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EQUIPMENT AND METHOD FOR MOUNTING ELECTRONIC
| COMPONENTS
FIELD OF THE INVENTION

The present invention relates to the field of methods

and equipment for mounting electronic components which

-emp;ois more than one nozzle provided on a transfer head for

picking up eleCtronicfcomponents placed on more than one

Vertically-staged trays, and transferring and mounting them."

onto a substrate.

BACKGROUND OF THE iNVENTION

Af present, the éommon type of.eléctronic compénent _
mounting equipment picks up a selection of electronic
cqmponents.supplied via ah electrbnid components feeder by
vacuum. suction of a tran#fer head nozzle and t:anéférs and
mounts them onto a substrate. There are various types of
feéders which supply eléctronic components to the nozzle of
the transfef head, and one-type émploys a tray.

An electronic component feeder of the prior .art whiéh
employs this tray is explained next.

Fig. 13 shows a Side view of an electronic component

feeder of the prior art. In Fig. 13, a_magazine 1 houses a

tray 2 which stores more than one electronic components
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_ 2
aligned lengthwise and crosswise in:vertical-multiple stages.'
A certain in/out level 3 is specified in the conventional |
electronic component feeder, and the.magézine 1 is raised Qf
lowered by elevation means 4 to.move the tray 2 to thié
in/out level 3 for setting the tray 2 to a pickup stage 6
next. In/out means 5 is for ejecting the tray 2 at the

in/out level 3 from the magazine 1 to the pickup stage 6, or

to return the tray 2 on the pickup stage 6 to the magazine 1.

When the tray 2 required to be on the piékup stage 6

. (refer to the tray 2 represented by a dotted line) is

ejected, the nozzle 8 of the trahsfer head 7 lowers toward
the tray 2, and an electronic componént P bn.the tray 2 is
picked up by suction at the tip of the nozzie 8. The
electiohic component P, shown by a dotted line, is then

transferred and mounted onto a $ubstrate 9, for example, a

printed circuit board.

With the above electronic componént feeder of the prior
art, however, it fequires a long time to feplade the traj 2
positioned on fhe pickup stage 6, resulting in longer
feeding tact time, Wh1dh in turn lowers productivity. The
réasqﬁs are as follows. For replacing fhe'tray 2 shown bf'
the dotted line in Fig. 13 with the tray 2x in the magazine
1, the next series 6f operations canﬁot be avoided:

(1)'the in/out meanshs returns the tray 2 from-the'

pickup up stage 6 to the magazine 1;
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(2) the elevation means 4 raises the magazine 1 to set
the tray 2x to the in/out level 3; and
(3) the in/out means '5 ejects the tray 2x set to the

-in/out level 3 to the pickup stage 6.

SUMMARY OF THE INVENTION

The present invention provides a method and equipment
for mounting electronic components which enables the
shortening of feeding tact time, and which also allows'the
high speed transfer and mounting of electronic components
onto a substrate. | |

" The electronic component mounting equipment of the

present.invention comprises a positioning unit for

positioning a substrate, an electronic component feeder for
supplying electronic components, and a transfer head which
moves between the electronic_component feeder and the
positioning unit’for transferring and mounting supplied
electronic components onto a positioned substrate. The
abovementioned electronic component feeder comprises a tray
holder for holdlng a tray storing more than one electronic
component, a frame having more than one verticai stage for
the tray holders so as:to'move'each tray holder horizontally
at each heightllevel, and more than one'in/out means |
disposed for the tray holders for.transferring each tray

holder from a standby stage to a pickup stage. The
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_abovementioned transfer head comprises a nozzle for'

'vacuuming electronic components and a vertical movement

mechanism for moving the nozzle in accordance with a height
of each tray on the pickup stage.

The electronic components mounting method of the
present invention is to move electronic components_stored-on-'
a tray to the picknp stage, pick up the electronic component

dsing'the nozzle of the transfer'head, and mount it on the

- substrate. In this method, more than one level for ejecting

.and returning the tray to and from the pickup stage is

'provided with a certain interval in the wvertical direction.
The tray is ejected at each level for positioning the tray
on the pickup stage, and the electronic component on the

tray is then picked up with the nozzle to be mounted on the

_substrate.

