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F- PO5329ND( SG DESCRI PTI ON PROTECTI VE SHEET FOR LASER
PROCESSI NG AND MANUFACTURI NG METHOD OF LASER

PROCESSED PARTS 5 TECHNI CAL FI ELD The presenf~-P05329ND (5G)
invention relates to a protective sheet for I|aser
processi ng used when processing a workpi ece by

ul travi ol et absorption ablation by |aser beam The
invention also rel ates acturing nmethod of

| aser processed parts 9?3&3@% processi ng

wor kpi eces such as sheet material, circuit board,

sem conduct or wafer, glass 10 substrate, ceramc
BROJECHIVE SHEBT FOREABBRPROERS SINGIANIDDMANEPACTURING

ot her |i ght and | i ht det ecti ng el enent
board, MEMS @M@bﬁg@f‘rﬁ %‘F PAERIYRTT | ot h,

TECHM@ELFIEggper or the Ii ke by cu.tti ng, drilling,

ki ng, grooving, scribi ng, trinmmng or ot her
s h aﬂi hegpreeati@sention ralates &h PRobdctifd SIRlePFdr Qéberaﬂlo@ésbi‘ﬂg ubda
| aser beam 15 BACKGROUND ART As the electronic a
wheg| nzeqessing a pysirkpinesdyy wliravioletishserption ablatien by et begm. The

o SRR el AT B
proc¥singGBRGREHs blﬂ:h%%ﬂée@ hiagk cﬁéﬁlf Bo {%, s'éﬁﬁ&nﬁh wafer, glass

precision of +/- 50 mor |éss conven |on

subgbrates serpmixcebsiratg, métalyubsticité) GeBicoB&SGor 1hite oPHBE! l$gH§ @mhtﬁng
andﬁo apout, +/- 100 pm at nost, and such demand cannot be

qceiag clopent bcwgd QMEMS koardh semicondudterpadkapendet, teather,

PR By B iy U B
ﬁr;‘gée%méék@ b9 WOl LK n LEIIR PPl beati! €1V,

chining of materi by using-laser beamis
attracting wide attention. In particular, the

i 0] net hod by ultraviol et absorption 25
BA(&%@EPW&RI aser )lgeam of small heat gamage and hi gh
def n recise o tli.ne processin
et Dot e etoRic el EeBo % a8 Mo B Freot ¢
comﬁ@ienﬁ;?‘aﬂfﬂ&r@alsb Péﬂu@écphl%&e'ﬁﬁﬁ gﬂ’@mbéd #Piégﬂ?ﬁt R ahd'hi q@ﬁmﬂon

met hod of dicing the workpi pedm wh
and high precisiongara demandedrig niahhlmngmfbmtﬁalﬁn@&huﬁng pfdcﬁﬂdefeﬂ‘—t 50

' apan Lai d- gpen Patent No. 2002-343747 Al so 30
Mmoé‘ﬂ | E‘Ut%F P ) -

20

BPos SORVERHORA Prass pmceasm oz blasingpracess.che prepision is
abouP¥/- GBI h Modt 28R sulh S MR Shnct be shls 16% NB(n%ln)lg of materials

is also demanded to conform to high definition and high precision, and drlllmg by using
conventional drill or die cannot meet the needs.

To solve the problems, lately, machining of materials by using laser beam is

- attracting wide attention. In particular, the machining method by ultraviolet absorption |

25

30

ablation of laser beam of small heat damage and high definition is notxced as precise
outline processing method or fine drilling method.

As the background art, for example, the dicing method of workpiece includes a
method of dicing the workpiece by laser beam while supporting and fixing the
workpiece on a dicing sheet (Japanese Laid-open Patent No. 2002-343747). Also

proposed is a method of dicing a semiconductor wafer by combining laser with water
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mcro jet (Japanese Lai d-open Patent No. 2003-34780).

The dicing sheet nentioned in these patent
publications is disposed at. the exit side of F1Ri$HSgIND (SG)

beam of the workpi ece, and is used for supporting and
fixing the workpiece (to be processed by laser) during

dicing and in the subsequent processes. 5 Wen | aser
nt. cal | ed

iRk e ek PRALS ABS SB TRO i 2 mentonetin
thesRPBRAPORI{chiRShshE %&g atthe 624 bR of %@%@%ﬁ%ﬁ@%@%‘cs%d

. by laser proces romthe sur
is ustdosyupphiting asd fizingithe ebrigtae A% pro®Rsedbydakes) during dicing
firmin proportion to power of |aser beam and when

and ip, the SEORCAUGY Progsses. beam is increased, it is difficult
rticul ar,

to n i Lts Ln aftertreatnent. |

. TSl SRR et dr Rl $R TR sellebfnipeftad oypr
to retsvieRle6sts OF decHng s idn PR RIcts(df 'BE‘IbBﬁ‘%?fhe_lﬁkE %@h&éﬂe& by laser

side) Is likely to be Coated not only with-the
procgesingipomithe smfage ofiwotkpiest. The ktinkamestiength af decompdsition

ddeco osition I%foducts of processing table and
prodys sxRE i propettion i pewercas ser beaw a0 svhen thegrovwer of laser

; ts : ' I & 1 nede or, reliagbhility. of

bearh Y IBHSSRA, it B i FIRES Rulfvel Bph R Ehersiiumiedt cn prguctlaR

the sidd\dohBkEg Withitse ﬂil_ﬁ@éi;@ing IO bRbrkplect BEadHRYSB AL (th laser
resent a protective sheet for |aser processing

beang epaitide) i lileely tchd apsteyl rotipplyowsitti thy deamimxitivatyreductsf of

workifdK B fiS Wt oS mmbi R ragices e maotRshg bl hEsIvegioet,
ti i 1h | ec

As 2l oo Rme SF AR A prbesSnl MilrhSled B R bp R 4L

cuttipg aicdrilling islawesedby using a protective sheet for |aser
processing capabl e of effectively suppressing
contam nation of workpiece surface by deconposition

I i ng the workpiece by ultraviolet
SUN@%%%&%@?3ﬁﬁﬁggﬁg@?§ﬁ§of.Iaser beam and al so
- Pr g RYRhBYafbbiBHYR aRY iBfdrtiodo pfese Y'agar&[a&?'v% helt KRN S
have intensively accumulate R é rn-order to solve
proceshiag pamiblecoficffeaticbl aypraoiig|coh@shitdfion iof WoRtpiede sivface by
di scovering that the objects can be achieved by using

decompesitie) progieie Whew prsessing themerkpiene byadieaviplebahseritiog
sheet), and the

r. called .protectiv
ablatl{r?gg)ﬁfagél{lgeﬁ%g IL{gtaHbl negrobjesL 8 mﬁll%‘@@ RP BEIFE2by usi ng
manulfeturifd 196064 b¥ Ris&E6lessed Patild @g ul;iﬁg .a@)r&t%%tﬁ}e sﬁ?&%ﬁt 128d;

the invention relates toa protective sheet” Tor |aser
procegsing capable of effectively suppressing contamination of workpiece surface by

decomposition products when processing the workpiece by ultraviolet absorption
ablation of laser beam, and also processing at high precision. |

The present inventors have intensively accumulated studies in order to solve
the problems, and have completed the invention by discovering that the objects can be

achieved by using the following protective sheet for laser processing (hereafter called

- protective sheet) and the manufacturing method of laser processed parts by using the

protective sheet.

That is, a first aspect of the invention relates to a protective sheet for laser
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F- PO5329ND( SG processi ng di sposed at the incident

side of | aser beam of workpi ece when processing the

wor kpi ece by ultraviol et absorption abl ati onFoP0%5329ID (SG)
- beam The protective sheet is |am nated at the

i ncident side of |aser beam of workpiece (laser beam

irradi ation side) before | aser processing of workpiece
| aser beam

travr |.et. ahsor abl ati on of
Pr"%ﬁsc?“’rgs ispoicd 4 ghe 18?’@1‘1‘%*&%%@”?&% begt prweré@ecw&lﬁlap@ceﬁsmthe
woRSRRERO it e RbAHIELS BB SALIE LAY Ml ter generated
by abl ati on. The rotective s processed

t ogeTheproisttive shbet intinipied at iy m&dehﬁédﬂ@bﬁltasé}%% REi on
bI ation of laser beam By using the protective sheet,

&Cfﬁﬁé%qf Prasm lrmd@%tmssde) before lasergrdoessing dtwbzkpizce bgam
k to th f f th
“1“’6?% RolyRta BBllid Bt lakeciseinnus 8 oL onareigstioa e werpicce

- surfibé ﬁ'lSinQEc&B SRfRROGId 0 bR rﬁatfé:? g%rﬂe‘la‘at[e&\gg f LRSS The

surface can be effectively prev

protqcamshestss piotgssed toghthepwith el wirkpRbeby uluraviora abéb?ﬁﬂi
ptlon region is preferred to be |ess

gam
. abl Ay Byaissiedhe protesive agst, dgcompnsdtoﬂ prodiucts

| t han 50% ective to.
gen&‘iag"@?rﬁ"% @‘S\éééﬁ%%és&% irieiitation es gick tg St therfitg, he proteptiye
h étrvemtlmo%lf t
ekl 1Bk S5
WOTEP@@Wfa%ca@HE@ﬁecaveljaprwamﬂy peel ed of f fromthe

lé@gflgﬁ after .l aser processing, and the |aser
pro ﬁrﬁgﬁ@@ﬁ’é’i‘%rﬁ) &he Miteriveshectda thedleses ean @bsbrption

e L G LT T

transmnissivity & Ié@lﬂndﬁejﬂ%l ﬁpfs%@ﬁive t@'f)?e\ﬂe ﬁLJcSﬁ?Qﬁtlbﬁ roducts ﬁ'om
estimated as follows. Wen the ansm gsr VIt

mvaémgtlm th ivtestore ofprotestive sheet rel mkpm@mmnm@ﬂreﬁﬁueﬁnce
0 s.l ess than 50% | aser, energy utilization
area %58 e Prgieciive shess san heeasﬂwe@jﬁtgaff fromm thetwieskpiece after

laseprObR6h \4a er . nea
'?%an P 0 HiaRter pRodgbF BrePioh o wofiiresdER i aifoct atte
same timadi ati on area of protective sheet, its |ower |ayer,
that is, the workpiece 25 is eroded, but since

decgb‘rﬂa‘ﬁiﬁg theqmotgetiershest, o@ntmmkpomaiﬁnmrﬁceﬁxfeebyl vel y
utsr e fromt roded portions_of the

dec"%‘l&’%fl@@iﬁ 5’&?’&“ ﬁ&aé’( e %Lm%%ﬁrfﬂ and thregion 1ﬁ@eﬂn%teéaefoélswsm

e B SAIETRS BE  ein

is leqsrthﬁneiﬂ% \Iﬁeﬁé‘lﬁ@y Lhtilliaﬁan efRahcy BE %m&a%&&rﬁet ﬁ"gréﬁ %r@Mhe
shoul d be | ess than 40% and further preferably less

- protecHynshsebis eroded byithenlgsar bperefeertizhthyn @96 wadkpiche. oAfter erosion

the light transpissjivity is nore than
of 1a£é?89am Yridihtion area protective sheet, fts llow%r layer, that is, the workpiece

is eroded, but since decomposition products of workpiece are effectively scattered
outside from the eroded portions of the protective sheet, contamination of interface area
of the protective sheet and workpiece can be suppressed.

More preferably, the light transmissivity of the protective Sheet in the laser

- beam absorption region should be less than 40%, and further preferably less than 30%,

and most preferably 0%. On the other hand, when the light transmissivity is more than
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3 F-P05329ND(SG) 50% the energy transm ssion
~increases to the workpiece which is a |light energy
absorber, and erosion of workpiece by | aser BeB#i329ND(SG)
transmtting through the protective sheet tends to be
progressed before the protective sheet is eroded by
the | aser beam In such a case, since there is no
5ok ORL € of scattering for deconposition products
Br 00 B HanNnIgQsingirasss tEerynrkpisce whish inlighticoerey
bsBRAURA SrolB¥ o | he space bet n e :
2 Spr ot ect iér\(/) gﬁ% )s{ r?g (e»téﬂgﬁec?e% ﬁﬁ% i E%aé-ﬁ) %gﬂs(ﬁmﬁﬁlgﬁ&?}lg%ﬂg Ryptective
shewaeikdsite be progyesheal efore e prdteRtlve shEBAL efcdied B HRSSsd BBam. In
rotective sheet is ruptured or pierced by’ laser
such picage; ace theprgdene artgeisscatieramsior dedompdsitionprxlutts produted
wor.kpi gce,i s high, gaseous geconposition products are
by %?%&‘Esﬁwo%ei%éﬁ‘:?fﬂﬂ"%f%} etvsiemap gwede o thssresiedeByeen
the BRAECEVE el EERIPGRbiel ﬁ%ﬁ?{? niam. NSmi
1% . %EF?, Q%lﬁ e surgate %pwgr?{gfe?é;@g?ﬁag contaminated,

wor kpi ece surface. pi €ce sur _
That numessrihe protective sieliarebtuted of pRIrcedlty 14428 aBIEGSE GlricY the gas

sheet fromthe workpiece after | aser processing of
Presgigreip fesomposisign of werkpiese ds bighgeasemsidscampasitiongrrdicecare

s S8 v P SRS LR e BASU Ses
teRirfitd ek {RErB Ot el AT A bt
O e . AF e WK FIRES o RGOt s
to peal offébe protectihesttectfion wis Woileie iafier 108 pasesking@dworkpiece,
i.nvasi on of deconposition products into the interface
and thepregessing pregision el waskpieqedsndsto bedowerani nat i on of
wWor ki ace. ec osi tign.products can be
o B BB R R IR s BRSNS o
baseihaterdl] OWheh ke HR&RBLRIHRE! Rlprévidd wHIELARGivEResE ARL Bhiact
. _an aromatic polymer. By usi l?g an aromati c potf ymer “as
tightnessieif thy prefectiveadheetfand brkpise: Rahe@edsed, antl hvevakiog b
tran%.rri ssivity in the | aser beam absorption regi on can

decoppostigharauiotsdnig thiiaiesieen Fyba Pttt ¢ He aesttect i ve
coniEio 3 IRpll ke FOSel Bbb Qi o e

ring 1 n repeti

pol Xerin i MEEKBE: ﬁﬂthEQn@ltié%,ftH@ YaRm TR A is ARELIE

preferably 50 % or nore. the ratio by wel ght of
contyip giaramaticipolynies. | By ssingan addmaticopolyrher dsifgimiing material of

transm ssjvity in, the |aser beam absorption region
base %’T tﬁ“e@&dé@ﬁ”@ﬁﬁ inethe dasey beagmebsprptiongegien can be

i £ | chi d_of i
o AR DR S L

r el Biearatié by e besrfohfic $H % rdplfitibPEls foPERRSRH
used when processing the Wgrkpipgéé by uSI toravi ol etg"qlgle
aromgie pelpmienis patfeaed torbeat]l wi% e molbe;am mone phefarhbly 156 wi% or
r ctive sheet i royi ded, at | east with an adhesive
moreP agétﬁe Woeby welgflt of 2 arfmat\llc r(ilng is less than 41 wt%, the light

- transmissivity in the laser beam absorption region cannot be lowered sufficiently, and it

tends to be difficult to enhance the etching speed of protective sheet sufficiently.

A second aspect of the invention relates to a protective sheet for laser
processing used when processing the workpiece by ultraviolet absorption ablation of
laser beam, in which the protective sheet is provided at least with an adhesive layer on

the base material, and the etching rate of the base material (etching speed/energy.
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30 the base material, and the etching rate of the base

mat eri al (etching speed/ energy 4 F-P05329ND( SG

fluence) is 0.4 [(mpulse)/ (J/cnm2)] or noreF-PUSNSZ2OND (SG)

etching rate cal culated by dividing the etching speed

(m pul se) of the base material by the energy fluence

(J/cn2) of the |laser shows the degree of |aser

racessability of base material, and when the etchin
flugagelds P 'I&H&\}fse)/i({/cmg)] EBBIOE: to etch.” 5 The |

das ot bt P DR by e el et BBeynictpd

basé hﬁtdrﬁvbﬁtﬂewﬁerfgblﬂdéﬁéd(@/chﬁﬁoqf{helﬁgﬁ %ﬁsevs%ﬁk% dRfof MakCh

etching rate of base material is 0.4 or nore,
progeserbility wAbassrmatrislpandpitendhs etchingaath s higkaroinjseasied wretch.
ssed,effectively. Its reason is

d .
TheRaRONNE aidfiod SRt BRERE ticis reifeniigorgren torenjadiment
e if 42 scbSnd BB o AR iflchrip )it i bR ivg heEPSF PHich

etchivgsmtenafitasd mlatdrial B0NGnAY, ddd@amindse odRRRpIRE dukfBke by
than_the workpi ece. After etching of the laser beam

decqmppesition Hregugisean begtippressed cffectivelyh e dis reasheiswstitpted as

R T
energ$ @ﬁIiﬁe[ti_oﬁQ?ﬁ’éieﬁc?' o tlﬁ&%'ylﬂﬁglfrl% QUL ielE thcfgﬁalga t“%%{i%feﬁ 3cBbd B;J the

protective shee 'y=inva

- laser bemer ¢aabier thin theotogkpicoce Aftes bRBingasTdhoNRsds PbRS Sradistion part

t hat, cont am nati on of workpi ece surface can be
of proticfive sacsl the wekpisce i th lovardayst is ¢tchddabu sirsehe al i s
f be. 0.5 . ferab 0,6
e o R BBl e BBl B G hpmnd
etchRBEGYoHhEPRDMWETE Hbet, 'tﬁkg Haffiy ﬁgfaﬂe irﬁ@ ﬂm&%ﬁh&cﬁ PoGive
er, and et ching of wor

is a light energy absor I ece

sheebgnd wekpidoesm thatanataininatiog of Woekigécetsnefagy @h®esipessed.
she;ﬂ1 I S, progressed before the base 20 material is
suf H¢ plehingyate of fhebapsmetrdal i prafensedio beiS eumpreacages,

YR O K
increagyskte tRORerkpitRE VRRASE 4 ligﬂeﬁg%gt%gﬁb\%%%&xﬁﬂg g}r‘] {C?f()ﬁ(p'i&%

i nterface ar ea bet ween eet
by laggsrhepmetaasmittidg treughithé prosectiive wlisek i Rogres ey before the base

cont aminat ed. the workpiece surface is _
mateegﬁﬁ é@f‘fﬁﬂg& eﬁﬁygg EIS Biepesst beagn pinowgh e saseaginerthereds g route
v o) . e 0 the. pratecti.ve sheet
of sspRNR o} deck R R, Bt fy FGB R ERiAS
decoitipoK e sddueR thdytinvale hab thd it HIEP %hﬁ%a ARRARRAR! frbfBtive sheet

products in aftertreatnment, and the processing

-and erkpiess.and dic wofekpofwarkpieneimay belwentaniiited. THEhen the

" rotective sheet, is preferred to be provided with an
WOr. E{fﬁ%g- ep%gﬁg}targ{na‘qegggldecomposmon products, as mentioned above, it is

hard to peel off the protective sheet from the workpiece after laser processing of
workpiece, and it is hard to remove decomposition products in aftertreatment, and the
processing precision of workpiece tends to be lower.

The protective sheet is preferred to be provided with an adhesive layer at least -

~on a base material. When the protective sheet is provided with adhesiveness, the

contact tightness at the interface of the protective sheet and Workpiece is increased, and
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on a base material. Wien the protective sheet is
provi ded wi th adhesi veness, the 30 contact tightness
at the interface of the protective sheet andFvitflIdEPERESG)
is increased, and 5 F-P05329ND(SG i nvasi on of
deconposition products into the interface can be
suppressed, and as a result, contam nation of
. workpi ece surface ﬁ%}l/ deconposi tion products can be
VSt é@g%‘aPOS}Aﬂl‘%’dﬂfP dfiatosibe srerfapssap pe syppressed, and as a result,
| i QUT, e ial is.preferred t cont ai n
contaHERIck U vdro kAR P P01 Bl P Bisihis B G ipgiseed
ar onfelss in 1hekeudRl agfecofthé oMo, HRMALe Ajteliol ¥iphderred to
material of base material, it is easier to adjust the
con@ia] grgmatie polyokr prsiicomaireblical Byufing awaromatie poljer or
sili ionveri)tbi oncrgl sp rel ates Eo a manufacturing nethod of .
GeRR THO08T Hileuning materal of passmaterigl it 15 easigpfogriugt the gtohing rate

of basehALLLAHH Ve & for laser processing at the
i nci dent side rhg(?rtﬁ aser beam of a workpiece (1), a

st e hefinyenticeslss rfatédte aphet@sdhvey HBBBY of REerl P&@EselParts
pr.ocessi ng and the workpiece by irradiating with | aser
COMBHESIAE pslep o4 Hispasing a progictive shden for laseeprocessingtat the intidertt side
f | as [ Qcess) fromthe workpi ece after
of larsi?r:)bg es sol%rr?g&?rg? ‘.e"erﬂig%%‘?&%ﬁ rageessigg r@’ieﬁtb‘fe}ﬁ%ﬁ?ﬁf%ﬁéerof
B0 arh& HoBlpieck bl Githdi S r Lol
pre gl ass substrgépé?ceggﬁlgﬁi% ubst Ilag e, nect?glléﬁg%bsgep?% g?lmg
the prefevicenbieettfor lasdr peaesdingftbmehe tvotlipiece aftbi Iﬁbbes@iﬁg €8).i ng
el egent board, MEMS board, and sem conductor 1
pac kBg@orkpieee iy prefesahlygny enccefisheetgnaserialrditchitgands ocess
i ece. . Th rotective sheet of the invention.is
semBndBIckR06 e \Wr ARG SRR o EREre. Senl Sbniermicadclor
laserdlighe einattihy or Byht dbelbild deREHoRRI VAR HORIICEnd RntiPdddctor
aspect of the invention relates to a manufacturing
packagg. hothegfrodeasing is quitinges sieilimpaprosesbyf weikpiecs. prot ecti ve

she,g}tg for laser processing having at |east an 20
adh&8§ protectye shegtofihe yentinn is preferablyjused in roanufertereef

At | G oefficient at ul i ol et i
somidProd LB eopBG B B 4 RefiBondfiiog el o - | o0 "
coeAfhied &pectdf the ihventibA khtes (FARuMBNEhS ARG 018

wor kpi ece (extinction coefficient ratio = extinction
procesgsk partsi byrisingta protettiwshottefor egippocessinghaving it 12asvbin
bas&(mater' al of protective sheet for |aser

adheqiy¢ fayex oy PaseagaperfRbvignl ebEIorS efTatie oextinctipmeoaffigient at
egl on: % of _wor kpi ece onpri.si.n S .

w54 ARSI SO, 8 Bl IOEAR FESlme RPN £t

regioh@vaveRAGIh W6 OREEPIeBO(ckBndtiR doBfcHER tatiost gﬁin‘eﬁoﬁ 8&dthicient at
beam of wor kpi ece, a step of processing the protective

ultraplebregiasr wavekmgth Jooblmss siatgishnfiproteckipé swet foy laser processing/

.irradiatiing wwth | aser beam and a step of peeling off
extingion coetficient at uliraviolet region wavelength A of workpiece), comprising a

step of adhering an adhesive layer of protective sheet for laser processing to the incident
side of laser beam of workpiece, a step of processing the protective sheet for laser
processing and workpiece by irradiating with laser beam, and a step of peeling off the
protective sheet for laser processing from the workpiece after processing.

