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(57) ABSTRACT 
Aresin coating method for applying resin to a predetermined 
region of a wiring board includes the steps of imaging an 
external appearance of the resin extruded from a resin 
application device; and automatically adjusting an amount 
of the resin extruded from the resin application device based 
on the external appearance of the resin obtained in the 
imaging step. 
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RESIN COATING METHOD AND APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a resin coating 
method and apparatus for applying resin to a predetermined 
region of a printed Wiring board. 

[0003] 2. Description of Related Art 

[0004] Conventionally, the production of semiconductor 
devices, in Which serniconductor elements are mounted on a 
printed Wiring board, involves the insertion of an insulating 
resin betWeen the printed Wiring board pad and the semi 
conductor bump and, further, the use of insulating resin in 
regions of the printed Wiring board that include leads. This 
so-called under?ll is intended to protect the circuit surface 
and to strengthen the bond betWeen the semiconductor and 
the printed Wiring board. 

[0005] Generally, there are two main methods of applying 
the insulating resin (hereinafter sirnply resin): Injecting the 
resin betWeen the printed Wiring board and the serniconduc 
tor elernents after the semiconductor elements have been 
mounted on the printed Wiring board, and mounting the 
semiconductor elements on a printed Wiring board that has 
already been coated With resin. 

[0006] Of the two methods of application, the latter is 
further divided into exposure and stamp methods. 

[0007] The exposure method involves spraying drops of 
resin from a noZZle that is moved over the surface of the 
printed Wiring board, covering a predetermined region With 
a coating having a thickness, for example, of approximately 
50-100-rn. 

[0008] By contrast, the stamp method involves dropping a 
predetermined amount of resin from a noZZle onto a central 
portion of the printed Wiring board and then using the force 
With Which the semiconductor elements are mounted on the 
printed Wiring board to spread the resin over a predeter 
rnined region With a coating having a thickness, for example, 
of approximately 10-100-rn. 

[0009] The starnp method of application has come to be 
used With less frequency for large serniconductor elements 
with surface dimensions on the order of rnillirneters, being 
optirnally suited to smaller serniconductor elements having 
surface dimensions of 0.3 mm or less. 

[0010] An example of the mounting of such srnaller serni 
conductor elements on a printed Wiring board is shoWn in 
FIG. 1, Which shoWs a head slider assembly for a hard disk 
drive. In this case, a head IC chip 1 is mounted on a printed 
Wiring board suspension 2. 

[0011] In such a case, the resin application device is 
usually a dispenser (not shoWn in the diagram) having a 
syringe ?lled With resin, the dispenser being able to raise and 
loWer the syringe. 

[0012] In order to apply the resin, a noZZle on a loWer part 
of the syringe is positioned at a predetermined height above 
a surface of the suspension 2 and a predetermined amount of 
resin 3 is extruded from the syringe by compressed air. The 
extruded resin 3 is substantially spherical in shape, and 
contacts and adheres to the suspension 2. When the syringe 
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is lifted the resin 3 separates from the syringe and spreads 
across a predetermined position on the surface of the sus 
pension 2. Thereafter a head IC chip 1 is positioned above 
and pressed onto the suspension, thus further spreading the 
resin 3 as Well as adhering and ?xedly mounting the head IC 
chip 1 onto the suspension 2. 

[0013] More speci?cally, as can be seen in FIG. 1, a 
Wiring pattern 4 may be formed on a top surface of the 
suspension 2 and a gold pad 5 may be formed at an edge 
portion of the Wiring pattern 5. At the same time, a gold 
burnp 6 may be formed on a bottom surface of the head IC 
chip 1. The gold pad 5 and the gold burnp 6 are coupled and 
a predetermined region betWeen the head IC chip I and the 
suspension 2 including the gold pad 5 and the gold burnp 6 
is covered With the resin 3. 

[0014] Aplurality of suspensions 2 may for example be set 
atop a stage at a resin application device and the suspensions 
2 subjected to the above-described coating process. In this 
case, in order to resin-coat a predetermined product lot With 
a predetermined amount of resin, the resin application 
device is set to speci?c conditions at the start of coating. 
When after repeated coating the resin is used up, a neW 
syringe is installed. 

[0015] In the above-described case, the head IC chip 1 is, 
for example, just 1x1 mm, and so the amount of resin used 
in the coating is, for example, approximately 0.05 mg. Such 
small amounts over such small surfaces requires precision in 
the application of the resin 3. 

[0016] HoWever, because the amount of resin 3 involved 
in individual applications is small, it can happen that slight 
changes in ambient conditions during application, such as, 
for example, slight changes in temperature, causes slight 
changes in the amount of resin 3 applied, despite the resin 
application device being set to predetermined conditions 
beforehand. 

[0017] Conventionally, in order to maintain the amount of 
resin 3 to be applied at the predetermined volume, a visual 
inspection is made of the amount of resin, if any, protruding 
from the edges of the semiconductor elements in a state in 
Which the printed Wiring board has been coated and the 
semiconductor elernents mounted thereon in order to deter 
mine if too much resin or too little resin is being applied, 
after Which the resin amount is adjusted as necessary. 
Additionally, visual inspection of the resin drop just before 
it separates from the noZZle or the external appearance of the 
resin 3 coating the stage are also used to determine the 
presence of change in the amount of resin applied. 

