LASER PROCESSI NG DEVI CE AND LASER PROCESSI NG METHOD The presept invention
relates to a | aser processing device and | aser proces§zﬁg?gﬁ}qu(ygﬁﬂggy
| aser processing such as 5 processing for the formati oald nut e hol S
performed on an article to be processed which is in the formof a sheet,

sbeh as a circuit board, using a |laser beam Fig. 1 shows the construction
of a holding device for an 10 article td-be prpcessed which is in the form

of a sheet in a p
device 130 is corr =il o perfu 3 . tarng a
sheet-like article 131 to be processed at a prescribed position. 15 In Fig.
1, through-holes 134a are provided on a suction plate 134 arranged on a
o1 ng PasindSredBRico IChrkilS Jehhted 1814 9208 DLI6RRRI Y 401 A ang
suction plate’1 'S he I'n & prescribed position by vacuum suction by

VaCUU”‘evaCFQEEQ”gggcé%gghésﬁgﬂﬁbﬁv%ﬁ%@%bﬁgéggkgég@%ceg%QQﬁs%h%& &Q produce

a mnute hole I's achi eve irecting a mon to article 131 held
in this prepebbBed;RESiFbirORheFifdrmd tiboVs ranahiee heaws F Qerlfdra®?l on
processing device fof 25 processing the surface of an article in the form
of a thin sjgehreoBskestonBeobraceRised wheeh ak e thiekEorin Bifgh speed,and
hi gh accuracy, in which the article is |ocated in position -2- and a

| aser beam kfcHi aechegdieputie bbarsyr hadtgoh thiserabkiaal.e.

Fig. 1 shows the_construction of a holding device for an

10 artiéle to be processed which is in the form of a sheet in a
prior art laser processing device. This laser processing
devicé 130 is constructed so as to perform laser processing by
holding a sheet-like article 131 to be processed at a
prescribed position.

15
In Fig. 1, through-holes 134a are provided on a suction plate
134 arranged on a holding base 133. The sheet-like article
131 to be processed placed on suction plate 134 is held in a
prescribed position by vacuum suction by vacuum evacuation

20 from vacuum evacuation port 135. Processing to produce a

| minute hole is achieved by directing a laser beam on to

article 131 held in this prescribed position.

Fig. 2 shows another known COy laser processing device for

25 processing the surface of an article in the form of a thin
sheet consisting of a metal sheet or the like at high speed

and high accuracy, in which the article is located in position



In such a | aser processing device, as shown in Fig. 2, the undersurface of
article 41 to be processed is supported at a | arge nunber of |ocations by
spi kes 42, leveling being 5 achieved by utilizing the weight of this
article 41 and processing being perforned by directing a | aser beam 43 on
to article 41 fromits upper surface. However, in the prior art exanple
shown in Fig. 1, when hole- 10 form ng f@-ocessing of article 131 is

performed b | aser beam | aser |ight passing through article 131 by neans
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this reflected |ight heats and def or article 131 to be,procgessed.
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bef or ehand i'n suction a | ons “correspondin e positions

i n which the e A ﬂy§$. rdds 131L. h?wgw- [ t he
posi tion of qsau ﬁ zlnt | fﬁer%%%?t({c%{] t réo%gﬁ-%#ollqigegs I S 'd!]T erel%{g %%é-lg%gendi ng on
the typesof jahliieGleR b3l 3 156 71, %%idﬁt i dififd Gibds 41 nBkeypese
correspond wth a | arge nunber of product” types. Although it 1s possible to
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anti- reflection thrgtgh-ho é%éare forn@g | ar ge 2§%ugh, I f article 25 131
to be procegsseddle U Erodi Sty tipped surfaseed by the suction, |owering

processi ng accuracy. Also, since article 131 to he processed is fixed in
position by vacuum sucti on, - 3-
However, in the prior art example shown in Fig. 1, when hole-
10 forming processing of article 131 is performed by a laser beam,
laser light passing through article 131 by means of the holes
that are thus formed is reflected by suction plate 134 and
this reflécted light heats up and deforms article 131 to be
processed. Since circuit board materials etc. are easily"
15. deformed by heat, through-holes for preventing reflection are
provided, as a counter-measure, beforehand in suction plate
134 at positions corfespoﬁding to the positions in which the
holes areﬁfo be formed in article 131. However, since the
position of such anti-reflection through—holés is different
20 depending on the type of article 131 to be processed, it is
difficult to make'these correspond with a large number of
product types. Although it is possible to cope with changes
in the position in which processing is effected if the anti-
reflection through—holes are formed large enough, if article
26 131 to be processed is thin, distortion is produced by the

suction, lowering processing accuracy. Also, since article

131 to be processed is fixed in position by vacuum suction,



t he resi due produced by processing is renoved by this suction, but there
was the probl em of bl ockages being produced by this residue in parts of the
suction flow path. 5 Further, the prior art exanple shown in Fig. 2 which
i's enpl oyed for form ng through-holes by |aser processing for via
electrodes in the thin resin sheet or netal sheet for nmulti- layer circuit
boards was subject to the follow ng proBtems. Specifically, thin sheet such

' heet has, h O.stability.and.is |iabl i i f, thi
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I mpossi bl e. “An OBJEC i Re present 1Tnvention 1s to provide a |aser

processi ng device and | aser processing nethod whereby the problens of the
prior art experienced when formng holes in 20 articles to be processed in

the forrg of parehest B¥el p3abrPLECCEXRGI1RN At A8 BHEDI eMgrachUNd Ng When
subjecting an article to be processed which is in the formof a thin sheet

to laser prempssyBd €af ForimdhyedhrdaghPhonder bio 1agkire ya-ddae sahey Ecabivast |

a laser processing device according to the present invention in which hole-
form ng proeesstredes pertbentdiby rdisieckhegtaorageitaleameet for fulk@-an

article to be processed which is in the formof a sheet
layer circuit boards was subject to the following problems.
Specifically, thin sheet such as resin sheet has poor shape
10 stability and is liable to curl so if this prior art method is
applied to such thin sheet, large undulations are left in the
vicinity of the center of the thin sheet. This gives rise to
the problem that such changes in surface height may exceed the

allowed range of working distance of the laser beam, making

15 accurate processing impossible.

An object of the present invention is to provide a laser
processing device and laser processing method whereby the
problems of the prior art experienced when forming holes in
20 articles to be processed in the form of a sheet by laser
processing and/or'the problems occurring when subjecting an
article to be processed which is in the form of a thin shéet

to laser processing can be solved.

25 In order to achieve the above object, a laser processing
device according to the present invention in which hole-

forming processing is performed by directing a laser beam on



conprises at least a pair of clanps that respectively hold two opposite end
parts of the article to be processed, and a tensioning device that applies

tension to the article to be 5 processed by applying a bias in a direction

such as would nutually separate this pair of clanmps. Also, in a nethod of

| aser processing in which hole-formng processing is performed by di recting
a |laser beamon to an 10 article to be pmocessed which is in the fornlof a

sheet . accord) i L 8 PSSl LINEIILON wlfprderd dpeliaue 4 alius:

obj ect, Iaser processing i s perforne ensi on

ticle t | .
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relatively separate two opposite “en part of t
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met hod, an article to be processed which s in the formof a sheet is held

at two end I%%rntsiol?ﬁini’g REdi ﬂ{é\ﬂ’%%ph pRik 2SN Qb | thaRpH R datyvasn the

two end parts which are thus held e article can thus be held in a
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processed of the article being processed by a suction plate and without
vacuum suct mwtualls |sagairgyeadsisepaAiy feaC eclafmpdh. the article to be

processed can therefore be supported suspended in space, so reflection from
~a suction plate of laser |ight passing through the holes that are forned
does not -5- occur and there is no thermal deformation due to such
Also, in a method of laser processing in which hole-forming
processing is performed by directing a laser beam on to an
10 article to be processed which is in the form of a sheet,
according to the present invention, in order to achieve the
above object, laser processing is performed whilst applying
tension to the article to be processed by applying bias in a

direction such as would relatively separate two opposite end

15 parts of the article to be processed.