In the manufacturing method of the third aspect of the invention, it is important

to select and use the protective sheet of which ratio of extinction coefficient at
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protective sheet for |aser processing fromthe

wor kpi ece after processing. In the manufacturing

met hod of the third aspect of the invention, FTRO53@9ND(3G)

important 30 to select and use the protective sheet

of which ratio of extinction coefficient at 6

F- PO5329ND(SG) ultravi ol et regi on wavel ength k of base
rial to eﬁti nction coeffjcient at ultraviolet

t
i glet e moevelvget Aobhse el ientiaiamroe ffsfent at ultraviolet

LG [0,.= L.NGLion efficient .at. .
regOfl oy BRI JFhdn i oo et B Tt Bhtiop cosflicient a
ultrpvioleeepioviavavbRAEth106f B38 RiatTaP6L5EIcBG e sh8ifbPGbdrPocessing/

coefficient at ultraviolet region wavel ength % of
extiigfiqoioeligient at ultraviolebregionswatetenigthve of workpitics)cis I err atbra
TheS%d; | ati on bet ween.t he exti ncﬁi on, cqeffi ¢ ent aagﬁ
o e BisgueEdasarTegionhetiey dhaextingtion enstlicientand denr
prod¥REabRitR GRd BHMHAES BN taHBGRITAQE '\Jo'ﬂgﬁece Pﬁ%é%fde%ﬁﬂlg?ﬁﬁon
ective she

effectively suppressed by using pro

produictstvah be effadtivelyt suppresseddiyhistrigeiroteafiversheét WitlPthe@Rfifiction

he ultrayiolet region wavelength X is preferred to be
coelhigiont fagip of b ormerext fraviolebrsianovavetength ais prefpued torke
355%ﬁ{arreter inrelation to the aser processability of

ase material of protective sheet and workpi ece. Wen

t he TBY bktietib® Boe SR ik Gh Spoelnt gﬁ%&'egﬁ i R1dih 18 helase
certain wavel ength is smalfer, e absorption o Ilgﬁt
processebidify dfbasemmiatesinl offfrateciies sHebianid vedaksieq i OMhémtha extinction

olid t[é,gr occurs at light invasion |length ]
coeffigienicat SoLd aaieatceseftaisvaAangiini smelerste Rhsaption of ight
cnrff BSHAEL, o€ REHhhen At DR b
lengtto(effedtive Airos Hioeh §d1R maAGF YiMAR! BAxGRRIAE YollBikieh D! MBPwhen

is decreased. As a result, |aser processing iIs
the extin¢tiomdoefficient & soellle thedighofnvasiah lengthtik fomigepand hence the

coeffjcient. As in the third aspect of the invention
acc“&ﬁ%%‘i FGTEIHRET SPIYIRECS dp@eaRdet AsR rodltclaser prodenting ipifficult
in 2 fidfRhih &'l ithdefor! hefficpe 07 - Lhe 1 aser beam

I nvasi on | eng N The'Dase 20 material is set shorter

t haAs e HafPdspb IMUSASRA, bPRSHJthe PrdtbRiveRhER 08 Ghich
,Hence, the absorption of |ight energy is greater in
extinchien epedléciemiratia isl1 artmaore; the ldser baamiinvasien lesgthtihdlte base

pepd)

_ l.aser processing iLs easier. By using the protectiye
matelALIS set SOt i (s (456 beaphinween epgiiin tieqworspicse. Henco, the

: L Bat | i ec face by .
o8 AR S B AR s B, o

laserpigessissis@asiand its reason may be estimated as
follows. The protective sheet of which extinction

coeBY peingthe prefective sheat ofwhiadr extinstiemedeffidienttratio is 1 or more,

supetior.in laser ro%e%sabi lity )
contamination of workpiece surface by decomposition products can be effectively
suppressed, and its reason may be estimated as follows. The protective sheet of which
extinction coefficient ratio is 1 or more is equivalent or superior in laser processability
to the workpiece, and it is etched by laser beam at the same time as or earlier than the

workpiece.  Accordingly, the decomposition products of workpiece are effectively

-scattered to outside from the etching portion of the protective sheet, and hardly invade

into the interface of protective sheet and workpiece. As a result, contamination of
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to the workpiece, and it is etched by |aser beam at

the sane tine as or earlier than the workpiece.

Accordi ngly, the deconposition products of WOfHQH3@OBD (SG)

are effectively scattered to outside fromthe etching

portion of the protective sheet, and hardly invade 30

into the interface of protective sheet and workpi ece.

As. a result, contam nation of 7 F-P05329ND( SG)
WO’%%BPR?)F‘B@@%@FW%%@P@&WW@UW essed effectively. The

ext iRet ef f Lent ratio.is f q ed to be 1.5 or
mor s B FRonti P bafolt bigreteglp Be 1S CipB edtindie s on
prei@f&%f),fl 6# ﬁﬁie “if ihe ekﬁndtr%ﬁ%o@@i@fé Lrati§ iSRE W], et chmg of
wor kpi ece i s advanced before tﬁe protective shee
workpieceis agvanced efotarthe prdtective aliet isscut bepierced. Nna suaua easaj
scatteri n for dec ositiqgn products produced by

therg {31 Toytest SCW& cogpgm@mp@é@qjﬁp@glu@qdd}y emln@gmii S

rface are rotective
worlBiog, BAHE deiodehforl AEIGARE, Bively Sl BiRbEES A ohe
proteﬁm:aﬁbeﬁ! ahe Gorltpiece! 4 NOWORIAER sSHAdARSy bScdnbiSinated. If
cont am nat ed by deconposition products,” after |aser

the Wprkpiese Slﬁﬁﬁcéfis thus keitegimateidtbyidecdmpabition predictyhftertlager
rote romt he rkpiece, 10 or, it _is hard

proc?%sqge?ﬁ) E%ﬁtba it ﬁeﬂw%fbep@tmvaﬁh@t froasthauierkpiece,
or 1t@§‘ﬁ’ar3 '&?reﬁ{&%%@d%sﬁ% &dc?snln%ﬁ"tgfﬁf}%ggﬁ)%ng g&l‘?gﬁrﬁc%sﬁmg

| ower e base er| IS pre
precicomnaivwarkpietyReds ©beddbwécone rubber. Since this
material is large in the extinction coefficient at
“ul t Ihfab@ﬂe@@ater@g ioprefomad 6 eqrrgaih amrmmmq;oﬂynmmﬂicone
ef ient ratio can b usted tg. 1 or
robbb P SRy m el iy i efea%mtwnagoﬁﬁfaeqsm iaviolet region
wavél&\/gﬁﬂk' 28 ekﬁh&foﬁ%o&ﬂicf@n{@zﬁU Eaé' %ﬂ&egf? I[dm&te e ﬁ%l
processed parts by using a pro e&UIVE" $h ase

easilpr ocessi ng havi ng at | east an adhesive Iayer on a
base material, with the extinction coefficient at

ul t AdowE @Pe%?tﬁﬂlmnvml@elrdn‘gs ko 2 piantfabusiog nethed ofllasef
oG S SRR 1B et
adheBlvOSGEALNEbAR thhlEridl/ ot Bt oxfihfortloclitéH DR Blet RRAGH

matefial, a step of processing Lhe proteetive shee
wavelengti 2o6baspmuteria iofg0 amd or wdra) coi’ﬁ}iri@fﬂg&i st?,i/of adhering an

|rr dlattjegg wth | aser beam and step eeling off
adhesike layerpfguetective shaetdor lnsar plrfagéﬂdn@todhe mdegt $1d©ﬂf lasfar beam

oo A R AP
- metal@asHakby itQdiafiRg Pithi1EE bO, FI afstdp) ext‘% nﬂﬁl‘lﬁl rotective

mat eri al”. However, by contro ng-t
sheet for laser processing from the metal material after processing.

In particular, when processing a metal material, it is difficult to measure the
extinction coefficient of metal material. However, by controlling the extinction
coefficient at ultraviolet region wavelength A of base material of protective sheet at 20
em™ or more, contamination of surface of metal material by decomposition products

could be suppressed effectively. The extinction coefficient at ultraviolet region

~wavelength A of base material is preferred to be 50 cm™ or more, or more preferably 80

em™ or more. The ultraviolet region wavelength A is preferred to be 355 nm.
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coefficient at ultraviolet region wavel ength % of base
material of protective sheet at 20 cm 1l or nore,

contam nation of surface of nmetal material by-p05329ND(SG)
deconposition products could be suppressed

effectively. The extinction coefficient at ultraviol et
region wavelength k of base material is preferred to

be 50 cm1 or nore, or nore preferably 80 30 cm-1 or

 nor eA fiftheaspeetiof tiedhetntion gilates tweammbmufgethrisg insthod ef kisered

to be 3 nm. F- PO5329ND( S fifth aspect, of the
Pr%%%?%‘ﬁ??%ﬁ’yr‘éﬁl% BRrofegiiye ?%%ﬁ‘%&@ﬁ%rrl?fﬂ@esﬁﬁg hagng at lpgst an
. - 4si Ve - I ¥
S AR o PR m AU\ 01 Br HIoR SERNY B TRRY of Bl niREHal o
derisiip of watkpidcal(density Fatib =Odens®y 6f fse hrithtdrinl agplaee_raﬁbé ¥he®f for
base materjal to density of workpiece (density ratio
laser pRRaessing/ depsity-afavorkpiees) adomytrisingat sen ofashetiapan ddhesise layer

F cessing/ densit f.workpi.ece), c rising a
of iy Bt hehiar %Pé%ces%%‘éitﬁ%ln%s{?@f ?13%_?1) lﬁf%%j}ép o} otkpicee, a
stepSRRbedsSihg HRSR bR ACHE& 1H0lal tp'i&%s#iﬂ% hrgda@&ﬂc?ieg@ Pﬂ frradiating
_laser beam of workpiece, a step o rocessi ng e
witlplastrdwniny endtistep of peelibg s&th@proc vt Hiseaftd 10 fiptasRg Hom
th irradiatin with |aser beam and a step of peeling
© YOFkM9CS afPhPIoceSSg. sheet for | aser processing from

th L. . ing. 10 In th c e s
F e LR M —
to s¢lBot @Rl uStheprote&tive¥AG bR Fhichk S 8# @&dltsitﬁ‘ﬂfjbééé ?m#as}?d(le to ratio

protective sheet of which ratio o ensity o
of wogkniededdensityrratio o densitywd bl rasteriglofpeotestiveahia for laser
densité.of base .materjal of protective sheet for |aser
progsysingl $adin of Wozkiereypr Ligk wpice c dhe dnventass disepveredpneorrelation
] L,S,ch rrel ation et .
bt O 4GP 1aty BRI Bk hag BRTE i iy
is pfiefeaded theeaRt ghlatiodRsdrk Yikdl9 th Scddf Bhe 14s6FprBE& by is higher.
ablation is nore likely to occur and |aser
By sslesting subiding theipsothétiyneheet oBwhivhl densityugtiaid] usmoee, ithe
fou:ﬁ[mec Lve sheet of which density ratiois 1 or nore,, .
mere elieahiye fo,sypRressicoptamination of yipskpieesssus@ee bnlergmnesition
WO ' It roduct.s... The
procRls P68, S ARROR Yol BER IR e PRSI Dot
cleapbuicths sebdrial bflaige deatity 16 hadin Mg tASONREMS Al 11 probability
| arge density is high'in filling rate of atons, and

of lasgrbepmoHisling agairmdatomsipasenit freanf midiatibnrsegeragtai bedtigher.
her.

R e e T R S O
. | ng phat: L e el :
e D T e a1 AP AP Bl bl e LR

- that lasergiro@ssidg id dusler vasiethe PhORASBEGIBtibS s@BShA ared i adehBeam is

.. photon absorption sectional area of |aser beamis
widep{thatristha density is langerdensity is larger). 25 By

sel gcting.and ,usi ng, t he protective sheet of which
de n@?’ F?/le g and, lgln:g%gq. profsctive sheet of which dens(i)ty ratio is 1 or more,

contamination of workpiece surface by decomposition products can be suppressed
effectively, and its reason is estimated as follows. The protective sheet with density
ratio of 1 or more is equivalent or superior in laser processability to workpiece, and is
etched by laser beam at the same time as or earlier than the workpiece. Hence,

decomposition products of workpiece scatter effectively to outside from the etching
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- suries ARG sankin 24
+ doodkiH R BRS Rl Difich P S ORRRRIE bR OU e Bl LA

contam nation of workpiece surface by deconposition

products can be suppressed effectively, and its

reason is estinmated as follows. The protectizeHIeeND (SG)

with density ratio of | or nore is equival ent or

superior in |aser processability to workpiece, and is
~etched by | aser beamat the sane tine as or earlier

t.han_ t he workpi ece. Hence, 30 deconposition products

portign gfithg praiecdive sheet, and bandbcinveds inta the ntericd of fhequotetiéve

t_chi 9 F-PQ5329NX SG). port,ion_of the praotective
She%ﬁgéigwké)ﬁ%ceha W%%&@@aﬁﬂﬂi}% REwPrkpiscs sudacscan Re
supplﬁgge@@ﬁg&g{ely@heet and wor kpi ece. As a result,

cont am nation of workpiece surface can be suppressed
ef f ddwidendity. rafihis piefiesred yo beal.l @r hor| e hke BEfdrablPe.4lorknore.
If or. more, .or nore preferably 1.4 or nore. 5 If the )
thedeastiyratio is lessithan betchingef workpieetisiagvasicedbetiorsi the pratective
. or h rotective sheet is cut_ or .
shed A BEHCRELY fy R aB68 BRI Go 8RBT st o decomporsiion
prodicatr&hice@bf Bfchihg CFRRRHibIOBnd ME AELE .sﬁfoﬁ%&‘&cﬁfét Way
. etching of workpiece, and f he deconpositio prodsucts
invagginto thevngfacararen ofmroientier stackandrvemkpibedy aad thetvotkpiece

sheet .and wor.kpi ec and the workpi ece surface may be
Eﬁ?‘it f{fé%wrﬁp@e% surface isctaus eontamimated by

processing o ' eel”
protgtiot sledet fromsthe Korkpiatd) 61 isIREKRI BmBve @cohdpokiBiol ?fcﬁiut:ﬁ in

renove deconposition products in aftertreatnent, and
afterfraeiment aad thepgoqsesing piecisicafofwarkpe@ctendsao s ldwerbe

|l o .w.The bas terial of the protective sheet is .

pr \eAﬁé‘? basg n%ager@i ﬂfﬁﬁe ﬁr%ﬁcfg’ﬁéhﬁﬁfil%gre e (R FOTRIN &N [arraRiic

1 : ] | ' jty. 15 A sixth
po yggggﬁlliineﬁiﬂa?ﬁégﬁp?gir?%gﬁgtogis’% 61% gﬁﬁr)ian uf acturing

met Asixtiohspeatsdithe ipvQaRAESER RS b alMfaWEHAG ni RIS A6k Ve
sheet for | aser processing having at |east an
procesaebRarsdy usingra minteativeasheetfiar asergirpcessing havieg ddaastey  of

sdhef e ByREoTh b aiuamiowith BBt emBieriLel et gmor
o Rl al QR M BBt b o S R e

to tholiciketidd affladeaberm pf me s fiakgiah AGtoPRITProd¥BdiSs itRlpréiéctive

[ rIadi ating wth | aser beam and a step of peeling
Sheet(firmf apef Proficpingand metshmateripbby irsdisting mithdgssr heprhy 2o a step
terial atter rocessing..ln particular, i
°fPeP§*£¢ff%% Xsdivs et Telossr Prrest g from;the potel mskesial piter
pmcersghg_o is more than 1, etchi ng of netal _materi al may
be advanced before the protective sheet is cut or
In particular, in laser processing of metal material, if the density ratio is more

than 1, etching of metal material may be advanced before the protective sheet is cut or
pierced. In such a case, there is no route of scattering for decomposition products
produced by etching of metal material, and the decomposition products may invade into
the interface area of protective sheet and metal material, and the surface of metal
material may be contaminated. As the cause of such phenomenon, difference in
ablation process between macromolecular material and metal material may be

considered. That is, the metal material undergoes a thermochemical reactive process

10
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25 pierced. In such a case, there is no route of
scattering for deconposition products produced by
etching of nmetal material, and the deconposi F+R®32SND(SG)
products may invade into the interface area of
protective sheet and netal material, and the surface

of metal nmaterial nmay be contam nated. As the cause

4 of %gch &Eenomenon, difference in ablation process
eriyed {fomthraeat grearaled by inipetiomaf dightengrayet Aiccordingly, the pregess

' . S, the al materi al .
cfficleny O SRRRHREE o B oi e R oo Gacsppterial cannot
be donfpafed3anglySG) derived from the heat generated by

injection of light energy. Accordingly, the process
ef f ildiedrieptans havemompetativelyatudiat letivedn thepropessingaate of metal
effici,enc tal material_ cannot be co

1&k . of C rgpar ed

matgrig] spch iFOR AL RIOSPSMRHE Lampisetieishestyangifgenddat the base
; | f tal 5 teri al h

8 5 UORSAUREEE] DRk BL P Bl oI B 6 o

that afithetab uebriahaid ddneefeageely BBIpRéss Mo ddAMNNSatlArA8ARIe!Of metal
1.1 g/cnB or nore has a laser processability

of .
matesiph by dpeomposisionipieductst  Mieraipreferablyj the demsityedithe base material
i vely suppress the contannation of surface of
shoffd pET 5 &G L PR G et dRriEePl, oSBT FRETRE. Mor o
Pr efreE 8ileYn ' i Ll s i
Do TG SO okt of BRrbikethle A P BRRANE G Ehtuin RS
polymer e siliCoriehrebliza Sienmmht eidvaloittiof high denghect i ve sheet is
preferred to contain an aronmatic polnébrrer or silicone

r ubBeevatipaspesteol Hhainpention relatesity h nueniictuying mesioderttlaser
proc@SRE iy el PR b Lsee By Sole it o e ve
adhesiNe elyet 6A a baRShatBRACHTA 1P i bF fhtiﬂf,c\)ﬁf Lteﬁ‘@qé st ﬁ%h of

adhesive | ayer on a base nmaterial, re of
protactive sheof for éaset procesting g tehsitd sticngthr oftvRakpives fmﬂé str&igth
pi

. | aser, proggtﬁsi ng to tensile strength of wor ece
ratio 5 tepsile; srength of protective shast fordases progessingtiegsile sfength of

worBleRE L Ehbsinl £ Shop oF AN g BRSO PRSI stes o dger
proc&Bing A6 el iNEddm ¥RIe of fashy RIaGLo# %&kg?&[e’ b sty flé)?&%@ ing the
Bdam of

processing to the incident side ase
PTOfengfkfﬁhegfcfe; laaerqlre@ssiﬁg pnd(;%ﬂqxll(efcg btyhﬁ%dimﬁ.gt vefjth lager lsdaﬁﬁtaﬁd a
r J.ase rocessi ng and wor kpi ece irradiating wt
step ‘Pééeéjrm%%é r’il?e Eﬂ@c%v%ﬁ%leétt feplager pyecassing ¥r@m‘ the weprkpiece after
JRLpLective sheet for |aser processing fromthe _
wor Rpi ece after processing. In the seventh aspect of

t henithy Rt Rspdct of the iRALSARM is "ilﬁP&?aln?ﬁ} Te‘?&g aﬁ@ﬁsettﬁg of

__protective sheet of which ratio of tensile strengt
protegiivst sheeti of ovhi¢teratio of tensibes sttemptit sfynatebtive sheet to tensile strength

of workpiece (tensile strength ratio = tensile strength of protective sheet for laser

proc

processing/ tensile strength of workpiece) is 1 or more. The inventors discovered a
correlation between the tensile strength, one of the mechanical properties, and the laser
processability, and found that contamination of workpiece surface by decomposition
products can be suppressed effectively by selecting and using the protective sheet of
which tensile strength ratio is 1 or more. The reason of correlation between tensile

strength and laser processability is not clear, but a material of high tensile strength often

i1
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of workpiece (tensile strength ratio = tensile

strength of protective sheet for |aser 25 processing/
tensile strength of workpiece) is 1 or nore.FIHE329ND (SG)
i nventors discovered a correlation between the

tensile strength, one of the nmechani cal properties,

and the |l aser processability, and found that

contam nation of workpiece surface by deconposition

* hasgrosagiicios lingar Sactupeamesdlasndmeleeulesdiayingsuckerigidistmgpure are

i i h f whigh i
BTN, U B o b
andked NERP alrBRRl | A 30resll, 80GERN %ﬁ%abﬁ%ﬁ Is lﬁ%l?&?cﬁé&pétbfng y

of hi tensile

is not clear, but a materi al strength

~absarbingriaseq erfer () 582 UNDCGG)dereisthatl asea procesabilityn@ay be enhanced.