The electronic component mounting method of the present

invention further picks up electronic components on the

- trays set at more than one vertical levels of the pickup

stage with more than one vacuum suction-nozzles'provided on

~ the transfer head, and transfers and mounts the electronic

component'onto'a substrate positioned with the positioning
unit. The transfer head is moved over the trays disposed on
the plurality of vertical stages, and electronic components
are picked up in order of upper tray to lower tray by moving
more than one nozzle vertically in order. When one nozzle is

lowered for picking up an electronic component, other
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5
nozzles which do not pick up electronic components also
lower together.

The'electronic component mounting equipment asl
configured above operates as follows.

Each tray can be 1ndependently eJected to and returned
from the pickup stage at different levels. The nozzle of the
transfer head also moves vertically in response to the level
of the tray positioned on the pickup stege by the vertical
movement mechanism. This allows the setting up of the
required tray'promptly to the pickup stage'es required for
picking up_the electronic component with the nozzle
immediately to mount it on the substrate. In other words,
the present invention enables the saving of time required-
for eleveting the magezine and ejecting or returning the
tray after elevation which is unavoidable with the
electronic component mounting equipment of the prior art.
Accordingly, the.mounting tact time can be reduced.

Moreover, by providing more than one level with a

certain interval in the vertical axis for ejecting or

.returning the tray at each level to and from the pickup

stage, ejection or retorning Operation of a required tray

can be promptly executed without interfering nith other

trays, also resulting in reduction of tne moﬁnting tact time.
Furthermore, by disposing the transfer head over the

trays disposed in more than one vertical stage electronic

components are picked up in order of the upper to lower

This Sheet Has Been Repl




4]

10

15

20

25

14390E1A:doc  1998/4/11

6 .
trays by the vertical movement of more than one nozzle.
Those nozzles which do not pick up electronic components

also lower together with the nozzle which lowers to pick up

"electronic components. This allows the reduction of the tact

time required for picking up electronic compdnenfs on the
tray by moving the nozzle vertically and the tact time
required for moving the nozzle 6ver the substrate and then
moving vertically again-to mount the.electronic cohponent on
the substrate. Thus, electronic components on the tray can
be mounted on the substrate at high speed with good

operability.

BRIEF DESCRIPTION OF THE:DRAWINGS

Fig. 1 is a perspéctive of electronic component

mounting equipment in accordance with an exemplary

" embodiment of the present inventioh.

Fig. 2 isFa perspective of a part concerned of_the
electrbnic component mounting equipment of the present

invention.

Fig. 3 is a section view of the electronic component

mounting equipment.of the present invention.
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Fig. 4 is a befspective of a transféf head of the
electronic component mounting eéuipment of the.present
invention. | |

Fig. 5 explains a-first exemple of processee of an

5 electronic combonent mounting_method of the present

invention,

Fig. 6 explains a second example of processes of the'
electronic component mounting method of the present-

10 invention.

Figs. 7. 8, 9, 10, 11, and 12 explain a third example
of processes of the electronic eomponent mouﬂting method-éf

the present invention.-

15
Fig. 13 is a side view 6f an electronic component
feeder of the. prior art.
20 DESCRIPTION OF THE PREFERRED EMBODIMENT

An'exemplary embOdimeﬁt'of the present invention is
explained with reference to drawings.

One-exemplery embodiment of electronic component

_25 mounting equipment of the present invention is explained

with reference to Figs. 1 to 4. In Fig. 1, arrows X, Y, and

Thls Sheet Has Been Replaced
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Z indicate directidns. A conveyor 11 is provided in a long

distance in the X direction on a top face of a base 10 for

- transporting a substrate 12 and functioning as a substrate

positioning unit for positioning the substrate 12 at a
specified position. A transfer head 13 comprises more'than
one nozzle for picking up electronic components by vacuum

suction on their tips. The transfer head 13 is horizontally

- movable in X and.Y-directions on the base 10 by an X table

19A and Y table 19B. An electronic component monitoring unit
40 is disposed at the side of the conveyor 1ll. A transfer
direction of the substrate 12 bj the conveyor 11 is the X
direction. |

An electronic component feeder 16 is for supplying'.
electronic COmponents. A frame 17 of the electronic
component feeder 16 is fixed to the base 10. The electronic
component feeder 16 is disposed at the side toward the
conveyor 11, and comprises a pickup stage A which is an area
for picking up an electronic component by suction with a
nozzle of the transfer head 13, a standby stage B at the
center, and a refill stage c which is disposed at the -.
opposite s1de of the pickup stage A for refilling electronic
components by replacing an empty tray with other tray. A
cover 18 is provided over the standby stage B. A parts
feeder 15 is for supplying electronic components_which are .

not provided.in trays {ex. tape feeder and tube feeder).
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An outline of internal structure of the electronic

'component feeder 16 is explained with reference to Fig. 2.

