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LINEAR GAUGE 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a linear g auge for 

measuring displacements of a surface of a workpiece  such 

as a semiconductor wafer. 

Description of the Related Art 

        As disclosed, for example, in JP 2015-17575 8 A and 

JP 2017-058174 A, a linear gauge measures the heigh t of 

an upper surface of a wafer by bringing a gauge hea d 

(hereinafter called a “contact member”), which is 

supported movably in a vertical direction, into con tact 

with the upper surface of the wafer and measuring t he 

height of the contact member with a scale. 

 

SUMMARY OF THE INVENTION 

        The above-described linear gauge of the rel ated 

art, however, involves a problem that the contact m ember, 

which is brought into contact with the wafer, is wo rn at 

a lower tip thereof and the height of the upper sur face 

of the wafer can no longer be measured accurately. 

        The present invention therefore has as an o bject 

thereof the provision of a linear gauge that can av oid 
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wearing at a lower tip of its contact member. 

        In accordance with an aspect of the present  

invention, there is provided a linear gauge for mea suring 

displacements of a surface of a workpiece, the line ar 

gauge including a contact member having a lower tip  to be 

positioned facing the workpiece; an air slider incl uding 

a cylinder having an inner supporting wall that sur rounds 

an outer side wall of the contact member with a cle arance 

left between the inner supporting wall and the oute r side 

wall, and configured to eject air from the inner 

supporting wall such that the contact member is sup ported 

movably in a vertical direction; a scale that detec ts a 

height position of the contact member; a casing 

accommodating therein the contact member, the air s lider, 

and the scale; an evacuation portion formed in an u pper 

portion of the cylinder such that the ejected air i s 

evacuated into the casing; and a communication chan nel 

communicating an inlet formed in an upper portion o f the 

contact member and an outlet formed in the lower ti p of 

the contact member with each other inside the conta ct 

member.  The air evacuated from the evacuation port ion 

into the casing is introduced from the inlet into t he 

communication channel and is allowed to blow out fr om the 

outlet to provide a clearance between the lower tip  of 
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the contact member and the surface of the workpiece , to 

thereby enable contactless measurement of the 

displacements of the surface of the workpiece. 

        Preferably, the linear gauge may further in clude a 

casing exhaust port that exhausts the air that has been 

evacuated into the casing out of the casing; and a valve 

that adjusts an exhaust rate of the air to be exhau sted 

from the casing exhaust port, in which a distance b etween 

the lower tip of the contact member and the surface  of 

the workpiece is adjusted through adjustment of a f low 

rate of the air flowing through the communication c hannel 

by the adjustment of the exhaust rate of the air. 

        Preferably, the linear gauge may further in clude a 

flow rate adjuster disposed in the contact member t o 

adjust a flow rate of the air flowing through the 

communication channel, in which a distance between the 

lower tip of the contact member and the surface of the 

workpiece is adjusted through adjustment of the flo w rate 

of the air flowing through the communication channe l by 

the flow rate adjuster. 

        According to the linear gauge of the presen t 

invention, the air evacuated from the evacuation po rtion 

into the casing is introduced from the inlet into t he 

communication channel and is then allowed to blow o ut 
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from the outlet, whereby a clearance is provided be tween 

the lower tip of the contact member and the surface  of 

the workpiece to enable contactless measurement of 

displacements of the surface of the workpiece.  It is 

hence possible to avoid wearing of the contact memb er at 

the lower tip thereof. 

        Owing to the further inclusion of the casin g 

exhaust port that exhausts the air, which has been 

evacuated into the casing, out of the casing, and t he 

valve that adjusts the exhaust rate of the air to b e 

exhausted from the casing exhaust port, the exhaust  rate 

of the air to be exhausted out of the casing can be  

adjusted.  As a consequence, the flow rate of the a ir that 

flows through the communication channel can be adju sted, 

thereby enabling adjustment of the distance between  the 

lower tip of the contact member and the surface of the 

workpiece. 

        In addition, owing to the further inclusion  of the 

flow rate adjuster disposed in the contact member t o 

adjust the flow rate of the air that flows through the 

communication channel, the flow rate of the air tha t 

flows through the communication channel can be adju sted 

by the flow rate adjuster.  As a consequence, the d istance 

between the lower tip of the contact member and the  
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surface of the workpiece can be adjusted. 

        The above and other objects, features and 

advantages of the present invention and the manner of 

realizing them will become more apparent, and the 

invention itself will best be understood from a stu dy of 

the following description and appended claims with 

reference to the attached drawings showing a prefer red 

embodiment of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view depicting an e xample 

of a processing machine that includes a linear gaug e 

according to an embodiment of the present invention ; 

        FIG. 2 is a perspective view of the linear gauge in 

the processing machine of FIG. 1; 

        FIG. 3 is a cross-sectional view of the lin ear 

gauge taken along lines A-O-B and A'-O'-B' of FIG. 2 when 

a contact member of the linear gauge has been raise d; and 

        FIG. 4 is a cross-sectional view of the lin ear 

gauge taken along lines A-O-B and A'-O'-B' of FIG. 2 when 

the contact member of the linear gauge is measuring  

displacements of a surface of a workpiece in a 

contactless manner. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        Referring first to FIG. 1, a linear gauge 6  

according to an embodiment of the present invention  will 

be described.  FIG. 1 is a perspective view depicti ng an 

example of a processing machine 1 that includes the  

linear gauge 6 according to the embodiment of the p resent 

invention.  The processing machine 1 depicted in FI G. 1 is 

a grinding machine that subjects a workpiece 90, wh ich is 

held on a chuck table 30, to grinding processing by  a 

grinding unit 7.  The processing machine 1 includes  a base 

10, the length direction of which extends in a Y-ax is 

direction.  A front (-Y direction side) section on the 

base 10 is a region where mounting and dismounting of the 

workpiece 90 onto and from the chuck table 30 is 

performed, whereas a rear (+Y direction side) secti on on 

the base 10 is a region where grinding of the workp iece 

90 held on the chuck table 30 is performed by the 

grinding unit 7. 