strygture generally, and nol ecul es having such rigid

st r JOEIFIreghseledting agd pring the profeetivesiheet o avhighgersdlesirength
, f Li.c. at t d
ratiGlA G, Bdhin G40 el (ed by AStBipaof Hindefan

be supprossed effitveBNad RéTeasoRlls ediihcl ARAbWENET I proRBSd dheet
i s considered that |aser processability my be
of whithitersild strengrh eatisf isfler nhye Selqeivalenyonswperiod indasehe
rojective sheet of which tensile strength ratio is 1
PIO%Fsaf’r@?ﬁP ‘X%fiwk?ﬁ?sr?&flil n5¢ elgprddy lseqr beamrat the sgipe time as or

' ro J iyely,
carlERTRRS Ak BlcP! ALK P Moo P BRRAES A EMREleck i V.
efficidrelgtscattef abditad otusiiigiffotn thiefe@MEgporAén 6f the plotétivE ket lafid

equi val ent or superior in |aser processability to
hardjpingpdedate the irterfaceros peaseasive Iskett byd asiedse aMiende, t he

ne..ti as or 1Q earlier than the workpi ece. As a
°°m?“3§“&f1?9 gﬁ%{eﬁ%‘?&w&w Bp b a%&pgesa?é sﬁ?thﬁg e
ef f g : , ' '
o Lo Rkl o Bierb® DU 2bf fokd, AL B ERFNSS or
more.ntlf thettensilotsarehgth eatif is Pisotiaatl| ¥ wdikpiecaR@ohed bploasle

Hence, contam nation of workpiece surface can be
protectine shestis guber pistcede | Ip sutine cassnihieteds no reuty phsoattering fos
rred o he or. nore., or re preferably 5 .or 5
decdgBRfH0h BrochGis HaieBa oL Bling 3 ioaiets, &nd orprs R protics
invadd¥@toBE kILFER dﬁh@ﬁ&t&%ﬂv@ﬂ{egﬁ&dt\p&@%Eatép%QstﬂBl\é Condffilating
is cut or pierced.” In such a case, ere I's no route
the vafikisieetsuefacarg 1 die wokkpieopastdct recoptadiugted bpdechiamaition
et ching of workpi ece, and deconposition products
prodpgis, after Tasar pregessing oE workpisce it isthardyioqeskofl the prpisetiveshget
: ] oss) b ntam natin the workpi ec
trom{ HRNGRR, SRR dfief AR Moo BN B pripspment
and 118 GRIBRHIptrofsidA 0P WRHYALS aser processing of
mo?kpiecgfhitmisohargﬁﬁo E%S$E€??ﬂﬁhe protective sheet
f r ofm tigbthsphgtiof tles inoentioh rélatesltd 4 imatihfactuing eveiuel of laser
deconposition products in aftertreatnent, and the

processedpagts by qispiectpetestivovhegidok liserquoecssing having ableast an

- adhesive layer on a base material, with the tensile strength of 100 MPa or more,

comprising a step of adhering an adhesive layer of protective sheet for laser processing

to the incident side of laser beam of metal material, a step of processing the protective

sheet for laser processing and metal material by irradiating with laser beam, and a step

of peeling off the protective sheet for laser processing from the metal material after

processing.
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An ei ghth aspect of the invention relates to a

manuf acturing nmethod of |aser processed parts by
using. a protective sheet for | aser processi nf-HEB2AYD (SG)
at | east an 25 adhesive |l ayer on a base nmaterial, with
the tensile strength of 100 MPa or nore, conprising a
step of adhering an adhesive | ayer of protective sheet

for :aser rqocessing to the incident side of laser

bea fﬂélm ErRrPegssing of metpl sratapiab dedsitengile seength ratio is

r t far.l.aser. processing apnd netal .
mofPef Rt ihe ARG e o YRR e U e et i

cut 6f pipRell] N SALA 2 bAR, MERLERS kNRe 81'QGHeri Y fol BS@Hmposition
rocessing fromthe netal material after 30

pro odiasd by eRhingRIEB2ANDESG), 4ml thadédomplosition iproduals @iay
. ocessi n f netal material, if the tensile strength
invifl dHg 1 Inteptape ek 4 prptectve Riestansk mefak mpioriak ahd (e svRaee of
p ctivesheet is cut .
e o SRR EnkRE AP R s fmgot aference i
ablation iptaess @ twen mReaPIOslhd MAteri Al e WedtA MO SR By
etching of netal material, and the deconposition
considesed;c t Ehafrisy the metalavaterial ipdergoes athemicwbeminabmactive process

. ecty v heet d net al .erial, and the surface
deri{idtrfi ot ﬁ%ﬁ%"&’ﬁfﬁﬁ%ﬁ%&?ﬂ gﬁh@g FPFEYe d‘g_C%%S‘PE]éG g paagess
| .
O oS S et R el Y B M S
be cpmparedsimipder ed. That is, the netal material undergoes

a therpochem cal reactive process derived fromthe
heat'hgEWentgrsdwve pompgratvelp studied betyreen dreeprggessing rate of metal

i nghy. th 0.effici f
matEF B oD o A PR R i rotecBe Sk gy e he

protéBEilva shdBRhSihSh teﬁ@imengﬁleofq@me?& @Bﬂgg{aagé%ﬁf%rgcessabiﬁty

Jinventors have conparatively studie
cquiyalentds thangf metabmaferinkdnal can RBeethichl supprs ik cdhlaivifition b
ogcessing rate of protective sheet, and found that

S“rfﬂ% é’% mefal magqrial by é?ﬁlé)@tpt)ﬁiéion @gocwc:tsE nqur@pm&reblg; the tensil©0
e :
strenlEF oD 1B Rl BE 1 aP M B uppb By L BPa o

mord, bed fRB eflendly 20D 0P, surface of netal material by

deconposi tion products. Mre preferably, the tensile
st rémgtth aspecinfdbevemnshings ts hoindfdoaribgndvied of laser

m)géf, re gjr@eferabl_y 140 MPa or nore, and nost
PIoCOSSest RATSY\PSHIg S Ivpisctive shieplfnr lasgrarecessing having odaast o

. i had .of 20
vl o AL RS 888 P o
matefialas 85&difidhdaui ﬂ’_@il(%leck eRtifRhea@ddhié ?is Ecili@h&dt oPBa.

base naterial, wi less than 1 of ratio of specific
materialanf podte¢sivesheet for laser processing/ specific heat of workpiece), comprising

a step of adhering an adhesive layer of protective sheet for laser processing to the
incident side of laser beam of workpiece, a step of processing the protective sheet for
laser processing and workpiece by irradiating with laser beam, and a step of peeling off
the protective sheet for laser processing from the wbrkpiece after processing.

| In the ninth aspect of the invention, it is important to select and use the
protective sheet of which ratio of specific heat of base material to specific heat of

workpiece (specific heat ratio = specific heat of base material of protective sheet for
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material to specific heat of workpiece (specific heat

ratio = specific heat of base naterial of protective

sheet for | aser processing/ specific heat ofF-P05329ND(SG)

wor kpi ece), conprising a step of adhering an adhesive

| ayer of protective sheet for |aser processing to the

25 incident side of |aser beam of workpiece, a step of
rocessing the protective sheet for |aser processing

lasel pEpCaRSTIEH FRsCHICHipaS ofviemkpiera)phipss hands e Thp drentoan diseovered a

[ f,. . Lth ofectjye,sheet for .laser
coriStain BB e et neg P Rl Bid 6 PR atsibi S ot
thatrbhition &smeetikefy tb b8cdray SRENGYpedific héxt| BRI ABE &eessabiyw
. .select and use the prot ectlvg sheet o i'ch Tatio o
is higherei Thet ingantasfindmae{ vatrkpiced surfacsiedichbinpotidan pafducts@an
be hOr kgi (gci_e}. S eg{fi heat ratio = specjfic heat_ of base

© SHERETSFSFP IVE‘W Yeeieriiee anung te projeqtivpghrsp ofplhistyspecific
[ i foi f._wor kpi.ec of .less
heat B ls IR QREEE, e SRE o I e M RRE by Fna 1631
prodesdabiieistioeclsRebitiabfutiofad cotlsiddRidab kike phiRE by BIndASREm of
. ,processability, and found that ablation isS nore
indycinges Goulomb gxplesion asphotonsrexsije clettranstie tie materidltaat a

‘mechifh o AGBERSBE teatenialaberditiya b hop tesierifis brut ofmaterial

is stRAID AR G Satiibed . isSfiBb 4! .
R L L T s
seemsabibe highet.ess than 1. The reason of correl ation

bet ween specific heat and | aser processability is not

cl eBvrthes Ry sglocting ol wsing:tha pretectivg sheet phwbich|speafibheat ratio
: i f inducing.a Co | osi. hot
s 1egF AL B MaRnasiol of fopihictatberely iBmios fn AodReR caH be
IR ! ) | -G
R Ay TSR colifaloal fiqnl! T BEOUEARE chidt of

whicheppafiaheat eaticsis Idsk tHay 1tie eqiisslentat@upeide in laser processability to

rocessability seems to be higher. Further, by
workpacgcand g hence eiebedhby {aser hnam aidhe sancdimets erfeavlidrdhan the

ifi atio ..s less than 1 .contanination o
workREE. ! A8 8 60 ebbmBositidn BNet 6 BnTtsiGa SO Lok opier about
o5 ] o] .y . st
o oL B o (RO SRS R AR RS
interfagerof pratective shebtemd wirkpiede.i sSHemy] contatihativh upakpiete i n
| aser, processagbility to workpiece, and is hence
surfagg eRF Wppreassd effpetiieliat the sane tine as or earlier
th t . l.ece. a S ,_fdeconpositian
o BECigRENRUECS el LD pr L6 OTRRRL bisBiaiy 9.8 o
less. OUf thi §fechfichBat Rfio§s Adt MaRq! fk WorRfied1E e%%ﬁ@ci ﬁ%fé’t‘ﬁe
sheet, and hardly invade into the interface o
protepiie sheeti iy eutshn pircedn d Imsudhpi @se,. théle o) roatdfahteairiodor

of workgigce 20 surface can be suppressed effectively.
decomposition products produced by etching of workpiece, and decomposition products

invade into the interface of the protective sheet and workpiece, possibly contaminating
the workpiece surface. If the workpiece surface is contaminated by decomposition
products, after laser processing of workpiece, it is hard to peel. off the protective sheet
from the workpiece, or it is difficult to remove decomposition products in aftertreatment,
and the processing precision of workpiece tends to drop.

In the manufacturing method of laser processed parts of the invention in the
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The specific heat ratio is preferred to be 0.9 or

| ess, 'or nore preferably 0.8 or Iless. If the specific
heat ratio is nore than 1, the workpi ece i s BtRIES®IND (SG)
before the protective sheet is cut or pierced. In

such a case, there is no route of scattering for
deconposition products produced by etching of

. i ece, and deconposition_ products 25 invade into
mﬁfﬁéﬁ e iipthiasaeass, theawerkpiecsis geafersedtodsranpione of sheet

Sk 1 nat i n t rkpiece surface. |f the
mafB172 LRl SORA, SRSy el BRHbEe S Sttt meal
subgtfene wethfoonddctdiladeA Nkt RMhRRRR! | jrdi, N

hard to _pgel offcl thg prolt ecti\; gﬁ%pﬁégﬁgﬁwﬁﬁ%&a’MEMs
boaygh ae pesaieonductor packageli ffi cult to remove deconposition
s in_aftertreatnent, and the processing

br odh ﬁedﬁwaﬁa%.l%mg doé lger nrecessedpartsof the imveation in the
o R SR IER TR 5% ol

wafaearandthl sabdrafd. Nt h aspects, the workpiece is preferred

to be any one of sheet material, circuit board,

senifcisndnsspast ofihe énventjba selates fost martudgcturmgamiethod of laser
substrate, sem conductor, | aser |ight

| b |
procR ¥ i S poihg & RrotSivE shesh §ordrenBivpe B4 gYingk fsost an

adhdABR'18yver 3 %b%%%ﬁg}éﬁg r]] KSR raid df rll%ﬁ-%gly% indexap

manufacturing neth aser processe

wavelength 546 ami of babemafepidl folrefradtive indRRdt RheEALRSIS flnSor
the nmetal material is preferred to be sem conductor

orgapierEerkpiecaeiactive badex aatéo = refrastivhindepatowavsiengties46 nm of

base HERN B roiidt Sicst Tt BrOG PO iTe e R Sioraeirgh

546 RRQUTRPSINROVERYieRS) %mbﬁﬂﬁ%%%p onméﬂﬁgﬁh}{Ehésﬁ%% $3rd
Wlfh| or ratl (0] re rac)flve

base nmateri al | re o

protéotitre sheat fondaset progesking46 tininciflediakie ofbdser bealn $forganic

refractive_ index at wavel ength 546 nmof organic
workpgog? ger of preegssiagitheprotagtive sheet for lasergfrocessing end orpanic
: 5 nm.of base material of. protectjve
worlZheck By TR LG R B R, T £ 8 aEclbe BB Piafectve She
for k@Y SloBaEIE froaftheMitlic RLARMCE MO HPLEGR), COMPrising a
st elgﬂoof agheri ngwg% a%hegi@\g}éecgl ayeé?&oe?s%% protective
shelatthé tenth aspent of thedaseaitiog, it & itipertinted seladt apil dee o
organi c. workpi ece, a step of processing

| aser. beam qof or or .

protepfige et At raRad reliastive i apiexsbmeringAs of baseni
] Lrradi atin Lth | aser beam and a.ste

e BRI 4Bl R3S B0 82
indexpFatio €S fradive iAdBx A SvaQb R AL G40 AR lﬁgfmﬁfe}lﬁf of Rrotective sheet

processing. In the tenth aspect of the invention, it
for laser progrssing/refradivedhdaxt at amtelosgth SHE nm of organic workpiece) is 1
or more. The inventors discovered a correlation between the refractive index and the
laser processability, and found that contamination of surface of organic workpiece by
decomposition products can be suppressed effectively by selecting and using the
protective sheet of which refractive index ratio is more than 1.

The refractive index ratio is an important parameter for laser processability of

- base material of protective sheet and organic workpiece. The higher the refractive

index of a solid matter at a certain wavelength, the slower is the speed of light
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20 protective sheet of which ratio of refractive index
at wavel ength 546 nm of base material to refractive

i ndex at wavel ength 546 nm of organi c wor kpi BeRI5329ND (SG)
(refractive index ratio = refractive index at

wavel engt h 546 nm of base material of protective sheet
for laser processing/ refractive index at wavel ength

546 .nm.of organi¢c workpiece) is 1 or nore. The
PrOFRFLRE Bireugh de skt manter 4k the prabrlHibesiphetsrabsorption is higher.

i ' the. 25 | aser, processabil it an

MepEIaFH A Euk BB L ARG, eificBis 4R nt 3R Grpetasion 8 Photon

absumtils) 8@ ehedldiser FRGRETABEILY 1sU3nHHALH & e Iﬁ@ﬁbr%eﬁ@ﬂ@%fc@& gl

. effectively by selecting and using the™ protective

light peoppgasingiih thstsolid fmatiet isslowandihut is Ahe eefiastivevindest idargdr).
The rglfger.acti.ve i ndex ratio i s an inportant paraneter

for Ip V9B RL URg the proJectivg sheet of whicharfrastive index ratio is
1 ofth ' : Le.workpi ece.  The higher the
o e ok 4 at300on 3 the BlABaferiiA SRS Biap ] e AR
workpieed, endthe, bakd@artieMe ndré likélg 1S BE B c&ked bgla&er.15
F- PO5329ND( SG) propagating through the solid matter,
and FugBerpbpisdenting apd vsing thet protebiier sheétard vikichhiefhetive index
. hani,sm.of qccurr.ence of | aser ablatiqgn i.s derived.
ratiq BRI poran igh ?ﬁﬂ“ﬁe Bheearic waBgrisiY slrcomppsition
produb® chAa b€ Eu}ﬁﬁ&%&?é@ééfi%lk,yaﬂdsltscrg&ﬁtl delfithaled 8 ?olﬂ}v%? €I The
mhgn the speed of i ght propagating rn the solid
proteditve sheeit of whivheefrddtivaindes ratidie nicié Heti i¥ equitelen drSuperior
. .larger). 5 In the invention, by using the protective
in lageraocegyability tronganie sorkniece; arbis hemas abchicd by Jaser bersn et the

rption in the base material js, greater than
samP L9 "g?%ﬁ%i A {is Rt ROTRRIR S A pirsultieampanition
rodiiBls f bidkhficYvdrRpib&: HYieE [ I -
P sel ect iér%cané Iijlsi ng t hgﬁ%rg%{[t g%%qo\?gﬁs%ué%#g%%\m? gl;:é]hmg
portiogfof hetpiretecti veckheet, arml liapdly Snvade éntb aninferfacOol [R0icoavd Siet
of surface of organic workpiece by deconposition 10
and oreanic Mok Rieas- belees, sprigmination obsurfage of organig arkpieemeanbe

' ' as follows. The protective sheet of which
Supp?%?ﬁégeig@%qundex ratio is nore than 1 is equivalent or

SUPEKd Rfractive ihaGeatipiQG8ReRAK B%bhofé’th&ﬁ 938! & more

wor kpi ece, and is hence etched by |aser beamat t
moresthame 14 ansl mest grefembleimore tihvan] .2.h elf ol fractiwan o €O is s
roducts of organi c workpiece

];ﬁ%ferably

h esul t, deconposition P f . t

<han Zf @F OF&3R1q WoTspiees isictchisd belorths prefrefiveshentis o1 o pisiigadg  In
, i f ' h . and dly .i d
such B2 LR oo b SCBPLAFL kb oo bt

etchin® bR prigeie worlele®, akPddcBfipBtibe Prd?ifucﬁ %l{\faag _E’Igﬁg theOhBAALE of

wor kpi ece can be suppressed effectively.
the pradeqtive sheee andholrganic atarkpieee, posibtdy cadaminatisg thersarfabant

1.05,. or no r ef er abl .
organic workpiece. ife thg surface o 01ygamc workpiece is contaminated by

decomposition products, after laser processing of organic workpiece, it is hard to peel

- offthe protective sheet from the organic workpiece, or it is difficult to remove

decomposition products in aftertreatment, and the processing precision of organic

workpiece tends to drop.
An eleventh aspect of the invention relates to a manufacturing method of laser

processed parts by using a protective sheet for laser processing having at least an -
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nore than 1.1, and nost preferable nore than 1.2. If

the refractive index ratio is less 20 than 1, the
organi ¢ workpi ece is etched before the prot ectHObE29ND (SG)
sheet is cut or pierced. In such a case, there is no
route of scattering for deconposition products

produced by etching of organic workpiece, and
deconposition products invade into the interface of

adnesive Iy base Hﬁﬁé@i Vaﬂbreﬁ'agta\fﬁ igderortrysvelength 546 gmmﬂbase
f r.k

PR o T PR D oncs B tre s adieat ifiai gpectye

shedl €6:AARD %tdde%ﬂoqgélﬁkﬁlemasfi&e%f hés %Emﬁ b E?v?g%hﬁ%&f{piece,

organi ¢ workpiece, it is hard to pee

stepf prasssiingths ipeatectiveshect fier lasey processimy 4udi irerganiowoilipides by
deconposition products in

ffl cu téiﬂs renove
irra » g2 BtRR oppesting siflige pratedtive gheebfor laser
AN drop. .An el event h aspect
P m&§%ﬁjg8ﬁnnt§€k{w a%fcﬁxer{)&ﬁ %%e %igeré)rﬂggeﬁﬂp%ct uring method of
| as & theIfvdation aks ﬁﬁ')r@iﬂct Worlkiickds is\steferel & E&a{dy\é%e heRéuit
for | aser processing having at |east an

boardl, yyEeRBNCIosBRfadtiessisulbstiatey eeramic subistste, metalaubﬂta,te Wit h
dex .al  wa 546 nm of

Semﬁa?%ﬁ t IIXS%F 1emifiing op FLt %gwgpg §l€i%enab%eif€d\4€MS board, and

Semi@gﬁtﬁjc{&?,aa&?dheswe Iayer of protective sheet for
| aser ocessing to the incident side of |aser beam of

in oMQmmusmgﬂhé(ﬁlo@ﬁ;c workpieed) i1k hRFdOWe @8kt its Rffractive index,
protective sheet for |aser processing and inorganic
but Rysfatigingthe begﬁrastlw index of lbasg Hwtftrhﬂ bﬁpmtecbead;eetaatd B @imgre,
et for,|aser

COIJ.‘L::Fi: :i l | ﬂ%.‘:f’a];%ﬂ,f rot ec eee mngpéltlgppquucts can be
eﬂ”eo@i'if@l‘j}r%% jn%%ed' nTB{]Feﬁ‘a@tY@hﬂ&f‘ £ B3€ nial ?e{}{agggiré\faﬁ@c[ £ReSCH7 or

