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HOLDING MECHANISM INCLUDING BERNOULLI PAD 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a holding 

mechanism including a Bernoulli pad that holds a pl ate-

shaped body by an action of a negative pressure gen erated 

by blowing air to the plate-shaped body. 

Description of Related Art 

        On electric equipment such as mobile phones  and 

personal computers, device chips are mounted.  The device 

chips are obtained by grinding a back side as a who le of 

a wafer formed on a front side thereof with a plura lity 

of devices such as integrated circuits (ICs) and la rge 

scale integrations (LSIs) by a grinding apparatus t o thin 

the wafer, and dividing the thinned wafer by a cutt ing 

apparatus or a laser processing apparatus.  A plura lity of 

streets are set in a grid pattern on the front surf ace of 

the wafer before dividing, and the above-described 

devices are formed in a plurality of regions partit ioned 

by the streets.  On the front side of the wafer, an  

annular peripheral marginal area where the devices are 

not formed is present in a periphery of a device ar ea 

where the plurality of devices are formed. 
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        Incidentally, at the time of manufacturing the 

device chips, there is a technique of grinding a ce ntral 

portion on the back side corresponding to the devic e 

area, without grinding a peripheral portion on the back 

side corresponding to the peripheral marginal area,  to 

thin the back side and form a recess.  In this case , the 

peripheral portion functions as a thick reinforceme nt 

section, so that effects of reducing warpage of the  

wafer, enhancing strength of the wafer, and the lik e are 

obtained.  However, in a case where a thickness of the 

wafer at the portion corresponding to the device ar ea is 

reduced to a thickness on the order of, for example , 30 

µm, there arises a fear of damaging the wafer when 

conveying the wafer by putting a suction pad to the  

device area.  In view of this, there has been devel oped a 

holding mechanism including a Bernoulli pad that ho lds 

the wafer without making contact with the device ar ea 

(see, for example, Japanese Patent Laid-open No. 20 05-

142462). 

 

SUMMARY OF THE INVENTION 

        A Bernoulli pad holds a wafer under suction  by 

utilizing a negative pressure generated by blowing air to 

the wafer.  As the pressure of air supplied is rais ed, a 
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greater negative pressure can be generated; however , as 

the pressure of air is raised, a collision force of  air 

blown to the wafer exerted on the wafer is also rai sed, 

so that the wafer is vibrated, leading to damage to  the 

wafer.  Note that the problem of vibration of the w afer 

leading to damage to the wafer may occur even with an 

ordinary wafer which is not formed with a recess on  the 

back side.  The present invention has been made in 

consideration of such a problem.  Accordingly, it i s an 

object of the present invention to hold a plate-sha ped 

body such as a wafer under suction by use of a Bern oulli 

pad in such a manner as not to damage the plate-sha ped 

body. 

        In accordance with an aspect of the present  

invention, there is provided a holding mechanism 

including a Bernoulli pad that holds a plate-shaped  body 

by an action of a negative pressure generated by bl owing 

air to the plate-shaped body.  The holding mechanis m 

includes a hand on which the Bernoulli pad is dispo sed, a 

sensor that is disposed on the hand and detects tha t the 

plate-shaped body is held under suction by the Bern oulli 

pad, a lateral movement restriction section that is  

disposed on the hand and restricts lateral movement  of 

the plate-shaped body, a tube that connects an air source 



4 

supplying air to the Bernoulli pad and the Bernoull i pad, 

an adjustment valve that is disposed in the tube an d 

adjusts a flow rate of air supplied to the Bernoull i pad, 

and a control section that controls operation of th e 

adjustment valve.  The control section gradually in creases 

the flow rate of the air supplied from the adjustme nt 

valve to the Bernoulli pad and, when it is detected  by 

the sensor that the plate-shaped body has been held  under 

suction by the Bernoulli pad by receiving the actio n of 

the negative pressure, fixes the flow rate of the a ir. 

        Preferably, the sensor is a proximity senso r, and 

when it is detected by the sensor that a distance b etween 

the sensor and the plate-shaped body has become a 

predetermined length, the control section decides t hat 

the plate-shaped body has been held under suction b y the 

Bernoulli pad and fixes the flow rate of the air su pplied 

from the adjustment valve to the Bernoulli pad. 