        A processing machine on which the linear ga uge 6 is 

to be arranged is not limited to a grinding machine  

having a 1-axis grinding unit like the processing m achine 

1, and may be a 2-axis grinding machine or the like  which 

includes a coarse grinding unit and a finish grindi ng 

unit and can selectively position the workpiece 90 
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underneath the coarse grinding unit or the finish 

grinding unit by a rotating turn table.  As a furth er 

alternative, the linear gauge 6 may also be arrange d on a 

polishing processing machine which applies polishin g 

processing to the workpiece 90 by a polishing pad. 

        The workpiece 90 is, for example, a circula r 

semiconductor wafer formed of a silicon matrix or t he 

like.  The workpiece 90 may be formed of a material  other 

than silicon, such as gallium arsenide, sapphire, g allium 

nitride, ceramics, resin, silicon carbide, or the l ike.  

The workpiece 90 may also be a rectangular package 

substrate or the like. 

        The chuck table 30 depicted in FIG. 1 inclu des a 

suction holding portion 300 and a frame member 301 

supporting the suction holding portion 300.  The su ction 

holding portion 300 is formed, for example, from a porous 

member or the like, and holds the workpiece 90 unde r 

suction.  The suction holding portion 300 is commun icated 

to a suction source not illustrated, and a suction force 

produced through an actuation of the suction source  is 

transmitted to a holding surface 302 formed of an e xposed 

surface of the suction holding portion 300 and an u pper 

surface of the frame member 301, whereby the chuck table 

30 can hold the workpiece 90 under suction on the h olding 
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surface 302. 

        As depicted in FIG. 1, the chuck table 30 i s 

surrounded by a cover 39, and by table rotary means  not 

illustrated disposed underneath the cover 39, is 

configured to be rotatable about an axis of rotatio n that 

extends in a Z-axis direction.  Further, the chuck table 

30 is reciprocally movable in the Y-axis direction by a 

Y-axis moving mechanism not illustrated disposed 

underneath the cover 39 and a bellows cover 390 con nected 

to the cover 39, both of which are depicted in FIG.  1. 

        In the grinding region on the base 10 depic ted in 

FIG. 1, a column 11 is disposed upright, and a grin ding 

feed mechanism 13 is disposed on a front wall of th e 

column 11 to effect a grinding feed of the grinding  unit 

7 away or toward the chuck table 30 in the Z-axis 

direction (vertical direction).  The grinding feed 

mechanism 13 includes a ball screw 130 having an ax is in 

the vertical direction, a pair of guide rails 131 

arranged in parallel to the ball screw 130, a motor  132 

connected to an upper end of the ball screw 130 and  

adapted to rotate the ball screw 130, and an up/dow n 

plate 133 maintained in threaded engagement with th e ball 

screw 130 via internal nuts thereof and in sliding 

contact with the guide rails 131 at side portions 
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thereof.  When the motor 132 rotates the ball screw  130, 

for example, clockwise, the up/down plate 133 is th en 

lowered in the Z-axis direction while being guided by the 

guide rails 131, thereby effecting a grinding feed of the 

grinding unit 7, which is fixed on the up/down plat e 133, 

in the Z-axis direction.  When the motor 132 rotate s the 

ball screw 130 counterclockwise, on the other hand,  the 

up/down plate 133 is then raised in the Z-axis dire ction 

while being guided by the guide rails 131, thereby moving 

the grinding unit 7 away in the Z-axis direction fr om the 

workpiece 90 held under suction on the suction hold ing 

portion 300. 

        The grinding unit 7 that grinds the workpie ce 90 

held on the chuck table 30 includes a spindle 70 ha ving 

an axis extending in the Z-axis direction, a housin g 71 

rotatably supporting the spindle 70, a motor 72 ada pted 

to rotationally drive the spindle 70, a disc-shaped  mount 

73 connected to a lower end of the spindle 70, a gr inding 

wheel 74 detachably fitted on a lower wall of the m ount 

73, and a holder 75 supporting the housing 71 and f ixed 

at a side wall thereof on the up/down plate 133 of the 

grinding feed mechanism 13. 

        The grinding wheel 74 includes a wheel base  741 

having an annular shape as viewed in plan, and a 
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plurality of grinding stones 740 having a substanti ally 

parallelepiped shape and arranged in an annular pat tern 

on a lower wall of the wheel base 741.  The grindin g 

stones 740 are molded with abrasive grits such as d iamond 

grits stuck together with an appropriate binder, an d form 

grinding surfaces at lower surfaces thereof. 

        Inside the spindle 70, a flow path is forme d 

extending through the spindle 70 in an axial direct ion 

thereof.  The flow path is communicated to a grindi ng 

water source in which grinding water such as pure w ater 

is stored, and serves as a passage for the grinding  

water.  The flow path further extends through the m ount 

73, and opens in a bottom wall of the wheel base 74 1 such 

that the grinding water can be ejected toward the 

grinding stones 740. 

        During grinding, the grinding wheel 74 is 

positioned so as to protrude at a portion thereof f rom 

the chuck table 30 in a horizontal direction.  Inte rnal 

nozzles may therefore be arranged on an inner side of the 

protruding portion of the grinding wheel 74 to ejec t the 

grinding water to a position (which may hereinafter  be 

called “the grinding position”) where the lower sur faces 

of the grinding stones 740 come into contact with t he 

workpiece 90. 
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        In order to measure, for example, the thick ness of 

the workpiece 90 during grinding, the processing ma chine 

1 includes, for example, a linear gauge 5 for measu ring 

displacements of the holding surface 302 of the chu ck 

table 30, and another linear gauge 6 for measuring 

displacements of an upper surface 900 (surface 900)  of 

the workpiece 90 held on the holding surface 302 of  the 

chuck table 30. 