IS pre erred e any oneo Clrcul

more enmoonpliefdrably Weiler mage.ass substrate, ceramc
substrate, netal substrate, sem conductor |aser |ight
er Hxthe §vsatien, &mba@@ ﬁ@tmahgf RIptsatine sheotis greformdSolsontain an

arom%[nig PO%% g%ﬁlﬁ%&%&ﬁ o, pﬁ%‘éé" ﬁ]ésr @V&e g}]llé i§g$g1 refrgcnve index at
wavdlﬁigﬂ@ﬂé N, 1he ‘i‘@ﬁ‘actlv@ H{de? Yatﬂ)etfah'ﬂe% dsta 16 ﬁ‘foﬁ-@@%il\f E%latwely

ex of base material of protectl e sheet a
easilyore, contami nation of surface of inorganic workpiece

ecogosnl on_ products can be effectively
5B asperhal theimvaaion wlaivide A eateringmetbpdpf loger

e SR TE R BRGTrnnAE bevibe & Paf

adheVOLa96L bV £ bR R terial, WHIETess fhafl 11t x Et‘Pcﬂﬁi%ﬁl @6hlphﬁg 9&&&& fatio

pol yner or silicone rubber. Since I's mate
(totall coppling energyf ratio S tutl cougding @hergy A equivalent to minimum value

g—f-

ma

among sums of coupling energy of one carbon atom in resin component for composing
a base material and other atom coupled with the carbon atony/ total coupling energy B
equivalent to minimum value among sums of coupling energy of one carbon atom in

material component for composing an organic workpiece and other atom coupled-with

~the carbon atom), comprising a step of adhering an adhesive layer of protective sheet for.

laser processing to the incident side of laser beam of organic workpiece, a step of

processing the protective sheet for laser processing and organic workpiece by irradiating
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wavel ength 546 nun, the refractive index ratio can be
adjusted to nore than 1 relatively weasily. 20 A

twel fth aspect of the invention relates to aF-P05329ND(SG)
manuf acturi ng net hod of | aser processed parts by

using a protective sheet for |aser processing having

at |l east an adhesive |ayer on a base material, wth

.t%;?ss than 1 of ratio of total coupling energy ratio
with{asenbeant, gpd p 5P ohpeediie o4k the peotectiva shes s lasaipreprssigg fivm
‘ ' . 1.ni num.val ue  anong suns of coupling
theg)g%%c?kfgﬁbehga@%arrpﬁ%cﬁssﬁ%m in resin conponent for

CONPRShOHadHa SefRUT R rwRlieh Q&rofﬁleqmréél%ﬁ,l ied

. with the carbon atoml total couplihg energy

Impegiahitglselect and use thiepooteatblesheat wb ndichitorl afupting phdrggratio is

lessgtgergy of one carbon atomin material conponent for
fbbsi ng an organi c workpi ece and ot her atom coupl ed

an aanear v AR cr RN 63 SBHuGy WP aRpaflpR &

couplingr essgiag(tbtel dodplind&edB)) bf Shél€arBbn s8N rB§RBBRhonent for
organi ¢ wor kpi ece, a step of 30 processing the

compoging @thagemstedal anfl other atom cqupleesh thy cartdnatayani A certain
I rradia 17 F-PO5329ND(SG) with | ager

kpi b '
cartlfn 35 Bolithct 15001 W g o6 o HoehAteRBAIH Yo coWEBRE

Ft - f ! . .

e Bl o e f 8 o o BP9 2 L 85 g e

energspdtotal cbupling dnerggnils@differd with thel doRplih@dthte bP el cBfdon atom.
and use the _protective sheet of which total coupling

In thejayepfionapaying ajtention iodhe carhon atom-efilewast tothlecoupling energy

Ling energy.Aist smal.l est vyal ue, anpn u of
amoglg &gﬁblx)ﬂ%tog}iselp ; %us(ctogpgﬁ S@Eﬁﬁﬁ?ﬁw 0, ?rg&;)lsngng%ﬁ@%e total
ﬁf » +
S o B oLt Oh S B o Oy
A cdiht #otal cooplitpnenesgydBris the pobN¢Eevalus amiobP hats o dolipling
of nore other atons, and the coupling 10 energy varies
energjes fotah sownling caerep) ofcne sabon iskion in malgprkwmpanehtifence
f . i.n nergies (to ling energy
comp PNl YRS e By L B R o SRR o
inveAfiéH]'payihB attétfionRy 8fldaftion AR lof Hvidist S8 cOfbling eh%ig?]r among
carbon atom of | owest total coupling energy- a g
carbematons invarieusicoupled states ircthe phatetiad cain@endnn, it ol tinkthe

it is found that the total_ coupling energy A of the
total copplifg ectn 1h S ths ceibep efom hasrn eartaationevitinde faser

: ability. 15 The total coupling energy Bis the
procgsrrsrgtﬁﬁéét val ue among suns of coupling energies (total
COUPh¢ 5&h68 Bh 8 dis@iverRl Shat RbRARM RO oF SR OF biYanic

conponent for
workpiece by decomposition products can be effectively suppressed by selecting and

using a protective sheet of which total coupling energy ratio is less than 1. The reason
of such correlation between total coupling energy and laser processability is not clear,
but the bond of atoms with small coupling energy is likely to be broken with irradiated

with laser, and the threshold of processing drops. It is hence considered that the laser

‘processability is higher when the total coupling energy is smaller between specific

atoms in the material.

Further, by selecting and using the protective sheet of which total coupling
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conmposi ng an organi ¢ wor kpi ece and ot her at om coupl ed
wWth the carbon atom In the invention, paying
attention to the carbon atom of | owest total FepPogH2IoNg (SG)
energy anong carbon atons in various coupled states

in the material conponent, it is found that the 20

total coupling energy B of the carbon atom has a
correlation with the | aser processability. The

eneglt e i laspvhani] soniperieationted surtasatofivigaaic workpiecsby f ace
BB S8R SSBRIERR, L P2 C
follBWe! EFid MBiesheeineef of‘%Hi&{‘toEag %%&Iﬁqg%#ggga 8 g%a%t 18

is less than 1. The reason rrefation
equbaisneernsupetiar in daseppiogssehikiy gy oftaeid weRpichs, Q66 sSlRitd bched
is not clear, but the bond of atoms wth small
by lag beam gt s srmg time asiok earlien thamthemrednénwaikplece r Aslh aessH,

 decBbSiAdEhanay et Rarite Skl 5rE bt PR tom

the 8ichiRE boridarbfiRepbRbRle | I

betv\ggn speci fi'c aton%g%&%dﬂ%r&mﬁa&@@%@%ﬁ{aﬁ%ﬁ

protpgtiveshest tand grganit warkpiged. h dgncatoentamigatihedsudhcedfiogdanic
at al c%upl [ n% 12 - PO5329ND(SG) energy ratio is |less
WOTKRIEee ol be SHPRIFFSRALTeRtivEl: surface of organi ¢ workpi ece

b e d
o 1 AR QIR IRL S I prERBR T, BB IGE ormgr ppaforably
0.8 ditlesspr Dt 8e tdtaleospRes erRtgyWhii6 [k théedhat LUR 61@9111@% ece is

€
ratio is less than 1 is" equivalent or superior
etchpd befpregthe protetitye iSheeyistout ormemed vilrsuph e case, thect ik 8o route of

t{g)enc (:atched 5.by | aser beam at the sane tine as _ or
scatigEi3E For e aiERosins Rsp ikt eroduner by etabingiat oresia pprkpiece, and
dec BATRATHRD BIE IO I FITH o JR0RE oot and prmpiy

eff1ci
worlgeede] possibly édigarpinefigCht ¥R ffdeRF brgadROwbdpRLY, | IR Rirface of
into the interface of protective sheet and organic
orgapisrpkiees isqenteminateshyadacnapbsition proslucts adfter biserqrrgeasiiog of
ed effectjvel 10 The, tot al

| kpj b .
°fga%m@[)’b4% ﬁégeeﬁg? Byﬁﬁgij’% %E@%P@F@FW% aeb i e graghic eerkpiece,

o ISR SO Mog o gl UL

precistontod drgapicowerkplees whas Rairbye sheet is cut or pierced.
In such a case, there is no route of scattering for

decoHigsemth aspept ofdhe inventicndelotas thy nenufichyingfmethorhof laser
Lege, and deco sitio roduct,s | nvade jnto the

Pr°°i¥¥§§&éf¥§§bé” e %EOEEPB{’%@PF\F@ %é’tfo%ﬁ‘ﬁﬁns iR gt eat an
adhe¥i0¢ laRbLSLa bRRSRAL:M, GRR w&ﬁ#l%ﬁe@ AU i98En3b minimum

organi ¢ workpiece. 1f the surface o
value among sums of coupling energy of one carbon atom in resin component for
composing a base material and other atom coupled with the carbon atom of less than
800 kJ/mol, comprising a step of adhering an adhesive layer of protective sheet for laser
processing to the incident side of laser beam of inorganic workpiece, a step of

processing the protective sheet for laser processing and inorganic workpiece by

- irradiating with laser beam, and a step of peeling off the protective sheet for laser

processing from the inorganic workpiece after processing.

In the invention, the inorganic workpiece is preferred to be any one of circuit
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organi ¢ wor kpi ece i s contam nated by deconposition
products, after |aser processing of . organic
wor kpi ece, it is hard to peel off the proteck+RIS32ERR{SG)
fromthe organic workpiece, or it is difficult to
renmove deconposition products in aftertreatnent, and
the processing precision of organi c workpi ece tends
to drop. 20 Athirteenth aspect of the invention

banfg serrisendustor waler glass wbbtrrie. verandeiswWstraigsmetal rbseassed

hNg. a2 Protect i sheet . for |aser ssin
sk betpbAF g Sl G St steniint bOSTMENGY Byara
semiddnbiudtéd grlckageupl i ng energy A equivalent to nininmum
val ue anong suns of coupling energy of one carbon atom
i n rWkémusingthe iergarfi oworkpierp,akére ¢s ethbasecheaticl raktivnd
ot her, a&?rm coupled with the carbon atomof |ess than
process dastyed foppheat genssgied by iuection eplight enengsr i Rhatds the ablation

' [ heet f | .
NIRRT T -
Hencé|@r@rNing ¥RBCieRtE 6 Lorganié Wobkpdce aRf BRRBSINDe iR cy of

protective sheet for | aser processing and | norgdnic

-inorggﬁq-(p'pd@éecgyannqtbaqmapam@siwaplyn | aser beam and a step

of el ing off the@%r ot.ecti ve sheet for, | aser

pro %éqlvﬁ ofs have R ?‘WHV }iﬁ‘iu.éiedéhwpéﬁémgfr@@pfinorganic '
RS ol IS S, S SHSOEIRY i

wor kpi ece 1s

of surfaee bBRABNRNTGY ofkpice by dedhiREHYS Fﬁfdu&@fcﬁﬁ be Sffadtiely
substrate, ceramc substrate, netal substrate,

suppsesselhening Gie pretsetivelshegithaeing o basegmaterihl aftwhictetotad cowpding
| enent  boa board, . an sem condyct or ,package.
energy &1 t?‘an Bt fesee st @rowwgﬁﬂr gagivelent or
ihe . ] C 5 i
PR it SEOIAE 1R SRR RR NS Mg o
780 &binat ordess, pr mosefepdhle 26k ambldraant | y bet ween
I noy gani ¢ wor kpi ece and organi c workpi ece. Hence,

pr obethe thig tefthirigpnth @spests o ihpdnyantinny thp peaectivecheet is
: | ng. effi.ci ency of inporgani c workpi ece .cannot
: Je‘g%%i%éa‘r“g‘é‘%%ﬁ 3l 9&%& 3@%9@?{93@&6% &k%érﬁf@ﬁzaap ﬁ?%}dg)
befofe! 1 ﬁﬁc&ﬁﬁ‘t_gﬂﬁ%@i‘eé@bf AGviblet 515&8{3%?1' a%lal%n‘é‘ﬁﬁ%@ﬂ teafn,
and processing rate of "organic workpl ece, an
and idiuswidoepmetbcting thecsmnfaeerbitaé norkpicet font Hecenpkition Pi¢idisr
wor kpi ece by deconposition products can be effectively
scatterifgipalics gandsgted by @hlating prot ecti ve sheet having a base

mat gri.al whi ch total coupli er, Ais |less .
{neres @Bt hete el Lot R R et B magera
is us&T UIB4r8 i@ the ?kﬂi&rﬁv@ hdePwith lindivehOQr ﬂ@?:'oﬁtaf:t ti%htn s
__Wor kpi ece. e total coupling energy IS prefer ede ?o
with e interface of protective sheet and workpiece is improved, and invasion of
decomposition products into interface can be suppressed, so that contamination of
surface of workpiece by decomposition products can be suppressed.

In the third to thirteenth aspects of the invention, the base material is preferred

~ to contain an aromatic polymer or silicone rubber.

In the third to thirteenth aspeci:s of the invention, the processing is cutting or
drilling,

‘The invention relates to the protective sheet for laser processing used in
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15 780 kJ/mol or less, or nore preferably 760 kJ/ nol

or less. Inthe third to thirteenth aspects of the

i nvention, the protective sheet is | am nat e-RI5328ED(5G)
incident side of |aser beam of workpiece (laser beam
incident side) before |aser processing of workpiece

by ultraviol et absorption ablation of |aser beam and

iS. used fo gr?‘[ ecting the surface of the workpiece
mag Wﬁ%ﬁ Pt {285 osaRsdirartsy  Theprotestivesherigs peeferably used
: tal the protegti,ve sheet. e
wh iR B b e o8, i BBt BY e eRiarRiior
wafts used. By providing the protective sheet with

adhesi veness, the contact tightness wth the
interface of protective sheet and workpiece is

B@Eﬁ?@ﬁi@@@’ﬁ@ﬂv O 120 BRASe¥C8 <o That cont b nati on of |
A er ISt t
o, S ee SRl RS e SRR R S bl

methduofi iasee prdcessed pires dvasdinpBioqhd Blvehordr eferred to
contain an aronmatic polymer or silicone rubber. In the

t hi Fig- 2ds 8 Brhemadia procassybiegremashowing dtheremample of tsaufacturing
[ sing is ecuttin r drilljng.. 30 The invention
meﬂ?oe Ogﬁés d Plg’c?ﬁsgs?fﬁa&g?fﬁwg g {nvgxg}onr aser processing
usegtig. 9 120 sdteRRAS AR @G
I aserg prlocgss?ed parTs. %ogﬁgggtsg‘%hﬂ\#ggs ee%ﬂgggo&f'.pmcessed
by uirasicdetabborptieeablatidrest limenbEaat uri ng sem conduct or
chi E%Sg 4i,n particul ar, by dicing a sem conductor

waf is prghematirdiegraprshovingam prnninf dicagmighod of s a
: [ rocess di agram showi ng an exanpl e of
Seml?rgﬁag“?g%t“?ﬁf%hg nmet hod of | aser processed parts
according to the invention. Fig. 2 is a schematic
process di agram showi ng ot her exanpl e of manufacturing
BESHeV0OF HDRIGARRYPNGCHST aBIFHBEYVENATONr di ng to the
' 3 s a schematic diagramshow ng a

inventjon. 10, Fig, X
s ec?ﬂeohs%'fusﬁc? ot Hyeatipnyis dke lopes epplicable inpbiation aracesscry
' i I b L Fig. 4] .
ultra B8R B b Wt 1 B o SRS e enip Pnessmauier
not t@worsef mﬁf\gﬁ%ﬁﬁh Qhd Wefleafancd of i cd A LR GHRRYING OUT

THE | NVE
workpiece due to thermal damage during laser processing. In particular, it is preferred

to use the laser capable of focusing the laser beam into a narrow width of 20 pm or less
and emitting ultraviolet rays of 400 nm or less.

In particular, the laser used in the third and fourth aspects of the invention is
the laser applicable in ablation process by ultraviolet absorption, and capable of
emitting ultraviolet rays at specific wavelength A. It is further preferred to use the
léser capable of focusing the laser beam into a narrow width of 20 pm or less and
emitting ultraviolet rays of 355 nm.

More specifically, the laser having oscillation wavelength of 400 nm or less is
preferred, such as KrF excimer laser of oscillation wavelength 248 nm, XeCl excimer
laser of 308 nm, and YAG laser having third harmonic wave (355 nm), fourth harmonic

wave (266 nm), or wav_elength.of 400 nm or more, and in the case of such laser, light -
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The |l aser used in the invention is the | aser

applicable in ablation process by ultraviolet
absorption, which is non-thernmal process-w tRaM5329ND{SG)
heating process, in order not to worsen the precision
and appearance of hole edge and cut section wall of

wor kpi ece due to thermal damage during | aser
particular, it is preferred 20 to use

rocessing.. In
abspgpgiop a§ %ﬁ%&@k&mg@rbﬂasﬁag thypugh mwki-phosen atiserption prasess is

 posfplel A Mk Lot iU e cBRESTR bl pgyelpnath ot

10

750188600 nHS@PablE of ARtk Hwaiie of 80/ Hnrbrgésg %ghgg?%hbﬂaﬁ

invention is the laser applicable in abl n process
absqyption ablatiom ked lastysuttppulenyidindf tetbeeb (@ 06G000001T)tor le3g.

ul travi ol et. rays at specific wavelength k. It is
f ur t HEW ‘éer‘gé‘at R%tl‘aﬁ%rlx speciiod |ap s @s Hpn be pragessed by

ulﬁ%\ﬁ@l@?&ﬁggrpﬁtigf;r‘n aﬂtﬂtaﬁ(ﬁ{ oﬂ? ra%&ﬁl%ﬂ}%@@%@lﬁ‘éﬁe@%h fqu\s/%flgugé,

ess an Ing u violetr

. amomgediels, Shdek shatdriaR, clragiebodiadVdeffic@daaétht Fhfed [glaé@mdsﬁ%} h

of 400 nmor less is preferred, such as KrF exciner

cerapge sipbsiptegmetal substrase, spaiesindnegohlaget®r other lighe €iting ontight
third harnonic

‘ I f havi
detei 852 beSen Tt MRS ntleb o coos NI X By or

dinth f h
SRS 4O, GRMRE R 111 1 o5 =

ul t Tae prdtetive d@eﬁmmmm@uﬁﬁ\% o d B8 kel inikhEibA Bre preferably
absor ption process is possible, and further exanples

appliedqartiralarlytip Rrasassingnfishees materal, circyitboandaseaticongtubton fwafer,

s R TSRS, b e f S o
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lightdekditiRy bRfei KHakd less. 5
ghThe V\/ngpi ece 1 s ,%%N%a%alﬁg?g%@fég%@%&?%ﬁ&gg far as
it Yamouseheat oméaimdintiyde, Ubi examipid, ehacadifisle@ilardiims and
abl ation of laser beamemtted fromthe laser, and nmay
nonwoyen ¢ipths madapfpobrimidesesisrpalyesturesin, apoxyciesiouinethanea rasin,

B T e L.

resin0fIlGrind regih! et€Midd fuRtBerQhedts Ade of ?Jc?ﬁ%é rS{u%QE %gtg DPhysical

board, MEMS (micro el ectro nmechanical syste
or optigalsignttinms by crawingdnipacgnation ot dther ratdasss, mantishpapait.copper,
The prot ectivF sheet and manufacturing nethod of the

aluminyiipe s{atnirss siesl, gad pibeesnagd the garcrasolpenan il andfoy matal sheet
. i ial,.circuit board
i B0 2 By vRUPEPB B Bt Tt o, cer i o

Sem con

SubBaniles ofiBd dtcufiHoaid RERde %ﬁé@iﬁ@,‘?ﬁ%ﬁfeoéicgﬁ &%N%ﬁl\}gl-lﬁ%}t

emtting or Ilight detecting el enent boar

- flexillp arigted dodrds tgiddoadiattglass pROX@geramic or metal core substrate, and -

~ optical circuit or opto-electrical mixed circuit board formed on glass or polymer.

Metal materials include both semimetals and alloys, for example, gold, SUS,
copper, iron, aluminum, stainless steel, silicon, titanium, nickel, tungsten, and their
processed materials (semiconductor wafer, metal board, etc.).

In the tenth and twelfth aspects of the invention, the organic workpiece is not

particularly specified as far as it can be processed by ultraviolet absorption ablation of

“laser beam emitted from the laser, and may include, among others, sheet material, (_.:loth,
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15 Various sheet materials include, for exanple,
macronol ecul ar filnms and nonwoven cl ot hs nade of
polyi m de resin, polyester resin, epoxy resiRP05329ND(SG)
uret hane resin, polystyrene resin, polyethylene
resin, polyam de resin, polycarbonate resin, silicone
resin, fluorine resin, etc., and further sheets nade
f such resins provided with physical or optica

leathgr, aRd BAST. by dr awi ng, | npregnation or other processes,

o R R R o B Bt LS
nonWRREH clotRMddaheds a6t duth ‘i’ésiﬁ%%‘@@ige@&itﬁ gggs%fﬂ 6r 8 t(ijpteah €

i ke. Exanples of the circurt ard i1 nc one-s

funetinns b dsawdeg,dmpragnttion @yshier prb@sids) e printed board,
ceramic or netal core

i gid board of gl ,
subdp i eveatind shireenth epacisafthonverpion, B dareaniaporkpiccs
B ot f d | I . 25
s nff ol e el RO Bl v BB ot bR Rl B foston
ablafiioh of kaaeitem cadtted frSHIhe 1aSAPRET maj fﬂé[hde%é#mg['%{ﬁérs, circuit

stainless steel, silicon, titanium nic gst en,
boagh gemigenductop matselass snbdtmts, abramis ariseaiadnethlosubedter |
ard, etc In the tenth and twel fth aspects

metal b ) . . )
semi§ryeLSH IRFE Y P LePh EBHBRAT BEigciosheg elementhoerd, MEMS
boaﬂaéﬁ'&ﬁli%ﬂd?ictﬁpg%k%éeed as far as it can be processed

y et abs 30 - beam

by ultravio ption abl ati on of | aser

eni Metal thaterials fheludaseth, seﬁmeﬁﬁyanﬁraglggd for REMBE, p1BESES,

sheet material, cloth, 22 F-P05329ND(SG | eather, and
coppeagE, alyminwnsstaitless; sitieers titaismj mckaldengstan: amdthejripeocessed
matdlB ronmol ecul ar films and nonwoven cloths, and sheets

fiade of such resins provi ded with physical or optical
fungt, | ] - tJ e S.
o' ah Rl SRt e i ERAGERN 100 e FhMEroPR TR

workpiecerityl udtravidlbeablation@ANdser b&akpi ece i s not.
particularly specified as far as it can be processed
by &he projechiveshegbivdhefiisoaspeatfihe tvemtion ispraferbetkio be less

N R N
The BRAREVE sRddPSL] BE iﬁ)g ¢ B?Bas%ﬂﬁe&tefiﬁtaﬁngh e}fﬂm%;a%esive

aser or other | emtting or ectin

layergprowided ol trrtdse taBfBall0 board, and semi conduct or
Metal - materials include both sem netals and

k :
g?f?&;@%?mfe@ﬁveeslwdn dhe spooui! aspess, of thvippentionibap at least an
adnefy B PRk EoR n B mitoriel Bt he plsbie e the base materia i
0.4 [(pm/pulse)/ (J/cmz)] or more.