[0018] HoWever, the very small amounts of resin involved 
make it difficult to discern changes in that amount by the 
conventional methods. In addition, adjustment of the 
amount is often left to the discretion of an operator, Which 
means it is often done manually and at arbitrary tirnes. Such 
methods of adjustment are unsuited to cases in Which the 
amount of resin applied changes continuously due to a 
variety of environmental and other factors. 

BRIEF SUMMARY OF THE INVENTION 

[0019] Accordingly, it is an object of the present invention 
to provide an improved and useful resin coating method and 
apparatus in Which the above-described disadvantage is 
eliminated. 
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[0020] The above-described object of the present inven 
tion is achieved by a resin coating method for applying resin 
to a predetermined region of a printed Wiring board com 
prising the steps of: 

[0021] imaging an external appearance of the resin 
extruded from a resin application device; and 

[0022] automatically adjusting an amount of the resin 
extruded from the resin application device based on 
the external appearance of the resin obtained in the 
imaging step. 

[0023] The above-described object of the present inven 
tion is also achieved by a resin coating apparatus for 
applying resin to a predetermined region of a printed Wiring 
board, comprising: 

[0024] an imaging unit for imaging an external 
appearance of the resin extruded from the resin 
coating apparatus; and 

[0025] an automatic adjustment unit for automati 
cally adjusting an amount of the resin extruded from 
the resin coating apparatus based on the external 
appearance of the resin obtained in the imaging step. 

[0026] According to the above-described aspects of the 
present invention, the amount of resin expelled, in other 
Words, the amount of resin to be used to coat the printed 
Wiring board, is set according to the dimensions of the 
semiconductor elements mounted on the printed Wiring 
board. The present invention is most effective With semi 
conductor elements measuring not more than 0.3 mm a side, 
though it is not limited to use With semiconductor elements 
of such dimensions. 

[0027] Apreferred method for automatically adjusting the 
amount of resin extruded from the resin coating apparatus is 
one in Which a difference betWeen a preset coating amount 
and an actual coating amount as determined by the external 
appearance of the resin is sensed and this difference used as 
feedback to adjust the amount of resin extruded. In this case, 
it is preferable that relational data relating the external 
appearance of the resin and the coating amount be stored as 
a reference table in the resin coating apparatus. An ordinary 
camera can suffice for use as the imaging device. As a 
method of adjusting the amount of resin extruded, it is 
preferable to regulate either the pressure of compressed air 
used to expel the resin, and/or the amount of time during 
Which that How of air continues. For accuracy and ease of 
control, regulating the timing of the air flow is preferable. 

[0028] It should be noted that the foregoing can be applied 
to any or all of the embodiments to be described later. 

[0029] It Will be appreciated by those of skill in the art that 
the factors that directly affect the amount of resin extruded 
from the syringe and cause it to vary from a predetermined 
desired amount include but are not limited to changes in air 
pressure, changes in temperature, and changes in the vis 
cosity of the resin due to changes in the components of the 
resin over time. 

[0030] HoWever, according to the above-described aspects 
of the present invention, the amount of resin extruded can be 
quickly and accurately adjusted as necessary. 

[0031] ADDITIONALLY, THE ABOVE-DESCRIBED 
OBJECT OF THE PRESENT INVENTION IS ALSO 
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ACHIEVED BY A RESIN COATING METHOD FOR 
APPLYING RESIN TO A PREDETERMINED REGION 
OF A PRINTED WIRING BOARD, COMPRISING THE 
STEPS OF: 

[0032] MEASURING A TEMPERATURE OF AN 
EXTRUSION NOZZLE OF A RESIN APPLICATION 
DEVICE; AND 

[0033] automatically adjusting an amount of the resin 
extruded from the resin application device based on 
the temperature of the noZZle. 

[0034] According to this aspect of the invention, an appro 
priate temperature sensor can be used to measure the tem 
perature of the extrusion noZZle, and the method of adjust 
ment may be either manual or automatic. 

[0035] Additionally, adjustments in the amount of resin 
extruded necessitated by changes in the amount of resin 
extruded from the extrusion noZZle due to a change in the 
viscosity of the resin caused by a change in the temperature 
of the noZZle can be performed relatively easily, on the basis 
of the temperature data. Additionally, if in this case the 
amount of resin extruded is adjusted automatically, then the 
amount of resin extruded can be quickly and accurately 
adjusted as necessary. 

[0036] Additionally, the above-described object of the 
present invention is also achieved by a resin coating method 
for applying a resin to a predetermined region of a printed 
Wiring board comprising positioning an extrusion noZZle of 
a resin application device at a predetermined reference 
height. 