        At a position on the base 10, the position being 

located besides a moving path of the chuck table 30  and 

adjacent the grinding wheel 74 lowered to the grind ing 

position, a linear gauge support column 14 is dispo sed 

upright.  On a side wall of the linear gauge suppor t 

column 14, the side wall being located on a +X dire ction 

side, a first arm 141 and a second arm 142 are disp osed 

side by side extending horizontally such that the f irst 

arm 141 and second arm 142 are located over the mov ing 

path of the chuck table 30 and, as viewed in plan, 

intersect the moving path.  Further, the linear gau ge 6 is 

fixed on the side of a distal end of the first arm 141 to 

measure displacements of the upper surface 900 of t he 

workpiece 90, and the linear gauge 5 is fixed on th e side 

of a distal end of the second arm 142 to measure 

displacements of the holding surface 302. 
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        The processing machine 1 can measure the th ickness 

of the workpiece 90 sequentially from time to time during 

grinding by measuring each displacement of the heig ht 

position of the holding surface 302 as a reference 

surface by the linear gauge 5, measuring its 

corresponding displacement of the height position o f the 

upper surface 900 of the workpiece 90 under grindin g, and 

calculating a difference between measurement values  by 

the linear gauge 5 and the linear gauge 6. 

        The processing machine 1 may omit the linea r gauge 

5 and may include only the linear gauge 6.  If this  is the 

case, the height position of the holding surface 30 2 of 

the chuck table 30 is measured by the linear gauge 6 and 

ascertained in advance.  A thickness of the workpie ce 90, 

which has been removed by grinding, can be determin ed 

from a difference between the height position of th e 

upper surface 900 of the workpiece 90 held on the h olding 

surface 302 before the grinding and the height posi tion 

of the upper surface 900 of the workpiece 90 as mea sured, 

for example, after the grinding.  In addition, the 

thickness of the workpiece 90 after the grinding ca n be 

determined from a difference between the height pos ition 

of the upper surface 900 of the workpiece 90 as mea sured 

after the grinding and the height position of the h olding 
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surface 302 of the chuck table 30 as measured in ad vance. 

        When measuring the thickness of the workpie ce 90 

using the linear gauge 5 and the linear gauge 6 as in the 

present embodiment, with the workpiece 90 not held on the 

holding surface 302, a contact member 60 of the lin ear 

gauge 5 is brought close to the holding surface 302  in a 

contactless manner and is allowed to float with a 

clearance of a predetermined width left from the ho lding 

surface 302, followed by measurement of the height of the 

contact member 60 of the linear gauge 5, and a cont act 

member 60 of the linear gauge 6 is brought close to  the 

holding surface 302 in a contactless manner and is 

allowed to float with a clearance of a predetermine d 

width left from the holding surface 302, followed b y 

measurement of the height of the contact member 60 of the 

linear gauge 6.  Values of the measurements are the n made 

coincident with each other beforehand.  In other wo rds, 

origin adjustment is performed to reduce to zero th e 

difference in height between the measurement values  by 

the respective linear gauges in the above-described  

measurements.  As described above, contactless orig in 

adjustment can be performed between the linear gaug e 6 

and the linear gauge 5 in the present invention. 

        As the linear gauge 6 and the linear gauge 5 have a 
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similar configuration, description will hereinafter  be 

made about the configuration of the linear gauge 6 alone 

with reference to FIGS. 2 and 3.  FIG. 2 is a persp ective 

view of the linear gauge 6 in the processing machin e 1 of 

FIG. 1.  FIG. 3 is a cross-sectional view of the li near 

gauge 6 taken along lines A-O-B and A'-O'-B' of FIG . 2 

when the contact member 60 of the linear gauge 6 ha s been 

raised.  The linear gauge 6 depicted in FIGS. 2 and  3 is 

of a direct drive type, and includes the contact me mber 

60 having a lower tip 608 to be positioned facing t he 

workpiece 90, an air slider 69 including a cylinder  690 

having an inner supporting wall 6901, surrounding a n 

outer side wall of the contact member 60 with a cle arance 

left between the inner supporting wall 6901 and the  outer 

side wall, and configured to eject air from the inn er 

supporting wall 6901 such that the contact member 6 0 is 

supported movably in a vertical direction, a scale 63 

that detects the height position of the contact mem ber 

60, a casing 65 accommodating therein the contact m ember 

60, the air slider 69, and the scale 63, an evacuat ion 

portion 692 formed in an upper portion of the cylin der 

690 such that the ejected air is evacuated into the  

casing 65, and a communication channel 607 communic ating 

an inlet 602, which is formed in an upper portion o f the 
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contact member 60, and an outlet 604, which is form ed in 

the lower tip 608 of the contact member 60, with ea ch 

other inside the contact member 60. 

        In the present embodiment, the contact memb er 60 

includes, for example, a middle and upper portion 6 06 

having an external shape in the form of a quadrilat eral 

column, and a circular rod-shaped lower portion 609  

formed integrally with the middle and upper portion  606.  

The middle and upper portion 606 of the contact mem ber 60 

is connected on the side of an upper tip thereof to  the 

side of a lower wall of a planar connecting member 612, 

for example, by fixing nuts not illustrated.  The o uter 

side wall of the middle and upper portion 606 is 

surrounded by the air ejected from the air slider 6 9, and 

therefore, serves as a regulating wall that regulat es 

rotation of the contact member 60 with an axis of 

rotation in the Z-axis direction. 

        The lower tip 608 of the lower portion 609 of the 

contact member 60, the lower tip 608 being position ed 

facing the upper surface 900 of the workpiece 90, i s 

diametrically and horizontally enlarged, for exampl e, in 

the shape of a flange, and the outlet 604 opens at a 

center of the lower tip 608.  The lower tip 608 has  a 

greater area at a lower surface thereof owing to th e 
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diametrical and horizontal enlargement into the sha pe of 

the flange, and is hence facilitated to float by ai r 

blown out from the outlet 604 as will be described in 

detail later. 