In the third aspect of the invention, a protective sheet having at least an

adhesive layer on a base material is used. It is necessary to select and use a protective
sheet of which extinction coefficient ratio is 1 or more. On the other hand, in the case
of laser processing of metal material (fourth aspect of the invention), it is necessary to

select and use a protective sheet having a base material of which extinction coefficient

in ultraviolet region wavelength A of 20 cm™ or more.

In the manufacturing method of laser processed parts according to the fifth

aspect of the invention, a protective sheet having at least an adhesive layer on a base -
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The protective sheet of the invention is a sheet used

when processing the 15 workpiece by ultraviol et

abl ation of | aser beam The protective sheet FFPOEI2END (SG)

first aspect of the invention is preferred to be |ess

than 50%in the light transmssivity in the |aser beam

(ultraviolet ray) absorption region. The protective

sheet may be forned of base material alone, or nmay
maigrgls #peda d Ais ingeessary yaeselast and ered: motetties ﬁ‘astenfrvdmﬂrdeasxty

o TR T L T 538 o s
(six®h Be& d"f%e‘%’véﬁtlon? ?ﬁlf fesgagrfﬂi %?ec‘in%cfu&f %ctt?@essﬁe?t having

mateérial is
a bashimaterizd pEwhichfdehdisy ik mw@émbdsr, mérepr ot ecti ve sheet
havi_ng at Ieast an adhesive |ayer on a base materi al
i s JBdee mpg ?@uﬁ@&@@@@dpt‘ iaéerﬁpwsewsm@rémg to the seventh

o 3 B e bt RS
matbAS8S uREOC BSS & sy IRkRt ﬁﬁtu‘%é 'a?Jrot@&Wér dhBetdF RAfch rHio of

the invention), it 1s necessary sel ect and use a

tensplp strength vEproteetive Seet toderilo sismgninbEwdrpieet (tehsilelstrength ratio
in ultraviolet region

| nction _coeffjcient
="e§?\%1 B@gﬂ protegtive gheef tansile S%}%h Of workmecﬁhlﬁdfoaénqm ngn

o B o AR AR TSRy
inveatioh)p f3¢ névRsRAENOSEIOt ArANRE a%fbt@ct%%ﬁee%%aﬁh? QPREINEESEDof

material is used. It is necessary to selectl and use a

Whl?lt@ﬂ@btﬁh‘@egtbh%é@OMPa\mm density ratio is 1 or nore.
case of | aser progessing of

met ﬁﬁ’ﬁa{l%%&%h i ;zt%qﬂ& gﬁbéﬁ'wr%esqeﬁéartﬁ pesording o, the pinytly
aspé&feggt@é Hénfish, $§ r@l:?étw%r}.ﬂﬁéfg i g?{ f%%&%& a%ﬁes?\%e[ yer%ﬁ 'di%e

mat er I’al ens Ror e

matdridl s usb€. NRMNERe$sdFy DGcloBdAg @s@ﬁ phas@iveRhS %ﬁlﬁﬁh@ﬁédiﬁc
according to the seventh aspect of the i nvention,

heatgatm @d@ﬁs\ﬂ@ﬂnsheet havi ng at | east an adhesive | ayer on
| t |

2 ool g Bt Bt heshaf Sl pssried phds pesoBtng BriGr fopth

aspeet 6@1?8&1%&20110 5?&@8&1\7\4 Shalf ﬁ%‘m%?t Itegﬁﬁh taahgswe%)%% Bn %fba

wor kpi ece (tén e streng ensil e reng t

materfal prusedctli iseneabBaty/to tséi&&lah@ usd 4 RN vEkhoWP bRRhRE @afracﬁve
1 or nore. On 10 the other hand, in the case of | aser

indep fﬁ@e@é jo gnase imibie spsernfilaser procgssinglof lorganjaorkpiece.heOn the

AT AN AL O N—

the Iﬁ@éi‘lﬁbh)? 1198 h&Redaly toselPardtiRe AprREfve sheet having a base material

of which refractive index at wavelength 546 nm is 1.53 or more.

In the manufacturing method of laser processed parts according to the twelfth

aspect of the invention, a protective sheet having at least an adhesive layer on a base

material is used. It is necessary to select and use a protective sheet of which total

coupling energy ratio is less than 1 in the case of laser processing of organic workpiece.

- On the other hand, in the case of laser processing of inorganic workpiece (thirteenth

- aspect of the invention), it is necessary to select and use a protective sheet having a base.

material of which total coupling energy A is less than 800 kJ/mol. Values of total -
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In the manufacturing nmethod of |aser processed parts
according to the ninth aspect of the invention, a
protective sheet having at |east an adhesi verdmys3298D (SG)
a base 15 material is used. It is necessary to select
and use a protective sheet of which specific heat
ratio is less than 1. In the manufacturing nethod of
| aser processed parts according to the tenth aspect
coupling ererginy Arni Gnare abjpined émni the cohplirtg dnangyrvgluas meptsted, for
an, adhesi ve .l ayer_on base . material is used. It is,
ex éf’eé%ﬁ’leyughc FECP%dnD- LP leher, Gi-elhermechemistyy oforganic and
orgéﬁﬂhfé&nlfi@t:&ﬂg&ﬁﬁﬂ@, g&dé}ﬂﬁ%e{s?ﬁ'e% ﬂ’o%k,llﬁbkm)r e in the
case of l|aser processing of organi ¢ Wworkpi ece. On the
ot hdforimdmtimaierials b€ baR statedal hnphale, Efr@ﬁ&ﬁﬁlleﬂ%)lﬁﬁ‘thylene
i horgani c. wor kpi ece (el eventh aspect of" the
terephthalite, palyethylenp saphtepdate. pojystisene pelycarhomhte pelyimide,
Vi n mat ec i f i ch

(el 809G i’?ﬁ?’l}%&@@%ﬁ%ﬁ@%ﬁﬁb@wo dong, BORIPPYERS.

* polyefhyldiR SR HAE bines ﬁlg%/#lt?%ﬁ‘ﬁ%%ﬁ%rss%g%féxgpﬁf%ﬁﬁé@g thakt S

according to the twe e I nvention,
cxamples aloaet | Thess mextéridhambnbe adedleithet alame @tdh esmbmati@ysftwo or
material is used. It is necessary to select

b
mmg ril?l@aeﬁrs ﬁgobﬁ‘r ¥ dlds prréerzadde isean suemetic polyater, apd pptticwgrly it is
0| than 1.in th f |

prefEREL 4,k B0l R, blF R G nepleBiate) OB FsBenaier “hane,
I N [HtheQBEE afd fduftB ApdelsTeRSInNEntRn, it ;f@ﬁfiait@cwee YRPhEERal

(thirteenth aspect of the invention), I'S necessary

of high extinetin eefficie, saclpasopadyiniide pehettyldne viapighalate asstytfrene,
1n%‘_gerial f which total coupling energy Ais less than
POLYSEOR FrRifCr alpfisspadmers: agd sicope pPhSDOND( SG) coupl i ng
eneg.gj : | ned from.the coupling ener
vl Rt AR AR BT PR b b R et of
relat{veDxhigh dehXityanidhs bQH@ﬂh?'le;@ napﬂﬁﬁe[lﬁf@,?lﬂfﬂréﬂlﬁﬂe, Bblyimide, and
.. organic and organonetallic conpounds,” Academn c”Press,
silicpgayubberk, 1970). Fornming materials of base materi al

i nclude, for ex | e, polyethylene, 5 terephthalate,

pol b“e‘?‘ﬁﬁﬂé%h %ﬁqa”%’mﬁ th{%éf,s o% Heiaventionein gsdarye spivprathe,

. ! . r-vlLi I yvurethane; ...
tensTRPy Bl s BBICHAS i Pt 8 W o B Wb P siicone
rubbpo hiybinpargndaixisgeefe@ittioalsh polynalasopsiléthylBad ¥aphfimiatand

are not limted to these exanples alone. These
polystireae aiipolyeagboateused either al one or in conbination

of or . nore types. Above.,all, it is preferred to.

us e e B athect ?féﬁi/%?‘,moé‘n’é isreferedite P2 material efgelatively

r i t | at e,
sal R IR st oot cHe Uep RRAINE, By ST RE R
polyithené,podnirethiue, bibd pSly@irbdmitd, ed. to use a materi al

In the tenth and eleventh aspects of the invention, it is preferred to use a

- material of high refractive index at wavelength 546 nm, such as polyimide,

polyethylene naphthalate, polystyrene, polycarbonate, other aromatic polymers, and
silicone rubber. '

In the twelfth and thirteen aspects of the invention, in order to lower the value

‘of total coupling energy A, it is preferred to use aromatic polymer, and in particular it is

preferred to use_polyimide, polyethylene terephthalate, polyethylene naphthalate,
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of high extinction coefficient, such as polyim de,

pol yet hyl ene napht hal ate, pol ystyrene, pol ycarbonate,

ot her aromatic polynmers, and silicone rubberg-HOB32BRD (SG)

fifth and sixth aspects of the invention, it is

preferred to use a material of 15 relatively high

density, such as pol yet hyl ene napht hal at e,

pol yur et hane, polyimde, and silicone rubber. In the
polystrens AT pelicasbeyisish aspects of the invention, in order

i SPOPOPR. b Mgr YBUReCHRid B o bpsrursien ohbt Bl
matéridl B8ded RPRedpthPBE tibRtt Amidsi tg iR [a@éﬁfe%%dabts%ﬂ&?re ion at
pol yi m de, pol yet hyl"ene napht hal at e, pol ystyrene,

lessahangdd)% (fastaspedt ef tHerintémtion), ktdpimsthe etchirfy rifeert 0.4 or more
[ it is preferred to use a material of

|g¥enti0|}, it . ¢ C c a K .
(secprq aspeciatyhe igwentiony hstahtening e extinotion ceeffipisniaftbase matsrial

SR RLALSS o LY SO RERS ke shElE RS2

mat€id (RRédih a6 eighth Rpecid 6 thOMRBAAEH), orl Heighfen{She FRRlo
. .use a 25 material of high refractive 1ndex at
indewe§ bassrmaterid AGnthmndstaventhsispaitsyofithel mventio) yeiltitg leramples
.y pht hal at e, I%lst.%g[lene, pol ycar bonat e, ot her )
ncluge pgnent, ‘i?'(?ﬁ?/‘%? origgpaties, Aplcewhd ty 4% B other fingyaetal particles,
: [ . £he invention, in
meta_gr éélh{]co om%lrla#%ez%\%g%ggﬁ%?p%%?lgg coupling energy A,
it The polefigg ratlerti® noSErdduiB dpecifiell Y& Bir as R6n h¥sorb the light
particular 1t is 30 preferred to use polyimde,

of spseifigenavplenth afhepiet beihatisd (Hghtyafuitydvdviet gioh Waxklaheth 1),
5 F- PO5329ND( SG_pol yst ._or_pol ycar bonat e,
and R Gy i ocge Pt AR Sl s Bl gt dve
| i Snour x f .
Exafe P! dlepn i ol i inclPE Fit M0 4P, ARG B

nsm ssrvity In

‘pyraz@gneodyeathiadobsdye] andyeOpolyizo B, aPREimaye, dinoanyl dye,

., invention), keeping the etching rate at 0.4 or nore 5
indoplcaebdye, isigariline dys, inslaminedite, quinpnimbngtye azing dyd exidizing

dye, BRI RiEAE e 1eREAng e bR b ieh Pgheind miethane

e S Al S ARG Badiethar

thiadiazblealye] thinphemddye, bénzbhsthiamsie eyt ajuiddledhe dndigedey,ent h
. .aspects of the invention), and its exanples include
thiotpdigadys, andyassinent dye denrdphgnangtdyerbenzoquimne dye, Ag and
[

an
: ther fine a articles, 10 tal .colloid, carbon
raot SRR, FEDBlonPntd R b Sy A5 ye

azomethine dye, condensed methine dye, naphthal imide dye, perinone dye, triaryl
methane dye, xanthene dye, aminoketone dye, oxyketone dye, and indigoid dye.
These dyes may be used either alone or in combination of two or more types.

The dyestuff or coloring matter may be nonlinear optical coloring matter. The

nonlinear optical coloring matter is not particularly specified, and known nonlinear

- optical coloring matters may be used (for example, benzene nonlinear optical coloring

matter, stilbene nonlinear optical coloring matter, cyanine nonlinear optical coloring

‘matter, azo nonlinear optical coloring matter, rhodamine nonlinear optical coloring

matter, biphenyl nonlinear optical coloring matter, chalcone nonlinear optical coloring
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The coloring matter is not particularly specified as

far as it can absorb the light of specific wavel ength

of the user being used (light of ultraviol etF+mEFJE08ND (SG)

wavel ength X), and the dyestuff includes various

types such as basic dye, acid dye, and direct dye.

Exanpl es of dyestuff and coloring matter include nitro

dye, nitroso dye, stilbene dye, 15 pyrazol one dye,
matfds; g syanoginsamze eridiyenlinsat gpiical ajaringonatbohi um dye,

qui | dye,, indophengl dye, indoaniline dye, .

 nad e 808 déi?.ﬁ"ﬂ%% AT Y IAER G B Terasn-salicgy Bincgaah Fprige

e . ve, i a7 ] . i pheny |

P Be g8 sl P Tk Pl hfime JE P | 0o BRR
forrhing meteriah entbcattier, movihg wiatetlang Thecarry FohiAg ndhyerial is, for

pyridone dye, thiadiazole dye, thiophene dye, benzoin
exapRleap@yleneipigment; iqninone pigmeat, siwrlilign ejeringmaiier azuleaivgs

ol SRR 555 o0 ROSTENS G TR DT

| mat8¥4 indlRfeh bRl ANE dRRMIE LRk ?&ﬁ%i\aeg 535%%1%@&&%@

condensed net hi ne dye, naphtha peri none
hyduyzine derivaive) aryhahinenleridative, stant hene dye, am noket one

dye,. oxyket one dye, and indigoid dye. These dyes may
be T a0nentiod fhe-fisranasr b propsAdsIadsisperdingen e bt &

bRy A B AL 1R BB g o v

of tiRBakpdlyBed (9édond abfct 8f the tnveRtioatht eftth@ohosRfehf bfhse
and known nonlinear optical coloring mtters nay be

polymse and ¢:vincicmensifiicieterf zenkpiagr(tiiriead foptth eslecs of trei ng
el b e o G i ko S
worklte! (ks 28l o 6868k bE e TRIch b, b RERRE P el BE e
polyamk of iefigetilih@dx ofolaikpROS (taRA hhd Elever@P hipests of Hedhidifion),

26 F-PQSSZQNII?‘SSG matter, and cyanoci nnam ¢ acid
but ysyally it ésaprefsped tabe auiud2itmg0 partst iy yeighuint 100 parta by tieight of

dyest uf f | Qri tter, -called "f ti I
base B33 TRFE PEFlorafe A0gut Z1oL10 Rige &Y YRR unct i onal
oS _ ey _
a2 e BB e L RO Rl o Jtmay be

formed asimembramt ahestl ol dgherfshiped exanpl e, peryl ene pi gnent,
qui none pignment, squaliliumcoloring matter, azul enium

col bl thiskness oé basetthatapigimay bapropdrbyrddigsterhwithin a range not
s BB TS B D) BB TS LA e
o A D 5 N DR g gt
is abpatci0Oruiny oeldjs, 6t prefetalle abbna ©300 ieh, lok @ktre preferably 5 to 250
pm. The surface of base material is treated by ordinary surface treatment for
enhancing the contact with the adjacent material or retaining property, such as chromate
treatment, ozone exposure, flame exposure, high voltage electric impact exposure,
ionization radiation treatment, and other chemical or physical treatment.

Forming materials of adhesive layer include known adhesive materials

~ including (meth)acrylic polymer and rubber polymer.

Monomer components for forming (meth)acrylic polymer are alkyl
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10 transm ssivity of the base polymer used (first

aspect of the invention), the etching rate of the

base pol yner (second aspect of the inventi onj;PQH389ND(SG)
extinction coefficient of base polynmer and extinction
coefficient of workpiece (third and fourth aspects of
the invention), the relation of tensile strength of

se polyner apd tensile strength of workpiece
(me%}gé%ﬁ )ﬁawag alkyhtadicakofestraight ehaimer brageinehagnyith P catben

Ve | f 15, pol yner,. f i .
oSG BEL B R 2 PEREw L MO R ESRE. vt
ethyl RAEEHLiepropyl radicall! ipdopYl dallichS niHuBfl $4died, tt-lﬂnm?@i@%}h"so&tyl

ght in 10 ght” o ase

to 20 parts by wei 0 parts by wel
radigd] ymdradigal disoany rpdiedlehadyl yadidah hiept3] tadichD cpelohaxybyadical,
5 i.ght.. &gel base material may _be made of a_ single
‘e‘@})%ﬁl&ﬁ #lupsiy! redicaly s0-qcfyl sedicalenonybiagical, sonaayhsadien,
: 1 hickness,. of .base, materi al
el iRl oy AR e AR BT Rl RSB R g
tetrddbeyl RatieHl, sngiryd REdiva) ddtalbcpif thiieh ety decH36dca! EMhek alkyl
adhering to the workpiece, cutting or drilling of
(metfncrylntes may hn gsqsesithengjonsor insbnbirtating oS fwe ot mpredgpss,
but usually if. 1S about 500 mor |ess, or preferably
abo orgert 8 r@(ﬁ;ﬁfyrﬂne S&WFBG’SE’(‘@Pﬁ?lém%ﬂ@etabre?@@m%?fame
Lol i ' :
e Dy e TRk colrpoh A R G B0 oy e

copdlyrmeriwdiias exfuiredit eri al or retaining property, such as
chrogmate treatnent, ozone exposure, flane exposure,

hi gRthgpmoagaesicapable ef formpingtsuelx polymess includeifoneiample,

arent,, and other chemical ar physical
acry i BT b Pl G, o S elilimbensd afer i nel ude
carb ety RSB TRE ot Rid kipileNdid, FEhIERd b Srpronic

acid poothenmorfomedritpatinihg carbetyl iRticarBaldickyhy®ide and itaconic
F-.PO5329ND( SG) (neth)acryl ates having al kyl radical of

- anhydride prgiherapenames of peidsehydrids tmethlapryBo acidibhbydroxylsthyl and
et B g YRS R Ghabaertic il 2w AroS gy and

(metn)a%%yﬁa beid TG-}BIdQWlheB@E kﬁ%ﬂa&ﬁ%ﬁ%&f“—@g@?’g@@ %ﬂy lbut yl

radical, t-but radi cal, "1 so
(meth)ackytiehgid il §dondydxyt detiyt, gnethsecylic doid! i 2-hkdrorelatil and
radi cal , .cyclohexyl radical, 5 2-ethyl hexyl radical,
(4-hygrexymethyd cyciphexylonethylaprylateiprather mempnercagtaining hydroxyl
: LS I i.cal. ecymnol r.adical,,, i sodecyl.. radi cal ,
radich QORK! SLAGE Abicanfl SRR sulelile S8ty lBRGRCIE cal
ide-2tmeagicptbpaddulEahic asi | - ?(qg,ﬁ —
o r adi ca?l?pfa%d dodec;clla ?Zagpggllefh?%ﬁ%? eana}l]laﬁ)alj ¢ulfonic acid,

sulfoprepyHnzetigératatsandeineigacryhy] exrnaphthalens enlfunid feid or other

conbi nat i,on u?tt fwo or nore types.
monomer contamning sulfonic acid radical, 2-hydroxy ethyl acryloyl phosphate or other

monomer containing phosphoric acid radical, (meth)acrylic amide, (meth)acrylic acid
N-hydroxymethyl amide, (meth)acrylic acid alkyl aminoalkyl ester (for example,
dimethy] aminoethyl methacrylate), t-butyl aminoethyl methacrylate, etc.), N-vinyl
pyrrolidone, acryloyl morphorine, vinyl acetate, styrene, acrylonitrile, etc.

