicate a pair 
of electrode terminals formed on the substrate 111, Which is 
connected electrically to both ends of the exciting coil 112, 
and 115 to 119 indicate thin-?lm chips bonded on the 
exciting coil 112, each of Which is mounted With a GMR 
element (eddy-current sensor) such as an SVMR element, 
respectively. 

[0099] The exciting coil 112 includes a coil conductor 
layer formed on the insulative substrate 111 and an insulat 
ing layer covering the coil conductor layer. An exciting part 
of the exciting coil 112 has a plurality of current lines that 
extend in parallel With each other to Z direction on the 
substrate 111, and are turned back at both ends. During 
testing, alternate exciting currents With opposite directions 
to each other How through the current lines adjacent to each 
other, respectively. 
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[0100] The thin-?lm chips 115 to 119 are aligned on a 
central axis of a pair of current lines positioned at the center 
in the X direction on the exciting coil 112. These thin-?lm 
chips 115 to 119 are bonded on the opposite surface to the 
subject in the exciting coil 112. 

[0101] Each of the thin-?lm chips 115 to 119 includes a 
GMR element such as an SVMR element for example, a pair 
of lead conductors connected electrically to the GMR ele 
ment, and a pair of electrode terminals connected electrically 
to the lead conductors, all of Which are formed by thin-?lm 
technique on a chip substrate. 

[0102] According to the present embodiment, the entire 
substrate 111 has a planar form, and a part of the measure 
ment surface 111a facing to subject has a large number of, 
preferably much small, grooves 111c extended along a 
traverse direction (X direction) in the substrate 111. 

[0103] Because the measurement surface 11111 on the 
substrate has a large number of machined grooves 111c 
extended along the traverse direction, the sticktion hardly 
occurs. Accordingly, a damage probability by the sticktion is 
drastically reduced, and therefore, the durability and lifetime 
can be improved in a large extent. 

[0104] FIG. 13 shoWs a perspective vieW schematically 
illustrating a con?guration of the ECT probe according to an 
alternative of the embodiment in FIG. 11. Here, FIG. 13 
shoWs a vieW from the side of the opposite surface to that of 
FIG. 2, that is, of the measurement surface facing to the 
subject. 

[0105] According to the present alternative, the entire 
substrate 111' has a planar form, and a part of the measure 
ment surface 111a ' facing to subject has a large number of, 
preferably much small, grooves 111c ' extended along a 
longitudinal direction (Z direction) in the substrate 111'. The 
other con?gurations according to the present alternative are 
almost the same as those according to the embodiment in 
FIG. 11. 

[0106] Because the measurement surface 111a ' on the 
substrate has a large number of machined grooves 111c 
'extended along the longitudinal direction, the sticktion 
hardly occurs. Accordingly, a damage probability by the 
sticktion is drastically reduced, and therefore, the durability 
and lifetime can be improved in a large extent. 

[0107] FIG. 14 shoWs a perspective vieW schematically 
illustrating a con?guration of the ECT probe according to 
another alternative of the embodiment in FIG. 11. Here, 
FIG. 14 shoWs a vieW from the side of the opposite surface 
to that of FIG. 2, that is, of the measurement surface facing 
to the subject. 

[0108] According to the present alternative, the entire 
substrate 111" has a planar form, and a part of the measure 
ment surface 111a " facing to subject has a large number of, 
preferably much small, grooves 111c " extended along the 
oblique direction to a traverse direction (X direction) in the 
substrate 111". The other con?gurations according to the 
present alternative are almost the same as those according to 
the embodiment in FIG. 11. 

" on the [0109] Because the measurement surface 111a 
substrate has a large number of machined grooves 111c 
extended along the oblique direction, the sticktion hardly 
occurs. Accordingly, a damage probability by the sticktion is 
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drastically reduced, and therefore, the durability and lifetime 
can be improved in a large extent. 