        In addition, preferably, the sensor is a vi bration 

sensor, and when it is detected by the sensor that an 

amplitude of vibration of the plate-shaped body tha t 

gradually increases with an increase in the flow ra te of 

the air has become a predetermined amount, the cont rol 

section decides that the plate-shaped body has been  held 

under suction by the Bernoulli pad and fixes the fl ow 



5 

rate of the air supplied from the adjustment valve to the 

Bernoulli pad. 

        In the holding mechanism according to an as pect of 

the present invention, the control section graduall y 

increases the flow rate of the air supplied from th e 

adjustment valve to the Bernoulli pad and, when it is 

detected by the sensor that the plate-shaped body h as 

been held under suction by the Bernoulli pad by rec eiving 

the action of the negative pressure, fixes the flow  rate 

of the air.  In other words, it is possible to prev ent the 

collision force of air from becoming excessively hi gh, so 

that the plate-shaped body can be properly held und er 

suction with a suction force of such an extent as n ot to 

damage the plate-shaped body. 

        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 some pre ferred 

embodiments of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view of a holding m echanism 
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and the like; 

        FIG. 2 is an enlarged perspective view of o ne 

surface side of a hand; 

        FIG. 3 is a diagram depicting a manner in w hich a 

flow rate of air is adjusted to hold a wafer under 

suction; and 

        FIG. 4 is a flow chart when the flow rate o f air is 

adjusted to hold the wafer under suction. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

        An embodiment according to a mode of the pr esent 

invention will be described referring to the attach ed 

drawings.  First, description will be made of a hol ding 

mechanism 2 that is mounted on a processing apparat us 

(not illustrated) such as a cutting apparatus, a gr inding 

apparatus, a laser processing apparatus, and a tape  

attaching apparatus and that conveys a wafer (plate -

shaped body) 11 as an object of processing or the l ike.  

FIG. 1 is a perspective view of the holding mechani sm 2 

and the like.  The holding mechanism 2 has a first driving 

section 6.  The first driving section 6 has a motor  not 

illustrated or the like such that a cylindrical sup port 

member 8 connected to an upper portion of the first  

driving section 6 can be moved vertically along a Z -axis 



7 

direction and can be rotated around a rotational ax is 

substantially parallel to the Z-axis direction. 

        To an upper portion of the support member 8 , one 

end portion of a first link 10 is connected so as t o be 

rotatable around a rotational axis substantially pa rallel 

to the Z-axis direction.  To an upper portion of an other 

end portion of the first link 10, a bottom portion of one 

end portion of a second link 12 is connected so as to be 

rotatable around a rotational axis substantially pa rallel 

to the Z-axis direction.  To an upper portion of an other 

end portion of the second link 12, a bottom portion  of a 

second driving section 14 is connected so as to be 

rotatable around a rotational axis substantially pa rallel 

to the Z-axis direction.  To a side portion of the second 

driving section 14, a hand 16 is connected so as to  be 

rotatable around a predetermined straight line 

substantially parallel to an XY plane. 

        Here, a structure of the hand 16 according to a 

first embodiment will be described referring to FIG . 2.  

FIG. 2 is an enlarged perspective view of one surfa ce 16d 

side of the hand 16.  The hand 16 has a rectangular  plate-

shaped base section 16a of which one end portion is  

connected to the second driving section 14.  To ano ther 

end portion of the base section 16a, an arcuate tip  
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section 16b formed of a metal such as the same stai nless 

steel as the base section 16a or the like is connec ted.  

The arc formed by the tip section 16b has a center angle 

of equal to or more than 270 degrees.  The tip sect ion 16b 

of this example has a cutout 16c having substantial ly the 

same width as the width of the base section 16a, on  the 

opposite side of the center of the arc from the oth er end 

portion of the base section 16a. 

        On the one surface 16d side of the tip sect ion 16b, 

a plurality of Bernoulli pads 18a and 18b are provi ded.  