In addition, for the purpose of crosslinking of acrylic polymer or the like,

multifunctional monomers and the like may be added as required as monomer
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In order to nodify the adhesiveness, coagul ation or

heat resistance of 10 (neth)acrylic polyner, other
nononer conponents than nenti oned above may BeP05329ND(SG)
copol yneri zed as required. O her nononers capabl e of
form ng such polyners include, for exanple, acrylic
‘acid and nethacrylic acid, carboxyethyl (nmeth)acryl ate
and carbox pentyl(neth)acrylate i taconi c acid and

- companeniciopeonslymenrative. detanplesofsuck oonemesSneludehaane diol
di I
- d‘@%’ﬁ%ﬁ%@%@%s@@ e B o F iR e achilote ey PR ol

s e eopd LML o L i

and(umtemykdrp;d)pane m(meﬂtgactrymeopyﬂataérgrﬂuitolamam(nmjamraw hhd
aci d droxylhexyl (meth)acrylic acid
dlp@f%ﬁm‘iha@ dexa(metpasTy. ewemya@pgmlate an«tp@lyqs@rnymmwethane

aerf1G8)Srd i 51 Y5 Br Bl mpdRPT AT bl o Ha mBRorapr may

be u¥edoner cont ai ni ng hydr oxyl radl cal, styrene sulfonic
acid and acrylic sulfonic acid, 2- (nEth)acryllc
am dﬂlezt‘»mmnhgfﬂ mpltifipsitienal uidnomier isorefirad tb et Wit or sk of

ro ane sul fonic aC|d sulfopro
the%’?é iy Faiten eweylﬁmfiﬁ&}e&q and more

r ot her nnnoner cont ai ni ng sul fonic
preigiéhl'bfd a%f‘%‘g):rijes - hydroxy ethyl acryl oyl phosphate or

ot hello ﬁa)a@@@ﬁmyacgqmtpalymd@ Oy RS BRREHOAS m%? ibél apPdC fir

(nmeth)acrylic am meth)acryllc acid

- exampley mlatmmlmbnmu enethodetfiixtury Icmliammgdma,l thvplor more types

£ am noal k es élﬁ%r examl e, . dj mat m noet hyl
© “%Pé‘f’ﬂ’&ﬁ? B?I?}l s, ?m iHisptionpolymerizationan goak @olygteelzyﬁons
and%h ﬁbnp&%ﬁfﬂ%&tféﬁ%eth ryl oyl norphorine, vinyl

r

ene, acrylonitrile, etc. In addition, for

t he Ppl,gmmﬁnanmi i abGShélnddsHer&fidacivh h§hﬁ@69éﬁ%rd§tidd B@nzoyl

like, 30 nmultifunctional npnoners and the |ike ma

Perozﬁife@n%butﬁkmrwgde asIt isomefawed pBuse- AhOB3RGNDOSCHe com med
witt SRR ES be ol o PG R st B Oriniimkenn), AR M S gl sulfit
hydx()gé’ﬁ éﬁlﬁfeh iﬂ)ﬁ rb% ry&)(?)la‘t gélé :E?toﬁ'zeﬁfc{rﬁeﬁtsﬁ it, meth%nolamme atny |

(pol y) propyl eng glyc acryl at’e and neopen

otheg hrymmls addsepitdysecand abe reiritigggigit hrAd o compound is also a
i (meth)acrylate and trinmethylol propane

_ Preerrqd(Hﬁ;yrnyra@tlyn gmgatop@m ggf:yﬂmlp ingludes 2,2'-azobis-2-methylpropio

i EE ARt il w2 Bettgpene sobuo

, amlcﬁﬁe[té"ﬂ Srzobis BoBAR Foni Rk, Kh@b - A 91 trﬁlﬁﬁt?ﬂ-N— -ﬁﬁ%&’)ﬁ? eiyl)

two of nore type mul ti functional
propirsecdimide. Two or more types of these polymerization initiators may be used in

combination.

Reaction temperature is usually about 50 to 85°C, and the reaction time is
about 1 to 8 hours. Among the manufacturing method, solution polymerization is
preferred, and as solvent of (meth)acrylic polymer, generally, ethyl acetate, toluene, and
other polar solvents are used. The solution concentration is generally about 20 to 80
wt%.

The adhesive agent may be propetly combined with a crosslinking agent for -
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The content of nultifunctional nononer is preferred to
be 30 % or |less of the total nononmer content from
t he vi ewpoi nt of adhesiveness and ot hers, ang-pug3onbQsc)
preferably 20 wt % or |less. To prepare (nmeth)acrylic
pol ymer, various nmethods may be applied, for exanple,
sol ution pol ynerizati'on nmethod of m xture contai ni ng
.one, two or nore types of nononmer conponents,

raising theinpmbar-avsrege shglealiravdightrof methyrdrylisl pobkmer used as base

polfieotples B iss L ikin ot P Woe BablfopaRd FeBgoUL RO
B A A S Tt R

polyamink rend polyintidy costeintier cﬁbb)?ﬁ rads®l aWheetheXrosslinking agent is

ymerization initiator. e reducer includes

pol :
usedy jfsqongent mpgtchesigtenmingdfsp theat the pee] adhogipestrengtibmpy neteiet |

ool T 5 b DERBLEILASFR]) 49500 i

in 180 PafOBP Wt b5badt §GlyRer0 ﬁ{eeicﬁ%\%jag%ﬂ! PP RrhAQ {HQdhesive
initiator, and its exanple 1 ncludes

layez nRiy-tezaddyi contbimeedt wigh pthepkmweadditives kerequired, in addition to the
2,2 -azobis-2,4-di nethyl valeronitrile, .

specified compeyientsiuch a3 adhesiop impeovies, gsimeyetardant, fillew celoring matter,

_and%ﬂ%'rs-_azobi s isobutyronitrile, and

2" -azobis-2-met hyl - N- (2- hydroxy ethyl) propione
-am de. imprvePeclifiy Porh YRERpieLe, (RERBeRR JTRI i DRI to be

initiators may be used i'n conbination. 25 Reacti on

' radi@té;rm@mtgam adb_e&immhich isndoed bp Gadiaiofsath andtravielet ray or

1 hgactioq}mgl me i.s. aboyt 1 to 8 hours. Anong the
elecHan fYac (RGirgradition euringdype adhesive s red py theiadhesive agent,

soBURS A e 30 PRl I Rl I BB R Y e

matcriil Veprefered € bieed sufiitGers PAdtid RN ERAGRRIE At i on i's
generalilpﬁ about 20 to 80 wt% 30 The adhesive agent

may The rastiaiparcuying typbiadkesive inbludes; fareshmplej ndiatige etrifigtype

| 29 F-P05329 SO raising the nunber-average npl ecul ar
adhegive pepars Yﬂﬁlﬂ?@%@@}%@ngm&ﬁm@wwm@@r ONEPYEEY |

comEé&&E‘iP{ 1. nki agent include polyi socyanate
comoyoﬁ%?%é%o;aggélgg% oun'd., aziridi ne conpound,
el Brampies 6&xabiomeicmpbR&itdr oBSEHMEN PHHoAHTRE WiiBhtion curing
am ne, and pol ynmer contai ning carboxyl radical.

|
type jnbh biendechingsds kieng; (mpthyeerysteligoenty, rimsthytotipeopzne
o S R SRt 8
di(mBh§AcfIaRIpdracAthiRY e ftRRUDay i, boutmerPALEA tRaiEII My late,

dipentaerythritol monohydroxy penta(meth)acrylate, dipentaerythritol

hexa(meth)acrylate, 1,4-butylene glycol di(meth)acrylate, 1,6-hexane diol
(meth)acrylate, and other ester compounds of (meth)acrylate and polyhydric alcohol;
2-propenyl-3-butenyl cyanurate, tris(2-methacryloxy ethyl) isocyanurate, and other
isocyanurate or isocyanurate compounds. One type or two or more types of fnonomer
component or oligomer component may be used.

The blending amount of radiation curing monomer component or oligomer

component is not particularly specified, but considering the adhesiveness, it is preferred
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in 100 parts by weight of base polyner. The adhesive
agent for formng the adhesive |ayer may be al so
conmbi ned with other known additives as requiFeh5320ND (SG)
addition to the specified conponents, such as
adhesi on inprover, aging retardant, filler, coloring
matter, 10 and others. To inprove peeling from
wor kpi ece, the adhesive agent is preferred to be

to add by abows te 3P0 parts Yy weipliniasiOPeantk by eight ofibasd pblymer such as

(ncRic T PR Fos e e gt esityand woreby pieabou

70 t@qggiw@b)@%@_ since the adhesive |ayer is
irradiated wth radiation after |aser processing, the

bas eAs the radidtidnicating Syperadh&ivee dirther, Adase polembll havimpnt
radi ation transm ssivity. The radiation curing type

carbggrfagiopaiophle bead én thepelyasearise shainauhiatdhain ar umaimghairy ped
I SR P 0 B
O mponnt. e Tl oo S m RIRA T Rpol BE SBRIRE

~comippudnt thay motbdadded, 4{mddtshisaisfydeat € ol i goner, tri net hyl ol

ropane . tri(nmeth)acrylate, tetranethyl ol nethane

tet it Fdiaon TG fepe sfbes wisbryklaeatai 3 Bigtopolymerization

i RSB DL 1, (2 ot
di PERAATEY bf ick Aol FIRADANGK Bt BERRIERIENY Aioxy)

di pentaerythritol "~ hexa(neth)acryl ate, utyl ene
phenyll (&bydrdxy-Beronydrketbm, elphd-hfddory-atphadalpha-2Bthyl acetophenone,
co unds of

nmet h) acryl ate,. and ot her ester npound )
me taﬁ%t Pag; ?%ﬁ@%‘&fl@r%@%%ﬂﬂ%@@qnon@ 2,2-diethoxy
£ e - e, tris(2-nethacryl oxy
ace %@ﬁ%ﬁé’ :lnsﬂg gibg 2&?@5%%@%%%{%&11@ i socyanurate or
2-métBylclaRhahyltiOPPRHARRS-2-£BHhbMRGHrepareVi0 oftfer HRASHHHARS
of nmononmer conponent or oli goner conponent nmay be
compyads, behezoib ethytiether, berooit isafropyd ethert, Bnimoinundting ethenarier
[o40) nent or pljgoner, .30 conponent. is not particularly
beﬂzgﬁ’er%ﬁqf CERPOYRES: %—gﬁlﬁm-&h%mfwmmp% qths alpha-ketel
RS Hefsh 3 Qi ! dehd @
compl g R RO RG P RecdiBo 8l TR Reh by
chlosde; bthesarofuaeit B)ide;¥ thierig@tomBsunts) 1-FIRMBAS1 ,rlgplbgﬁle
. adhesive agent, and nore preferably by about 0Oto
diong-86 Oprthexy dspbanylgixime,Agher photoactivataxame compoupdsy pe
adhesi ve, fixrther, .a hase, pql yner having 5
benz BBHERRAE i oM PRI B -1 IR HbP R eaeoRbRRAS, other
benz8HeRofd @I Rhd S BhiBx SRR, f—@ﬂlorothioxanthone, 2-methl thioxanthone,
2,4-dmethyl thioxanthone, isopropy! thioxanthone, 2,4-dichlorothoixanthone,
2,4-diethyl thioxanthone, 2,4-diisopropyl thioxanthone, other thioxanthone compounds,
and also campher quinone, ketone halide, acyl phosphino oxide, acyl phosphoanate, etc.
The content of photopolymerization initiator is preferred to be about 0.1 to 10
parts by weight in 100 parts by weight of base polymer such as (meth)acrylic polymer
for composing the adhesive agent, or more preferably about 0.5 to 5 parts by weight.
The protective sheet can be manufactured by applying an adhesive solution on

the surface of a base material, and drying (or heating and crosslinking as required) to
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may be used. Such base polyner is preferred to have

(meth)acrylic polyner as basic skeleton. In this

case, radiation curing type nononer conponenf-EI5329ND (SG)

ol i goner conponent may not be added, and its use is

free. The radiation curing type adhesive shoul d

contain a photopol ynerization 10 initiator when
ultravjolet ray or the |ike. Exanples of

oo b . _
fonﬁ %{ag%%r‘{?r@% af‘h%‘ﬁa'il\‘ﬁliﬂ ira edhesiviedayed enay-tezepapatelyfgrmed on

oA SO AR O ol 5h6 B e
onelf@eh oxiiva6rah ORISR € . Aredaiftid B bR¥Morlma R BO &iihed on the
acetfgg‘genone, 2, 2-di et hoxy acetophenone, 1-hydroxy

surfg¢q pighesdhesivadaypt. ket one, 15
|.t hi,0) - phenyl co- 2- npr phol i nopr opan

2- hyl.-1 - (4-(meth

e- 1,15k S“é?éé%%%&ﬁréd 1 BrroBURontanE ALz Mrmalesiyar substance
ﬁ:ong Eﬂﬁg{ie eﬂt;dg:pgevlgflﬁ@? Qig%llr%pﬁ%lﬂﬁ%ig’n B % 3HBiclE! eromestughelraoint of
vievg threminyber2vemgs m}mp@pm@h&mﬁmﬁéx?% pdlyRRaisiRfetred to be

compounds, benzyl di net hgl ketal ,” of her ket al
300,080 porAtes mope prefabiz 489,00& to 3,000,000, ahd furthde protirstdy 800,000

i c sulfonyl chloride conpounds,
to 3’?p§ﬁ§¢ione- 1, 1- propane 20 di one-2- (O et hoxy carbonyl)

OXi MRe (HAEKHR L ' th
benz o?o henon geS %ﬁ%ﬁi@/{% ngdéﬂnﬁzé‘é?rgﬁ %@f’%{i‘&?ed within a range not
peelBig3tond itmatdrihiede, aad xpeyleand aestdnes t@BOBm, more preferably
benzophenone ¢ ounds, thi oxant hone,
abous 19 g Pk @B@hﬁ’g ﬁmyfezah}ceabﬂut 1B tos@pmhone,
2, 4+di pat vyl 1 hi oxapt hone, . i sapropy! thi.o ne,
2, aTi B AR IBRETe v peibiyed Beeaief B o tes
on thé, thsid iof a@HRERRYtreddth PR el VI ﬁge&meg%@@d BN Gm/min) at
_conpounds, 25 and al so canpher qui‘non€, “ket one
ordingay fedweratarg!(befhmslpier amissionjlen SHS04,pind e pratably @Dl to

10N e content of ?hoto olynmerization initiator is
PE r petespRly0-0d ta 8Nf2Qmmar t s by wei ght in 100

o e B AL
layerpr Fhefrbirial 819hE seéParatdr nudl@ P%ﬁcdr,se(oelg&ggg e, Sloly_[ﬂﬁogylaeﬁe,

protective sheet can be nmanu

polyetriensi terepbthialate, and otheSGmttetic sasirf fibe. oThasdafise of the separator
dryyi ng, (or heating and crosslinking as

may %ﬁ%%{ari{gjre@atgg for imppyEiorpebog peermansedme dieadhesiyedayer
b BB e Bl Yk S it pRSHGH Bt

orne

othertpeelia@eatmBAe " iAR requiRd, REHAES hNa_%,vio@é’t%fanEiﬂYssioﬁ?)‘?e\Jeﬂﬂ

il
or two or nore layers. As required, a separator may be

- treatipeyyt may berapplied tosprevent thegirotedtiveatibeftome réagting by environmental

ultraviolet rays. The thickness of the separator is usually 10 to 200 um, preferably
about 25 to 100 pm.

The following is the explanation of manufacturing method of laser processed
parts by ultraviolet absorption ablation of laser beam using the protective sheet of the
invention. For example, in the case of cutting process, as shown in Fig. 1 and Fig. 3,a
protective sheet 2, a workpiece (or metal workpiece) 1, and an adhesive sheet 3 are

glued together by known means such as roll laminator and press to obtain a laminated
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5 The adhesive layer is preferred to be lowin content
of | ow nol ecul ar substance fromthe viewpoint of
prevention of contam nati on on workpi ece. Fr@apS3EdBND (SG)
poi nt of view, the nunber-average nol ecul ar wei ght of
(meth)acrylic polyner is preferred to be 300,000 or
nore, nore preferably 400,000 to 3,000,000, and
further preferably 800,000 to 3,000,000. 10 The
bodit elaatestivs sheeth workpieck apd ndirsivelsheqty el Isydispekebdrean
.thin apge not . peeling fromthe wyrkpiece, and is
a8 i B eckBisioR SEeep 37 sty e b T maieaiip he
Jane i i | 0
e A S S e
profecgvesheet bynizan ¥ aNER) atdnheaseL&ifission pbéiBoRShvedlalong the
%g833|ve strength (90-degree peel value, peeling spee
spe RiACRISHNS line to £t e avorknigce; e e ndhasive shént Balispobersasithe
0.001_to 0

e 88 ol SRS BB LT B 38T e

- workPRoE BéfBre lhder pRREsshifhy, Eﬁﬁ#ﬂiaff@ﬁixe fr% g@ Prf;‘é?/gx‘rft?dg{ﬂ? t(:)l?: t«%]cg from

processing or "adhesive ayer .
fallingpfieripsar provebsinis angdapheet oploiylatdrpresessabilioy snisedy| £othe
dh ol%lﬁ%th | ene terephthal ate, and other synthetic resin
adhestygsheqld, a geReralpatsralihaxing anpdhesive laperdamingtedpnaease v

; f ' V] ' | ing performance fromthe
matéx‘éﬂz&gas\i%g _ ‘ﬁé@"é@@ﬁaﬁg&;@%ﬁ%ﬁ% silicone treatment,
| on@agdrdeimahduihg k@l iiB08es dalvARb SO, %?@%agg r@éan?ﬁlask image

ot her peeling treatnent. As Ttequired, fur

proagpsinga ahd pler knews s grorespngwetiodve  treat ment may be
[otective sheet fromreacting

‘8‘5" e?ﬂst i ﬁ%\éi%gt%;‘ﬂﬁ%&sa}%tﬂmiawly spreifiad; asdpreasdhe f
| £ 200 ferably 25
protkiRe 12300y eyl OB B LSRR X ey

about

cutting of bdiesive ishept BBit RosteRired 85 Sntid FSRESPHmeP8f dferdYcondition
ul travi ol et absorption abl ation of |aser beam using

for quifingdhe weticcs Isheet of the invention. For exanpl e,

in Irﬁecse f cutting rocess, as shown jn Fig. | and
Fi g "goutyng 6ﬁ%‘f’aél9? (878 %fﬁ%f@fw cag pived By reshicipgthg beam
i ' : hes . I
et SP RERGhe bpit R AL A G M O1 BN TS bl fhe S

precisionss id prefebleditd saishatit @ahddosef heahPH3ARNP( 56 >20dast:

of protective sheet, workpi ece and adhesive sheet,
beanypioxingisgeasi (Giesesd laser herm eepetitipn froquenty () of an

adsor.ption st.age 5 nd a ser beam7 is emtted to

el (15 35 4% S5Hiheats SPOMRIRFIE. Spe rctreire Saask s a workpiece 1
and @S4dnbdid SeePY afePit BGAG Dy Aol A% ' roll laminator and

press to obtain a laminated body 4 of protective sheet, workpiece and adhesive sheet,

which is disposed on an adsorption plate 6 of an adsorption stage 5, and a laser beam 7
is emitted to the laminated body 4 from a specified laser oscillator by focusing and
emitting on the protective sheet 2 by means of a lens, and a hole is formed.

The hole is formed by known laser processing method such as punching by
galvano scan, X-Y stage scan, mask imaging. The laser processing condition may be
determined at the optimum value on the basis of the ablation threshold of workpiece.

To prevent drilling of adhesive sheet 3, it is preferred to control within 2 times of energy
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| causcﬁ;g%%g%ﬁa
- wher JRERABR %ﬁﬁ%@ %ﬁﬁ%\%&tﬁgs &a ix?ﬁle%ﬁﬁésti@erlgger%% ARIRYSss i

protective sheet 2 by neans of a lens, and the | aser
em ssion position is noved along the 5 specified
processing line to cut the workpi ece. The adhesisE9onND (SG)
sheet 3 disposed at the exit side of |aser beam of
t he workpi ece plays the role of supporting and fixing
the workpiece before |aser processing, and plays the
role of preventing the cut piece from falling after
condgionfopdrilting terworkpiede & sheet of | ow | aser
procgssability is, used. As the. a&hesive sheet 3, a .
gene gqmpgggp?f Rrodnstsicay b seatigred end eemoxpd efficientlydtydlowing
as [ s .. particul ar
B S O o g B (R Bt P s gt vano

scarlp ciitig prargss Gfuamicdtdakior WEIBE as SHOMERTiIH, 08@8de of a
Qt her known | aser processi ng nethod. The | aser

senifandBeer Wafee ioadbiersd th en adhesivarshéet &dispbsedspeui ddsexptin
staget 8 Rosbtfie PP a5 Bisitied Ao e g lesdrciem Agsnarmied from

a spetifibd REerscAES N HBustAS8Y eittddlto kR dﬂét%{:ﬂer S { Dby a lens, and
control within 2 tines of energy condition For
the lagartermigpiantmmsitionkipireved dlong e spedifibdgrosdssidgdiiesso that it is cut
& (section groqgve) can be narrowed by reducing the beam
off., 'iéﬁi‘étbé?md’ﬁo‘%%%mﬁgnalﬁﬂ@s g#lvapg sean, Ke¥siagp acan magh eage

. ectiaon end I €Ci.Si it is preferrged
prodeluifif A6t HEoAPRlL BRokBiine Befitis Thvlaicr nritgefe Sifditon
is ndtlpagRilazl davi . i
s AUPASELIEY oam IO, QOPRHeATE S6E14 hSEfc AT e
can becwlofiwonipetelygwhile the adhestiecthbats is hewtut 3ff, a wor kpi ece

1, .and, an adhesive sheet 3 are gl ued together by .
ot e SHE REgposs o sicandstprwer. afier ok inta idividual

' ' 4 of [ h
sem{eoh el Snipd O BE AR RonfoB R FhE o Be BieEES b and polgsted
by kactsn i i :
y fettiods shadsehdmethodidf @%ﬁﬁfgﬁ%é@ﬁlasﬁnfg%}folém%gﬂ%aged

| aser beam 7 25 is emtted to nat ed bod
needig byq gonsigatiorfal dig Hoaderorahr dbvitgor bynetloeldiselgsed in Japanese
emtt n r ctive sheet 2 by nmeans of a |ens,
Laidgp n%ﬁﬂ?&"i@&&ﬁ%@f The hole is formed by known
| asgrnp | hj.nn : L van
ot e i L T T R R
laserprowesisg,nig: grordiivé shitenNRs feeled QB RIR HHRAHseR Tprd d28se@altniom
val ue on the basis of the ablation threshold of
The pgefipg method ignotsrtewarknspedified| tiun if ioimmutaas hvtdo applgtstdss to

eferred to control wthin 2 tinmes of energy 33
Q4 gSer BivaFIPS Rt &0 BtHe R 08 DEH o HOB FETEDLE,

efficrentl
lowered by curing the adhesive layer by radiation irradiation depending on the type of

-adhesive agent. By irradiation with radiation, the adhesiveness of the adhesive layer is

lowered by curing, and it is easier to peel off. Irradiation means of radiation is not
particularly specified, and, for example, ultraviolet radiation may be used.

