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SPECIFICATION 

ELECTRONIC COMPONENT MOUNTING APPARATUS 

Field of the Invention 

The present invention relates to an electronic component 

mounting apparatus for packaging an electronic component onto 

an electronic circuit board. 

Background of the Invention 

I.n recent years, desired for an apparatus for mounting an 

electronic component onto an electronic circuit board have been 

the speed-up, an improvement in the mounting accuracy of an 

electronic component, further the adapt~bility to the mounting 

of multifarious electronic components and an improvement in the 

quality of an electronic component. 

FIG. 10 is a perspective view showing the whole outline 

configuration of a conventional electronic component mounting 

apparatus. In FIG. 10, Numerals 101 and 103 denote carrying 

means for carrying in/out· an electronic circuit board 102 and 

drive means (XY robot) for positioning a head part 105, 

incorporating a nozzle unit 104 for vacuum-clamping/mounting 

the electronic component, at any position. ·Numerals 106, 107 

and 108 denote electronic component supply means for supplying 

the electronic component, nozzle change part for exchanging a 

nozzle clamped by the nozzle unit 104 depending on packaged 
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component and recognition section for recognizing the clamping· 

posture of electronic component vacuum~clamped by the nozzle. 

FIG. 11 is a principally sectional view showing the 

configuration of a nozzle unit in a conventional electronic 

component mounting apparatus. In FIG. 11, Numerals 111, 112, 

113, 114 and 115 denote a motor for positioning a rotational · 

position, a speed reducer section· for improving the rotational 

precision, an vacuum-clamping nozzle for vacuum-clamping 

electronic component, a spring for urging the vacuum-clamping 

nozzle 113 and a pushing section for transmitting a spring 

force. 

Next, the operation of an electronic component mounting 

apparatus (FIG. 10) composed of the above members and of a 

nozzle unit (FIG. 11) will be described. 

The electronic circuit board 102 shown in FIG. 10 is 

carried in the mounting position by means of the carrying means 

101. The drive means 103 positions the head section 105 onto 

the electronic component supply means 106 and after the 

positioning, the nozzle unit 104 in the head part 105 lowers to 

vacuum-clamp the electronic component. 

Next, after vacuum-clamping the electronic component, the 

nozzle unit 104 rises and the head part 105 is positioned to 

the mounting position by the driye means 103. In this move, 

the vacuum-clamped posture of the electronic component vacuum­

clamped by the nozzle unit 104 is recognized in the recognition 

section 108 and the control section (not shown) performs a 

correcting computation to correct the position. After the 
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positional correction, the nozzle unit 104 lowers and mounts 

the electronic component onto the electronic circuits board 

102. 

In this electronic component mounting apparatus, the speed 

at which the nozzle unit 104 lowers is constant and cannot be 

made variable owing to the mechanism. Besides, the urging 

force at the time of mounting an electronic component is also 

defined by the spring 114. 

As mentioned above, simply under a definite urging force · 

and only at a definite speed at the lowering time of a nozzle, 

a conventional electronic component mounting apparatus ·can 

mount an electronic component. Thus, an improvement in quality 

such as reduction of damages to an electronic component is 

required and furthermore, multiple sorts of electronic 

components at present leads to a demand for inserting a 

large-sized connector into an electronic circuit board, so that 

the need for a function able to exert a heavy load h~s taken 

pl~ce to implement this. 

Disclosure of the Invention 

The present invention is made to solve this problem and 

its purpose is to deepen the adaptability of multifarious 

electronic components by reducing an impact load to electronic 

component and further by greatly extending the range of load. 

In order to solve the above problem and to attain the 

purpose, the present invention has enabled any urging force 

exerted on the vacuum-clamping nozzle to be set by making the 
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fluid pressure variable, further an urging force to be 

corrected for each vacuum-clamping nozzle, and the mounting 

speed of electronic component to be made variable, upon 

mounting multiple sorts of electronic component onto electronic 

circuit board • 

. According to the.present invention, various electronic 

components including those-requiring a heavy load and 

semiconductor elements subject to damages caused by.inserted 

components can be coped with. 