With the above laser processing device and laser processing
method, an article to be processed which.is in the form of a
sheet is held at two end parts by a pair of clamps, and

20 tension is applied between the two end parts which are thus
held. The article can thus be held in a constant flat
condition without holding the back face of the portioﬁ being
processed of the article being processed by a suction plate
and without Qacuum suction. The laser-processed surfacé of

26 the article to be processed can therefore be supported
suspended in space, so reflection from a suction plate of

laser light passing through the holes that are formed does not



reflected Iight. Also, there is no bl ockage of the suction flow path by the
resi due produced by processing, which is a problemin a holding structure
usi ng vacuum suction. 5 Accordingly, stable processing can be conti nued.
“Further, a | aser processing device according to the present invention, in
order to achieve the above object, conprises: clanps that apply tension to
an article to be processed which 10 is inrsthe formof a thin sheet; a
suction device that aga%ies.sucti e nanger si de
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to this | aser beam éni ssion device and sdction device, so that each

dermarcation portion of the article to be processed which is in the form of
a thin sheet is successively subjected to | aser processing. 25 Also, in
order to achaeykeiheaabayeroppeeessifgadkasee peecedshggtaethedpwbseatn
| aser processing is performed by - 6-
invention, in order to achieve the above object, comprises:
clamps that apply tension to an article to be processed which
10 is in the form of a thin sheet; a suction device that applies
suction and holds in releasable manner side portions at at
least two locations of the periphery of a demarcation portion
such that it can maintain this demarcation portion of the
" article to be processed whigh is in the form of a thin sheet
15 'in a flat condition due to this tension; a laser beam emitting
device that performs laser processing of the demarcation
portion of the article to be processed which is in the form of
a thin sheet, which is held by suction by the suction device;
and a displacement device whereby the article to be processed
20 which is in the form of a thin sheet is displaced relatively
with respect to this laéer beam emission device and suction
device, so fhat each demarcation portion of thé article td.be
processed which is in the form of a thin sheet is successively
subjected tomlaser processing.
25 |

Also, in order to achieve the above object, in a laser

processing method wherein laser processing is performed by



directing a | aser beamon to an article to be processed which is in the
formof a thin sheet, in which, whilst applying tension to the article to
be processed which is in the formof a thin sheet, side parts at at | east
two | ocations of the 5 periphery of a demarcation portion are supported by
suction so that this demarcation portion of the article to be processed
which is in the formof a thin sheet is mgintained in flat condition by
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undul ations of the thin‘sheef article can be corrected and flattened within

this dempr osd i OphePy Pt aoaemgecseﬁbndﬁaawahl 8PeP8LppBPtEaNpPesAEEHLAL 8bY
subj ected to | aser processing by the |laser beam em ssion devi Ce.
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demar cation portions, each demarcation portion being successively

i ntroduced Wtyid¢tnei sli 5pl ehentotm25fdavtheni sheethéssmaihvaizedeinf fLhe

suction device, even thin- sheet articles that have | arge area and snal

t hi ckness oczondkt tomjlegt eblisotansiion} ethasedepancasiongportion is
subjected to laser processing which is repeated for successive

10 demarcation portions.

With the laser processing device and laser processing method
of the invention as above, since the clamps tension the
" article being processed which is in the form of a thin sheet

15 and the suction device applies suction and support in a
tensioned condition to the side parts at at least two
locations of the periphery of a demarcation portion of the
article being processed, surface undulations of the thin-sheet
article can be corrected and flattened within this demarcation

20 portion, so each demarcation portion can be accurately
subjected to laser processing by the laser beam emission
device. Furthermore, since the thin-sheet article is diviaed
up into a plurality of demarcation-portions, each demarcation
portion beiné successively introduced by the displacemenf

25 device into the suction zone of the suction device, even thin-
sheet articles that have large area and small thickness can be

subjected to accurate laser processing.



-7- Further, in order to achieve the above object, the |aser processing

nmet hod according to the present invention is characterized in that, when

|l aser processing is perfornmed to 5 an article in the formof a thin sheet
~which is given tension and thus kept in a flat condition, an anmount of

di spl acement of processing points which displace when the thin sheet

el ongated by tension is released fromthe tension and shrunk resiliently is
cal cul ated and inputted into controlling data 10 as corrected data, based
on which | aser processing operation is coniroll ed. VWth the | aser’

processi ng t hod _of .t he {2 tiqn.as_ab he ar forn1of a
t hi n sheet 'Eﬁeﬁa31808F $ﬁa3$ f§h§?ﬁ?iﬁ 2’ Jec y%ﬁ g% 5§%a f1 at
condition b L\ n n I enent of
the laser p o§§§§¥%§%p§%% d% éa%? useéﬁby ?E%%?#gﬁ“g%ﬁ&ﬁh ag% of the

thin sheet t et r n
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prelimnarily calculated accor
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further enhanced. Fig. 1 is a cross-sectional view show ng the construction

of a prior aht tAser kerpeCassanF1deViceRididdon, an Bimdunt iof AiGPAGCRHSRL C
perspective view showng a prior art exanple; Flg 3 is a perspective view

showi ng t heogopgbruskiitg Pointsawhdsty displess Mpewhethee thina shidett
enbodi ment of the present
elongated by tension is released from the tension and shrunk
resiliently is calculated and inputted into controlling data
10 as corrected data, based on which laser processing operation

is controlled.

With the laser processing method of the invention as above,
the article in the form of a thin sheet which has poor shape

15 .stability can be firmly held in a flat condition by applying
tension thereto, while the amount of displacement of the laser
processing points which is.caused by resilient shrinkage of
the thin sheet having been stretched when released from the
tension.ié preliminarily calculated according to which the

20 data regarding processing points is corrected, whereby laser

processing accuracy is further enhanced.

Fig. 1 is a cross-sectional view showing the construction
of a prior aét laser processing device;
25 Fig. 2 is a diagrammatic perspective view showing a prior
art example;

Fig. 3 is a perspective view showing the construction of



invention; Fig. 4 is a front view show ng the construction of this device;
5  Fig. 5is a front view show ng the constructi on whereby size
variations of the article to be processed are coped with in this device;
Fig. 6 is a partial front view showing a nodified exanple of a holding
structure for the article to be processed in this 10 device; Fig. 7 is a
perspective view show ng the constructiomgﬁ a laser processing device
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third embodi R, of he present invention; F|g 9 is a front V|em10f a
suction device of fﬁls | aser processing device Fig. 10 is a bottom view

t her eof; 20 Fid0.4lisis eréﬁenhaw CYRSPONE N d heoﬁyefe&leqnéfreﬂéon

of the suction devite of this Iaser processi ng device; and Fig.
schematic vigwishow ng prinmary parts of the | aser processing deV|ce
according to a fourth enbodi nent of the present invention. 25 An enbodi nent

of the psesent i nwef!iPnissa dessiit betebesRowihd kel ses€LuEOibRewhereby
acconpanyi ng drawi ngs. \Wile the described
size variations of the article to be processed are coped with
in this device;
Fig. 6 is a partial front view showing a modified example
of a holding structure for the article to be processed in this
10 device;
Fig. 7 is a perspective view showing the construction of
a laser processing device according to a second embodimenf of
the present invention;
Fig. 8 is a front view showing the construction of a
15 laser processing device in a third embodiment of the present
invention;
Fig. 9 is a front view of a suction device of this leser
processing device;
Fig. 10 is a bottom view thereof;
20 Fig. 11 is a front view showing the overall construction
of the suction device of this laser processing device; and
Fig. 12 is a schematic view showing primary parts of the
laser processing device according to a fourth embodiment of
the present-invention.
25
An embodiment of the present invention is described below with

reference to the accompanying drawings. While the described



-9-" enbodi nents represent the preferred formof the present invention, it
is to be understood that nodifications will occur to those skilled in the
art without departing fromthe spirit of the invention. The scope of the
‘invention is 5 therefore to be determ ned solely by the appended cl ai ns.
Fig. 3 is a perspective view show ng the construction of a |aser processing
device according to a first enbodi ment ofg Ihe present I nvention and Fig. 4