~ As shown in Fig. 2, the electronic component feeder 16 of

the exemplary embodiment of the present-invention'has three
tables which are a first table 19, a second table 20, and a
third table 21 from the bottom. The first table 19 is
connected to a first conveyor 22, the second table 20-to.a
second conveyor 23, and the third table_Zl_to a third
conveyor 24. The first conveyor 22 is driven'independently

by a first motor 25, the second conveyor 23-by'a second

- motor 26, and the third conveyor 24 by a third motor 27.

Accordingly, the first table 19, second table 20, and third'
table 21 can be independently taken in and out to the
direction shown by arrows N1, N2, and N3. The first table 19,
second table 20, and third table 21 are equivalent to a tray
holder for holding the tray, and the first conveyor 22,
sedond conveyor 23, and third conveyor 24 are equivalent to
the in/out means.

| A detailed structure of the electronic.component feeder
16 of the exemplary embodlment of the present invention is
explained with reference to Fig. 3. As shown in Fig. 3, a
first stage 17a, second stage 17b, and third stage 17¢c are
prov1ded to the upper part of the frame 17, and they are
stepped downward from the center to the outside. A slider S
fixed to the bottom face of the First table 19 is fitted in

slidable fashion to the first guide 28 fixed to the first
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stage 17a. In the saﬁehway, the second table 20 and the'
third teble 21 are supported in-slidable fashion
respectively by the second ‘guide 29 fixed to the second
stagel17b3and the third guide 30 fixed to the third_stage
17c. A first'tray 31 stores the first electronic componentl_
32 and is placed on the first table 19, a second tray 33
stores the second electronic component 34 and is placed on
the second table 20, and a third tray 35 stores the third

electronic component 36 and is placed on the third table 21.

-Here, in each tray placed on each table, the first tray 31

1s positioned at the first level L1, which is the bottom
stage, the second tray 33 is positioned at the second level
L2, which is the middle stage, and the third tray 35“ds
positioned at the third level L3; which is the top stage.

The level LO is the monitoring level for electronic

.components (to be explained later).

The side of the second table 20 is bent vertically

downward at the right outside of the first table 19, and

then bent perpendicularly towards the frame 17 at the right

bottom of the first table 19 reaching ‘the slider S In

_other words, the side of the second table 20 detours around

the flrst table 19 and bends towards the center of the frame
so that the structure of the electronlc component feeder 16
can be made more compact by minimizing the width of the |
seoond'table 20. With the same intention, the side of the

third table 21 is designed to detour around the second table

i
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20, and is bent towards the center of the frame.17 to reach
the slider S.

-Next, the structure of the transfer heed-13 and the
menitoring unit 40 is explained with reference to Fig. 4.
The transfer head 13 comprises a first nozzle 14a, second
nozzle i4b, and third nozzle 14c which move vertically end

independently from each other. As explained.leter, they pick

.up the first electronic component 32, second electronic

component 34, and thi;d electronic component'36 respeetively
by suction, and transfer and mount them on the substrate 12.
The first nozzle l4a, second nozzle 14b, and third
ndzzie l4c have the same vertical mbvement.mechanism; These'.
nozzles'comprise a head frame 51, a feeding screw 52 which
is vertically held with the head frame 51, a z-axis motor 53
which is mounted onto the upper parf'of the head frame 51f
for rotating the feeding screw 52, a_nut 54 which is hinged
to the feeding screw 52, and. moves vertically when the
feeding screw 52 is'rotated, a nozzle shaft'55 vertically
provided to the nut 54, and a round back plate 56 attached
to the nozzle shaft 55. The nozzle shaft 55 makes 0 rotation
when driven by ‘the head motor 57 and the belt 58 centerlng '
on its shaft axis. Acco:dingly, when the z-axis motor 53
rotates clockwise/counterclockwise, the nut 54 noves
upward/downward.aiqng the feeding screw 52,.and the first
nozzle 1l4a, second nozzle 14b, and third nozzle l4c move

upward/downward. When the head motor 57 rotates, the nozzle
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shaft 55 makes 0 rotation for-correcting horizontal rotation
angle of the electronic component picked up by suction to
the tip of.the first nozzle l4a, second nozzle 14b; and
third nozzle l4c. | |