The present invention provides an electronic component 

mounting apparatus comprising component supply means for 

supplying an electronic component to a predetermined position 

and a vacuum-clamping nozzle unit for mounting the electronic 

component onto an electronic circuit board carried by carrying 

means and positioned at an predetermined position, wherein the 

above vacuum-clamping nozzle unit. comprises an automatically 

detachable vacuum-clamping nozzle for vacuum-clamping the 

electronic component, .a positioning section for positi~ning the 

vacuum-clamping nozzle in a rotating direction and a vertical 

direction, a pushing section for urging the vacuum-clamping 

nozzle downward by using fluid, a fluid pressure switching 

section for switching the urging force, a timing switching 

section for switching the timing of the urg~ng force of the 

vacuum-clamping nozzle, and a pressure control section for 

controlling the load to a desired load. 

With the present invention, switching the timing of the 

urging force can be made before or at the time of mounting the 
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electronic component on an electronic circuit board. When the 
. . . 

nozzle is exchanged corresponding to an electronic component 

requiring a heavy load or an electronic component such as a 

semiconductor element subject to a damage caused by inserted 

components, damages to the electronic component can be reduced 

by correcting the nozzle weight or the like and the component 

adaptability can be largely extended even to such semiconductor 

elements that are subject to damages. 

Brief Description of the Drawings 

FIG. 1 is a principal sectional view showing the 

configuration of the vacuum-clamping nozzle unit of an 

electronic component mounting apparatus·according to one 

embodiment of the present invention; 

FIG. 2 is ·an operational block diagram of an electric air 

regulator for switching the fluid pressure on the pushing 

section shown in FIG. 1; 

FIG. 3 is a pictorial view explaining the oper~tion 

principle of the electric air regulator shown in FIG. 2; 

FIG. 4 is a block diagram of a system for switching the 

pressure of a load (urging force) switching nozzle unit 

according to the present invention; 

FIG. 5 is a block diagram of a load correcting system 

.according to one embodiment of the present invention; 

FIG. 6 is a pictorial view explaining the operating 

mechanism of the measuring section of FIG. 5; 



;, 

- 6 -

FIG. 7 is a graph showing the load profile between an 

input current and an actual load according to one embodiment of 

the present invention; 

FIG. 8 is a pictorial view explaining the timing of 

switching the urging force before mounting an electronic 

component according to one embodiment of the present invention; 

FIG. 9 is a pictorial view explaining the timing of 

switching the urging force at the time of mounting a electronic 

component according to one embodiment of the present invention; 

FIG. 10 is a perspective view showing the whole outline 

configuration of a conventional electronic component mounting 

apparatus; and 

FIG. 11 is a principal sectional view showing the 

configuration of the nozzle unit of FIG. 10. 

Description of the Embodiments 

Hereinafter, embodiments of the present invention will be ,. 

described referring to FIGS. 1 to 9. 

FIG. 1 is a principally sectional view showing the 

configuration of a vacuum-clamping nozzle unit in an electronic 

component mounting apparatus according to one embodiment of the 

present invention. In FIG. 1, numerals 1, 2 and 3 denote an 

electronic component,· an vacuum-clamping nozzle for vacuum­

clamping the electronic component 1 and a positioning section 

for positioning the vacuum-clamping nozzle 2 in a rotating 

direction and a vertical direction and transmitting an urging 

force. As this positioning section, a ball spline or the like 
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can be employed and is preferable especially in that the 

frictional resistance in sliding is low owing to the use of the 

rolling motion of a rigid ball. Numeral 4 denotes a pushing 

section for converting the received fluid pressure into an 

actual load. This pushing section consists of a piston or 

rubber. As the piston, a hardened steel can be used and is 

preferable especially in that the liquid leakage between the 

holder and the piston can be prevented because of good wear 

resistance thereof and easiness in developing machining 

precision inherent thereto. On the other hand, rubber is 

preferable in that a so-called bellophragm is usable and 

especially in that the sliding friction is low by use of the 

rolling motion of rubber and in that no liquid leakage takes 

place and a uniform pressure is easily exerted. Numerals 5 and 

6 denote a motor for performing a rotating motion and a speed 

reducer section for improving the rotating precision of the 

motor 5. As this speed reducer section, harmonic or ball 

reduction gears with a small pack lash are available. 