[0110] FIG. 15 shows a perspective vieW schematically 
illustrating a con?guration of the ECT probe according to a 
still further embodiment of the present invention, and FIG. 
16 shoWs a cross-sectional vieW taken along With line 
XVI-XVI in FIG. 15. Here, FIG. 15 shoWs a vieW from the 
side of the opposite surface to that of FIG. 2, that is, of the 
measurement surface facing to the subject. 

[0111] In these ?gures, reference numeral 151 indicates a 
?exible substrate formed of an insulative material such as 
polyimide, 152 indicates a meander-type exciting coil 
including coil conductors formed as the planar pattern 
turned back on the opposite surface 151!) to the measure 
ment surface 15111 of the substrate 151, 153 and 154 indicate 
a pair of electrode terminals formed on the substrate 151, 
Which is connected electrically to both ends of the exciting 
coil 152, and 155 to 159 indicate thin-?lm chips bonded on 
the exciting coil 152, each of Which is mounted With a GMR 
element (eddy-current sensor) such as an SVMR element, 
respectively. 
[0112] The exciting coil 152 includes a coil conductor 
layer formed on the insulative substrate 151 and an insulat 
ing layer covering the coil conductor layer. An exciting part 
of the exciting coil 152 has a plurality of current lines that 
extend in parallel With each other to Z direction on the 
substrate 151, and are turned back at both ends. During 
testing, alternate exciting currents With opposite directions 
to each other ?oW through the current lines adjacent to each 
other, respectively. 
[0113] The thin-?lm chips 155 to 159 are aligned on a 
central axis of a pair of current lines positioned at the center 
in the X direction on the exciting coil 152. These thin-?lm 
chips 155 to 159 are bonded on the opposite surface to the 
subject in the exciting coil 152. 

[0114] Each of the thin-?lm chips 155 to 159 includes a 
GMR element such as an SVMR element for example, a pair 
of lead conductors connected electrically to the GMR ele 
ment, and a pair of electrode terminals connected electrically 
to the lead conductors, all of Which are formed by thin-?lm 
technique on a chip substrate. 

[0115] According to the present embodiment, the entire 
substrate 151 has a planar form, and a part of the measure 
ment surface 151a facing to the subject has a large number 
of, preferably much small, blind holes 1510. 

[0116] Because the measurement surface 15111 on the 
substrate has a large number of machined blind holes 1510, 
the sticktion hardly occurs. Accordingly, a damage prob 
ability by the sticktion is drastically reduced, and therefore, 
the durability and lifetime can be improved in a large extent. 

[0117] FIG. 17 shoWs a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to an alternative of the embodiment in FIG. 15. 

[0118] According to the present alternative, the entire 
substrate 151' has a planar form, and a part of the measure 
ment surface 151a‘ facing to the subject has a large number 
of, preferably much small, through holes 1510'. The other 
con?gurations according to the present alternative are 
almost the same as those according to the embodiment in 
FIG. 15. 
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[0119] Because the measurement surface 15111‘ on the 
substrate has a large number of through holes 1510', the 
sticktion hardly occurs. Accordingly, a damage probability 
by the sticktion is drastically reduced, and therefore, the 
durability and lifetime can be improved in a large extent. 

[0120] FIG. 18 shoWs a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to a still further embodiment of the present invention. 

[0121] In this ?gure, reference numeral 181 indicates a 
?exible substrate formed of an insulative material such as 
polyimide, 182 indicates a meander-type exciting coil 
including coil conductors formed as the planar pattern 
turned back on the opposite surface 181!) to the measure 
ment surface 18111 of the substrate 181, and 185 to 189 
indicate thin-?lm chips bonded on the exciting coil 182, 
each of Which is mounted With a GMR element (eddy 
current sensor) such as an SVMR element, respectively. 

[0122] The exciting coil 182 includes a coil conductor 
layer formed on the insulative substrate 181 and an insulat 
ing layer covering the coil conductor layer. An exciting part 
of the exciting coil 182 has a plurality of current lines that 
extend in parallel With each other to Z direction on the 
substrate 181, and are turned back at both ends. During 
testing, alternate exciting currents With opposite directions 
to each other ?oW through the current lines adjacent to each 
other, respectively. 