[0037] The reference height is not particularly limited. 
HoWever, in terms of eliminating With certainty those ele 
ments that cause the amount of resin extruded to vary, 
controlling the height of the noZZle With respect to the 
printed Wiring board on Which the resin coating is to be 
applied is desirable. In this case, for example, a glass plate 
may be placed at a height identical to a height at Which the 
printed Wiring board is positioned, With an upper surface of 
the glass plate serving as a reference surface. The extrusion 
noZZle from Which resin is extruded may then be contacted 
against the reference surface so as to adjust the noZZle to a 
reference height. The contact may be detected by a variety 
of suitable methods, including use of a magnetorestrictor to 
detect the presence of an electric current When pressure is 
applied or by using a light-emitting element and a light 
receiving element to detect When the light is cut off. By 
programming the resin application device to raise and loWer 
the syringe (or resin extrusion noZZle, as the case may be) 
according to a set schedule, the reference height contained 
in that program can be replaced With a neWly obtained 
reference height. 

[0038] According to the above-described aspect of the 
invention, the extrusion noZZle is positioned at a predeter 
mined height When mounted on the resin application device, 
so the distance betWeen the extrusion noZZle and the printed 
Wiring board does not change even When, for example, the 
syringe containing the resin becomes empty and is replaced 
With a neW syringe in an operation that can cause the height 
at Which the extrusion noZZle is positioned to vary. 

[0039] As a result, in the present invention the distance 
betWeen the noZZle and the printed Wiring board is set to a 
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predetermined value and hence the volume of resin extruded 
does not change, hence avoiding a situation in Which the 
height of the noZZle changes, and accordingly, the distance 
betWeen the tip of the noZZle and the printed Wiring board 
changes, such that When that distance exceeds a predeter 
mined value the amount of resin extruded also exceeds a 
predetermined amount, and conversely, When that distance 
falls beloW a predetermined value the amount of resin 
extruded also decreases beloW a predetermined amount. 

[0040] The above-described object of the present inven 
tion is also achieved by a resin coating method for applying 
resin to a predetermined region of a printed Wiring board, 
comprising the steps of: 

[0041] IMAGING AN EXTERNAL APPEARANCE 
OF A RESIN DROP AFTER THE RESIN DROP 
HAS BEEN EXTRUDED FROM A NOZZLE OF A 
RESIN APPLICATION DEVICE BUT BEFORE 
THE RESIN DROP CONTACTS THE PRINTED 
WIRING BOARD; AND 

[0042] adjusting a distance betWeen a tip of the 
noZZle and the printed Wiring board based on the 
external appearance of the resin drop obtained in the 
imaging step. 

[0043] If for some reason the distance betWeen the noZZle 
and the printed Wiring board becomes too short, then When 
the noZZle is lifted after coating the printed Wiring board 
resin remains on the tip of the noZZle. If such a condition 
persists, then at some point during the coating process the 
amount of residual resin remaining on the tip of the noZZle 
peels off therefrom, coating the printed Wiring board With an 
abnormally large amount of resin. 

[0044] HoWever, according to the above-described aspect 
of the present invention, adhesion of excess resin to the tip 
of the noZZle can be prevented by, for example, substantially 
matching the distance betWeen the tip of the noZZle and the 
printed Wiring board to a diameter of the drops of resin. In 
this case, it Would be even more desirable to compile a 
database relating resin drop diameter to optimal distance 
betWeen the noZZle and the printed Wiring board so as to 
automatically adjust the distance to the diameter. 

[0045] ADDITIONALLY, THE ABOVE-DESCRIBED 
OBJECT OF THE PRESENT INVENTION IS ALSO 
ACHIEVED BY A RESIN COATING METHOD FOR 
APPLYING RESIN TO A PREDETERMINED REGION 
OF A PRINTED WIRING BOARD, COMPRISING THE 
STEPS OF: 

[0046] IMAGING A RESIDUAL AMOUNT OF 
THE RESIN ON AN EXTRUSION NOZZLE OF A 
RESIN APPLICATION DEVICE FROM WHICH 
THE RESIN IS EXPELLED; AND 

[0047] Washing the noZZle When the residual amount 
exceeds a predetermined amount. 

[0048] According to this aspect of the invention, by Wash 
ing the noZZle before the coating amount varies from a 
desired amount, imperfections in the coating can be avoided. 

[0049] In this case, any of a variety of suitable methods for 
Washing the noZZle can be employed, including removing 
the residual resin by air bloWer, by Wiper, by immersion in 
a Washing solution or by melting the residual resin off. 
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[0050] Other objects, features and advantages of the 
present invention Will become more apparent from the 
folloWing detailed description When read in conjunction 
With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0051] FIG. 1 is a diagram shoWing a conventional 
example of a small semiconductor element mounted atop a 
printed Wiring board; 
[0052] FIG. 2 is a How chart of steps involved in produc 
tion of a semiconductor device When mounting a semicon 
ductor element on the printed Wiring board, including a resin 
coating step as per each of the embodiments of the present 
invention; 
[0053] FIG. 3 is a schematic diagram of a resin coating 
apparatus used to perform a resin coating method according 
to the ?rst embodiment of the present invention; 

[0054] FIG. 4 is a How chart shoWing steps in a resin 
coating method according to the ?rst embodiment of the 
present invention; 

[0055] FIG. 5 is a schematic diagram of a resin coating 
apparatus used to perform a resin coating method according 
to a variation of the ?rst embodiment of the present inven 
tion; 
[0056] FIG. 6 is a schematic diagram of a resin coating 
apparatus used to perform a resin coating method according 
to a second embodiment of the present invention; 

[0057] FIG. 7 is a How chart shoWing steps in a resin 
coating method according to the second embodiment of the 
present invention; 