The nonitOring unit 46 is confignred to.honse a line
eensor 42 inside a box 41. The longer side of the line

sensor 42 is provided in the Y axis, and a slit 43 is opened

- corresponding to the line sensor 42 to the upper face of the

box 41. The transfer head 13 moves perpendicularly.(in the X
axis) to the direction of the 1ine.sensor.42 (y axisi over
the slit 43. Tne first nozzle l4a, second nozzle 1l4b,; and
third nozzle l4c are arranged in a line along the X axis.
Accordingly, the first electronic component 32, second
electronic component 34, and third electronic component 36,
picked up by suction to the tip of each nozzle,'transverse
the line sensor 42 as the transfer head 13 linearly movest
along the X axis. Thie enables the continuous high speed
monitoring of these electronic components to detect any
deviation in the x, y. and 6 dlrectlons.

Next a flrst example of an electronic component
mounting method in the exemplary embodiment of the present
invention is explained.

Fig. 5 explaine processes-of the first example of the
electronic component mounting ﬁethod; As shown in Fig. 5 (a);
The firet tray 31, second tray 33, and third tray 35 are

placed on the standby stage B. Next, in Fig. 5 (b), the
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first tray 31, second tray 33, and third'tray 35 are moyed
to the pickup stage A at once before the transfer head 13
reaches the pickup stage A. Then, at the third level L3; the
first nozzle l4a picks up the third electronic component 36
from the third tray 35 on the top stage.

Afterfcompleting the pickup operation at the third
'level L3, the third tray 35 immediately returns to the
standby stage B as shown in Fig. 5 (c¢). After the third tray
35 returns, the second nozzle'14b immediately picks up the
second electronic component 34 from the second tray 33 at
the second level L2, and mOunts it on the substrate 12. Here,
the present_invention'sayes time spent for elevating the
magazine or ejecting the next tray to the pickup stage-A as
required with the electronic component mounting equipment of
the prior art, enabling'to rednce electronic component'
mounting time. .

After completing the pickup operation for the second
tray_33, the second tray 33 is immediately returned to the

standby stage B as shown in Fig. 5 (d). The first electronic

-component 32 on the first tray 31 positioned at the first

level L1 is then picked up. When the second tray 33 at the

standby stage B becomes empty, the second tray 33 is moved

‘to the refill stage C (shown by a chain line), and the tray

is refilled by replacing_it with a new tray with full of

second electronic components 34. The electronic components
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' 36, 34, and 32 can bé mounted onto the substrate 12 after

picking up all.

Next, a second:example.bf the electronic component
mounting method_in the exemplary embodiment pf the present
1nvéntion is explained. |
| Fig. 6 explains processes of the éecond example of the
electronic component mounting method. In this éexample, trajs
are ﬁot required to be returned to the staﬁdby sfage B és in
the first éxample explained above. The trays can be switched
with onlY a small returning operation. Speéifically,_the
first tray 31, second tray 33, and fhird tray 35 are first
aligned as show in Fig. 6 (a), and the first nozélel14a
picks up the third electronic component 36 from the third
tray 35. Next, the third tray 35 is returned against the
first tray 31 and second tray 33 for double the length of
the alignment pitch.of the electronic components, and the
transfer head'13 is moved only for the length of the
electronic component alignment pitch for picking up the
second electroﬂic component 34 from the second tray 33 with
the second nozzle 14b. As §howﬁ_in Fig. 6 (c), the second

tray 33 is returned for the same distance as the third tray

- 35 so that only the first tray 31 is protruding from the

second tray 33 and the third tray 35. The first electronic
component 32 is then'picked'up from the first'tray 31 with

the third nozzle l4c.
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Then, the transfer head 13 is moved over the substrate
12, and the third electronic component 36, second electronic
component 34, and first electronic component 32 picked np

are mounted onto the substrate 12. In this way, the stroke

. for returning the second tray 33 and third tray 35 can be

minimized to the degree required to avoid interfering witn
pickup of the first electronic component,32 from the first
tray 31 on the 1owest-stage, enabling to shorten_the'time.
required for mounting electronic components.