Specifically, with a virtual straight line connecti ng the 

cutout 16c and the base section 16a as a center, th ree 

Bernoulli pads 18a are disposed on one side, and th ree 

Bernoulli pads 18b are disposed on the other side, in 

line symmetry.  Each of the Bernoulli pads 18a and 18b 

jets air such that a swirling flow is generated in a 

direction from another surface 16e to the one surfa ce 16d 

of the tip section 16b.  The Bernoulli pads 18a and  18b 

are basically the same, but, for example, for the p urpose 

of preventing rotation of an object to be sucked, t he 

direction of rotation of the swirling flow is set 

conversely. 

        In a vicinity of a rotational axis of the s wirling 

flow, pressure is lowered according to Bernoulli’s 
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principle, so that a negative pressure is generated .  The 

wafer 11 located in a vicinity of the hand 16 is he ld 

under suction in a non-contact manner by the Bernou lli 

pads 18a and 18b by a balance between an upward for ce 

caused by an action of the negative pressure and a 

downward force caused by a collision force of air a nd the 

weight of the wafer 11 itself.  Between the three 

Bernoulli pads 18a, for example, a rubber pad (late ral 

movement restriction section) 20 formed of a rubber  sheet 

is disposed.  Note that a rubber pad 20 is also dis posed 

similarly between the three Bernoulli pads 18b. 

        The rubber pads 20 each project further tha n a 

projection amount of the Bernoulli pads 18a from th e one 

surface 16d.  The projection amount of the rubber p ads 20 

is adjusted so as to be able to contact the wafer 1 1 when 

the wafer 11 is sucked by the Bernoulli pads 18a an d 18b.  

Therefore, when the wafer 11 is held under suction by the 

Bernoulli pads 18a and 18b, movement (lateral movem ent) 

of the wafer 11 in a lateral direction parallel to the XY 

plane is restricted.  Note that, in place of the ru bber 

pads 20, guides, pins, or the like (lateral movemen t 

restriction section) for restricting lateral moveme nt of 

the wafer 11 may be provided on the hand 16. 

        Between the Bernoulli pads 18a and 18b that  are 



10 

each disposed at a position closest to the base sec tion 

16a, a sensor 22 that detects that the wafer 11 has  been 

held under suction by the Bernoulli pads 18a and 18 b is 

disposed.  The sensor 22 in the present embodiment is a 

capacitance-type proximity sensor capable of measur ing a 

distance from a probe of the sensor 22 to the wafer  11.  

The capacitance of the sensor 22 varies according t o the 

distance A (see FIG. 3) between the probe of the se nsor 

22 and the wafer 11.  The capacitance detected by t he 

sensor 22 is outputted to a control section 32 desc ribed 

later and is converted into the distance A by the c ontrol 

section 32. 

        Here, referring to FIG. 1, the wafer 11 and  the 

like will be described.  The wafer 11 is, for examp le, 

formed of a semiconductor material such as silicon.   On a 

front surface 11a of the wafer 11, a plurality of s treets 

are set in a grid pattern.  In each of a plurality of 

regions partitioned by the plurality of streets, a device 

13 such as an integrated circuit (IC) is formed.  N ote 

that a material, a shape, a structure, a size, and the 

like of the wafer 11 are not limited.  For example,  the 

wafer 11 may be formed of a material other than sil icon, 

such as a semiconductor, a ceramic, a resin, a meta l, and 

the like.  Similarly, a kind, a number, a shape, a 
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structure, a size, layout, and the like of the devi ces 13 

are also not limited. 

        A plurality of wafers 11 are accommodated i n a 

cassette 24.  The cassette 24 has a pair of side su rfaces 

24a.  An inner surface of each side surface 24a is formed 

with a plurality of support grooves 24b at a 

predetermined interval along a height direction of the 

cassette 24.  With respect to each pair of opposed support 

grooves 24b, one wafer 11 is accommodated.  Upper p ortions 

of the pair of side surfaces 24a are connected by a  top 

plate 24c, and lower portions of the pair of side 

surfaces 24a are connected by an elongate plate-sha ped 

connection section 24d.  In addition, an opening 24 e is 

formed at one end portion (front portion) in a late ral 

direction of the pair of side surfaces 24a. 