[0058] FIG. 8 is a schematic diagram of a resin coating 
apparatus used to perform a resin coating method according 
to a third embodiment of the present invention; 

[0059] FIG. 9 is a How chart shoWing steps in a resin 
coating method according to the third embodiment of the 
present invention; 

[0060] FIGS. 10A and 10B are diagrams of a resin 
coating apparatus used to perform a resin coating method 
according to a fourth embodiment of the present invention, 
in Which FIG. 10A shoWs a state prior to coating and FIG. 
10B shoWs a state at time of coating; 

[0061] FIG. 11 is a How chart shoWing steps in a resin 
coating method according to the fourth embodiment of the 
present invention; 

[0062] FIG. 12 is a schematic diagram of a resin coating 
apparatus used to perform a resin coating method according 
to a ?fth embodiment of the present invention; and 

[0063] FIG. 13 is a How chart shoWing steps in a resin 
coating method according to the ?fth embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0064] Adescription Will noW be given of embodiments of 
the present invention, With reference to the accompanying 
draWings. It should be noted that identical or corresponding 
elements in the embodiments are given identical or corre 
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sponding reference numbers in all drawings, With detailed 
descriptions of such elements given once and thereafter 
omitted. 

[0065] In order to facilitate an understanding of the inven 
tion, a description Will ?rst be given of a process of 
manufacturing a semiconductor device using the conven 
tional head slider assembly described above. 

[0066] FIG. 2 is a How chart of steps involved in produc 
tion of a semiconductor device When mounting a semicon 
ductor element on the printed Wiring board, including a resin 
coating step as per each of the embodiments of the present 
invention. 

[0067] Using a Wire bonding device, a gold bump is 
formed on a bottom surface of a head IC chip in a step S10. 

[0068] At the same time, a gold pad is formed on a Wiring 
pattern on a top surface of the suspension in a step S20. 
Next, a resin coating is applied as an under?ll in a center of 
a portion to be mounted on the head IC chip on a side of the 
suspension on Which the gold pad is formed in a step S30. 
Then, the suspension is ?xedly mounted atop a stage With 
the gold pad and resin coated part facing upWard in a step 
S40. 

[0069] The head IC chip is vacuum-attached to a bonding 
tool of a bonding unit and transported to a location of the 
suspension, Where the head IC chip is aligned atop the 
suspension S50. 

[0070] LoWering the bonding tool depresses the head IC 
chip, causing the gold bump to be pressed by the gold pad. 
At this time, the head IC chip spreads the resin. The resin 
spreads until it just protrudes from an outer periphery of the 
head IC chip (see FIG. 1). Additionally, at the same time as 
the head IC chip is pressed, the periphery of the head IC chip 
is subjected to ultraviolet light, causing that part of the resin 
protruding from the outer periphery of the head IC chip to 
partially harden in a step S60. 

[0071] Next, the head IC chip is subjected to ultrasound 
vibration While under pressure so as to bond the gold bump 
and gold pad together in a step S70. It should be noted that 
the head IC chip continues to be exposed to ultraviolet light 
during this time. 

[0072] Up to the present stage, except for that part of the 
resin that protrudes from the outer periphery of the head IC 
chip, the resin directly beneath the head IC chip remains 
unhardened, and thus provides no impediment to the above 
described bonding of the gold bump and gold pad. 

[0073] Finally, the head IC chip to Which the suspension 
has been bonded is moved to a furnace and heated so as to 
harden the remaining unhardened portion of the resin, thus 
forming the under?ll and completing assembly of the head 
slider assembly in a step S80. 

[0074] Adescription Will noW be given of a basic structure 
and function of a resin coating apparatus used in executing 
the resin coating method according to the present invention. 

[0075] FIG. 3 is a schematic diagram of a resin coating 
apparatus used to perform a resin coating method according 
to the ?rst embodiment of the present invention. 

[0076] As shoWn in the diagram, the resin coating appa 
ratus 10 comprises chie?y a dispenser 12 and a controller 14 
that controls the movement of the dispenser 12. 
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[0077] The dispenser 12 includes a syringe 16, a retaining 
portion 18 that grasps the syringe 16, and a supporting 
portion 20 that can raise and loWer the retaining portion 18. 

[0078] The syringe 16 may for example be formed to a 
substantially cylindrical shape using a plastic material, and 
is ?lled With a predetermined volume of a coating resin 22. 
An upper end of the syringe 16 is sealed by a lid 16a, With 
a noZZle 16b formed at a loWer end for the purpose of 
extruding the resin 22 therefrom. One end of a compressed 
air line 24 is detachably attached to the lid 16a. For 
descriptive convenience, a detailed description of the com 
pressed air line 24 is deferred until later. The syringe 16 is 
clamped by the retaining portion 18. When the resin 22 has 
been used up and the syringe 16 becomes empty, the empty 
syringe 16 is removed from the retaining portion 18 and 
replaced With a neW syringe 16 ?lled to a predetermined 
volume With the resin 22. One end 18a of the retaining 
portion 18 retains the syringe 16 While the other end of the 
retaining portion 18b is supported in such a Way as to ascend 
and descend along a shaft 26 of the supporting portion 20 to 
be described later. 