[0123] The thin-?lm chips 185 to 189 are aligned on a 
central axis of a pair of current lines positioned at the center 
in the X direction on the exciting coil 182. These thin-?lm 
chips 185 to 189 are bonded on the opposite surface to the 
subject in the exciting coil 182. 

[0124] Each of the thin-?lm chips 185 to 189 includes a 
GMR element such as an SVMR element for example, a pair 
of lead conductors connected electrically to the GMR ele 
ment, and a pair of electrode terminals connected electrically 
to the lead conductors, all of Which are formed by thin-?lm 
technique on a chip substrate. 

[0125] According to the present embodiment, the entire 
substrate 181 has a planar form, and a part of the measure 
ment surface 181a facing to the subject is applied With a 
lubricant 181d such as a lubricating oil. The other con?gu 
rations according to the present alternative are almost the 
same as those according to the embodiment in FIG. 1 With 
the exception that the substrate 181 has a planar form. 

[0126] Because a part of the measurement surface 18111 on 
the substrate has a lubricant layer 181d, the sticktion hardly 
occurs. Accordingly, a damage probability by the sticktion is 
drastically reduced, and therefore, the durability and lifetime 
can be improved in a large extent. 

[0127] FIG. 19 shoWs a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to a still further embodiment of the present invention. 

[0128] In this ?gure, reference numeral 191 indicates a 
?exible substrate formed of an insulative material such as 
polyimide, 192 indicates a meander-type exciting coil 
including coil conductors formed as the planar pattern 
turned back on the opposite surface 191!) to the measure 
ment surface 19111 of the substrate 191, and 195 to 199 
indicate thin-?lm chips bonded on the exciting coil 192, 
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each of Which is mounted With a GMR element (eddy 
current sensor) such as an SVMR element, respectively. 

[0129] The exciting coil 192 includes a coil conductor 
layer formed on the insulative substrate 191 and an insulat 
ing layer covering the coil conductor layer. An exciting part 
of the exciting coil 192 has a plurality of current lines that 
extend in parallel With each other to Z direction on the 
substrate 191, and are turned back at both ends. During 
testing, alternate exciting currents With opposite directions 
to each other How through the current lines adjacent to each 
other, respectively. 

[0130] The thin-?lm chips 195 to 199 are aligned on a 
central axis of a pair of current lines positioned at the center 
in the X direction on the exciting coil 192. These thin-?lm 
chips 195 to 199 are bonded on the opposite surface to the 
subject in the exciting coil 192. 

[0131] Each of the thin-?lm chips 195 to 199 includes a 
GMR element such as an SVMR element for example, a pair 
of lead conductors connected electrically to the GMR ele 
ment, and a pair of electrode terminals connected electrically 
to the lead conductors, all of Which are formed by thin-?lm 
technique on a chip substrate. 

[0132] According to the present embodiment, the entire 
substrate 191 has a planar form, and a part of the measure 
ment surface 191a facing to the subject has a large number 
of, preferably much small, grooves 191c extended along a 
traverse direction (X direction), a longitudinal direction (Z 
direction) or an oblique direction to the traverse direction Qi 
direction), and is applied With a lubricant 191d such as a 
lubricating oil. The other con?gurations according to the 
present embodiment are almost the same as those according 
to the embodiment in FIG. 11, or the alternative in FIG. 13 
or in FIG. 14. 

[0133] Because a part of the measurement surface 19111 on 
the substrate has a large number of grooves 1910 and a 
lubricant layer 191d, the sticktion hardly occurs. Accord 
ingly, a damage probability by the sticktion is drastically 
reduced, and therefore, the durability and lifetime can be 
improved in a large extent. 

[0134] FIG. 20 shoWs a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to a still further embodiment of the present invention. 