FIG. 2 is an operational block diagram of an electric air 

regulator 40 for switching the fluid pressure imposed on the 

pushing section 4 shown in FIG. 1. FIG. 3 is a diagram 

explaining the operation principle of the electric air 

regulator 40 of FIG. 2. Here, the operation of the electric 

air regulator 40 shown in FIGS. 2 and 3 will be described. 

First, when an input signal a increases, a flapper 7 made of a 

piezoelectric element bends in such a direction as to close an 

orifice 8 and the pressure of a back pressure section 9 rises. 
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The above pressure acts on the upper portion of the diaphragm 

10 to push an exhaust valve 11 down, the valve 12 linking with 

this moves downward and a supply port 13 opens. Part of the. 

supply pressure b forms an output pressure c via the supply 

port 13. This output pressure c is converted via a pressure 

sensor 14 into an electric signal and fed back to a controller 

15. Thereby, a minute pressure can be controlled. And, a 

target output pressure c is exerted to the pushing section 4 

and converted into an actual 1oad. 

FIG. 4 is a block diagram of a system for switching the 

pressure of a load (urging force) switching nozzle unit 20. In 

FIG. 4, a pressure switching section 40a is the electric air 

regulator 40 explained in FIGS. 2 and 3, a pressure control 

section 40b DIA-converts a predetermined load to send a 

predetermined electric signal to the electric air regulator 40. 

A timing switching section 40c serves to modify the voltage of 

the electric air regulator 40 to modify the timing, which is 

performed by the main.controller. 

FIG. 5 is a block diagram of a system for correcting a 

load. In FIG. S, the measuring section SOa comprises a dunnny 

gauge 18 of a jig for the measurement and a strain gauge 16 for 
~ 

measuring an actual load, while a control storage section SOb 

is a main controller for storing the above measured load 

result. 

FIG. 6 is a drawing showing the operating mechanism of the 

measuring section SOa of FIG. 5. The measuring procedure 

comprises as follows: first, the vacuum-clamping nozzle 2 
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vacuum-clamps a dummy gauge 18, lowers down to any set nozzle 

height H at a lowering speed v, and is earthed to the strain 

gauge 16. At this time, as shown in FIGS. 2 and 3, a voltage 

is applied to the electric air regulator 40 by a minute unit, 

then the load outputted from the strain gauge 16 is measured to 

make up the load profile. FIG. 7 shows the relation between 

the input voltage and the actual load at that time, where the 

input voltage (V) to the electric air regulator 40 is taken as 

the abscissa and the actual load (kgf) of the load cell is 

taken as ordinate. That is, as seen from FIG. 7, the input 

voltage and actual load are in a proportional relation. 

Thereby, this load profile is inputted as data to the 

control section of the electronic component mounting apparatus. 

Based on the above data, the voltage to be ·inputted to the 

electric air regulator 40 can be evaluated from the load 

required as the object to switch the load in an arbitrary 

manner. 

FIGS. 8 and 9 are illustrations of the switching timing of 

an urging force of the load (urging force) switching nozzle 

unit. Here, FIG. 8 shows the switching timing of an urging 

force before the mounting of an electronic component, arid 

numeral 17 in FIG. 8 denotes an electronic circuit board. 

FIGS. 8 (1) and (2) show operation changing states of the 

vacuum-clamping nozzle 2, FIGS. 8 (3) and (4) show pressure 

profiles for low and high loads, and FIG. 8 (5) shows a profile 

of mounting speed. In the state of vacuum-clamping the 

electronic component 1, as shown in FIGS. 8 (1) and (5), the 
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vacuum-clam.ping nozzle 2 lowers at high speed Vl from the 

position of a nozzle origin height H3 to that of a nozzle speed 

switching height H2 shown in FIGS. 8 (2) and (5). 

At the time of this origin height H3, a command input 

voltage (V) is given to the electric regulator 40 based on the 

load profile (FIG. 7), and the pressure is switched from a 

normal pressure P2 to a high pressure P3 for a heavy load (FIG. 

8 (4)) or from the normal pressure P2 to a low pressure Pl for 

a low load (FIG. 8 (3)) to change an urging force of the 

pushing section of the urging force switching nozzle unit. 

Thereafter, after lowering to the position of the nozzle speed 

switching height H2, the nozzle 2 lowers to the top face height 

Hl of the electronic circuit board 17 at the nozzle speed 

switched to low speed V2 as shown in FIG. 8 (5), and applies a 

load on the electronic component 1 so as to be mounted ononto 

the electronic circuit board. After the mounting, the pressure 

is returned to the normal pressure P2 at any nozzle ~eight H. 