        The hand 16 is made to enter the cassette 2 4 

through the opening 24e, and the one surface 16d of  the 

hand 16 is disposed on an upper side of the wafer 1 1, 

after which air is blown from the Bernoulli pads 18 a and 

18b to the wafer 11, so that the wafer 11 is sucked  to 

the one surface 16d (see FIG. 3).  As depicted in F IG. 3, 

an air supply source (air source) 28 is connected t o the 

Bernoulli pads 18a and 18b through an air tube 26.  The 

air supply source 28 has a compressor that compress es air 
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and feeds out the compressed air, a tank that reser ves 

the compressed air, and the like. 

        An electropneumatic regulator (adjustment v alve) 30 

is disposed in the air tube 26.  The electropneumat ic 

regulator 30 is a proportional control valve capabl e of 

continuously controlling the pressure of air output ted 

according to an input signal and has a controller ( not 

illustrated) for controlling operations of an exhau st 

valve and an air supply valve (both not illustrated ).  The 

controller controls opening and closing of the exha ust 

valve and the air supply valve, to thereby control the 

pressure of air at an output port of the electropne umatic 

regulator 30.  Note that air is supplied to the air  supply 

valve from the air supply source 28 through the air  tube 

26, and air adjusted to a predetermined pressure is  

supplied from the output port to the air tube 26 on  a 

downstream side. 

        The electropneumatic regulator 30 is provid ed with 

a pressure sensor (not illustrated) that monitors t he 

pressure of air at the output port.  When an input signal 

designating a pressure value of air outputted from the 

output port is inputted into the controller, the 

controller controls the exhaust valve and the air s upply 

valve according to the input signal and is fed back  with 
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the pressure value acquired by the pressure sensor.   Based 

on the feedback of the pressure value, the controll er 

controls the exhaust valve and the air supply valve  such 

that the pressure value of air at the output port b ecomes 

the designated pressure value.  Accordingly, the pr essure 

of air at the output port is corrected. 

        The pressure of air at the output port is a djusted 

by the input signal inputted to the controller, so that a 

flow rate (namely, a flow rate per unit time) of ai r 

supplied to the Bernoulli pads 18a and 18b is adjus ted.  

For example, by continuously varying the pressure o f air 

at the output port, the flow rate of air from the o utput 

port can be continuously varied.  Specifically, as the 

pressure of air at the output port is set higher, t he 

flow rate of air jetted from the output port can be  

increased, and, as the pressure of air at the outpu t port 

is set lower, the flow rate of air jetted from the output 

port can be decreased. 

        A stopcock 26a such as a manual valve is di sposed 

between the air supply source 28 and the electropne umatic 

regulator 30.  When the stopcock 26a is set into an  open 

state, air is supplied at a pressure of, for exampl e, 

approximately 0.3 MPa from the air supply source 28  to an 

air supply port of the electropneumatic regulator 3 0.  The 
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operation of the electropneumatic regulator 30 is 

controlled by the control section 32.  The control section 

32 is a main body of control of the above-described  

processing apparatus and also controls components o f the 

holding mechanism 2 such as a link mechanism 4, the  

Bernoulli pads 18a and 18b, and the sensor 22. 

        The control section 32 includes a computer 

including, for example, a processing device such as  a 

processor represented by a central processing unit (CPU), 

a main storage device such as a dynamic random acce ss 

memory (DRAM), a static random access memory (SRAM) , and 

a read only memory (ROM), and an auxiliary storage device 

such as a flash memory, a hard disk drive, and a so lid 

state drive.  A software including a predetermined program 

is stored in the auxiliary storage device.  By oper ating 

the processing device and the like according to thi s 

software, functions of the control section 32 are 

realized.  Next, a method of holding the wafer 11 u nder 

suction by the Bernoulli pads 18a and 18b by adjust ing 

the flow rate of air by the control section 32 will  be 

described. 