        The contact member 60 can be raised by a ve rtical 

drive unit 64 such as a piston-cylinder unit, and i s 

allowed to fall under its own weight.  The vertical  drive 

unit 64 includes at least a cylinder tube 641 

accommodating a piston 640 therein and having a bot tom on 

the side of a proximal end thereof (on a -Z directi on 

side), a rod 642 inserted into the cylinder tube 64 1 and 

attached at a lower end thereof to the piston 640, and an 

air inlet 6411 and an air inlet 6412 for allowing a ir to 

flow into the cylinder tube 641.  The rod 642 can b e 

brought on the side of an upper end thereof into co ntact 

with the lower wall of the connecting member 612, a nd the 

cylinder tube 641 is fixed on the side of the proxi mal 

end thereof on an upper wall of a bottom plate 653 of the 

casing 65. 

        As depicted in FIG. 3, an air supply line 6 82 and 

an air supply line 683 are communicated to the air inlet 

6411 and the air inlet 6412, respectively, and the air 

supply line 682 and the air supply line 683 are 

communicated via a solenoid valve 685 to an air sup ply 
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source 68 constructed of a compressor or the like. 

        When desired to raise the contact member 60  by the 

vertical drive unit 64 to move it apart from the up per 

surface 900 of the workpiece 90, the piston 640 is raised 

by supplying air from the air supply source 68 into  the 

cylinder tube 641 via the air inlet 6412 with the 

solenoid valve 685 positioned to communicate the ai r 

supply source 68 and the air supply line 683 with e ach 

other.  The rod 642 is then brought into contact wi th the 

lower wall of the connecting member 612 to raise th e 

connecting member 612, thereby raising the contact member 

60 connected to the connecting member 612. 

        When desired to lower the contact member 60  by the 

vertical drive unit 64 to bring it close to the upp er 

surface 900 of the workpiece 90, the rod 642 is low ered 

at a regulated speed by supplying air from the air supply 

source 68 into the cylinder tube 641 via the air in let 

6411 and allowing air to flow out from the air inle t 6412 

with the solenoid valve 685 positioned to communica te the 

air supply source 68 and the air supply line 682 wi th 

each other.  As a consequence, the falling speed of  the 

contact member 60 under its own weight can be contr olled. 

        The air slider 69 has the cylinder 690 fixe d on the 

upper wall of the bottom plate 653 of the casing 65 , and 
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is configured to enable supporting the outer side w all of 

the contact member 60 in a contactless manner by 

inserting the middle and upper portion 606 of the c ontact 

member 60 into the cylinder 690. 

        Corresponding to the shape of the inserted middle 

and upper portion 606 of the contact member 60, a 

vertical bore of a quadrilateral shape as viewed in  

transverse cross-section is formed extending in the  Z-

axis direction through the cylinder 690 to accommod ate 

the contact member 60 movably up and down.  An uppe r end 

of the vertical bore with the contact member 60 ins erted 

therein serves as the evacuation portion 692 throug h 

which the air ejected from the air slider 69 is eva cuated 

from the cylinder 690 into the casing 65.  From a l ower 

end of the cylinder 690, the contact member 60 down wardly 

projects at primarily the lower portion 609 thereof .  The 

cylinder 690 includes the supporting wall 6901 spac edly 

surrounding the outer side wall of the middle and u pper 

portion 606 of the contact member 60 with a clearan ce 

provided between the inner supporting wall 6901 and  the 

outer side wall, a plurality of ejection nozzles 69 02 

surrounding the outer side wall of the contact memb er 60 

and configured to eject air from the supporting wal l 6901 

toward the clearance such that the middle and upper  
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portion 606 of the contact member 60 is supported a t the 

outer side wall thereof, an air supply port 6904 fo rmed 

through a side wall of the cylinder 690 and communi cated 

to the air supply source 68, and internal flow path s 6906 

communicating the air supply port 6904 and the indi vidual 

ejection nozzles 6902 together. 

        With the air slider 69 configured as descri bed 

above, the air is ejected from the individual eject ion 

nozzles 6902 in directions perpendicular to the out er 

side wall of the middle and upper portion 606 of th e 

contact member 60, whereby the contact member 60 ca n be 

surrounded by the air with the interposition of the  

clearance and can be supported in a contactless sta te.  

The external shape of the contact member 60 is not 

limited to the form of the quadrilateral column, an d may 

be any shape insofar as the contact member 60 does not 

rotate, in other words, any external shape other th an a 

circular column.  Therefore, the contact member 60 may be 

in the form of a polygonal column or an oval column .  As a 

still further alternative, the contact member 60 ma y be 

in the form of a column that is formed in a flat wa ll at 

only one side wall thereof and in a curved wall at the 

remaining side wall or walls.  Corresponding to the  

external shape of the contact member 60, the vertic al 
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bore of the cylinder 690 is required to be formed i n the 

shape same as the contact member 60. 

        Further, the external shape of the contact member 

60 may also be in the form of a circular cylindrica l 

column as a whole.  In the case of the circular 

cylindrical column, the air slider 69 includes a gu ide 

unit that prohibits rotation of the contact member 60 but 

permits movement of the contact member 60 in an axi al 

direction.  The guide unit includes, for example, a  moving 

magnet connected to the contact member 60 and exten ding 

in the axial direction of the contact member 60 (in  a -Z 

direction), and two fixed magnets disposed at a rig ht 

angle from the cylinder 690 or the bottom plate 653 , 

extending in the axial direction of the contact mem ber 60 

(in a +Z direction) and arranged flanking the movin g 

magnet with clearances provided therebetween.  Betw een the 

fixed magnets and the moving magnet, repulsive forc es act 

in a direction perpendicular to the axial direction  of 

the contact member 60.  By these repulsive forces, the 

contact member 60 can be prevented from rotation. 