[0135] In this ?gure, reference numeral 201 indicates a 
?exible substrate formed of an insulative material such as 
polyimide, 202 indicates a meander-type exciting coil 
including coil conductors formed as the planar pattern 
turned back on the opposite surface 201!) to the measure 
ment surface 20111 of the substrate 201, and 205 to 209 
indicate thin-?lm chips bonded on the exciting coil 202, 
each of Which is mounted With a GMR element (eddy 
current sensor) such as an SVMR element, respectively. 

[0136] The exciting coil 202 includes a coil conductor 
layer formed on the insulative substrate 201 and an insulat 
ing layer covering the coil conductor layer. An exciting part 
of the exciting coil 202 has a plurality of current lines that 
extend in parallel With each other to Z direction on the 
substrate 201, and are turned back at both ends. During 
testing, alternate exciting currents With opposite directions 
to each other How through the current lines adjacent to each 
other, respectively. 
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[0137] The thin-?lm chips 205 to 209 are aligned on a 
central axis of a pair of current lines positioned at the center 
in the X direction on the exciting coil 202. These thin-?lm 
chips 205 to 209 are bonded on the opposite surface to the 
subject in the exciting coil 202. 

[0138] Each of the thin-?lm chips 205 to 209 includes a 
GMR element such as an SVMR element for example, a pair 
of lead conductors connected electrically to the GMR ele 
ment, and a pair of electrode terminals connected electrically 
to the lead conductors, all of Which are formed by thin-?lm 
technique on a chip substrate. 

[0139] According to the present embodiment, the entire 
substrate 201 has a planar form, and a part of the measure 
ment surface 201a facing to the subject has a large number 
of, preferably much small, blind holes 2010, and is applied 
With a lubricant 201d such as a lubricating oil. The other 
con?gurations according to the present embodiment are 
almost the same as those according to the embodiment in 
FIG. 15. 

[0140] Because a part of the measurement surface 20111 on 
the substrate has a large number of blind holes 2010 and a 
lubricant layer 201d, the sticktion hardly occurs. Accord 
ingly, a damage probability by the sticktion is drastically 
reduced, and therefore, the durability and lifetime can be 
improved in a large extent. 

[0141] FIG. 21 shoWs a cross-sectional vieW schemati 
cally illustrating a con?guration of the ECT probe according 
to a still further embodiment of the present invention. 

[0142] In this ?gure, reference numeral 211 indicates a 
?exible substrate formed of an insulative material such as 
polyimide, 212 indicates a meander-type exciting coil 
including coil conductors formed as the planar pattern 
turned back on the opposite surface 211!) to the measure 
ment surface 21111 of the substrate 211, and 215 to 219 
indicate thin-?lm chips bonded on the exciting coil 212, 
each of Which is mounted With a GMR element (eddy 
current sensor) such as an SVMR element, respectively. 

[0143] The exciting coil 212 includes a coil conductor 
layer formed on the insulative substrate 211 and an insulat 
ing layer covering the coil conductor layer. An exciting part 
of the exciting coil 212 has a plurality of current lines that 
extend in parallel With each other to Z direction on the 
substrate 211, and are turned back at both ends. During 
testing, alternate exciting currents With opposite directions 
to each other How through the current lines adjacent to each 
other, respectively. 
[0144] The thin-?lm chips 215 to 219 are aligned on a 
central axis of a pair of current lines positioned at the center 
in the X direction on the exciting coil 212. These thin-?lm 
chips 215 to 219 are bonded on the opposite surface to the 
subject in the exciting coil 212. 

[0145] Each of the thin-?lm chips 215 to 219 includes a 
GMR element such as an SVMR element for example, a pair 
of lead conductors connected electrically to the GMR ele 
ment, and a pair of electrode terminals connected electrically 
to the lead conductors, all of Which are formed by thin-?lm 
technique on a chip substrate. 

[0146] According to the present embodiment, the entire 
substrate 211 has a planar form, and a part of the measure 
ment surface 211a facing to the subject has a large number 