| aser beam SHEPERRENSS KK e tRLg” S retefeceth B8 TR Brettste
pr ocessed V"tﬂ*gggn'tiohhe Futeeh B WRAIRoIRGt R fﬁaacl%#scwltuboard

consisting of a resih Sheet or Bt & IcalTy 1n

enbodi mant,o&@ﬁraﬁb' EhBsk0sRe 106ACERS el rutswatﬁlqu& pal cTRe (donAt AL d

epoxy resin. , laser processing device onst| as a

processing Q§¥k§€ bBaEhEOEEQeEE&Bhe tPhoughope! 68 tRediflERHLONDPErd 102
constituting the sheet-shaped article to be 20 processed. Hole formation is

achi eveds bytHeregbiragtbaser deearmih@doBolie1¢ bylithebappéntly kalkdmsn a
prescri bed position. Circuit board 102 is held with both its ends cl anped

between a fixed clanp 103 fixed to base plate 105 and a novabl e clanp 104

nmounted on a guide rail 111 nounted on base plate 105. 25 Bias in a

directi on aray.fBoisf bxpdrepanp iie3 viewaphbowddgbyheoeahlse ralcaipnl 04 by

means of biasing cylinder 106, so tension is applied to the circuit board

102 whose thesendpraressliagpdeévice according to a first embodiment of the
present invention and Fig. 4 is a front view of this device.

10 Depiction of the construction of the laser beam emitting

portion is omitted. The sheet-like article to be processed
which is the subject of the laser processing is a circuit
board consisting of a resin sheet or metal sheet.

" Specifically in this embodiment, the article to be processed

15 is a thin sheet made of aramid epoxy resin.

In Fig. 3, laser processing device 101 is constituted as a
processing device that forms minute through-holes in a circuit
board 102 constituting the sheet-shaped article to be

26 processed. Hole formation is achieved by directing laser beam
118 on to circuit board 102 held in a prescribed position.
Circuit board 102 is held with both its ends clamped between a
fixed clamp 103 fixed to base plate 105 and a movable clamp
104 mounted én a guide rail 111 mounted on base plate 105.

26 Bias in a direction away from fixed clamp 103 is applied by
movable clamp 104 by means of biasing cylinder 106, so tension

is applied to the circuit board 102 whose two ends are clamped



therein, so that the circuit board 102 is held while being maintained in a
flat condition. The holding structure of this circuit board 102 wll be
described in detail with reference to Fig. 4. 5 1n Fig. 4, clanp operating
arns 107 are provided respectively at the top of fixed clanp 103 and
-nmovabl e cl anp 104, being constructed such that they can be operated to be
opened or closed by neans of respective rdflovabl e cylinders 109. After 10

nounting the,two .end part,s of circuit board 1 t ween anpi bl ock 108
of 11 xed ol SHF R atp o1 iaip: HER b bse RS PSa Ao R 15 ety BT, RS
condition w X [ r . hel d e . vabl.e .
cyl i nders 15&*1:}%?21"%%%%2& par {;‘ %?n%lgfjlcél}l?’t ng%r zlo%%‘;?g%c 5%2%0@% this
cl osing respagtdy 12 GPEL PO LE IR B0 Ly Sader ofs LRy
cylinders 1%3 I\L}Dlvab ea% anp 104 }l'as rmuntéegézL on g%ly e raljf i) t a?é)%%ce
nount ed on haseripfate 105 and is biased in the direction away from fixed
clanp 103 by neans of a biasing cylinder 106 linked to 20 clanping bl ock
110. Whgn biasing cylinder 106 is driven after circuit board 102 has been
hel d by means of respective clanp operating arns 107 of fixed clanp 103 and
novabl e cl amgn 4. npvadlans| swerding SaihaSER i dird her oW 1desd | BEsHYElY T DM
fixed clanp 103 along guide rail 111, so that tension is applied to 25 the
circuit boarat th> tdw off fiwesd helahp 0@ dndignonwpib s cel ampdleed byiddi s
bi asing cylinder 106 may be a tension that is sufficient for the condition
t hat fl exi ngomsiprocheskduch ttteat they can be operated to be opened or
closed by means of respective removable cylinders 109. After
10 mounting the two end parts of circuit board 102 between
clamping block 108 of fixed clamp 103 and clamping block 110
of movable clamp 104, in a condition with clamp operating arms
107 held open by means of removable cylinders 109, the two end
parts of circuit board 102 are clamped by closing respective

15 clamp operating arms 107 by means of removable cylinders 109.

 Movable clamp 104 is mounted on guide rail 111 that is mounted
on base plate 105 and is biased in the direction-away from
fixed clamp 103 by means of a biasing cylinder 106 linked to
20 clamping block 110. When biasing cylinder 106 is driven after
circuit board 102.has been held by means of respective clamp
operating arms 107 of fixed clamp 103 and movable clamb 1b4,
movable clamp 104 is biased in the direction away from fixed
clamp 103 along guide rail 111, so that tension is applied to
26 the circuit board 102 fhat is thus held. The biasing force
produced by this'biasing cylinder 106 may be a tension that is

sufficient for the condition that flexing is produced in the



m ddl e of circuit board 102 supported only at both its ends to be
‘elinminated. A sheet-formcircuit board 102 that is liable to flexing, in
particul ar even when this circuit board 102 consists of a very thin sheet,
can therefore be held in a 5 fixed flat condition. Mnute hole-formng
processing can thus be accurately achieved by directing a | aser beamon to
a sheet-formcircuit board 102 that is hetd-at both its ends and is in a
condition in which 10 it is nmaintained flat bgga fixed tension,

prescribed gridiRiah %bé??%%n?anQe%o?fsPﬂﬁoF @rOBéXn?EeH%FPa%E§ eREBUEA
the hole portio hat are thus for ince a lar fornme
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circuit boar y renovi ng- it

residue gan ﬁ&@lz%flgg cdaftYond 1S a front VI ew showi ng a nodified
the

exanpl e of- OvVe CORStruction. In the above-described construction, a
sheet- shaped circuit board 102 was constituted of a fixed external size,
wher eas changes in the external size of circuit board 25 102 nmay be coped

Wi th by nouniimer&oebeof §1aiRg 198088531 hg! 8hR0tnh &t Beadiusi o8l yuathidddd
in this nodified exanple as shown in Fig. 5. Holding width adjustnent uni t
112 can be by directing a laser beam on to a sheet-form circuit board 102
that is held at both its ends and is in a condition in which
10 it is maintained flat by a fixed tension, at prescribed
processing positions. Even if the laser beam penetrates
through the hole portions that are thus formed, since a large
gap is formed therebelow, reflection of the laser beam after
it has passed through a through-hole can have no adverse
15 effect on circuit board 102 and thermal distortion due to
reflected light therefore does not occur. Furthermore,
residue produced by processing merely accumulates below
circuit board 102, so by removing it from time to time any
problems due to residue can be avoided.
20
Fig. 5 is a front view showing a modified example of the above
construction. In the above~described construction, a sheét—
shaped circuit board 102 was constituted of a fixed external
size, whereas changes in the external size of circuit board
25 102 may be coped with by mounting movable clamp 104 on a
holding width adjustment unit 112 in this modified example as

shown in Fig. 5. Holding width adjustment unit 112 can be



-12- constituted conprising: rail 112a that is fixed on a base plate 105,
slider 112b that is capable of sliding along this rail 112a, and a neans
for fixing (not shown) whereby novenent of this slider 112b can be fixed at
a set position. By 5 nounting novable clanmp 104 on slider 112b, it is
possi ble to adjust novable clanp 104 to match the size of a circuit board
102 to be processed. In this constructionsl2si asing cylinder 105 is

constituted such as to_be capable of biasi novabl e cla 104 in the
Lensi oni ng MR BRESAGCPEPEI PARGEATID SEAg SBAEhiSsFLrBdneRon BRFEU t