        On a corner of the lower wall of the connec ting 

member 612, the scale 63 is disposed.  The scale 63  is 

fixed at an upper end thereof on the lower wall of the 

connecting member 612, and extends in the -Z direct ion in 
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parallel to the extending direction of the contact member 

60 (the Z-axis direction).  A reading unit 635 that  reads 

graduations of the scale 63 is disposed in the casi ng 65 

such that the reading unit 635 opposes the scale 63 .  For 

example, the reading unit 635 is fixed on an inner 

surface of one of two side walls 655 opposing each other 

in the Y-axis direction in FIGS. 2 and 3, the one s ide 

wall 655 being located on the +Y direction side, is  of an 

optical type that reads light reflected from the 

graduations of the scale 63, and can read the heigh t 

position of the lower tip 608 of the contact member  60, 

in other words, the height position of the upper su rface 

900 of the workpiece 90. 

        The communication channel 607 is formed ext ending 

in the Z-axis direction from the middle and upper p ortion 

606 to the lower tip 608 through the contact member  60, 

and the communication channel 607, on the side of a n 

upper end thereof, extends through the connecting m ember 

612 and opens as the inlet 602 in an upper wall of the 

connecting member 612.  Further, the communication channel 

607, on the side of a lower end thereof, opens as t he 

outlet 604 in the lower surface of the lower tip 60 8 of 

the contact member 60. 

        As depicted in FIGS. 2 and 3, the casing 65  has a 
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quadrilateral external shape in the present embodim ent.  

Without being limited to such a quadrilateral exter nal 

shape, however, the casing 65 may have an external shape, 

for example, in the form of a circular cylindrical 

column.  As depicted in FIGS. 2 and 3, the casing 6 5 

includes, for example, the bottom plate 653 that ha s a 

rectangular shape as viewed in plan and is parallel  to a 

horizontal plane, four side walls integrally extend ing 

upright in the +Z direction from an outer periphery  of 

the bottom plate 653, and a top plate 658 that has a 

rectangular shape as viewed in plan, is connected t o 

upper ends of the four side walls, and is parallel to the 

horizontal plane.  The two side walls that oppose e ach 

other in the X-axis direction in FIGS. 2 and 3 will  be 

referred to as “side walls 654.”  The side wall 654  on a -

X direction side is fixed at an outer side surface 

thereof, for example, on a distal end wall of the f irst 

arm 141 depicted in FIG. 1. 

        For example, the side walls 654, side walls  655, 

and top plate 658 of the casing 65 can be opened an d 

closed by opening/closing means not illustrated suc h as 

hinges, and seals or the like not illustrated are 

arranged at respective connected parts.  With the s ide 

walls 654, side walls 655, and top plate 658 all cl osed, 
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it is therefore airtight inside the casing 65, so t hat 

the air inside the casing 65 can be selectively exh austed 

out of the casing 65 from only a casing exhaust por t 671 

depicted in FIGS. 2 and 3. 

        A through-hole 657 is formed in the bottom plate 

653 of the casing 65, and the lower portion 609 and  a 

portion of the middle and upper portion 606 of the 

contact member 60 downwardly project out of the cas ing 65 

through the through-hole 657 such that they are mov able 

up and down.  Between an outer periphery of the thr ough-

hole 657 and the contact member 60, a seal mechanis m 62 

is disposed, for example. 

        For example, the seal mechanism 62 includes  at 

least a cylindrical member 620 attached to the lowe r wall 

of the bottom plate 653, and a water supply source 629 

communicating to the cylindrical member 620, and th e 

cylindrical member 620 includes an inner side wall 

surrounding the outer side wall of the contact memb er 60 

with a clearance provided therebetween, and water 

ejection nozzles 6201 configured to eject water fro m the 

inner side wall to the outer side wall of the conta ct 

member 60.  Upon measurement of the height of the u pper 

surface 900 of the workpiece 90, the clearance betw een 

the outer side wall of the contact member 60, which  
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projects downward from the casing 65, and the inner  side 

wall of the cylindrical member 620 is filled with t he 

water supplied from the water supply source 629 and  

ejected from the water ejection nozzles 6201, where by a 

water seal is formed to prevent the air inside the casing 

65 from leaking out from the through-hole 657. 

        The linear gauge 6 of the present embodimen t 

includes the casing exhaust port 671 that exhausts the 

air, which has been evacuated from the air slider 6 9 into 

the casing 65, to an outside of the casing 65, and a 

valve 673, such as an electro-pneumatic regulator o r an 

electrically actuated regulator valve, that adjusts  the 

exhaust rate of the air to be exhausted from the ca sing 

exhaust port 671. 

        In the example depicted in FIGS. 2 and 3, t he 

casing exhaust port 671 is formed through an upper 

portion of the side wall 655 on the +Y direction si de, 

and an exhaust line 674 such as a metal pipe or a r esin 

tube is communicated to the casing exhaust port 671 .  The 

valve 673 is arranged in the exhaust line 674. 

        The linear gauge 6 of the present embodimen t may 

also include a flow rate adjuster 66, which as depi cted 

in FIGS. 2 and 3 is disposed, for example, in the c ontact 

member 60 to adjust the flow rate of air that flows  
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through the communication channel 607 in the contac t 

member 60.  For example, the flow rate adjuster 66 can be, 

but is not limited to, an electrically actuated gat e 

valve which is movable in the horizontal direction to 

enable a change in the cross-sectional area of the 

communication channel 607. 

        As depicted in FIG. 1, the processing machi ne 1 

includes a control unit 19 that performs, for examp le, 

control of the entire machine.  The control unit 19  is 

configured of a central processing unit (CPU) or th e 

like, and is electrically connected to individual 

elements of the processing machine 1.  The control unit 19 

is electrically connected, for example, to the grin ding 

feed mechanism 13, the grinding unit 7, and the lik e, and 

under control by the control unit 19, up/down movin g 

operation of the grinding unit 7 by the grinding fe ed 

mechanism 13, rotational operation of the grinding wheel 

74 by the grinding unit 7, and the like are perform ed.  

The control unit 19 includes a storage section 190 

configured of a storage device such as a memory. 

        The control unit 19 is connected to the rea ding 

unit 635 depicted in FIGS. 2 and 3 via a wired or 

wireless communication path, and the reading unit 6 35 can 

transmit to the control unit 19 the height position  of 
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the lower tip 608 of the contact member 60, in othe r 

words, the height position of the upper surface 900  of 

the workpiece 90 as read from the scale 63. 