FIG. 9 shows the.urging force switching timing at the time 

of mounting an electronic component, where FIGS. 9 (1) to (3) 

show the operation changing state of the vacuum-clamping nozzle 

2, FIGS. 9 (4) and (5) show pressure profiles for light and 

heavy loads, and FIG. 9 (6) shows an adsorption speed profile. 

First, in the state of vacuum-clamping the electronic component 

1, as shown in FIGS. 9 (1) and (6), the vacuum-clamping nozzle 

2 lowers from the position of the nozzle origin height H3 at 

the high speed Vl to the position of the nozzle speed switching 

height H2 as shown in FIGS. 9 (2) and (6). Thereafter, after 
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lowering to the position of the nozzle speed switching height 

H2., the nozzle 2 lowers to the position of the top face height 

Bl of the electronic circuit board 17, as shown in FIG. 9 (3), 

at the nozzle speed V2 switched to low as shown in FIG. 9 (6). 

At this time when the nozzle 2 has lowered, the command input 

voltage (V) is given to the electric regulator 40 based on the 

load profile (FIG. 7), and the pressure is switched from the 

normal pressure P2 to the high pressure P3 under a high load 

(FIG. 9 (5)) and from the normal pressure P2 to the low 

pressure Pl under a low load (FIG. 9 (4)). In·this way, the 

urging force of the pushing section in the urging force 

switching nozzle unit is changed and the electronic component 1 

is applied with a load so as to be mounted onto the electronic 

circuit board. After the mounting, the pressure is returned to 

the normal pressure P2 at an arbitrary nozzle height H. 

As described above, because of the provision of a 

mechanism for arbitrarily switching the urging force by using a 

fluid, the provision of a mechanism for automatically 

correcting the urging force.by using a strain gauge when 

changing a nozzle in correspondence to the kind of electronic 

components, and the provision for switching the mounting 

lowering speed to an arbitrary speed depending on a~ arbitrary 

nozzle height, the electronic component mounting apparatus 

according to the present invention enables it to reduce the 

damage that has been given to electronic components and to 

enhance its adaptability to.those such as semiconductor element 
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components subject to micro-cracks to be enhanced, thus 

bringing ~bout a greatly marked improvement in quality. 

Besides, the present invention enables it to package 

h~teromorphic electronic components having a heavy load such as 

connectors which have formerly been unadaptable to the 

mounting, to largely increase the object components to be 

handled, and further to eliminate the manned manual work, thus 

realizing the productivity improvement. and unmanned operation. 
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CLAIMS 

1. An electronic component mounting apparatus comprising 

component supply means for supplying an electronic component to 

a predetermined position and a vacuum-clamping nozzle unit for 

mounting the electronic component onto an electronic circuit 

board carried by carrying means and positioned at an 

predetermined position, wherein 

said vacuum-clamping nozzle unit comprises: 

an automatically detachable vacuum-clamping nozzle for 

vacuum-clamping the electronic component; 

a positioning section for positioning said vacuum-clamping 

nozzle in a rotating direction and a vertical direction; 

a pushing section for urging said vacuum-clamping nozzle 

downward by using fluid; 

a fluid pressure switching section for switching the 

urging force; 

a timing switching section for switching the timing of the 

urging force of said vacuum-clamping nozzle; and 

a pressure control section for controlling load to a 

desired load; 

whereby the load for mounting the electronic component can 

be switched. 

2. An electronic component mounting apparatus as set forth in 

Claim 1, wherein the switching of the timing of the urging 
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force is made before or at the time of mounting the electronic 

component on an electronic circuit board. 

3. An electronic component mounting apparatus as set forth in 

Claim 1, further comprising a measuring section for using said 

vacuum-clamping nozzle to vacuum-clamp a dummy gauge and using 

a strain gauge to measure a mounting load, and a control 

storage section for storing the measured result of the load in 

advance, so that any arbitrary mounting load can be set. 

4. An electronic component mounting apparatus as set forth in 

Claim 1, wherein said apparatus is provided with such a 

function as to switch the apparatus lowering _speed to an 

arbitrary speed at an arbitrary nozzle height. 
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