The third example of the electronic component mounting
method in the exemplary embodiment of the present invention
is explained next.

Figs. 7 to 12 explain proceeses of the third example of
the electronic component.mounting method, showing the
seouence of'operations.'Specifically, as shown in Fig. 7,
the first trey 31, second tray 33, and tnird tray 35 are
taken out from the standby staée B to the pickup stage A. |
Here, the first lefel L1 of the first tray 31_on the lowest .
stage is completely leveled or approximately 1eveled to the
monitoring level LO for electronic components and the upper
face level of the substrate 12 (electronic component
mounting level). The reason is explained later.

As shown in Fig. 7, the transfer head 13 is moved over
the piokup stage A. At first, the first nozzle l4a, second
nozzle 14b, and third nozzle 1l4c are set to the highest

level, and only the third nozzle l4c is first lowered or
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raised to pick up the third electronic component 36 in the
third tray 35 at the top stage by suction.

' Next, as shown in Fig. 8, the third tray 35 returns to

| the_standby'stage'B, to exposé the second tray 33. The

second nozzle 14b is then lowered or raised to pick up the
second electronic component 34 as shown ‘in Fig. 9. At"this.
point, the first nozzle l4a and third nozzle l4c, which do
not pick up electronic components, are also lowered for the
stroke Hl following the lowering operafion'of the second
nozzle 14b.. _

| Next, as shown in Fig. 10, the second tray 33 is
returned to the standby sfage B to expose the first tray 31.
The first nozzle l4a is lowered or raised to pick up the
first electronic comﬁonent 32. Here, the second nozzle 14b .
and third nozzle l4c which have already picked up electronic
components also lower for the stroke.HZ follqwing the
lowering operafion of the first nozzle 1l4a.

As explained above, after the third nozzle 146,'second

. nozzle 14b, and first nozzle 1l4a respectively pick up the
'third'électronic compohént 36, second electronic component
34, and firét electronic component 32 in order, the transfer

‘head 13.moves over the monitoring unit 40 as shown in Fig.

11 for checking any deviation in the position of the third
electrohid'component 36, second electronic component 34, and

first eléctronic compbnent 32.(also refer to Fig. 4).

Thxs Sheet 4
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In this case, all the electronic components 36, 34, and
32 are positioned at the monitoring level LO of the

monitoring unit 40 by driving the z-axis motor 53 to lower

the first_nozzle 1l4a, second nozzle 14b, and third nozzle

l4c. When picking up the last component as shown in Fig. 10,
not only the first nozzle l4a which picks up the first

electronic component 32 but also the second nozzle 14b and

-third.nozzle 14c which have already picked ﬁp the second

electronic eomponent 34 and third electronic component 36
and not picked up electronic cempenents in the procees shown
in Fig. 10 are already'lowered together with the first
nozzle l4a. Accordingly, the lowering stroke H3 for.lowering
the third electronic component 36, second'eleetronic
component 34, and first electronic component 32 freﬁ the
first level L1 to the monitoring level LO can be made.very
short. Thus, the three electronic components 36, 34, and 32
can be continuously_monitored at high Speed in a well
arranged manner for detecting positional deviations in the x,

Y. and 0 directions. It is apparent that this lowering stroke

H3 can be set at o0 by setting the monltoring unit 40 at a

somewhat hlgher level.

As shown in Fig. 12, the transfer head 13 then moves
over the substrate 12, and the third noizle l4c, second
nozzle 14b, and first-pozzle l4a lower or rise separately to

mount three electronic components 36, 34, and 32 one by one

'at a specified coordinates on the substrate 12. Also in this

s

A
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case, since the,first nozzle 1l4a, second nozzle 14b, and
third nozzle l4c are alreedy 1owered to the mohitoring level
LO, the low level, as shown in Fig. 11, the lowering stroke
H4 for mounting the electronic components 36, 34, and 32 can
be‘shortened, enabling high-speed mounting. Deviation in the
X and Y directions detected by the monitoring unit 40 is
corrected by adjusting the ﬁovement stroke of the transfer
head 13 relative to the X axis and Y akie_of the substrate
12. Deviation.in the 0 directioﬂ is corrected'by rotating the

nozzle shaft 55 by driving the head motor 57 shown in Fig. 4.