        The valve 673 depicted in FIGS. 2 and 3 is 

electrically connected to the control unit 19, and 

adjusts the exhaust rate of the air, which is to be  

exhausted from the casing exhaust port 671, in prop ortion 

to each electrical signal fed from the control unit  19, 

so that the pressure of the air in the casing 65 ca n be 

adjusted stepless.  In other words, the adjustment of the 

exhaust rate of the air under control by the contro l unit 

19 enables adjustment of the flow rate of the air t hat 

flows into the communication channel 607 from the i nlet 

602 of the contact member 60 disposed in the casing  65 

and blows out from the outlet 604 to the outside of  the 

casing 65. 

        Description will hereinafter be made about 

operation of the processing machine 1 depicted in F IG. 1 

when the workpiece 90 held on the chuck table 30 is  

ground on the processing machine 1.  In the 

mounting/dismounting region, the workpiece 90 is mo unted 

on the holding surface 302 of the chuck table 30 wi th 

their centers substantially registered with each ot her.  A 

suction force produced by the suction source not 
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illustrated is then transmitted to the holding surf ace 

302, whereby the chuck table 30 holds the workpiece  90 

under suction on the holding surface 302. 

        Next, the chuck table 30 with the workpiece  90 held 

under suction thereon is moved in a +Y direction fr om the 

mounting/dismounting region to underneath the grind ing 

unit 7 in the grinding region, and the chuck table 30 is 

positioned such that the center of rotation of the 

grinding stones 740 of the grinding unit 7 is offse t by a 

predetermined distance in the horizontal direction 

relative to the center of rotation of the workpiece  90 

and the trajectory of rotation of the grinding ston es 740 

passes through the center of rotation of the workpi ece 

90. 

        The above-described origin adjustment betwe en the 

linear gauge 6 and the linear gauge 5 has already b een 

performed, for example, before actually performing 

grinding on the processing machine 1.  Now, referen ce is 

made to FIG. 4.  FIG. 4 is a cross-sectional view o f the 

linear gauge 6 taken along lines A-O-B and A'-O'-B'  of 

FIG. 2 when the contact member 60 of the linear gau ge 6 

is measuring displacements of the upper surface 900  of 

the workpiece 90 in a contactless manner.  As depic ted in 

FIG. 4, the vertical drive unit 64 first lowers the  
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contact member 60 in the -Z direction such that the  

contact member 60 comes close to the upper surface 900 of 

the workpiece 90.  Described specifically, with a s upply 

port of the solenoid valve 685 communicated to the air 

supply line 682, the air supply source 68 supplies air 

from the air inlet 6411 into the cylinder tube 641,  

whereby the air in the cylinder tube 641 is purged at a 

predetermined flow rate from the air inlet 6412 int o the 

atmosphere via a flow rate adjustment valve 686.  A s a 

consequence, the piston 640 is moved at a regulated  speed 

in a downward direction (the -Z direction) inside t he 

cylinder tube 641.  The downward moving speed of th e 

contact member 60, which would otherwise fall prima rily 

under its own weight, is therefore controlled at a 

regulated speed. 

        Here, air is supplied from the air supply s ource 68 

to the air supply port 6904 of the air slider 69, a nd the 

air is ejected from the ejection nozzles 6902 towar d the 

outer side wall of the contact member 60, whereby m otion 

of the contact member 60 in the direction of its ro tation 

about the Z-axis as an axis of rotation is regulate d by 

its outer side wall that plays a role as a regulati ng 

surface while the contact member 60 is supported by  the 

air slider 69 in a contactless manner.  If the cont act 
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member 60 as a whole is in the form of a circular 

cylindrical column, the air slider 69 as described above 

includes the guide portion that has the moving magn et and 

the fixed magnets to regulate the motion of the con tact 

member 60 in the direction of its rotation. 

        On the other hand, the grinding unit 7 depi cted in 

FIG. 1 is fed in the -Z direction by the grinding f eed 

mechanism 13, and the rotating grinding stones 740 are 

brought into contact with the upper surface 900 of the 

workpiece 90 to perform grinding.  During the grind ing, in 

association with rotation of the chuck table 30 at a 

predetermined rotational speed, the workpiece 90 he ld on 

the holding surface 302 also rotates, so that the 

grinding stones 740 perform grinding processing of the 

entire upper surface 900 of the workpiece 90.  Duri ng the 

grinding processing, grinding water is supplied to the 

position of contact between the grinding stones 740  and 

the upper surface 900 of the workpiece 90, for exam ple, 

through the spindle 70, whereby the position of con tact 

is cooled and cleaned. 

        When the grinding of the workpiece 90 by th e 

grinding stones 740 is initiated, the height positi on of 

the holding surface 302 as a reference surface is 

measured in a contactless manner by the linear gaug e 5 
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depicted in FIG. 1, and varying height positions of  the 

upper surface 900 of the workpiece 90 under grindin g are 

measured in a contactless manner by the linear gaug e 6 

with the contact member 60 lowered close to the upp er 

surface 900 of the workpiece 90 as described above.   The 

control unit 19 calculates differences between 

measurement values by the two gauges, so that the 

thickness of the workpiece 90 is sequentially measu red 

during the grinding. 

        In a specific measurement example of displa cements 

of the height position of the upper surface 900 of the 

workpiece 90 by the linear gauge 6, the difference 

between each measurement value of the height of the  

contact member 60 of the linear gauge 6, the contac t 

member 60 floating with a clearance of a predetermi ned 

width L1 left from the upper surface 900 of the wor kpiece 

90 as depicted in FIG. 4, and its corresponding 

measurement value of the height of the contact memb er 60 

of the linear gauge 5, the contact member 60 floati ng 

with a clearance of a predetermined width left from  the 

holding surface 302 of the chuck table 30, gives th e 

thickness of the workpiece 90. 