Pﬁa&ﬁ.éﬁzpri% ACF S ect o, bEAECEPR) tRoCRRRBIS ppboBLLHiEY L RALFBiFo
howing o AT o edarard e rhend® £RE Fhsthd, (et SoBolfhi %@Lgu PP abevpihy

sheet - shapegt cf éé%“élf@éfdlfgg E4R! BY1 PO, 8qcLATD QDETALLRG;8EM K7 and

cl anpi ng bl Since tension Is app t board

102, it Beedgodidt Peg SREVASLY Eﬁéﬁﬁaiﬁ@dohnsi@dePoﬂibonl%UEQ %Béglugs to
clanplng positions do not becone displaced. As shown in Fig. orm ng

a recess 113d{ust aiovP1E! 8E4m OﬁoﬁnﬂopﬁQHtH'ﬁﬂeasPEQJGEtéoalﬁéélt”béééﬁp
operatlng arm’107 opposite to this recess 113, the clanping force of

circuit boarthd02 qsd Peosése8g! hemedhid tdunirud tthomd bl@ﬁh@\&:&ﬂ&ﬂdéﬂ“e
construction of fixed clanp 103, novable clanp 104 is constructed in the
sane way. 105 is constituted such as to be capable of biasing movable
clamp 104 in the tensioning direction and is arranged avoiding
10 the space below circuit board 102, so the operation of
cleaning the space below circuit board 102, in which

processing residue produced by the laser processing is liable

to accumulate, can be facilitated.

15 Also, Fig. 6 is a partial front view showing a modified
example of the construction of a clamping surface for a sheet-
shaped circuit board 102 emplbying a clamp operating arm 107
and clamping block 108. Since tension is applied to both ends
of circuit board 102, it needs to be securely maintained in

20 position such that the clamping positions do not become.
displaced. As shown in Fig. 6, by forming a recess 113 in
clamping block 108 and providing a projection 114 in clamb
operating arm 107 opposite to this recess 113, the clamping
force of circuit board 102 can be strengthened. Although Fig.

256 6 shows only the construction of fixed clamp 103, movable

clamp 104 is constructed in the same way.



-13- Fig. 7 is a perspective view show ng the construction of a | aser
processi ng device 120 according to a second enbodi nent for coping with
sheet-formarticles to be processed which are of 'l arge size. Elenents that
are conmon to the construction 5 of the first enbodi nent are given the
sane reference nunerals and further description is omtted. In |aser
processi ng device 120, in addition to theigtructure of the first

enbodi nent, there are _provided vacuum suction 10 . units 115 116 f

ol di ng. t heFBari fhamy P SHTEBE A g vaiowt SHOAIs F PR SPRRREHetion St

| d. Th ircuit b fio ' he held in stabl
Facht on’ and B2 e REEY SHATE A ond 20e U RE D S0 d) RE DO SRR Eascs

wher e di st OFEEEOE oﬁgglgtrj 8}1% p;s lécte_q:- 39%'\‘ %Hﬁilr?xi e@o!tq)i g)tr}%ge S#% d Rﬂglrl%?‘ogr%ot h

ends of a circult or ne resin she or forned o

et al ShEEtOQfAFgggesﬁkéﬁ’ giahbael! ahaess %aEOHﬁoHB£BtEh@egoﬁ¥ﬁgﬁkﬁion

construction. even when setting to efrect ocation into

processifg BesithkOF; rishe ea@ldditenRP e IQR TR HRE shafdl IHdfRlrReh Y iR s
vacuum 20 suction units 115, 116 to tenporarily hold circuit board 102a

after it hagnhBeenrteer Wesidira otanrst RYcliomrtédescri bed above, a circuit board
was chosen as the article to be processed, but application would 25 al so be

possible to | aser processing of other articles to be processed which are in
the formof thin sheets. Also, in the case where the article to be
processed i ¥nolagetDprbicedsimgpelevice 120, in addition to the structure

of the first embodiment, there are provided vacuum suction

10 wunits 115, 116 for holding the periphery of sheet-form circuit
board 102a where it is not clamped. Thus, a circuit board
102a of large size can be held in stable fashion and can
easily be set in the required processing position. In cases

" where distortion would be produced by simply holding under

15 tension both ends of a circuit board 102a formed of thin resin
sheet or formed of a metal sheet of large size, stable
flatness can be maintained by this construction. Also, even
when setting to effect location into the processing position,
the setting operation can be facilitated by uéing vacuum

20 suction units 115, 116 to temporarily hold circuit board 102a

after it has been fed.

In the construction described above, a circuit board was

chosen as the article to be processed, but application would
26 also be poséible to laser processing of other articles to be

processed which are in the form of thin sheets. Also, in the

case where the article to be processed is of a modified shape



-14- which is not rectangular, formng could be achieved by providing a
plurality of pairs of fixed clanps 103 and novable clanps 104. 5 Figs. 8 to
.10 show a | aser processing device according to a third enbodi mrent of the
present invention. This enbodinent relates to a | aser processing device in
whi ch processing using a |laser beamis perfornmed on the surface of a thin
sheet made of resin that is enployed in a-Mf ti-layer circuit board of an

10 itemof electrical equi pnent, for exanple. As shown in Figs. 8 to 11,
this |aser PHotEssthoRobyF et LRIt fEesLOEREPAnSoREd dBei aghbe¥el BBpl yi ng

tension to thin sheet 1, suctjon device 8 for.releasabl ding b
suction 15 tHepe +%%e?yp§?r%£ﬂtﬁn? a??bﬁsp%%t%bﬁe?a9§ﬁﬁﬂgt£§# n) Smgvable
dermar cati on éfgﬂﬂéwﬁéf'Of sheet 1 is maintained in flat condition by this
tension; a laseremtfing device 4 for performng | aser processing of
demarcation portion la of thin sheet 1 that is supported by suction by
suction device 8; and 20 displacenent devices 6, 7 for relatively.

di spl aci §g tgHdys S EY esp j r } SSi | d
SUcti on Gevi S ok o ek B Se  ARF aEPLES, PP RULRE o 18T

successi vel y15ii eShiesiiRehBS6F PhOCSSS:E8t 2§véa\tf%ﬁgplnqaicg dtiduistast 1

Is a llarge flexible resin sheet of thickness 0.2 - nm size about 30 cm

X 60 cg1 Thersl e oftd he Ies@r CatbOes PG | @dvide i Snr@Bich Checs s aheUuls iy
mm X 5 - 15- _
a laser beam is performed on the surface of a thin sheet made
of resin that is employed in a multi-layer circuit board of an

10 item of electrical equipment, for example.

As shown in Figs. 8 to 11, this laser processing devicé
comprises: a clamping device 5 for applying tension to thin
sheet 1; a suction device 8 for releasably holding by suction

15 the periphery of a demarcation portion la such that this
demarcation portion la of sheet 1 is maintained in flat
condition by this tension; a laser emitting device 4 for
performing laser processing of demarcation portion la of thin
sheet 1 that ié supported by suction by suction device 8; and

20 displacement deviceé 6, 7 for relatively displacing thin sheet
1 with respect to this laser emission device 4 and suction
device 8 such that each demarcation portion la of thin shéet 1
is successively subjected to laser processing.