INDUSTRIAL APPLICABILITY

- The electronic component mounting equipment of the

' present invention enables to eject and return each tray

independently to and from the pickup stage at different
levels. The nozzle of the transfer head can also be moved
Verticaily in'response.to the level of each tray positioned
oh the pickup stage bY the.vertical movement mechenism so
that required tray can'be-quickly positioned to the piCkup
stage at required time for immediately picking up an'
electronic component by'the nozzle for mounting it on the
substrate. In other words, the present iﬁvention saves .time

required for'elevating the magazine and taking in and out

the tray after elevation which was unavoidable with the
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conventional electrbhic qomponent mounting equipment, thus
shortening the mounting tact time.

The electronic component mounting meihod of the present
inventibn:enables to eject and return a required tray |
promptly without interfering with other trays by providing
more than one level with a certain inferval in the vertical
direétion for ejecting and returning trays to and from the
pickup stage. As a result; thé mounting taét time dan be
sﬁortened. |

Moreover, the electronic ¢omponent'mounting Method of
the present invention positions the transfer head o#er the
trays disposed at more'thén one vertical'levei to pick up
electronic components from in order of,uppef tray to ;0wer
tray by moving moié than one nqzzle vertically in ordef. In
addition, the nozzles which do not pick up electronic
components follow the lowering operation of the nozzle which
picks up an electronic componént so that the tact'time
required for piéking;up ﬁn electronic component from the
tray by vertically moving the nozzles and the tact time
iequired,for moVing the noZzles over the'substrate and
mo&ing the nozzles vertically_again to mounf electronic
compoﬁents onto the substrate can be greatly.shortened;
Accordingly, the present invention allows to mount

electronic'components in trays onto_the substrate at high

.speed and with good operability.
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What is claimed is:.

1. Electronic component mounting ecuipment
comprising:

a positioning nnit for positioning a substrate;

an electronic component feeding device for .
supplying electronic components, said electronic feeding
device comprising:

- a piuraiity'of tray holding meanc for
holding trays storing electronic components,

- a frame having a plurality of vertical
etages for housing said'tray holding means,
and making eacn of said tray holding means
horizontally'movable at each height lefel,
and | | |

- a plurality of in/out means disposed to
each of said tray holding meens for moving
said tray holding means between a standby
stage and a pickup stage; and-

a transfer head which moves.between.Said
electronic compcnents feeding device and said pcSitioning
unit for transferring and mounting supplied electronic
components onto the positioned substrate, and said transfer
head comprising: |

- a nozzle for picking up_said'electronic'

components by suction, and

- This Sheet Has Been Reﬂ
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21 |
- a verticallm0vement'mééhanism for -
‘vertically moving said nozzle in reséonse to
said each height levei of the tray on.said

pickup stage.

2. A method for mounting electronié cbmponents by
moving a tray storing eleétronic cbmponents to a pickup
stage and picking up said electronic components by.a nozzle
of a transfer head to mount said electronic components onto
a substrate, comprising processes of:

setting a plurality of stage levels with a certain
vertical interval for ejecting and returning said tray to
and from said pickup stage;

positioning said tray to said pickup stage by
ejecting said tray at said each stage level; and

- picking up said electronic components housed in
said tray by said nozzle to mount said electronic compoﬁents

onto said substrate.

3. A method for mounting électronic components by

moving electronic components housed ihﬂttays'disposed in a

- plurality of verticai stages on a pickup stage, picking up

said electronic components by suction with a plurality of
nozzles provided on a transfer head, and'tranSferring and
mounting said electronic components onto a substrate

positidned with a positioning unit, comprising pfoceéses of:
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moving said transfer head over said trays disposed
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in said plurality of vertical stages; and

_vertiqally moving said'pLurality'of nézzles in
sequence'to pick up said electronic compongnts from said
trays in ordér of an upper tray to lowef tray, and said
nozzles which do not pick up said electronic coﬁponents
following the lowering operation Of'the.nozzle which picks

up said eleqtronic compbhent;'
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