[0079] The supporting portion 20 includes a base 28, the 
above-described shaft 26 rising from the base 28, and a drive 
portion 30 that ascends and descends. 

[0080] The base 28 is driven by a drive source not shoWn 
in the diagram, such that, for example, the base 28 is mobile 
along a rail. The drive portion 30 is provided With a motor 
34 having a gear 32, and is ?xedly mounted at a predeter 
mined position along the shaft 26 by a mounting portion 36. 
The other end 18b of the retaining portion 18 is cylindrical 
in shape and mounted so as to be slidable along the shaft 26, 
With a gear groove formed on an outer periphery of the end 
18b (though not shoWn in the diagram) engaging the gear 32 
of the motor 34. As a result, When the motor 34 is activated 
and causes the gear 32 to rotate, the retaining portion 18 is 
raised or loWered accordingly. The movement of the motor 
34 of the supporting portion 20 is controlled by the control 
ler 14 as described beloW. 

[0081] The compressed air line 24 is connected, for 
example, to a 0.6 MP source of pressuriZed air. A pressure 
adjustment valve 38 is provided on an upstream side of the 
compressed air line 24 and an electromagnetic valve 40 is 
provided on a doWnstream side. The pressure adjustment 
valve 38 and the electromagnetic valve 40 together comprise 
one part of the controller 14. 

[0082] In addition to the pressure adjustment valve 38 and 
the electromagnetic valve 40, the controller 14 is also 
provided With a control instrument 42 that controls the 
movement of the motor 34 of the supporting portion 20. 

[0083] It should be noted that the resin coating apparatus 
10 is provided With a stage 44 capable of being moved by a 
motive source not shoWn in the diagram. A plurality of 
printed Wiring boards 46 are provided on the stage 44 
(although only one is shoWn in FIG. 3), so that by moving 
the stage 44 the printed Wiring boards 46 are also moved, 
thus permitting a plurality of printed Wiring boards 46 to be 
coated With resin continuously. 

[0084] A resin application process employing the resin 
coating apparatus 10 having the structure described above, 
is performed according to the folloWing general order. 



US 2005/0196704 A1 

[0085] First, a plurality of printed Wiring boards 46 are 
positioned atop the stage 44. 

[0086] Second, a fresh syringe 16 ?lled With a predeter 
mined volume of resin 22 is installed at the retaining portion 
18. The resin 22 may for example by composed of an acryl 
component, With each syringe ?lled With, for example, 5 ml 
of resin 22. With this one syringe 16, for example, approxi 
mately 80,000 printed Wiring boards 46 can be coated With 
resin 22. 

[0087] Third, one end of the compressed air line 24 is 
connected to the lid 16a of the syringe 16. 

[0088] Fourth, the folloWing coating operation is carried 
out based on a program installed in a CPU of the control 
instrument 42 of the controller 14. 

[0089] The motor 34 is driven by a motor drive signal 48 
from the control instrument 42. The position to Which the 
syringe 16, Which is driven by the motor 34, is raised or 
loWered is numerically controlled. The syringe 16, Which is 
positioned at a predetermined height position, is then loW 
ered until a tip of the noZZle 16b attains a predetermined 
distance from the printed Wiring board, for example 150m, 
at Which point loWering of the noZZle 16b is halted. 

[0090] The compressed air line 24 is controlled so as to 
operate according to the speci?cations of the printed Wiring 
board 46 to be processed, in such a Way that control signals 
50, 52 from the control instrument 42 set the degree of 
opening of the pressure adjustment valve 38 as Well as the 
open-and-close cycles of the electromagnetic valve 40. For 
example, When the air pressure is reduced to approximately 
0.5 Mpa, the electromagnetic valve 40 is kept open for 60 ms 
and then closed for 1440 ms, in a cycle that repeats itself. As 
a result, a predetermined volume of resin 22 is extruded 
from the syringe 16 and coats the printed Wiring board 46. 
The conditions under Which air is sent to the syringe 16, in 
other Words, adjustment of the amount of resin extruded 
from the noZZle 16b of the syringe 16 by compressed air, for 
example in a case in Which the amount of the coating is 
increased, can involve either increasing the extent of the 
opening of the pressure adjustment valve 38 so as to raise the 
pressure of the air sent into the syringe, or changing the 
cycle of the electromagnetic valve 40 to keep the electro 
magnetic valve 40 open longer, or both. Of these tWo types 
of adjustments, readjusting the cycle of the electromagnetic 
valve 40 yields relatively more precise adjustment of the 
amount of resin extruded, in other Words, is the easier of the 
tWo Ways of adjusting the amount of resin 22 used. 

[0091] The predetermined amount of resin 22 extruded 
from the noZZle 16b of the syringe 16 by compressed air 
temporarily assumes the shape of a ball of resin 22, With a 
top part attached to the noZZle 16b. Abottom part of the resin 
22 thereafter contacts the printed Wiring board 46 and 
attaches itself thereto. The syringe 16 is then raised, causing 
the resin 22 to separate from the noZZle 16b and spread over 
the surface of the printed Wiring board 46. 

[0092] A description Will noW be given of a resin coating 
method according to a ?rst embodiment of the present 
invention, With reference to the same FIG. 3. 