25 An example of thin sheet 1 is a large flexible resin sheet of
thickness 0.2 - 0.3 mm, size about 30 ém X 60 cm. The size of

the demarcation portion la is restricted to about 50 mm X 50



mm so that, within this range, the size and shape of the focal spot of
focused | aser beam 3 are uniform Laser beamemtting device 4 conprises a
| aser optical system5 20 and a laser oscillator 21 that generates a | aser
beam 3 in pul se fashion synchronized with this |aser optical system 20.
Laser optical system 20 conprises a condensing |ens 22 that focuses | aser
beam 3 and a gal vano-scanner 23 that | ocatigs the focal point of |aser beam
3 at the processing point Aon thin 10 sheet 1. C anping device 5 conprises
a fixed cl afr25% hehatt afpshippthigpranga, ablae ofbzei edofhape noEhkke 1 and
that is fixgg?to this s -éable 24, and a nnvgble cla 26 that clanps one
side 15 oppdQFal tIROGIOT cEAF AT eRel 35 GE. LGN N3 sRESL URLTRTB 1 et ched
horizontally by nmeans of a spring 27 that biases this novable clanp 26 such
as to apply tension to thin sheet 1 in the X direction. 20 X table 6 and Y

i rect i ons. AF et TTREHdiGRutCE 1 RaRErLRTR oF | 19567 DBhEveL SEREem
Corpl ot o, - PSR PEEER el SR ERTTEAM e REHLER A haBr S8 3 b
Sucti on devine s Bl I OO R OPPE Syt 26
nmenber 11 i RGN ENEL D HsFShi 3y MbmSPISREtS condensing lens 22 that
focuses laser beam 3 and a galvano-scanner 23 that locates the

focal point of laser beam 3 at the processing point A on thin

10 sheet 1.

Clamping device 5 comprises a fixed clamp 25 that clamps sub-
table 24 and one side of thin sheet 1 and that is fixed to
" this sub-table 24, and a movable clamp 26 that clamps one side
15 opposite the aforesaid one side. Thin sheet 1 is stretched
horizontally by means of a spring 27 that biases this movable
clamp 26 suéh as to apply tension to thin sheet 1 in the X

direction.

20 X table 6 and Y table 7 displace sub-table 24 such that it can
be located in thelX and Y directions. Thin sheet 1 is divided
up into a plurality of demarcation portions la. Once |
processing of one demarcation portion 7a has been completed,
position location is performed so as to introduce the next

25 demarcation portion la into the suction zone of suction device

8.



12 that are nutually linked and that are provided with suction ports 12a on
a franme-shaped end face 1la facing thin sheet 1, 5 and a suction nenber 13
‘that sucks air and is connected to base end 12b of conduit 12. Thin sheet 1
can be secured by suction to the end face 1l1la of franme shaped nenber 11
with this frame shaped nenber 11 'surrounding the periphery of each
demarcation portion la of thin sheet 1 thﬂﬁ-the provi sion of a 10 di stance
such that there |s ng interference with, | aser gn13 Sucti on nenber 13
conprises a heSE1eR EBKAEE: Bd £5 BASHWPeAB ¥28Sof O FANEOneRBEPriZeSENE a
vacuum punp 15 connecte changeove .valve d fi

Uhis hove hafPHBSCRE ﬁasgv@?m@s?vﬁﬁnf—‘e BORALLPEaS, BE 3rBE6Wn8 nErBarLts
conpri si ng o] SsQ 9 th bl o o] air into.

el bctively Bonhiaf a8kt bather EFRefCrRan TR, BFS 5Pk Rabr ARy mesbien
16 with condybied2i50raHon PosfieldnaplandxpuBLerdh FLATRGSRARATFRLRET, 11
consi sts of square frane ar frontage o out

cm Condy tsydq gr uEE?éﬁ ﬁéhﬁgr“h§hthgﬁ BLE¥LSLeR gﬁda %'BBﬁhéE¥ertod

suction portlons 1 iameter 1 mmand a pitc cmin its en

face 1la and,hayi 88aWi dbhoef caRauit118M Thin Z28hddese condid tSeditréd Sy
connected with the interior of frame- shaped nenber 11 and are gathered

into two apeshd& EoROESI PRE BhaVEHed 0Nat BE euhfmbdshapellr ABRbekapedwirerber

11, these -17- constituting the base ends 12b of all the conduits 12. By

using suct i othi®nbesaméd 3shapsdchemberf Ldnmsakkothdiagcthenppetiphery of each
demarcation portion la of thin sheet 1 with the provision of a

10 distance such that there is no interference with laser beam 3.

Suction member 13 comprises a hose 14 connected to base end
12b of frame member 11 and a vacuum pump 15 connected through
a changeover valve 17 and filter 16 to this hose 14.

15 Changeover valve 17 is connected to a blowing member 18
comprising a compressor 19 that blows compressed air into it,
and selectively connects one or other of suction member 13 and

blowing member 18 with conduit 12 through hose 14.

20 An example of frame-shaped member 11 consists of a square
frame having a rectangular frontage of about 6 cm X 6 cm.
Conduits 12 are constituted with the provision of a pluraiity
of suction portions 12a of diameter 1 mm and a pitch about 1
cm in its end face lla and having width of about 1 cm. All

26 these conduits 12 are connected with the interior of frame-
shaped member 11 and are gathered into two aperture portions

provided on the outside of frame shaped member 11, these



12a, thin sheet 1 is sucked onto its end face 1la. By using bl owm ng nenber
18 to blow air fromall the suction ports 12a, 5 any processi ng waste that
has been sucked into this conduit 12 and/or processing waste that has
-accunul ated on the suction surface of thin sheet 1 can be bl own away and
‘renoved. Al so, as shown in Figs. 8 and 11, in this frame- shaped menber 10
11 there are arranged in paraIIeI a blomkhb-port 31 in the inside wall

U face §aceRp S TING dPeded britn 4 i s s opy™
b1 ovi ng 15 REHBS s Shd ‘%%aﬁséc% PRI i B %ﬁ*ﬁhﬂﬁ[s”eoﬁf?rbmr'
and an air a&%t'%@ume@l o, 10U SN e £ UEC UL, (44 e b end ol suel o

port 32, théfely Téenovi ng and "co ron1 sheet™ I prooce S|ng ste

generated by 1ls | L WEEN, Fﬂga FE%H)
condensi ng *énﬁaﬁf sgggnéﬁkﬁbﬁ}ng'portng§ﬁan second suctl on port 34
are arraggedp Wp&%b@és‘i' NS %ﬁi’c P bith &iddidld Sirfle Ahildheafait Ne

| aser beam path so that & powerful flow C of conpressed air is formed from
second bl owang /R prdEdsd i e%cmt@qmw HYY tacinii RN orP fr RN AldtiiPW ng
menber, not shown, connected to the 25 base end of second blow ng port 33
and an air ‘sueifaee PETRin MiectOWhart Qi dvdhadBsemiedf the -
second suction port 34 so that processing waste generated by | aser

processi ng -18- is renoved and col |l ected without attaching itself in

| aser '

Also, as shown in Figs. 8 and 11, in this frame-shaped member
10 11 there are arrenged in parallel a blewing port-31 in the
inside wall surface on one side thereof and an air suction
port 32 in the inside wall surface facing this inside wall
surface so that a powerful flow B of compfessed air from
blowing port 31 to suction port 32 is formed by an air blowing
15 member, not shown, connected to the base end of blowing port
31 and an air suction member, not shown, connected to the base
end of suction port 32, thereby removing and collecting from
thin sheet 1 processing waste generated by laser processing.
Also, between frame-shaped member 11 and condensing lens-22, a
20 second blowing port 33 and second suction port 34 are arranged
in parallel facing each other on either side of the scanning
laser beam path so that a powerful flow C of compressed air is
formed from seeond blowing port 33 to second suction port 34
by means of an air blowing member, not shown, connected to the
25 base end of second blowing port 33 and an air suction member,
not shown, connected to the base end of the second suction

port 34 so that processing waste generated by laser processing



optical system 20. Especially when the article to be processed is a thin
sheet 5 nmade of resin such as aram d epoxy resin, the resin waste nust be
col I ected inmedi ately because the drop-like resin waste nelted by heat with
the laser beamthat is generated during | aser processing becones hard to be
renmoved when stuck to other nenbers in the vicinity after being cool ed down
and set. 10 For that purpose there is furiger provided a | ower frane-

shaped nenber 51 in t sition opposjte,to.the_suction
devi ce 8 belom1 ?P°Y$| a%ﬁe% %eggegh%hE 9 E£ n& B& £?%ﬁt ip L3%Ehaped
menber 51 h gggg %6|ng duct 57 domnmardly connected thereto, by