        In other words, the contact member 60 of th e linear 

gauge 6 is caused to float at the predetermined dis tance 
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above the workpiece 90 by air such that the contact  

member 60 remains out of contact with the workpiece  90.  

Described specifically, by supplying air 689 from t he air 

supply source 68 to the air supply port 6904 of the  air 

slider 69 and ejecting the air 689 from the ejectio n 

nozzles 6902 toward the outer side wall of the cont act 

member 60 as depicted in FIG. 4, the air 689 is eva cuated 

from the evacuation portion 692 in the upper portio n of 

the cylinder 690 into the casing 65 while supportin g the 

contact member 60 by the air slider 69 in a contact less 

manner. 

        With the air 689 evacuated from the evacuat ion 

portion 692 into the casing 65, the interior of the  

casing 65 is progressively filled, and the air 689 

progressively flows from the inlet 602 in the upper  

portion of the contact member 60 into the communica tion 

channel 607.  The air 689 then blows out downward f rom the 

outlet 604 and flows radially outward along the low er 

surface of the lower tip 608 of the contact member 60, so 

that the contact member 60 floats such that it sepa rates 

upward from the upper surface 900 of the workpiece 90.  As 

a consequence, the linear gauge 6 is now ready to m easure 

displacements of the upper surface 900 of the workp iece 

90 in a contactless manner with the clearance of th e 
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predetermined width L1, for example, of the µm order 

provided between the lower tip 608 of the contact m ember 

60 and the upper surface 900 of the workpiece 90. 

        Concerning the provision of the clearance o f the 

predetermined width L1 between the upper surface 90 0 of 

the workpiece 90 before grinding and the lower surf ace of 

the lower tip 608 of the contact member 60 at the t ime of 

initiation of measurement of the height, the cleara nce of 

the predetermined width L1 can be realized with eas e by 

reproducing the flow rate of the air blown out from  the 

outlet 604 of the contact member 60, for example, w hen 

the clearance of a predetermined width is provided 

between the holding surface 302 and the lower surfa ce of 

the lower tip 608 of the contact member 60 of the l inear 

gauge 6 upon the origin adjustment, because the flo w rate 

of the blowing air at the time of the origin adjust ment 

is stored in the storage section 190 of the control  unit 

19. 

        The supply rate per unit time (for example,  a 

volume greater than at least 1 L/min) of the air 68 9 to 

be supplied from the air supply source 68 to the ai r 

slider 69 is maintained constant.  In the present 

embodiment, there are two exhaust ports for the air  in 

the casing 65, one being the outlet 604 of the cont act 
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member 60, the other the casing exhaust port 671 of  the 

casing 65.  The magnitude of the predetermined widt h L1 of 

the clearance between the upper surface 900 of the 

workpiece 90, the upper surface 900 progressively 

lowering by the grinding, and the lower surface of the 

lower tip 608 of the contact member 60, the lower s urface 

also progressively lowering following the lowering upper 

surface 900, is therefore maintained during the gri nding 

processing, for example, by adjusting and controlli ng the 

exhaust rate of the air 689, which is to be exhaust ed 

from the casing exhaust port 671 via the valve 673,  by 

the control unit 19 depicted in FIG. 1.  Described 

specifically, the opening of the valve 673 is adjus ted in 

proportion to electrical signals fed from the contr ol 

unit 19 to the valve 673, so that the exhaust rate of the 

air 689 to be exhausted from the casing exhaust por t 671 

is maintained at a predetermined exhaust rate durin g the 

grinding processing.  As a consequence, the flow ra te of 

the air 689, which flows through the communication 

channel 607, is adjusted to a constant rate, and 

therefore the volume of the air 689, which blows ou t from 

the outlet 604, is maintained constant. 

        If the linear gauge 6 does not include the casing 

exhaust port 671 and the valve 673, for example, th e flow 
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rate adjuster 66 depicted in FIG. 4 may be moved in  the 

horizontal direction to change the cross-sectional area 

of the communication channel 607, so that the flow rate 

of the air 689, which flows through the communicati on 

channel 607, is adjusted to the constant rate.  As a 

consequence, the volume of the air 689, which blows  out 

from the outlet 604, can be maintained constant suc h that 

the magnitude of the predetermined width L1 of the 

clearance between the upper surface 900 of the work piece 

90, the upper surface 900 progressively lowering by  the 

grinding, and the lower surface of the lower tip 60 8 of 

the contact member 60, the lower surface also 

progressively lowering following the lowering upper  

surface 900, is maintained constant during the grin ding 

processing. 

        As the height position of the upper surface  900 

progressively lowers from the height position at th e 

input thickness, the height position serving as a 

reference, through grinding of the upper surface 90 0 of 

the workpiece 90 by rotation of the grinding stones  740 

depicted in FIG. 1, the contact member 60 progressi vely 

lowers while allowing the constant volume of air 68 9 to 

blow out from the outlet 604 depicted in FIG. 4 and  

maintaining the clearance at the predetermined widt h L1.  
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In parallel with this progressive lowering of the c ontact 

member 60, the varying height position of the upper  

surface 900 of the workpiece 90 is sequentially mea sured 

at every unit time in a contactless manner by the s cale 

63 and the reading unit 635, and information of the  

measurement results is fed to the control unit 19 

depicted in FIG. 1. 

        In addition, displacements of the height po sition 

of the holding surface 302 of the chuck table 30 ar e also 

continuously and sequentially measured in a contact less 

manner by the linear gauge 5 during the grinding by  

substantially the same operation as in the above-

described contactless measurement of the displaceme nts of 

the height position of the upper surface 900 of the  

workpiece 90 by the linear gauge 6.  The control un it 19 

then calculates the difference between each measure ment 

value of the linear gauge 6 and its corresponding 

measurement value of the linear gauge 5, whereby th e 

thickness of the workpiece 90 is sequentially measu red 

during the grinding. 