[0093] In order to perform the resin coating method 
according to the ?rst embodiment of the present invention, 
the resin coating apparatus 10 described above additionally 
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and further has a rotary plate (stage) 56 driven by a motor 
54, a camera (imaging means) 58 for taking a photograph 
(i.e., an image) of the rotary plate 56; and a monitor 60 for 
looking at (i.e., examining) the image obtained by the 
camera 58. The monitor 60 is equipped With an image 
analyZer Which produces digitiZed information from each 
picture element of the image and Which is processed by 
calculator 62 Which sends a control signal 64 to the control 
instrument 42. 

[0094] FIG. 4 is a How chart shoWing steps in a resin 
coating method according to the ?rst embodiment of the 
present invention. 

[0095] As shoWn in FIG. 4, the resin coating method 
according to the ?rst embodiment of the present invention 
involves an imaging step S106 in Which the external appear 
ance of the resin 22 extruded from the resin coating appa 
ratus 10 is photographed and a step S110 in Which the 
application amount of resin 22 extruded from the resin 
coating apparatus 10 is adjusted based on the external 
appearance obtained in the imaging step S106, in other 
Words, the coating amount is automatically adjusted. Fur 
ther, in this case, prior to the imaging step S106 the resin 22 
is stretched across the rotary plate 56 in a step S104, and the 
surface area of the resin 22 spread across the top of the rotary 
plate 56 after the imaging step S106 is measured in a step 
S108. 

[0096] In other Words, When for a variety of reasons it is 
deemed necessary to check for variation in the coating 
amount of the resin and to adjust the coating amount 
accordingly, the resin coating apparatus 10 is moved and the 
syringe 16 positioned at the rotary plate 56 in a step S100. 
Then the resin 22 is extruded under programmed actual 
coating conditions onto the rotary plate 56 in a so-called dry 
run step S102. The dry run is carried out as appropriate 
Whenever for any reason a change occurs in the amount of 
resin coating the printed Wiring boards during a production 
line run. Additionally, the dry run may also be carried out on 
a regular and periodic basis for the purpose of checking and 
adjusting the amount of resin used in the coating, for 
example a dry run once every ten printed Wiring board 
coatings. 
[0097] During a dry run, depending on the state of rotation 
of the rotary plate 56, centrifugal force causes the extruded 
resin 22 to elongate across the surface of the rotary plate 56 
in the step S104. The spread resin 22 develops into a thin 
disc-like shape. In this case, the thickness of the resin 22 
remains virtually unchanged and uniform even if there is a 
change in the amount of resin used in the coating. Accord 
ingly, by noting changes in the surface area of the resin 22 
it is possible to note any changes in the coating amount of 
resin 22 as Well. 

[0098] As described above, the external appearance of the 
resin 22 is photographed With the camera 58 in the step S106 
and the resulting image analyZed in the step S108. The 
image so acquired is used to determine the surface area of 
the resin 22 spread across the surface of the rotary plate 56. 
Ordinarily, When the measurement object is irregular, it is 
necessary to scan the entire image in order to obtain an 
approximation of its surface area. HoWever, according to the 
present embodiment, the surface area can be obtained using 
just the diameter of the substantially circular shape formed 
by the spreading resin 22, thus making image analysis easy 
and quick. 
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[0099] Based on the surface area data obtained as 
described above, a correlation is found betWeen surface area 
and coating amount by referring to a table of such correla 
tions. Any difference betWeen the predetermined pro 
grammed coating amount and the actual coating amount as 
obtained from the surface area data is sent to the control 
instrument 42, and the control instrument 42 used to reset 
the open-and-close cycle of the electromagnetic valve 40 in 
order to reacquire, or re-establish, the correct, that is, the 
predetermined coating amount in a step S110. 

[0100] More speci?cally, When for example the coating 
amount obtained from the surface area data is less than the 
predetermined programmed coating amount, in other Words 
When the amount of resin extruded during the production 
line run is less than a predetermined coating amount, then 
the program is changed so that the amount of time during 
Which the electromagnetic valve 40 is open is lengthened to 
a degree corresponding to the amount of the shortfall in the 
coating volume, With application of the resin 22 thereafter 
carried out under the neW coating conditions. 

[0101] According to the resin coating method according to 
the ?rst embodiment of the present invention as described 
above, the amount of resin 22 extruded from the resin 
coating apparatus 10 is automatically adjusted according to 
the external appearance of the resin, so there is no lag in 
taking corrective action. Additionally, change in the surface 
area of the resin, that is, change in the amount of resin 22 
used in coating the printed Wiring board 46, can be quanti 
?ed and understood accurately, and the amount of resin 22 
used in the coating adjusted precisely. 

[0102] A description Will noW be given of a variation of 
the resin coating method according to the ?rst embodiment 
of the present invention. 

[0103] FIG. 5 is a schematic diagram of a resin coating 
apparatus used to perform a resin coating method according 
to a variation of the ?rst embodiment of the present inven 
tion. 

[0104] The basic structure of the resin coating apparatus 
70 used to perform the variation of the resin coating method 
according to the ?rst embodiment of the present invention is 
essentially identical to the resin coating apparatus 10 used in 
the ?rst embodiment, though With certain additions to be 
described beloW. 