whi ch the pr ceSS|ng e of relatively great size falling dowward by

its own weight can be swiftly collected. Further, the |lower frame- shaped
menber 11 has a blowi ng port 53 in the inside mall surface on one side

thereof and gdpedfa BLELHOEN PORE 2Pridléheoi Bei gBodBLLedUisageLhfsi 8edhi S
I nside wall surface so that a 20 powerful flow D of conpressed air .from

bl owi ng Bor tm&fe tOF SEE$1WNs PO t aS5atsmiQr SpExPYresin) rtlbéowe@ﬂnrmm et
shown) connected to the base end of blow ng port 53 and an air suction

menber (not shaysl)leondd cimtled Datdby bscadsd oiie stcdpoDipertedSbn wheteby
I mredi ately renoving and col l ecting 25 smal |l er processi ng waste generated
bel ow t he t meltskaty Thedatn wiheh chlse Wiser bHdmmathat!| st geberptededseiings a
nmet al sheet, -19- the | ower frame-shaped nenber 51 descri bed above may
not laser processing becomes hard to be removed when stuck to
other members in the vicinity after being cooled down and set.
10 For that purpose, there is further pfovided a lower frame-
shaped member 51 in this embodiment, at a positibn opposite to
the suction device 8 below the thin sheet 1 as shown in Fig.
| 11. The lower frame-shaped member 51 has a waste-collecting
duct 57 downwardly connected thereto, by which the processing
15 waste of relatively great size falling downward by its own
weight can be swiftly collected. Further, the lower frame-
shaped member 11 has a blowing port 53 in the inside wall
surface on one side thereof and an air suction port 55 in the -
inside wall surface facing this inside wall surface so that a
20 powérful flow D of compressed air from blowing port 53 to
suction port 55 is formed by an air bloﬁing member (not shown)
connected to the base end of blowing port 53 and an air
suction member (not shown) connected to the base end of

suction port 55, thereby immediately removing and collecting

25 smaller processing waste generated below the thin sheet 1.

In the case where the article to be processed is a metal sheet,



necessarily be provided, as the waste renoving can be achieved to a desired
extent wiwth the blowing port 31, the suction port 32, the second bl ow ng
port 33, and the second suction port 34. 5 As shown in Fig. 8, locating
‘menber 9 conprises: a linear guide 35 that holds frane-shaped nenber 11
'such that it can be displaced perpendicularly with respect to the surface
‘of thin sheet 1; eccentric cam 36 that comdacts cam fol | ower 14 and 10

o ves ﬁ{éb“?eﬁ%%)#%%' %ﬁaﬁ\éé‘gﬁ? REACRymPEF bl goarToreRagoakh Baeniah
o1 booasi ng, LR T ansl 1o BRRPREN e cfnd Wa b Re - BHBR nd, i hR Do bR B e,
s located alo15 G0 PORKERBoHE Sh2RRCCRE BISRLNEORELE, of) SPhel Bukli S port

separated positi In sheet 1 1s nove ng X table 6 an

7, inthis sgpar@a@ds@eéhalsnowmgegseﬁ 88, thha éﬁé%eéoﬁa”s{?ét%ﬁegéfé 8k,
hi gh speed using X table 6 and [e 7 W t hout damagi ng thin shee

franme-shgped nenber 11. 20 A nethod of |aser processing thin sheet 1 u5|ng
t he above construction is described below First of all, thin sheet 1 is

stretched haxs zembwh | ¥nbyigeass 2bcatiglampibgrdeviempbissd: aasligesr
demarcation portion la is located in position below frane-shaped nenber 11
by using X tqbide 630nthytthbl@s 7ftamed-shhped mbibesheet shchnthie XtaodnYbe
20 displaced perpendicularly with respect to the surface of thin
sheet 1; eccentric caﬁ 36 that contacts cam follower 14 and
10 that is arranged outside framé-Shaped member 11; and a servo
motor 37 that drives this eccentric cam 36, thereby reliably
effecting approach and separation between frame-shaped member
11 and thin sheet 1. During laser processing, end face 1lla td
which thin sheet 1 has been attached by suction is located at
15 the working distance of laser beam 3. Also, in this separated
position, when thin sheet 1 is moved using X table 6 and Y
table 7, in this separated posifion, movement of thin sheet 1
can be effected at high speed using X table 6 and Y table 7
without damaging thin sheet 1 by frame-shaped member 11.
20
A method of laser processing thin sheet 1 using the above
construction is described below.
First of all, thin sheet 1 is stretched horizontally by means
25 of clamping device 5 and a single demarcation portion la is

located in position below frame-shaped member 11 by using X

table 6 and Y table 7 to displace thin sheet 1 in the X and Y



directions. End face 1la of frame-shaped nenber 11 is |ocated at the
wor ki ng di stance of |aser beam 3 by neans of |ocating nmenber 9 and thin

- sheet 1 is thereby fixed by suction on this end face 1la by putting suction
. menber 13 in suction condition. 5 Galvano-scanner 23 then rapidly |ocates
‘ the focal point of l|aser optical system20 in position and arrests it at
the desired processing point Ain the | oeded demarcation portion la and,
simul taneously with this er beam 3 _from | aser osci

| | N
gener at ed iﬁlﬁﬁF§é8nPash$Bﬂ?%?ﬁ§t 2 afofiErPeTBRABE 'ﬂﬁmggggﬂilé%s%ﬂthed
r . St Chen i mod. B . :
' hg:?]:)S(!t I”Sr ngégéﬁnaﬁggetﬁ@eﬁ.l'ﬁ%ﬁgﬁ'egtf’ 888y PP, R RERRE, & BTy
ortion la 0 1 | s - L1 i
opar ated  PERPERo 95 BB S irs shent dnks SRR e nel By MR FE G ent L |

thin sheet l.ys g%\t}g“ H‘%"%‘} 5 t'iﬁgﬁ‘ésg t1_rP Ahidedn 18Y 1¥ tRRUa of) dhaY clidh.e

7. Changeover v I S“then ¢ over so that any processing waste

that has; begg; ¢Qnguskadniedt 9 3CndY f‘ra%a%.d@.@:d/l%rc_a%@él RHRC §2Talg pMATHe of

deposited on the suction face of thin sheét 1 is blown away by bl ow ng

nember 18. PLQe@SsbRY chileR yEREES 20N it Jod tin! aSRITRrGRigten IR0 @hela.
Processing to formmnute holes at desired processing points A of a thin

sheet 1 of gaBlilkethpebessinnd pdinttanganiite Qaitalteds demapeatdioiegortion
preci sely by nmeans of |aser beam 3. -21- _
la and, simultaneously with this, laser beam 3 from laser
oscillator 21 is generated in pulsed fashion, instantaneously
10 forming a hole at this processing point A and then immediately

shifting to processing operation at the next processing point

A.

" When processing of a single demarcation portion la of thin
15 'sheet 1 has been completed, frame-shaped member 11 is
separated from the suction face of thin sheet 1 by locating
member 9, and thin sheet 1 is then moved and located in
position by X table 6 and Y table 7. Changeover valve 17 is
then changed over so that any processing waste that has been
20 sucked into conduit 12 and/or any processing waste deposited
on the suction face of thin sheet 1 is blown away by blowing
‘member 18. Processing then moves on to the next demarcati§n
portion la. Processing to form minute holes at desired
processing péints A of a thin sheet 1 of small thickness and
26 large area can thus be performed precisely by means of laser

beam 3.



In the above enbodi nent, resin sheet material was enployed as thin sheet 1
but the present invention is not restricted to this and could al so be
‘applied to ultra-thin nmetal foil or paper or resin either alone or as
conposite sheet material 5 obtaining by sticking such materials together.