In the manufacturing method of laser processed parts of the first aspect of the
invention, by using the protective sheet, decomposition products generated from the

laser beam exposed part stick to the surface of the protective sheet which covers the

- workpiece, sticking of decomposition products to the surface of the workpiece can be
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gas of helium nitrogen or oxygen to the |aser
processing unit. In cutting process of sem conductor
wafer, as shown in Fig. 4, one side of a 5 p-pg53298D(56G)
sem conductor wafer 8 is adhered to an adhesive sheet
3 di sposed on an adsorption stage 5, a protective
sheet 2 is disposed at other side, and a | aser beam 7
generated from a specified |laser oscillator is

cffqchrels prevantad.e nBesidas, whet hengihetpeatbitive shéee éira@iniie fser

osition is _noved al ong

| . and he | i i
enepy IR otligteneytRidess dign 10 6T el trmamissvity &n thadascupaam
i . . | I -Y
absORBBH QAT ML ROG AR 1 BRI 6P uR TR Bhe? Efler ot

stage scan,
workpizee, and afteshé hger®iah0skpodddgratiaT e RHREEFSIHS! is eroded, the
e

ondition 1is not particularly specified as far as th
workpiseiitthe lowen daver i capdds e diccandihgty, the deabrapositiorcprodioss of

the Sfhofiep sCRRP o o 5o podionst tcapBotnaess and

. cont&ﬁfiﬁe[tion af Eh@rillt%ﬁ%é (afg]lé Eltg?neci(t:ig% %ééf%@l vg?” f@cg &L ggu%f)ressed.

chips, the individ S can
pi chetheuparanfictairlg raethed of lhberlpyodesRWiarte bhie sedondAs@et of

th it he met hod of picking ;ﬁ by using a poking pin called
¢ Eeioa. Byusing theweetertbieshestios whinhciehing rate dihaselmateria] is 0.4

or e, RO CBE! iR R P 10 e REREE e Ferbibb el Fat e
worbpieReafbddtep e [asPbed @xpaNie g%iﬂt 8hh, i‘)‘}$t@étivelsﬁ§&ri ufFlciently
processing, the protective Sheet 25 pesled ot Trom

etcheds dhd wekpicpe trths dewerlaydr isl@iched0 HEeeondarily, fg: dBbROsiiion
it is inportant not to

i cul ar | ified b

prodils of feotoskerSec Sonfi isigipifeienil fiom thopichingarortion o the
ti f l i . F l e,

e R T g e

worlgpidve shiy Be hipypedssed he adhesi veness is | owered by curing
t he adhesive layer by radiation irradiati on dependi ng

on Inrthe mppefacturing dimtisidsef lage ptoceddyd partssti thé i (of fourth)
rac%i at.ion,. thl()e aghesi veness of the adhesive |ayer is
aspect:O1 thi inyenfiion, by uing e Papigctivie sheet @A uihigh extinption casfficient
ioh Al .ation is_not rticul arl
rtio L B4 B O AP Sk ARALY Bl PRt oo B Sl vy
coeffident aealtraviole P@ld@ﬁuﬁé&{fgﬂ{ AR08 O nflre)] A% Fhrotective sheet is
rocessed parts of the first aspect of the 'Invention,

S .
morefikelystorbg etdhed haotthe workpiete et metdbmaterial)j dridarftep thedast beam
nerated from.th | aser. beam exposed part stick to
e"p"?eﬁié’a&ﬂf O%F“Y%gieﬁ‘r iseudicicpdy sirbed, thihwerkpiesgdn thetlpwer
layer39et¥dK PIARSErdidil, G S LORHCES S
e o P A Brcii I B Big Y68 B S of iRty
outsiéd éfficicitteirgnphe eRhirghorBassAns Fro‘fé%ﬁ'i}e Yilef Gmb RBntamination at
.praotective sheet large in the laser
the interface of the protective sheet and workpiece can be suppressed.

In the manufacturing method of laser processed parts of the fifth aspect of the
invention, by using the protective sheet of which density ratio is 1 or more, the
protective sheet is more likely to be etched than the workpiece, and after the laser beam
exposed part of the protective sheet is sufficiently etched, the workpiece in the lower
layer is etched. In the manufacturing method of laser processed parts of the sixth

aspect of the invention, by using the protective sheet having a base material of which .
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energy utilization efficiency of |less than 50% of
light transm ssivity in the | aser beam absorption
‘region, the protective sheet is eroded by the-HoE32BND (56G)
beam earlier than the workpiece, and after the | aser
beam exposed part of the protective sheet is eroded,
the 5 workpiece in the |ower |ayer is eroded.
Accordin |¥' t he deconposition products of the

dengiby isgi bg/ems enmots; theutretiediéve shoen it nmrelikdp th teastetied theof the

d h
metp o Fll VAT 1 s bet |e§s§s§%§%"o§ﬁ%'p?éw%péh%t ban be
sufffiRRRIGRY; the H'Le&b?na@ﬁy Pt 11'5 ﬁﬁé“&&eﬁf W3s§ otdingly, the

procéssed parts o e secon
decompexitioroprodinys ofthe otliteder(Bicas Eﬂa‘{éi‘m?rs@ﬁ{er @ﬁtsiﬁf@ lefiitiently
etching rate of base material is nore, thé

- from theetehing porg e of the pratedtivepheas, dndl contaminhtion at e 1111ta15fam of

T T
suf fij ﬂie@ﬁéﬂuYacnﬁF%flﬁ&Pod B4 &de@&ﬁ s bftfie § é%@ PXgPth)

is etched. Acco ecorrpo | on
aspechef the ilvpitiars by asing dte prute%tldeshéélf (bﬂwlﬁéﬁ ieﬁmfef s@ﬂéhéth @atio is 1

et c{w R? gé)ftl on of the protective sheet, and
or mOgH:k0x R GieRtive shest of which ﬁ@rsrlﬁ sleengsl ist 198 MPmremoue)A dhsheet

prot@fve el i BN IBRe Sfenfe B e Boieldatofrace rptesialy anc
aftertthé leler(B¥aml &Xpbded)part@d$ E?ecﬂro%t:tﬂf@ﬁlebﬂs ¥ RBiy ?t%héﬂs ko

t he protective sheet of which extinction coe I crent

‘ workm@cjegn ke lpwer laymnsaet(:btrd praxdcordingle, thé dedontpayitiog prodaas of

coefficient at

erial of whi Xtinction
the W‘Pf PIRGT Heder %ﬁ‘?%‘?fﬁwsvw ﬁﬁm the xtqhﬁlgz@rteqan the prtactiye sheet,
b t d
wnd SREARSEE MR f e BRIRE LS i AR

suppreas&l. beam exposed part of the protective sheet is
suff|C|entI etched, the workpiece in the |ower |ayer

by the man twoing imegfiog, oftlwer pecesspdpirtd ahhepiatuspeact of the
tside effici ently fromthe

el 53 8l ol 4 s

At r t rotec
o O 0 5 B e e
bemmpoﬁabpamromge pfaterweb el ssﬁmcmnagms&i tH@%ﬁ(pigce i ehe
fifth aogect of the invention, by using the

loweb}aa{:@g efohed. s h@@prcbnglym_hc He@aqmstty)mpmdlmts of the workpizce,
scatton s RhFEtly Fafdbs siebine PREtonfshe Motsstivestoss sor p;Pta "
contd?ﬁmﬁt'ﬂﬁl Ry ﬁfe‘ﬂ%ﬁf@?ﬁﬂg ?fot%:&w% W dds %h(f whg%ne% & eﬁ% suppressed

kpiece int ayer 1s e

nariuﬂmmmuth@umg hetho@lof ﬂa%&%ro@éﬁé‘daﬁ‘ﬁ@%fﬁiﬂtbﬁth @br &18€enth)
si xth 30 aspect of the invention, by using
aSPe‘-'[B pbthednyspsionhyaisingthe pg)t@ctltyasbeemaf whlchlreﬁnéctmb mﬂ&x 3o is 1

or more %c?rSp%ot%cl\{D‘(e s%)eet having a base material of which refractive index at
wavelength 546 nm is 1.53 or more), the protective sheet is more likely to be etched
than the workpiece, and afier the laser beam exposed part of the protective sheet is -
sufficiently etched, the workpiece in the lower layer is etched. Accordingly, the
decomposition producis of the workpiece scatter outside efficiently from the etching

portion of the protective sheet, and contamination at the interface of the protective sheet
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density is 1.1 g/cnB or nore, the protective sheet is

nore likely to be etched than the netal material, and

after the | aser beam exposed part of the proF-ex5328ND (SG)

sheet is sufficiently etched, the netal material in

the I ower |ayer is etched. Accordingly, the

deconposition products of the workpiece (netal

materjal) scatter outside efficiently 5 fromthe
ande‘f’@ﬁpﬁﬁef)@rhqsé‘ﬁpféﬁ‘se@-he protective sheet, and

contyam ' . the.interface of the tectj.ye

shoer et ing SinolloFfusferaessnd pati RF e Fetrh (or
thirespi) eseerchs thdinbORioNBRhAES er@&e&%!’éﬁﬂet 9;' whi*885tal coupling

processed parts of the seventh (or ei ghth aspect 3‘fp

energygatiqisdessithan 1 @y puséatiye sheet pavihg @ biseanstbiga tof efhicktorah -
or nore (or protective

. t il t ti i 1
coubfiS ety A o0 than 10 190 the Proteeive Spahisanaas Hiveldy be

Al [ re likely t et ched
e Sl AR 3o PR L ol B e
is suffisientlperhade YROFREPIBE h tAE 10vR 18ePlsREdhb e RHQRLInER;, the
sufficiently etched, the workpi'ece in the |ower Tayer

decompesitionaodisiscasithe watkpject keattde outsido sfiiciantly fromd theteschirig
outsjde effjcjently fromthe

he rkpi ece scatte .
por oA BsFEToeeh et somiireinaton iha st offhaprotesive shee
and GRREAGeEh b0 Judtestdle | Nterface of the protective sheet

and ‘wor kpi ece can bé 15 suppressed. In the

man Therefare,i aegortizig he theQharhlisdtiirin 106®5&L6F tRtinlvent@dn, t he

ni nth aspect of the_ _invention, by using the
decogprasision;pyedustidistnop stickitp dhe tmfice pf thp protéditive sbeet andit i 0

' than 1 the protective sheet is nore |jkel )
workgleqsditen it Bbsde autf ol FRIBE PEOCSSIRE aif VerkPiefip theiofective
heeb&abE | | :
shoc SR AP BRI 55k Self ARERLL S ind o g
precisipperf wakgibohad be Aboenbamgly, t he deconposition

products of the workpiece scatter outside efficiently
fromthe etching portion of the protective sheet, and

contami nation at the i r.f of the protective sheet
and wor kpi ece can be sﬁgg’r“ég@éﬁ In the manufacturing
et Beéhlhry ARRInKRCHRE thvRafib ark’

%?Iyl veRfibSard degcgig?/ye% gék&gict&ﬂg below, but

el event aspect of the i1nvention,

- it myst be eeted thet thkémtentibn ishioc Hmitel bachdsy embodigentsalome. i S 1

25 or nore (or protective sheet having a base materi al
of which refractive index at wavel ength 546 nmis 1.53

. r . tective sheet is nore likely to be
(Fusfé{usgﬁ@(ﬁ}l}%lggﬁ}ﬁﬁﬁ wor kpi ece, and after the |aser beam
[Messuiparatofambebydii AbREGAGE W¥ghgheet is sufficiently

etched, the workpiece in the F'ower |ayer is etched.

Ac cliSvmibereaivgrage nmlecte owrjgis of bpnhgsized (ebkh)Riylidi®lymer was
WOr kEi ecfg scatter outside efficiently fromthe etching
measyepd {8 s iGHowinghed otkise disyalviss des synthesizedtmethiaaatiicon
polyrtr ihR8r AR{ (N%,ethg Bu}n%gr—g&e?&g%cr}ltl)l\égula?rhv?&tghts\gas calculated by
polystyrene conversion by using GPC (gel permeation chromatography). The
measuring condition is as follows.
GPC apparatus: HLC-8210GPC of Tosoh corporation
Column: (GMHHR-H) + (GMHHR-H) + (G2000HHR) of Tosch corporation

Flow rate: 0.8 ml/min
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F- PO5329ND( SG and wor kpi ece can be suppressed. In the
manuf acturi ng nethod of | aser processed parts of the
twelfth (or thirteenth) aspect of the invenF+BI532B%D (SG)
using the protective sheet of which total coupling
energy ratio is less than 1 (or protective sheet

havi ng a base material of which total 5 coupling

energy Ais less than 800 kJ/nol), the protective
shedvoncsntpatioa: | Pdewvi)ot o be etched than the workpi ece,

and .after t | gser beam exposed part of the
pr'otlgkefg% gﬁgéﬁ is sufficiently etched, the
wor K188 iddipdriterd: OWesC! ayer is etched. Accordingly,
the deconposition products of the workpiece scatter
out dildsteref THEi ently fromthe etching portion of the

%Eot ective sheet, and contam nation at the interface
[Megpurementpf dighetransmissiide] 10 and wor kpi ece can be

ot ROSEREpese RRRRY B oSN hefitalorb P % bt o
tranBi@fssivith Was ikabded hrWwaveleagm s di by Bgigg g%g@ﬁ}gza?ggﬁau@n d

wor kpi ece (| aser processed part),” an
U*%@Q)Ggwmﬂgtddf lbe ppitetivs shdeewps nkeaeuiréd/fomhheisdhesive byer
easily peeled off fromthe | aser processed parts, and
the | aser processing 15 precision of workpiece can be
al so enhanced. EXAMPLES Exenplary enbodi nents of the
i nvention are described specifically below, but it
musExb@plkadt ed that the invention is not limted by
t hese enbodi nents al one. 20 (First aspect of the

i nv&nta sy nakasiab (thiekeass: 29Fpmylighe tramsreissigity aolaeldngth 355
o b R B A Tl P R
unit 64 vh’@)@b, e vﬁﬂ&@%ﬁ%&‘ﬁ@‘%%%dﬁ?ﬁé@%oﬂ%o@n&l ;%% g%@feﬁ,yéﬂdc dr%ﬁ to

pol ymer

side

fornnanl ithebiag layer @Hitkowes 1€ g WndlagFofeWtive PedShae fned. The

conversjion by using GPC (gel perneation

lightdransmissiyify b i3 protstive shegbaimvavgleogthci S5immm wias 0%s

cor O By AR R DALY nA90gRHE by
weight ol R2Al Lol RO GHirlubiber-3Erigde MoleAlS: w&gﬁt S8 408 dd0Dbtained by
copolymerization of butyl acrylate, ethyl acrylate, 2-hydroxy ethyl acrylate, and acrylic
acid at ratio by weight of 60/40/4/1, 90 parts by weight of dipenta erythritol
monohydroxy penta acrylate as photopolymerizable compound, and 5 parts by weight
of benzyl dimethyl ketal (Irgacure 651) as photopolymerization initiator were added
together with 650 parts by weight of toluene, and the mixture was uniformly dissolved
and stirred, and the acrylic adhesive solution (1) was prepared.

On one side of silicon wafer of 100 pum in thickness, the manufactured

protective sheet was adhered by a roll laminator, and a silicon wafer with protective

sheet was fabricated. On an XY stage mounting an adsorption plate of glass epoxy

resin, the silicon wafer with protective sheet was placed with the protective sheet upside.

Using YAG laser of wavelength 355 nm, average output 5 W and repetition frequency
30 kHz, third harmonic wave (355 nm) was focused on the surface of silicon wafer with
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F- PO5329ND( SG) Concentration: 0.1 wt% Injection: 100

| Columm tenperature: 40C Eluate: THE 5 [ Measurenent

of light transm ssivity] Cutting base materi gp@gEboND(SG)

protective sheet into proper size, the |ight

transm ssivity was neasured at wavel engt h 355 nm by

usi ng neasuring apparatus U 3400 (Hitachi,Ltd.). The

protective sheet was neasured fromthe adhesive |ayer
proficiiee shket Badipmetet of 6 pmiby B lerat and thb sifive okas 8&simedBy laser

| |ight .t i Ssivity at | engt h 355 QY
becifl g e SHLR/FRc Y Saliae FRERBFTeaRANRYRE offat b s e,

ar . g , s Ct S BA WL _

cuf OB bR el R ol wllNobpfh e gt off e

protaofite stidet, dnchroteciel dhoetlBuih @ burrar oRdReHA WA the laser beam
(thickness 10 m, and a protective sheet was obtai ned.

inciflget side) gtes obseaveshpasiculartyyindiie labirororesting tiew.cand deempmisition
el engt.h, 355 nmwas Q% The acrylic adhesive
pmg%\{ﬂd%gﬁm{gﬂwﬂwtﬁ}g%bﬁged as follows. In 100 parts by
wei @Bmﬂra@&éﬂiﬂn%l@&' ynmer of nunber-average nol ecul ar
wei ght ‘of 800, 000 obtained by copolymerization of
- but yTheailigonavafer waspytbcedsdybydhser irtha e yanaértglin Example 1,

ac%ate, and acrylic 20 acid at ratio by weight of
exceps A prgtectivgshepd as nph glugs tgtene sidedif Haansiticosrwafbn i (Wlhen the

s S bR b P S e PR R e sfnine of

dhabdlud f @agsHm fe i lgalikdn initiator
muvver e 1zlsldded to%et hé%pﬁt%%%%%%fégéﬁmgﬁght of

tol uene, and the mixture was uniformy dissolved and
acrylic adhesive solution (1) was

ti d, th
;rg%?eéal?ca‘l’g%‘a@iﬁ%he side of silicon wafer of 100 min
t hi f d tecti heet
adhat S§ifion vl L AEMINE 1o BE B B bank mBnsras B Exerple 1
excapt tHaepdlyviRryl S10613] sH@s (tﬁﬁﬁﬁés&eg(ﬁﬂn %t%ngﬁisﬁ{'ﬁﬂgt wavelength

mount1 ng an adsorption plate of gl ass epoxy resin,
355 nme 84404 )cwas wsed es bast ntatqrinboBmbiectivebivet. Wasa rhalt ele
Usi ng YAG | aser of

wi.th th rotecti get upsi de. . )
Protgehiyg |Sé‘?f-‘gt S%BC%HE S&g‘h@@&& agithe silisonwales i the dewerilayer was

£ _ N rd harnoni c_way 5.Nm _was
proch S L ke A Bl At B AL TR R e WY B
between the protective sheet and silicon wafer. - By peeling off the protective sheet, the
opening area of the laser beam incident side of the silicon wafer was observed, and

sticking of residue of scattering decomposition products of silicon wafer was

recognized.

Example 2
. On a base material (thickness: 13 pm, light transmissivity at wavelength 355

nm: 0%) made of polyimide (weight ratio of aromatic ring in repetition unit: 64 wi%),

' ultrayiolet curable acrylic adhesive solution (2) was applied, and dried to form an

adhesive layer (thickness 10 im), and a protective sheet was obtained. The light
transmissivity of this protective sheet at wavelength 355 nm was 0%,

The acrylic adhesive solution (2) was prepared as follows. In 100 parts by
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38 F-P05329ND(SG) protective sheet in a dianeter of 25

m by fg lens, and the surface was scanned by | aser

beam at a speed of 20 nm sec by gal vano scanReFQ5>34%dD (5G)

was cut off. At this time, cutting of protective

sheet and silicon wafer was confirnmed. After peeling

off the protective sheet, the protective sheet gl uing
(the | aser beam

We&ﬂ{éfacelof he silicon wafer ) 5 .

Enet deht lcﬁ"ﬁPES‘e JugherarERRegarlesWan weight 9f §09,0€0 phigiaed by
C ’ hal H _

e A o acklte A B 0 2 R e agmiptt o

- by Whightsofl 5065011 6yepartads wel e Gﬁwﬁérj'léﬁﬁxgiétg%/ﬂiﬁﬁ:yﬁ@ﬁ@was

d\r%gnner as jn Exanple 1, except that pro i ve sheet
addgd to rqa¢t. id eerrbon-sarborsiaiblobondhuassintrodmad b the.sidéfvhnin in
[ of .t he, | aser, beam.i nci dent_ si_de of the

the pBSmel ol EEIR il e, S0 Chly R orms OB, o1 80 PariDy

ight oFeE hekA dothd : ni .
T bE i, LREORPRieh! boBiOS e, WS BRI T opgpate
L) and Separts by twrdgls aiffelphm-hpdiox g ketone Exgentee] 84) as 15 except
f { hat)(gf%%lgéw nyl . al cohol sheet (thickness: 50 m l'i ght
paoopy QR ¥tialer Were added gegethes SBtndA0 muts bygweighs ofiodatne,

' f.protectjive shee As resujt, the

and &% B e IR Sl Bl G RERDE i 6l & e 2P bk golutign
(2) wad pregiredyaf er in the |lower |ayer was processed by

| aser, and foans including deconposition product

r es Oaupetveelagenymhetraie fnimirpet supper laber (NS 26 il hRkabRh a
Ian@ ?ll |0[cf§|g wafer. By peeling off the protect ive )
Polylpdadtim f 25 4m g liigkngssad giscudt washiorned by exnosingi devichbping,

' il s, Qbserve and ticking
and 8ichifg Brockl? afld biEEMITL AR SRS R ERenRdN IR o
mansfattueaiflandlble pringd bobl j i
_m:t eri al (thipcrzlknesg X %ag?n&sﬁvé E?ﬁ{?gtﬁsgﬁ%egg?%%ﬂ%es bgt% 1611
lamiaion padh g flexbioprinted besd withgeotodtiveahyétvidendioticghéd.

ratjo of,aromatic ring in repetition unit: 64 w%_, |
ol t PR Lags malipting sspnic adapelPy latopt lwsina, thy Taible

i i P Y. i
T i
third Japmanic waxe (135 nom) W2 foassed p desueficant flaliblosintcbodilwith
protegf:i‘\rret sshegly in?égdiameter of 25 pm by 18 lens, and the surface was scanned by laser
beam at a speed of 20 mm/sec by galvano scanner, and was cut off, At this time,

cutting of protective sheet and flexible printed board was confirmed. After peeling off

 the protective sheet, the protective sheet gluing surface of the flexible printed board (the

laser beam incident side) was observed particularly in the laser processing area, and

decomposition products (deposits) were not observed.