[0105] The resin coating apparatus 70 is provided With one 
or more xenon lamps 72. In the case of the resin coating 
apparatus 72 shoWn in FIG. 5, there are tWo such xenon 
lamps 72. Additionally, a ?lter 74 that only passes ?uores 
cent light 78 is either installed directly on the camera 58 or 
provided separately from the camera 58 in a space betWeen 
the camera 58 and the rotary plate 56. 

[0106] In the imaging step S106 described above, the resin 
coating method according to the variation of the ?rst 
embodiment projects light of a predetermined Wavelength 
onto the resin 22 so as to cause the resin 22 to ?uoresce, 
separates the generated ?uorescent light from light of other 
Wavelengths, obtains a ?uorescent image of the resin 22 and 
uses the ?uorescent image to measure the surface area of the 
resin 22. 

[0107] That is, light of a predetermined Wavelength is 
generated using a xenon lamp or lamps 72 as a light source, 
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thus projecting xenon light 76 onto the resin 22 and the 
rotary plate 56. The rotary plate 56 is, for example, a 
metallic plate, and so despite absorbing a portion of the 
xenon light 76 nevertheless re?ects substantially all of the 
xenon light 76. By contrast, the resin 22 re?ects the xenon 
light 76 and generates ?uorescent light 78 from the energy 
of the absorbed xenon light 76. 

[0108] Of the xenon light 76 and ?uorescent light 78 that 
reaches the ?lter 74, only the ?uorescent light 78 passes 
through the ?lter 74 and is captured by the camera 58. 
Thereafter the process of applying a coating of resin 22 onto 
the printed Wiring board 46 is the same as for the resin 
coating method according to the ?rst embodiment of the 
present invention as described above. 

[0109] In the event that the resin 22 has color, then there 
is no need for special processing like that described for the 
variation of the ?rst embodiment as above. If, hoWever, the 
resin 22 is transparent, then exposure to sunlight Will turn 
virtually every picture element pertaining to the images of 
the resin 22 and the rotary plate 56 substantially totally 
White, making the image dif?cult to identify. Nevertheless, 
according to the above-described variation of the ?rst 
embodiment of the present invention, even in the event that 
the resin 22 is transparent the same effects and advantages 
as With the ?rst embodiment of the present invention can be 
obtained. 

[0110] It should be noted that, in a case in Which the lots 
of resin 22 are mixed, that is, some are transparent and 
others colored, then, according to the above-described varia 
tion of the ?rst embodiment of the resin coating method as 
described above, the same resin coating apparatus 70 can 
still be used Without interruption. 

[0111] A description Will noW be given of a resin coating 
method according to a second embodiment of the present 
invention. 

[0112] FIG. 6 is a schematic diagram of a resin coating 
apparatus used to perform a resin coating method according 
to a second embodiment of the present invention. FIG. 7 is 
a ?oW chart shoWing steps in a resin coating method 
according to the second embodiment of the present inven 
tion. 

[0113] The basic structure of a resin coating apparatus 80 
used to perform the resin coating method according to the 
second embodiment of the present invention is essentially 
unchanged from that of the resin coating apparatuses 10, 70 
described above. HoWever, the apparatus 80 does addition 
ally comprise a temperature sensor 82 and a control unit 84. 

[0114] The temperature sensor 82, for example, may opti 
mally be a radiation thermometer. The temperature sensor 82 
is positioned so as to be able to sense a surface temperature 
at the tip of the noZZle 16b. Signals 83 of the temperature 
data detected by the temperature sensor 82 are sent to the 
control unit 84. The control unit 84 is equipped With a 
reference table for correcting the amount of resin 22 used in 
the coating depending on the surface temperature of the tip 
of the noZZle 16b, speci?cally, in this case, as With the ?rst 
embodiment, transmitting to the control instrument 14 a 
control signal that changes the open-and-close cycle sched 
ule of the electromagnetic valve 40 as appropriate. 

[0115] As shoWn in FIG. 7, the resin coating method 
according to the second embodiment of the present inven 



US 2005/0196704 A1 

tion comprises a step S200 in Which the temperature of the 
nozzle 16b of the resin coating apparatus 80 is measured and 
a step S202 in Which the amount of the coating is adjusted 
automatically on the basis of the temperature data obtained 
in the noZZle temperature measurement step S200. 

[0116] In other Words, the temperature at the noZZle 16b of 
the resin coating apparatus 80 is measured by the tempera 
ture sensor 82 at appropriate intervals. The control unit 84 
then resets the cycle of the electromagnetic valve 40 depend 
ing on the temperature measured, sending a signal to that 
effect to the controller 14, changing the cycle of the elec 
tromagnetic valve 40 and adjusting the amount of resin 22 
extruded from the resin coating apparatus 80. Coating there 
after continues subject to the neW conditions. 

[0117] According to the resin coating method according to 
the second embodiment of the present invention, changes in 
the temperature of the noZZle 16b With repeated coating 
applications that in turn cause the viscosity of the resin 22 
to change and the amount of resin 22 extruded from the 
noZZle 16b to vary are offset by sensing the temperature at 
the noZZle 16b and automatically adjusting the amount of 
resin 22 extruded therefrom. Thus a relatively simple device 
and method suffices to support accurate and timely correc 
tive action With respect to the amount of resin 22 extruded 
from the resin coating apparatus 80. 