Al t hough in the enbodi nents descri bed above, processing of thin sheet 1 was
effected using a pul sed | aser beam 3, the-Btesent invention is not

PESEricted t? thhe Qﬁgvkaﬁﬁkoﬁgm85909§§ N %Be%%rhg%%rﬁ 795,560 W glgged as

per f or med such as-we I'ng vari ous appro

ntensities ghifegRbaLi eNpAR! Eﬁ@n§r@§eh*eelh%ﬁrtlaﬁams ﬁogo'f@stﬁrg@ﬁg@ et

of the present invention wl herei nafter describ which I's shown in

Fig. 12. In Fhes 334 ea{ﬂdpau%r BePapbIielh tBeuhasartBRACHRYNT 4RI 68 are
shown for the purpose of explanation, and the illustration and description

of other el epgpés areresiiht edthert Bevnar ersulstamposlity isdeati aaketr@athose
of the enbodi nents descri bed 20 above. In any of those above-descri bed

enbodi merg s, opbabnihg byt sehekiagbheuphomasseedals aoykithezheet nmade of
resin, the tension applied to both ends of the resin sheet in a direction
away 25 from each other causes elongation in the resin sheet because of
its resiliency. Since the resin sheet is processed under a state stretched
in a flat cohtithough ihetbei rmbodhimenhaydebeenbed abpvel apeocpssiogsed
slightly displace when the resin sheet is

thin sheet 1 was effected using a pulsed laser beam 3, the

present invention is not restricted to this and laser

10 processing of various kinds could be performed such as welding
or image fixing by setting various appropriate intensities or

geﬁeration patterns of the laser beam.

A fourth embodiment of the present invention will be

15- hereinafter described which is shown in Fig. 12. In Fig. 12,
only primary parts of the laser processing device are shown |
for the purpose of explanation, and the illustration and
description of other elements are omitted as they are
substantially identical to those of the embodiments described

20 above.

In any of those above-described embodiments, when the article
to be processed is a thin sheet made of resin, the tension
applied to So£h ends of the resin sheet in a direction away
25 from each other causes elongation in the resin sheet because
of its resiliency. Since the resin sheet is processed under a

state stretched in a flat condition, the points that have been



rel éased fromthe tension and resiled. In this enbodi nent, for further
enhanci ng the processing accuracy, the anmount of displacenent of processing
points caused by resiliency in the 5 resin sheet is prelimnarily

cal cul ated, according to which the data for controlling the processing
points are corrected, and |l aser processing is perfornmed to the resin sheet
held with a tensioning device in a flat co#&tition based on the corrected

e 1 ed o datrPfeetndyr hoRELy AEfRldea v ath i B RRESE e o
B A Tar e T Iga i $Eeh SEhG, BORE off AMnBCe EEPE €55 e Yind P o dptimd Y
e on off{Leqifene coifine Tl OH8TPLEcoliBy| DECEERLY, SBRE a0 %R
13. 5kgf in f&i:ﬂ@ﬁt@é&@ﬁé&t%f?ﬁ%@é‘s&ﬁ?‘%iﬁé‘é égﬁge&n}gf PlsiNEeh&yi InShrREL

are stretched apart fromea ot her, tThe maxi num anount of el ongation

[err]=0. §35nFBd ih tdieedenps %é?iﬂiﬁ&ﬁiig%&éﬁi@@éél NEECHYd ERG et bNGhish O
t he equation the Young's nodul us E=1153kgf/mierr]. Simlarly, a maxi num
amount of shinekdgea Pféd @dnt bl Bihd MEhé NpBodé sis Mg SSotht €Ca+ONCEX Béctde,

resin sheet can be obtai ned. -23- The maxi num anount of el ongation [err]
and the naxiandn kagemtpodcessing is performed to the resin sheet held with
a tensioning device in a flat condition based on the corrected
processing point data.
10
More specifically, provided that tension F is applied to a
resin sheet having a Young’s modulus E, a maximum amount of
elongation A in the resin sheet can be expressed as:
A=L*F/A*E (A=W*T)
l15 where L is length, W is width, and T is thickness of the resin

sheet.

For example, when the resin sheet having a dimension of
L=510mm, W=340mm, and T=O.13ﬁm is given the tension-F of

20 13.5kgf in a lengthwise direction P such that both ends of the
resin sheet are stretched apart from éach other, the maximum
amount of elongation A=0.135mm in the lengthwise direction P
is obtained by entering into the equation the Young’s modulus
E=1153kgf/mm?. Similarly, a maximum amount of shrinkage p at

25 this time in a widthwise direction Q of the resin sheet can be

obtained.



shrinkage p of the resin sheet achi eved as descri bed above are inputted to
the CAD data 65 as correction val ues, which are then converted by a
converter 63 to processing data for 5 controlling the actual processing
ipoi nts by cal cul ating out the processing points after displacenent using
the nodulus. X and p. Gal vano-controller 61 controls gal vanoneters 29x and
29y for X-axis and Y-axis adjustment, respé¥tively, based on the data from

the convert 65834 zﬂaéfdéﬂﬂﬁ%fr%éﬂgﬁgﬂggsﬁyaﬁg Qﬁévﬁaigﬁgﬁo&géﬁzﬁﬁte&fe

X-axis and Y-axis galvano-mrrors As set fort ve,

resin sheet dpr{iwkagdly SR Fhal PEFih NsRebt hckPOGEA! 89 Hosbribedt SPSTONLAY
devi ce and suction device, 15 but also processed according to corrected

processi ng poagiit €led acdytpeetApi datal §5co8PUbipect Denataunks pf wHi sl agement
of the processing points in the resin sheet caused by el ongati on and

shri nkage ofthde cesvarsdecbyaat eonberbgrr 6Beasedrbcossing davsi 6or Laser
processi ng can be thereby effected precisely 20 at desired positions,
further énharmnigolhingatke pcbuedspngcassimngcpoints-By- c&lAhMBtiAGERut
PROCESSI NG DEVI CE AND LASER PROCESSI NG METHOD 1. A | aser processing

devi ce in whileh prodeessingngobnpsogEterndisplpeehenhedsbnpgdihecnodyglas| hser
beamon to an article to be processed which is in the formof a sheet,

char act eri zeandyw hfia hpreopedrtspleandt ¢oatrebsparlyargeters 29x and

29y for X-axis and Y-axis adjustment, respectively, based on
the data from the converter 63. The galvanometers 29x and 29y
10 drive their respective X-axis and Y-axis galvano-mirrors 28x

and 28y.

As set forth above, the resin sheet is not only maintained in
a flat condition with the tensioning device and suction device,

15. but also processed according to corrected processing point
data by preliminarily computing the amount of displacement of
the processing points in the resin sheet caused by elongation
and shrinkage of the resin sheet after being released from the
tension. Laser processing can be thereby effected precisely

20 at desired positions, further enhancing the laser processing

accuracy.



hol d two opposite end parts of the article to be processgﬂﬂlﬁ“ﬂl tﬂmrg
device that applies tension to the article to be 10 proc
bias in a direction such as would nutually separate said phir® of

The | aser processing device according to claim1, wherein said tenS|on|ng
device is constituted so as to apply bias in a 15 direction such as woul d

iseparate froma fixed clanp another clanp24-hat is arranged so as to be

freely movable with respect to said fixggagmanp. 3. The | aser processing
device according to claim1l, wherein 20 a prOJectlon is formed in one face
and a recess in t RPa S tzanre |19 , X

gripping an article to be processed. 4. The Iaser proceSS|ng devi ce
according to claim1l1, further 25 conprising a suction hol ding nmenber that
hol ds by suction a peripheral portion of an article to be processed where
it is not hkeld Wy haséanprocess?hg 8evicéd imthhdchf hbheefopmbngssing in

whi ch hol e-form ng processing is perforned by directing a | aser beamon to
an arti & e poodespingessedenhiorthedsbyndihectbngn af lasehebeam5on to an
characteri-zed in that |aser processing is perforned whilst applying tension
to said artacticlie be peopresedseqd whpthi hg bnathenfarwi pécai shesbeh as
woul d relatively separate two opposite end parts of said article to_be
processed. dmaracterjzedtppdharingserppibcefsthampecbharngespeetavels,

hold two opposite end parts of the article to be processed and

a tensioning device that applies tension to the article to be
10 processed by applying a bias in a direction such as would

mutually separate said pair of clamps.