        After the workpiece 90 is ground to a desir ed 

thickness while measuring its thickness as describe d 

above, the grinding unit 7 is moved upward and away  from 

the workpiece 90 under control by the control unit 19.  
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Further, the contact member 60 is also raised upwar d (in 

the +Z direction) apart from the workpiece 90 by th e 

vertical drive unit 64 depicted in FIG. 4.  Describ ed 

specifically, with the supply port of the solenoid valve 

685 switched to a position where the supply port is  

communicated to the air supply line 683 (the positi on 

depicted in FIG. 3), the air supply source 68 suppl ies 

air from the air inlet 6412 into the cylinder tube 641 to 

raise the piston 640.  The rod 642 is hence raised,  so 

that the contact member 60 is raised together with the 

connecting member 612 and the contact member 60 is 

separated from the workpiece 90.  As a consequence,  the 

grinding of the workpiece 90 is completed. 

        The linear gauge 6 according to the present  

invention for measuring displacements of the upper 

surface 900 of the workpiece 90 includes the contac t 

member 60 having the lower tip 608 to be positioned  

facing the workpiece 90, the air slider 69 includin g the 

cylinder 690 having the inner supporting wall 6901,  

surrounding the outer side wall of the contact memb er 60 

with a clearance left between the inner supporting wall 

6901 and the outer side wall, and configured to eje ct air 

from the inner supporting wall 6901 such that the c ontact 

member 60 is supported movably in a vertical direct ion, 



37 

the scale 63 that detects the height position of th e 

contact member 60, the casing 65 accommodating ther ein 

the contact member 60, the air slider 69, and the s cale 

63, the evacuation portion 692 formed in the upper 

portion of the cylinder 690 such that the ejected a ir is 

evacuated into the casing 65, and the communication  

channel 607 communicating the inlet 602, which is f ormed 

in the upper portion of the contact member 60, and the 

outlet 604, which is formed in the lower tip 608 of  the 

contact member 60, with each other inside the conta ct 

member 60.  Therefore, by introducing the air, whic h has 

been evacuated from the evacuation portion 692 into  the 

casing 65, from the inlet 602 into the communicatio n 

channel 607 and allowing it to blow out from the ou tlet 

604, a clearance can be provided between the lower tip 

608 of the contact member 60 and the upper surface 900 of 

the workpiece 90 to enable contactless measurement of 

displacements of the upper surface 900 of the workp iece 

90, and wearing of the lower tip 608 of the contact  

member 60 can be avoided. 

        The lower tip 608 of the contact member 60 remains 

out of contact with the upper surface 900 of the 

workpiece 90.  Even if the upper surface 900 of the  

workpiece 90 is irregular, no tilting force is henc e 



38 

applied to the contact member 60, so that the thick ness 

of the workpiece 90 can be accurately measured. 

        The linear gauge 6 according to the present  

invention may adjust the exhaust rate of the air, w hich 

is to be exhausted from the casing exhaust port 671 , by 

further including the casing exhaust port 671 that 

exhausts the air, which has been evacuated into the  

casing 65, out of the casing 65, and the valve 673 that 

adjusts the exhaust rate of the air to be exhausted  from 

the casing exhaust port 671.  The adjustment of the  

exhaust rate of the air enables adjustment of the f low 

rate of the air flowing through the communication c hannel 

607, and hence, adjustment of the distance between the 

lower tip 608 of the contact member 60 and the uppe r 

surface 900 of the workpiece 90. 

        The linear gauge 6 according to the present  

invention may adjust the flow rate of the air, whic h 

flows through the communication channel 607, by fur ther 

including the flow rate adjuster 66 disposed in the  

contact member 60.  The adjustment of the air, whic h flows 

through the communication channel 607, enables adju stment 

of the distance between the lower tip 608 of the co ntact 

member 60 and the upper surface 900 of the workpiec e 90. 

        The present invention is not limited to the  details 
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of the above-described preferred embodiment.  The s cope of 

the invention is defined by the appended claims and  all 

changes and modifications as fall within the equiva lence 

of the scope of the claims are therefore to be embr aced 

by the invention.   
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WHAT IS CLAIMED IS: 

        1.  A linear gauge for measuring displaceme nts of a 

surface of a workpiece, the linear gauge comprising : 

        a contact member having a lower tip to be 

positioned facing the workpiece; 

        an air slider including a cylinder having a n inner 

supporting wall that surrounds an outer side wall o f the 

contact member with a clearance left between the in ner 

supporting wall and the outer side wall, and config ured 

to eject air from the inner supporting wall such th at the 

contact member is supported movably in a vertical 

direction; 

        a scale that detects a height position of t he 

contact member; 

        a casing accommodating therein the contact member, 

the air slider, and the scale; 

        an evacuation portion formed in an upper po rtion of 

the cylinder such that the ejected air is evacuated  into 

the casing; and 

        a communication channel communicating an in let 

formed in an upper portion of the contact member an d an 

outlet formed in the lower tip of the contact membe r with 

each other inside the contact member, 

        wherein the air evacuated from the evacuati on 
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portion into the casing is introduced from the inle t into 

the communication channel and is allowed to blow ou t from 

the outlet to provide a clearance between the lower  tip 

of the contact member and the surface of the workpi ece, 

to thereby enable contactless measurement of the 

displacements of the surface of the workpiece. 

        2.  The linear gauge according to claim 1, further 

comprising: 

        a casing exhaust port that exhausts the air  that 

has been evacuated into the casing out of the casin g; and 

        a valve that adjusts an exhaust rate of the  air to 

be exhausted from the casing exhaust port, 

        wherein a distance between the lower tip of  the 

contact member and the surface of the workpiece is 

adjusted through adjustment of a flow rate of the a ir 

flowing through the communication channel by the 

adjustment of the exhaust rate of the air. 

        3.  The linear gauge according to claim 1, further 

comprising: 

        a flow rate adjuster disposed in the contac t member 

to adjust a flow rate of the air flowing through th e 

communication channel, 

        wherein a distance between the lower tip of  the 

contact member and the surface of the workpiece is 
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adjusted through adjustment of the flow rate of the  air 

flowing through the communication channel by the fl ow 

rate adjuster. 

  