[0118] A description Will noW be given of a resin coating 
method according to a third embodiment of the present 
invention. 

[0119] FIG. 8 is a schematic diagram of a resin coating 
apparatus used to perform a resin coating method according 
to the third embodiment of the present invention. FIG. 9 is 
a flow chart shoWing steps in a resin coating method 
according to the third embodiment of the present invention. 

[0120] In order to perform the resin coating method 
according to the third embodiment of the present invention, 
a resin coating apparatus 90 is used that has essentially the 
same basic structure as the resin coating apparatuses 
described above but With the addition of a mechanism for 
positioning the tip of the noZZle 16b at a predetermined 
height. 

[0121] The height-positioning mechanism further com 
prises a glass plate 94 mounting a magnetorestrictor 92. 

[0122] The glass plate 94 is positioned together With a 
Wiring board 46 at a height identical to a height of the Wiring 
board 46 atop the stage 44. In other Words, the glass plate 94 
serves as a reference surface (that is, a predetermined 
reference height) at time of coating. When the tip of the 
noZZle 16b from Which the resin 22 is extruded contacts the 
glass plate 94, that is, the magnetorestrictor 92, the pressing 
of the magnetorestrictor 92 generates an electric current. The 
controller 14 receives a signal 93 of the current so generated 
and interrupts the drive of the motor 34, resets the reference 
height set in the controller 14 program With the neW refer 
ence height data and generates a motor drive signal that 
raises the noZZle 16b a predetermined amount. 

[0123] Adescription Will noW be given of the resin coating 
method according to the third embodiment of the present 
invention, With reference to FIG. 9. 

[0124] When the syringe 16 becomes empty of resin 22, 
the syringe 16 is replaced by a fresh syringe 16 from the 
dispenser 12 in a step S300. Next, the stage 44 is moved and 
the glass plate 94 placed directly beneath the fresh syringe 
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16 in a step S302. The motor 34 is then started and the 
syringe 16 is gradually loWered in a step S304. When the tip 
of the noZZle 16b of the syringe 16 contacts the magnetor 
estrictor 92 in a step S306 and the magnetorestrictor 92 is 
pressed and restricted, an electric current is generated in the 
magnetorestrictor 92. An electrical signal 93 based on the 
electric current so generated is then transmitted to the 
controller 14. The controller 14 temporarily interrupts the 
drive of the motor 34, replaces the reference height data, and 
generates a motor drive signal that raises the noZZle 16b by 
a predetermined amount. In so doing, the syringe 16 that is 
driven by the motor 34 is raised to a predetermined height 
With respect to the neWly set reference height and main 
tained at that height position for subsequent coating opera 
tions in a step S308. 

[0125] According to the resin coating method according to 
the third embodiment of the present invention, When the 
height at Which the tip of the noZZle 16b is positioned 
changes, either because, for example, the syringe 16 con 
taining the resin 22 used for coating becomes empty and is 
replaced With a neW syringe 16 or for some other reason, the 
tip of the noZZle 16b is maintained at a predetermined height 
With respect to a reference surface When installed on the 
resin coating apparatus 90. Thereafter the syringe 16, Which 
is positioned at a predetermined height above the reference 
surface, is then loWered a predetermined amount by the 
control program. As a result, the distance betWeen the tip of 
the noZZle 16b and the printed Wiring board 46 is maintained 
at a predetermined value even after the syringe has been 
replaced, so no change in the amount of resin 22 used in 
coating the printed Wiring board 46 occurs. 

[0126] A description Will noW be given of a resin coating 
method according to a fourth embodiment of the present 
invention. 

[0127] FIGS. 10A and 10B are diagrams of a resin 
coating apparatus used to perform a resin coating method 
according to the fourth embodiment of the present invention, 
in Which FIG. 10A shoWs a state prior to coating and FIG. 
10B shoWs a state at time of coating. 

[0128] The resin coating apparatus 100 used to perform 
the resin coating method according to the fourth embodi 
ment is essentially the same as the resin coating apparatus 10 
used to perform the resin coating method according to the 
?rst embodiment as described above, With the addition 
hoWever of a camera 58, a monitor 60 and a calculator 62. 
As shoWn in the diagrams, the camera 58 is positioned at the 
tip of the noZZle 16b from Which the resin 22 is extruded. 

[0129] Adescription Will noW be given of the resin coating 
method according to the fourth embodiment of the present 
invention, using the resin coating apparatus 100 described 
above, With reference to FIGS. 10A and 10B as Well as 
FIG. 11. 

[0130] FIG. 11 is a flow chart shoWing steps in a resin 
coating method according to the fourth embodiment of the 
present invention. 

[0131] Before the noZZle 16b is loWered to a resin coating 
height H2 at a predetermined distance betWeen the noZZle 
16b and the printed Wiring board 46, the resin 22 is extruded 
from the noZZle 16b at an arbitrary height H1 (FIG. 10A). 
At this time the extruded resin 22 forms substantially a ball 
shape, With a top part of the ball attached to the tip of the 
noZZle 16b in a step S400. 