2. The laser processing device according to claim 1, wherein
" said tensioning device is constituted so as to apply bias in a

.15 .direction such as would separate from a fixed clamp another
clamp that is arranged so as to belfreely movable with respect

to said fixed clamp.

3. The laser processing device according to claim 1, wherein
20 a projection is formed in one face and a recess in the other
face of opposite clamping faces of a clamp for gripping an

article to be processed.

4. The laser processing device according to claim 1, further
25 comprising a suction holding member that holds by suction a
peripheral portion of an article to be processed where it is

not held by a clamp.



characterized in that: an anount of displacenent of Iaserm"m m {18l
caused when the article that has been stretched by a tens mn Hmﬂﬁmuﬂ
is released fromthe tension and resiled is prelimnarily ¢al tul'at €d; sdata
‘for 15 controlling the | aser processing points is corrected accordlng to
:the calculation results; and |l aser processing is perforned based on the
‘corrected data. 7. A | aser processing device in which | aser processing is
20 performed by directing a | aser beamansto a thin sheet characterized by
havi ng a cl anpi ng device that applies tension to the thin sheet, a suction

devi ce that sappl hefepHol ¥ @L%@er}:og)%de%s:.% %%a 8 SRRl -‘?t‘o%&n‘i“r‘lgpo” I on

at at least two [ocations of the peéeriphery emarcation portion such

that 25 itpe8BeBBiALAILR b@ﬁociﬂmrwldq&e%wgoa Qfa sle?€ el oph&%f ain @
flat condltlon due to this tension, a |aser beamemtting device that

perforns Iaaeu@n@ceasmgp%cte@%e@emrl@ht li@Nin thebfoR@ WfoR ghedie thin
sheet, which is held by suction by said suction device, and a displacenment

devi ce vher ehsirbbeerizedshi@ethiat diaselrapedcesisdhigvdlsy peiritlo rivesipaetilise sai d
| aser beam em ssion device and suction device, so that each demarcation 5
portion of &pplyling Skestons teucadsisiareliylsuliioebeeproacesaser by appdying. 8.
The | aser processing device according to claim7, wherein said suction

devi ce conpbisesin frdiwesliipad smehbas ¥ouldc regativiedy seplamadlei ttywoof

mut ual 'y conmmuni cating conduits
opposite end parts of said article to be processed.

10 6. A method of laser processing according to claim 5,
characterized in that: an amount of displacement of laser
processing points caused when the article that has been
stretched by a tension applying means is released from the

" tension and resiled is preliminarily calculated; data for

15 -controlling the laser processing points is corrected according

to the calculation results; and laser processing is performed

based on the corrected data.

7. A laser processing device in which laser processing is
20 performed by directing a laser beam on to a thin sheet
characterized by'héving a clamping device that applies tension
to the thin sheet, a suction device that applies suction and
holds in releasable manner a side portion at at least two
locations of‘the periphery of a demarcation portion such that
25 it can maintain this demarcation portion of the thin sheet in

a flat condition due to this tension, a laser beam emitting

device that performs laser processing of the demarcation



provided with suction ports at a franme-shaped end face f

sheet, and a suction nenber that sucks air and that is cammum(lmﬂulmm
. base ends of the conduits. 15 O. The | aser processing devitcetacordiny
to claim8, wherein said suction device conprises a changeover val ve that

i s connected between the base ends of the_gonduits of said frame- shaped
menber and said suctlon menber, and a bl owng nenber that is connected to

sal d changecysr ¥ahvss oPLAYS 3hEetD! An20ni b5 HaLE Bhasgeeyen k! ¥aigel ng

constructed se ectlve connettion of one or the other of sa

suction menb cé@gnséégéééomhﬁa Heaﬁgglﬁbéﬁehhed€9ﬂéélhﬁeréﬁy the taiﬁr

processing device according to claim further 25 conprising a position

| ocating nmenperethas gp¥pbhyelocalgeigail¢ wieRersbpped EBnbatdi hapesi beanm
. 1n the perpendicular direction with respect to an article to be processed

~which is e7ssidnt hevieemnl sutbiibnseeticellsoThhakasachpdemessiahgon
device according to claim@8, further conprising a blow ng port provided on

one inside webtrtieneodf thesahdnf sheetshapsdcoesbévely subtirctedoto paserded

on the other inside wall face of said frame-shaped nenber facing said

bl owi ng portpraceasinglow ng nenber connected to the base end of said

bl owing port, and an air suction nenber connected to the base end of said

suction port. 10 12. The | aser processing device according to claimS8,

further
8. The laser processing device according to claim 7, wherein

said suction device comprises a frame-shaped member

10 incorporating a plurality of mutually communicating conduits
provided with suction ports at a frame-shaped end face facing
the thin sheet, and a suction member that sucks air and that

is connected to the base ends of the conduits.

15‘ 9. The laser processing device according to claim 8, wherein
said suction device comprises a changeover valve that is
cbnnected between the base ends of the conduits of said frame-
shaped member and said suction member, and a blowing member
that is connected to said changeover valve and blows air into

20 it; said changeover valve being constructed to effect

" selective connection of one or the other of said suction

member and said blowing member with the conduits.

10. The laser processing device according to claim 8, further
25 comprising a position locating member that movably locates
said frame-shaped member in position in the perpendicular

direction with respect to an article to be processed which is



conpriéing a blow ng port and suction port arranged uﬂ“ﬂﬂﬁﬂ

iteto
each other on either side of the |laser optical path "ﬂrﬂﬂm

frame- shaped nenber and the | aser 15 optical system -an airtblowng *nenb
.connected to the base end of said blowi ng port and an air suction nenber
-connected to the base end of said suction port. 13. A nethod of |aser
‘processing in which | aser processing is 20performed by directing a |laser
beamon to a thin sheet, characterized in that |aser processing of a
denarcati on porEpentPEmpefs ar kBdNWERESE -appl ying tension to the thin sheet,
side parts at at |east two places of the periphery of said demarcation
portion being supported by suction with said 25 denarcation portion of this
t hi n sheet 'nt 'ﬁed in a flat condition bé means F hensign, th%;
bei ng repeat ' séﬁﬁeﬁeﬁﬁPES?FéﬁgpSFYFS §8886§§P9e EhanBel, Turtsgr
14. A method_ of |la pro ng a claim13 haracteri zed in
that: an anctRtPbTSEraprapenehPe,PORE SBFO%%ésgsSPnansofLH%%gsaﬁsié fRgs Phe
thin shegt tgg%% BFaREEONR égrﬁéﬁﬂ 9 by guEEFEhO Ep§¥ aBﬁ kfie other
B Sa? For

rel eased fr ens on r esi ed 'S ar|I ated

control I'ing £H§1¢é5$519r@ EésbﬁgsBQH”E§ahé_Sﬁggégtﬁgmgégo%ggggﬁ tﬁgﬂe

cal cul ation resu and aser processing i s perfornme ase
corrected datfowify port, an air blowing member connected to the base end

of said blowing port, and an air suction member connected to
the base end of said suction port.

10
12. The laser processing device according to claim 8, further
comprising a blowing port and suction port arranged in
parallel opposite to each other on either side of the laser
optical path between the frame-shaped member and the laser

15 optical system, an air blowing member connected to the base
end of said blowing port and an air suction member connected

to the base end of said suction port.

13. A method of laser processing in which laser processing is

20 performed by directing a laser beam on to a thin sheet,
characterized in that laser processing of a demarcation
portion is performed whilst applying tension to the thin Eheet,
side parts at at least two places of ‘the periphery of said
demarcation portion being supported by suction with said

25 demarcation portion of this thin sheet maintained in a flat
condition by means of this tension, this being repeated with

said demarcation portion successively changed.
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14. A method of laser processing according to claim 13,
characterized in that: an amount of displacement of laser
processing points caused when the thin sheet that has been
stretched by a tension applying means is releaéed frdm the
tension and resiled is preliminarily calculated; data for
controlling the laser processing points is corrected according

to the calculation results; and laser processing is performed

~ based on the corrected data.