        FIG. 3 is a diagram depicting the manner in  which 

the flow rate of air is adjusted to hold the wafer 11 

under suction, and FIG. 4 is a flow chart when the flow 
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rate of air is adjusted to hold the wafer 11 under 

suction.  Note that, in FIG. 3, the Bernoulli pads 18a and 

18b and the rubber pads 20 are omitted.  At the tim e of 

holding the wafer 11 under suction, first, the link  

mechanism 4 is operated to dispose the hand 16 on t he 

upper side of one wafer 11 accommodated in the cass ette 

24.  In the present embodiment, the one surface 16d  of the 

hand 16 is made to face the front surface 11a of th e 

wafer 11, but, in a case where a back surface 11b o f the 

wafer 11 is directed upward, the one surface 16d ma y be 

made to face the back surface 11b. 

        Next, an input signal to the electropneumat ic 

regulator 30 is controlled, to gradually increase t he 

flow rate of air supplied from the electropneumatic  

regulator 30 to the Bernoulli pads 18a and 18b from  zero 

(air flow rate increasing step S10).  The control s ection 

32 monitors the capacitance of the sensor 22, there by 

monitoring the distance A between the probe of the sensor 

22 and the wafer 11 on a real-time basis.  When the  

distance A has not reached a predetermined length, the 

control section 32 decides that the wafer 11 has no t been 

held under suction (NO at S20) and continues to inc rease 

the flow rate of air. 

        On the other hand, when it is detected by t he 
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sensor 22 that the distance A has reached the 

predetermined length, the control section 32 decide s that 

the wafer 11 has been held under suction (YES at S2 0).  

Note that the predetermined length of the distance A 

varies according to a diameter, a thickness, a mate rial, 

and the like of the wafer 11.  For example, in the case of 

a silicon wafer 11 having a diameter of 300 mm, a 

thickness of a peripheral portion corresponding to a 

peripheral marginal area of 100 µm, and a thickness of a 

portion corresponding to a device area of 30 µm, the 

predetermined length of the distance A is 0.5 mm. 

        When the distance A has reached the predete rmined 

length, the control section 32 decides that the waf er 11 

has been held under suction by the Bernoulli pads 1 8a and 

18b and fixes the flow rate of air supplied from th e 

electropneumatic regulator 30 (air flow rate fixing  step 

S30).  The control section 32 in the present embodi ment, 

when the distance A has reached the predetermined l ength, 

decides that the wafer 11 has been held under sucti on by 

the Bernoulli pads 18a and 18b and fixes the flow r ate of 

air.  Therefore, the collision force of air against  the 

wafer 11 can be prevented from becoming excessively  high, 

so that the wafer 11 can be properly held under suc tion 

by such a suction force as not to damage the wafer 11. 
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        Incidentally, when the distance A has reach ed the 

predetermined length, the wafer 11 is in the state of 

being held under suction with a minimum suction for ce, 

and the wafer 11 may drop from the hand 16 for some  

reason.  However, if the flow rate of air is raised  

excessively, there is still a fear of damaging of t he 

wafer 11.  Specifically, since the collision force of air 

increases when the flow rate of air is increased, t he 

wafer 11 in the sucked state is vibrated in the man ner of 

waving in a thickness direction of the wafer 11.  A n 

amplitude of this vibration increases as the collis ion 

force of air increases, possibly leading to damagin g of 

the wafer 11. 

        In view of this, in a second embodiment, a 

capacitance-type vibration sensor is used as the se nsor 

22.  In addition, the control section 32 monitors t he 

amplitude of vibration of the wafer 11 which gradua lly 

increases with an increase in the flow rate of air.   In 

the second embodiment, also, the wafer 11 is held u nder 

suction by a procedure similar to that of FIG. 4.  First, 

the link mechanism 4 is operated to cause the one s urface 

16d of the hand 16 to face one wafer 11 accommodate d in 

the cassette 24. 

        Next, the input signal to the electropneuma tic 
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regulator 30 is controlled, and the flow rate of ai r 

supplied from the electropneumatic regulator 30 to the 

Bernoulli pads 18a and 18b is gradually increased f rom 

zero (air flow rate increasing step S10).  The cont rol 

section 32 monitors the distance A by using the sen sor 22 

on a real-time basis, thereby monitoring the amplit ude of 

the vibration of the wafer 11.  When the amplitude has not 

reached a predetermined amount, the control section  32 

decides that the wafer 11 has not been held under s uction 

(NO at S20) and continues to increase the flow rate  of 

air. 

        As the flow rate of air is increased, the w afer 11 

is raised and is held under suction by the Bernoull i pads 

18a and 18b.  In this instance, the flow rate of ai r is 

the same as the flow rate fixed in the air flow rat e 

fixing step S30 in the first embodiment.  However, 

vibration is not substantially generated at this st age, 

and, even if vibration is generated, it is not vibr ation 

of such an extent to damage the wafer 11. 

        The flow rate of air is continued to be inc reased, 

and when it is detected by the sensor 22 that the 

amplitude has reached the predetermined amount, the  

control section 32 decides that the wafer 11 has be en 

held under suction (YES at S20).  The predetermined  amount 
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of amplitude varies according to the diameter, the 

thickness, the material, and the like of the wafer 11.  

For example, in the case of a silicon wafer 11 havi ng a 

diameter of 300 mm, a thickness of a peripheral por tion 

corresponding to a peripheral marginal area of 100 µm, 

and a thickness of a portion corresponding to a dev ice 

area of 30 µm, the predetermined amount of amplitude is 

1.0 µm. 

        When the amplitude of the wafer 11 has reac hed the 

predetermined amount, the control section 32 decide s that 

the wafer 11 has been properly held under suction b y the 

Bernoulli pads 18a and 18b and fixes the flow rate of air 

(air flow rate fixing step S30).  In the present 

embodiment, even while holding the wafer 11 under s uction 

by a larger suction force than that in the first 

embodiment, it is possible to prevent the wafer 11 from 

being damaged due to excessive vibration.  Other th an the 

above-mentioned points, structures, methods, and th e like 

according to the above-described embodiments can be  

implemented with appropriate modifications insofar as the 

modifications do not depart from the scope of the o bject 

of the present invention. 

        The present invention is not limited to the  details 

of the above described preferred embodiments.  The scope 
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of the invention is defined by the appended claims and 

all changes and modifications as fall within the 

equivalence of the scope of the claims are therefor e to 

be embraced by the invention. 
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WHAT IS CLAIMED IS: 

        1.  A holding mechanism including a Bernoul li pad 

that holds a plate-shaped body by an action of a ne gative 

pressure generated by blowing air to the plate-shap ed 

body, the holding mechanism comprising: 

        a hand on which the Bernoulli pad is dispos ed; 

        a sensor that is disposed on the hand and d etects 

that the plate-shaped body is held under suction by  the 

Bernoulli pad; 

        a lateral movement restriction section that  is 

disposed on the hand and restricts lateral movement  of 

the plate-shaped body; 

        a tube that connects an air source supplyin g air to 

the Bernoulli pad and the Bernoulli pad; 

        an adjustment valve that is disposed in the  tube 

and adjusts a flow rate of air supplied to the Bern oulli 

pad; and 

        a control section that controls operation o f the 

adjustment valve, 

        wherein the control section gradually incre ases the 

flow rate of the air supplied from the adjustment v alve 

to the Bernoulli pad and, when it is detected by th e 

sensor that the plate-shaped body has been held und er 

suction by the Bernoulli pad by receiving the actio n of 
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the negative pressure, fixes the flow rate of the a ir. 

        2.  The holding mechanism according to clai m 1, 

        wherein the sensor is a proximity sensor, a nd 

        when it is detected by the sensor that a di stance 

between the sensor and the plate-shaped body has be come a 

predetermined length, the control section decides t hat 

the plate-shaped body has been held under suction b y the 

Bernoulli pad and fixes the flow rate of the air su pplied 

from the adjustment valve to the Bernoulli pad. 

        3.  The holding mechanism according to clai m 1, 

        wherein the sensor is a vibration sensor, a nd 

        when it is detected by the sensor that an a mplitude 

of vibration of the plate-shaped body that graduall y 

increases with an increase in the flow rate of the air 

has become a predetermined amount, the control sect ion 

decides that the plate-shaped body has been held un der 

suction by the Bernoulli pad and fixes the flow rat e of 

the air supplied from the adjustment valve to the 

Bernoulli pad. 

  