Example 3

The flexible printed board was processed by laser in the same manner as in
Example 2, except that polyethylene terephthalate film (ratio by weight of aromatic ring
in repetition unit: 41 wt%, thickness: 50 pm, light transmissivitf at wavelength 355 nm:
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F- PO5329ND( SG wei ght of acrylic pol yner of

nunber - aver age nol ecul ar wei ght of 500, 000 obt ai ned by
copol yneri zation of butyl acrylate, ethyl acFyPGR3EoND(SG)
and 2-hydroxy ethyl acrylate at ratio by weight of

50/ 50/ 16, 20 parts by weight of 2-nethacryl oyl

oxyet hyl isocyanate was added to react, and a

4+ SR AT SO BROUR BONGAES 00 OV T 80 51 e

chain In
sheed 216 flekiddprirRed Boadd WAE chOSled, ! %tﬂ%ggeegiﬂé b Ry K}r ‘rf]%ktigggheet,

of this polynmer, 1 part by weig ofyl soc 2
the praseesive sliieh gluingesatfa¢eCof the Aleribld Prinsitbodrd@kid Bisddbexiigident
sidef al pha- hydr 0x etone (lrgacure 184) as .

3&"&? 88 fyciarlyinithg laserimspcessing argaldad deoyendsisiomireducts
de ' Lght of toluene, and the m xture was
( %E??)gfér 3013?{)5%%#%% and stirred, and the acrylic

adhesive solution 10 (2) was prepared. On a two-| ayer

substrate form ng a copper layer of 18 min thickness
on &xagpled mide filmof 25 gmin thickness, a circuit

or o DL OB Pt s Bracsseh b e fesame manr s in

Exafipltl, 8¢dedt #dt pol G HRAW £ ri'é@(gb{ lg%fébﬁéfargr L $g$ Fnoarlg

and protective TiTmwere glu _
repetition wait: &, wttk) dhiskdds€00018, WsHt Rh8GhifeRkFatWdvBlenath 355 nm:
proteciive sheet was manufactured.. O1 an XY stage

0%) Y515 Hfffqt-r'bf basematgripkofaugisrtiv dwetpl dtse refulabuttingiaf potetive
sheel{o %Lrgfé%%ﬂ%e Pﬁﬁ{eﬁ i}gd Idgv?agzct%pgg}lh gr ¥ %E’tgaé% osﬁ?gqgtmom‘gggj;@ sheet,
th . . 5 d. .

e pré8ive@hedd@NBhE Gl 3P e HBxiY ?%u?t?rg bﬁé‘#l Kt%ﬂ% ilage{\llé%gn J(ngléignt

. repetition frequency 30 kHz,
side)wis abaervédpartiedariy it the lsser pracesil afdaeiiddeRoRIbati6H products
d boaﬁd Wit h EO protective sheet in a dianmeter of 25 m
(depeyyis} Werediol 0bsgrvedt he surface was scanned by |aser beam
at- a speed of 20 mm sec by gal vano scanner, and was
cut off. At this tinme, cutting of protective sheet
‘ancEddngié Bl e printed board was confirmed. After
peeling off the protective sheet, the protective

s hefbasginateripl Surirateetief shicbewis xiTi@uRE b FeichiReakReet by

c ﬁrigtdhe I I aset{ ,be(ﬂgn i nci dent sjide) was observed
aSUEg PO AL HneHbY fepqlynenization of 4-anatlyl al-pentyrerahd25

1,4-bfig8¢ 1{:+0 cts, (deposi.t wer e no%wobse ved,

B2 TERER R S0HE) BiOTRESY bbalts ket orasssd 99p

| ase fleRibdBriNBTBoATRAR Hréttsd ?&@FHJ gt

pol yet hyl engn?er epht hal gljtre ?éiepr‘%? rati oﬁ%%@éﬁ#&gf%’%
Exam@h;%pccept that the aBOvé manefaetuidd WaSe tltekial Gdtio®Paveight of

thickness: 50 m || ght transm ssivity at wavel ength
aromaficcring in rgpetition unit: 2.4 wi%, thickness: 10 pm, light transmissivity at
wavelength 355 nm: 5%) was used as base material of protective sheet. As a result,
cutting of protective sheet and flexible printed board was confirmed. After peeling off
the protective sheet, the protective sheet gluing surface of the flexible printed board (the
laser beam incident side) was observed particularly in the laser processing area, and

decomposition products (deposits) were not observed.

(Second aspect of the invention)
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F- PO5329ND( SG 44.9% was used as base material of
protective sheet. As a result, cutting of protective
sheet and flexible printed board was confir nEdP0RIRID (SG)
peeling off the protective sheet, the protective

sheet gluing surface of the flexible printed board

(the laser beamincident side) was observed

. ' ly.n the | essi , d

IMERcHL B nobpbeR abiles SfeuBEBSIER) ver e not obser ved.
Ex 15 j L Nt d db
aoenciufedithe e Mafnd bl I 0 GRR A Bl HRERRET”, o

[Mgasiseownbafienthéngd fakeh (rati o by wei ght of aromatic ring

in 1@ ,regvetiti on unit: 61 w% thickness: 20 m i ght
t r an'sTHE 1 laser shapgd\intodepfiah b3SE (marimutuipwtss Wsegetition

nak of praotective sheet. As a result, .
ﬁe‘@%ﬁﬁ %%‘ﬂ%%% %‘FS?“@E“BP% Wayf £330 99185395 by 3P ilens.cand emitted
to thobdse mBEiat Qi i L 8 [QtegLive

sheet, the pﬁg?i}ﬁ%\y@ﬁ%ﬁ%??@}]ﬁl ng seﬁrspgrg%lgeos?' t‘ﬁger
eXppilasithe depglr (Lmt)eat dooavecdfofthétbin! the Bdse BRddHl ek fRAtureSbsle)
t'V\ng observed Eart cularly in the |aser ocessi ng
OPUGR JUICTOSE0PC o L BRHBS isaﬁﬁqynlﬁ salgelatsd 1u31e(fq§mm@tfex)nuder e
er le, 5 A base terjal for protective
Etclgﬁ%%&é%gf &ngfﬁlj%g@tr@@ép%e ’F‘B?]?ﬁrgéﬂﬁfjsiheet by casting
a pdhyerergpBhaiceed YAG ' i ; ;
. A- et hyl -:glj-apentyne and%ﬁ%ﬁg{%ﬁ; ?Q}eol\ﬁ{flg}l%ﬁa_?bslcﬁc)ulated
in therfpleyying eyl formyth} etobingispecdandrentrigd fynotei Fhthing rate =
etc 97/ 3. Trr}? fléxi ble printed bpard was processed by
hing sppeq (hmy rdsesnergnilpgnice gHom . Exanpl e 2, except that
t he above manufactured base material (ratio by weight
of aromatic ring in repetition unit: 2.4 w%
thi Ekaegls:l] 10 m |ight transmssivity at wavel ength
355 nm 5% was used as base material of protective
she®.a bagamptssial mad@st mulyyyran: @iickress: Q0 in cetehing taté 0HS),
board was confirned. After peelin

n.a tasein

ltrallofet ofeBieRions il SRV owion (uas e andarishdetore o ng
i inted.b d ((th | b

adheSHe 1P Rl 10 LD, s B TEHIAE dtdiRed. po®] oo

I NCl den

pr oTlesairyly athesive sulatiol@) &P BRbhied RAMCT
,Lde 0sits) were not oblgggved.gﬁgoe( %Séémolnd asgrécl:(t)og?rtst?,e
weight Aty

ligipplymer of poBBeoARERE)m|latdes wwaiglerf 800,000 obtained by
- I I | ght
COpOWI%EItI(%IVOGfr b%%ﬁ aggfla g,uetl%gl a\é\%&a%e, 2]~hydroxy ethyl acrylate, and acrylic

acid at ratio by weight of 60/40/4/1, 90 parts by weight of dipenta erythritol

monohydroxy penta acrylate as photopolymerizable compound, and 5 parts by weight
of benzy! dimethyl ketal (Irgacure 651) as photopolymerization initiator were added
together with 650 parts by weight of toluene, and the mixture was uniformly dissolved
and stirred, and the acrylic adhesive solution (1) was prepared.

On one side of silicon wafer of 100 um in thickness, the manufactured

- protective sheet was adhered by a roll laminator, and a silicon wafer with protective

sheet was fabricated. On an XY stage mounting an adsorption plate of glass epoxy

- resin, the silicon wafer with protective sheet was placed with the protective sheet upside.

Using YAG laser of wavelength 355 nm, average output 5 W and repetition frequency
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Measured in the same manner as in the first aspect of
the invention. [Measurenent of etching rate] Using

YAG | aser shaped into tophat beam (nmaxi mum ofit PUAS2ZHNP(SG)
repetition 5 frequency 30 kHz), third harnonic wave

(355 nm was focused by 10 lens, and emtted to the
base material surface in the condition of pul se nunber

(pukses). . After xposure, the depth (m) of. groove

30 R B i tlonis W05 i Rraset bl rudim pt Suist pafer wit

aan j I.S culated in the
P e O ot i 35 i B 6 s e MBS St oy loser
beamatsaperdndf@0 nigpises b alvath Soaned@HiGVasidutiSMC e APThisi,

A asefr was 5 (J/cnR). The etching rate is cal cul ated
cutting qipEoteetive shpdt gnd siligon wafes was confiratedni Adtes pesding afftthe

I ce. Etching,rate = eftchipng speed

proffificibec HE Decsl-Aherd bk Srfe 5t Snlften Bkt (e ssponbeam
incid&g eidePivas oervea l; ' ' iti

o i or 58 D R Y BIMARE Brob b8 Sag tkoMposiion
produstsddénosits)ovare noroliséyvedas applied, and dried to form

an adhesive layer (thickness 10 m), and a protective

sheet was obtained. The acrylic adhesive solution (1)

was E@Qﬁa&' [ ows. In 100 parts by weight of
dal po]lgggfimg ]

acryl nunber - aver age nol ecul ar wei ght of

800 TBOBiliods ahfeevab YrocdGed 89 Ys¥ B the &l
acryl ate, ethyl gc?ilcl'cat g, g hyﬁ&i%ﬁ&ﬁ%@%%@@pb L
excephthatprotgctive sheel wasaot ghteiddo bye sidé ghthe oflic60ivbir4/ Whefhe

arts b i ght of dipenta erythritol nonohydroxy
Pr°c§%9mg£f%%?‘$ﬁ%\&€ef&%e%?@%|Sﬂ%afiﬂzea%h@nc\@mwnwbsamd,s
stickdgd $Smidsh 186! lpethyl .ketal (lrgacure
k%%) as pﬁ%%?%%%ﬁ ngrr{é?lﬁl a |%nﬁs P lﬁf’é‘#&?ﬂgﬁ%‘(‘%ﬂ%@aﬂ :
together with 650 parts by weight of toluene, and the
m xture was uniformy dissolved 25 and stirred, and

t heCampgiative Begreple e sol uti on (1) was prepared. On one

si de, of...sili cfon waf er of égo m_in thickness, the
rantE S mRteas Rropessed Bnlsesr inghs ssmednennengs ia xemple 1,

B . r weth protective, sheet

cxcep Ok TR RIS HhAG00: SFLEL o Rbind DS o5 b6

matepibifgratbetileahocte PAX Y redulis the prétBeiveishb@ WhsWaE 8t off, bl the
protective sheet was placed with the protective sheet

silicqRyugfgren thplopst yerKes prasessedby lssareirehiphins B5Suding
oo R b HSTSE0E A o
wafe¥a By REUSLHTIRE pAkcA SREE t}%fop%hjn'g%?& NS Tas¥ telim incident

- side of the silicon wafer was observed, and sticking of much residue of decomposition

products of silicon wafer was recognized.

Comparative Example 3

The silicon wafer was processed by laser in the same manner as in Example 1,
except that polyurethane sheet (thickness: 50 um, etching rate: 0.26) was used as base
material of protective sheet. As a result, the protective sheet was not cut off, and the
silicon wafer in the lower layer was processed by laser, and foams including

decomposition product residue were generated between the protective sheet and silicon
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protective sheet in a dianeter of 25 mby f8 |l ens, and
the surface was scanned by | aser beam at a speed of

20 nm sec by gal vano scanner, and was cut of F-P0329MDg SG)
time, cutting of protective sheet and silicon wafer

was confirnmed. After peeling off the protective

sheet, the protective sheet gluing surface of the

fer tgt he | gser, beam i ncident side) was
wafls I3 Bertfhia o ths Peitqchive phoeh dhe opsimgpresleht mkeribeam incident

SRS A B3] i

prodeds pf siiesswesfebiyad R6&nided. t he sane manner as in
Exanple 1, except that protective sheet was not gl ued

to one side of the silicon wafer. Wen the processi ng

areanf thg | aser beamincident side of the silicon
waf er  Weas” bser ved, sticking of much resi due of

3calos bG AREATRPSH LA BRACHEeS0 Lo RARLE S 16 20,

| Conpar at1 ve Exa

ultrimiolet@eable acrytie adi&ﬁi&e Sl (as;vasrapmcﬁdﬂed to FHTE A
that poI et hyI ene sheet (thickness: et chi ng
adhesivelayer( i) and g protexdive shet mﬁ obnambé.ct ive

SIS I T
weight Of 8&5RE %)Wrdeﬁ§f3ﬂuml§:9%/éﬁ oldailat'lle éJ?SO(g 09, obtained by

deconposi ti on product residue were ge

comlkv@epzaﬁme@tf buly] adrglate, athgl &irylaepmmd Majdoxy anyp@eﬂat@qu ratio
b of.f, t rt]ggg%ot ective sheet, the opening area of the
y Weight o 16020 pratitby vqiglet of-mpibagryloytoryetinl socymste was

o8 SEAE o 005 o AR Sl s chin i

the podyd@nhalecule &k 69 ARAI AL kiR cﬁa\fxﬁ@hfat%m-gli&lgﬁ' | hlcﬂﬂ) WS%S'

was processed by laser in the sane nanne

weighy aﬁﬁbllsepoiynhlerek peby mgh; gﬁpyﬂyﬁebﬁagﬁ cs&sgmuqﬁg £ge§1k ((%?rlsnate

et chj te was used as base materia
D a.rbcP3 Eg%ﬁ @E:WF‘SEQ%{WZ@@'IIYAEOW ke&nﬁl (Irgaqme 1§P@sect i ve sheet

inthe lo
photelizdibh ifliuor AR R e iin 430 s Bevdiant f ohyene,
d tile atresWAd Q1if ! QE% %é’gcﬁ
- the protecti ved@gl%g%itggog]eg%glg:éﬁ%g\% aﬁg @%%Slh?ﬁ Bion
(Z)ngqparegy peeling off the protective sheet, the
beam i nci dent side of the

area of the | aser
s. | 2 SEWQ\A?YQF S\bsatg farsing a copprd lasier ekl $ymdh thickstess on a

_polylhﬁéé 18 oPh5 gﬁlg;ﬁ%gfﬂegé Wlircl Lc%v%g ctn%ae fbyselxlpé)sﬁx(l)fg d\éeélglromg,

“was recogni
and etching process, and a flexible printed board was manufactured. The

manufactured flexible printed board and protective film were glued together by a roll
laminator, and a flexible printed board with protective sheet was manufactured.
On an XY stage mounting a ceramic adsorption plate of alumina, the flexible

printed board with protective sheet was placed with the protective sheet upside. Using

. YAG laser of wavelength 355 nm, average output 5 W and repetition frequency 30 kHz,

. third harmonic wave (355 nm) was focused on the surface of flexible printed board with

protective sheet in a diameter of 25 um by 18 lens, and the surface was scanned by laser -

beam at a speed of 20 mm/sec by galvano scanner, and was cut off, At this time,
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5 Exanple 2 On a base material of silicone rubber
(thickness: 20 m etching rate: 0.52), ultraviolet
curabl e acrylic adhesive solution (2) was applPesi32amdss)
dried to forman adhesive |ayer (thickness 10 m), and
a protective sheet was obtained. The acrylic adhesive
solution (2) was prepared as follows. In 100 parts by
0] i ght .of acrylic polymer of nunber-average
cmﬁ% @fp}ﬁ%ﬁtw@%}gm angflextie ponted boardived cogfirmed. ~ After peeling off
] j . b |l acrylate hyl .acry] ate,
(e PRIt St Bty Bttt eiheln Bl ofGhe M BfnbintecGhoard (e
laser®kanfd/itdider? QidppwhsSoYrVe 'pﬁﬂfcul%frlez%ﬁ fH%tlgk@Pﬁr\SL:%\ﬂng area, and
oxyet hyl isocyanate was "added to react,” and a
decemppyjHoR pioduets (dsgbiits) Berdnotabsérnéd. oduced into the side
chain in the polyner nolecule (at this tinme, the side
chain is 13 atonms long). In 100 parts by 15 wei ght of
t hi SEMI.H&T@I‘, 1 part by weight of polyisocyanate
crosslinking agent (Coronate L) and 3 parts by wei ght

of &lhpHfiexiblelprintyd ki@ s pré@RHHS 138 1BS same er asj
phot opol yneri zation initiator wefe added together w H}

Ex . %gp{pg}t@atmkjygmde &ﬂxalt(ﬂﬁghlessa 13zplmdj etc[l;lihgrrh%t ?.96) wasused
I I.SSQl ve nd,stirred, and fhe acrylic
as b%% bl & F‘ﬁ?‘i%aﬁ Sﬁi?eg) 288 TeRulpeirtRg OfZEO@i“a‘fyﬁlhﬂﬂ-ﬂnéyer

hestve s
fl K ' I min thi ckness
R B B s O fniePP Sk g B P piBdelyt BB IS
protegiiyefsbeatgtiiiy swefeposf the flesiNepOmbdBoard BR6 186 HYaRincident
was

d rocelgsg, andaflexible printed board

SIGCHIAR P RNCTEF daTticwlady i theflaser prasdssingsaredy and dedontpeditioaaratiucts
d t filmwere glued together by a roll
(epla‘gél%?ﬁ‘yae?%?‘?tolé’g‘%v%{ifl exi bl e printed board with

n
protective sheet was manufactured. 25 On an XY stage
nounting a ceram c adsorption plate of alum na, the
f | eRk@ghple 4printed board with protective sheet was
placed with the protective sheet upside. Using YAG
I asé‘rpo&fprmeéh@qt o 26 5nhin thivkeesages onplattufed/Myamiking 99

e (355

T R e e T T T

extrudiogr d with protective sheet in a dianeter of 25 m by
f8 | ens, and the surface was scanned by |aser 30 beam
at ‘Bhesgilican wifeQasprbsmsedlyy Badniade saaemieher 4718 Magple 2,
tinme, 44 F-P05329ND(SG cutting of

f.. At thi
excep:#%?tgﬁ? above %gfacglﬁqﬂ gqlg&rpgy]@n@(qtqhima@o f44) was used as base
e e Ut BB AefinBigTns P e Sicl o rpfaise shee

otecti ve shee

- gluinp siurfhecb fhkafl ekiblt Fiﬁnteh FD8Fd (ﬁg@ll%eir Bek A Sident gﬁ%? Gégﬁ%%bservcd

. Observed particu qu y in't aser processin ,
particylagly in the laser processing area, and decomposition products (deposits) were not

observed.

As clear from the examples and comparisons, by using the protective sheet

. having a base material of which etching rate is 0.4 or more, contamination of surface of

workpiece by decomposition products can be effectively suppressed.

(Third and fourth aspects of the invention)

[Measurement of number-average molecular weight]
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deconposition products (deposits) were not observed. 5
Exanple 3 The flexible printed board was processed by
| aser in the sanme nmanner as in Exanple 2, exEciMS3RBHD (SG)
polyimde film (thickness: 13 m etching rate: 0.95)
was used as base material of protective sheet. As a
result, cutting of protective sheet and 10 flexible
pri r}tged baard was confirned. After peeling off the
pr ot ECHTHFE 18 e pannenasindhg fissbaspaetad the invengiosur f ace
Wéﬁ_fsléltef)i‘l%mfdf%§'iﬁétﬁnQrgEﬁchegt]boar d (the I aser beam i ncident

si de [

was observed parti‘cularly in the |aser

pr ocErsitigctbhedefiRitht ILHEBRQRShite R4 JAA WESiSce was determined
(depasits) were not observed. 15 Exanple 4 A

by peasypng heiabrabanse et wavelatnd § hnm by akingmspeetmphotometer

: uf Ul y mxing 99 _ parts by weight of

(O-SBR A lhid e and hlfbeing shibe gatie of dbsapine.bi ack,
and fusing and extruding. The silicon wafer was
processed by laser in the sanme nmanner as in Exanple 2,
20 déxemple It hat t he above manuf actured pol ypropyl ene
(etghing rate: 0.45) was used as base material of
pr otl8¢ Horkpiensdas a priystyrenesictt(ghidrfess: H80 py extiricition

thea,prQtective sheet . gl ui surface of the

coefFRE 1 S | Gh G i Patri uedhi e fusthinerinoes: 2F uay

extingidn QBSHENAE 12Damt"h, GiltkAR Yt déﬁ’aﬂlé‘ & fcfhe%“/? gcﬁﬁl%l{lﬁg was
area, and deconposition products eposiis) were t

applissandsitd t@ forAsarcidhasivé tagen (iickmexanp L83, sdd protective sheet
arisons, by using_the protective sheet having a

was gg eiiﬂ_at § Gtingroppedicientartingas abe is 0.4 or nore,
deconouaftis fedle SHUECE) Ron BB RTINS o dp P astnpy
ST AR 3 A NER Al e
COpOfy gome 186y1 avkdstey ebiyliaoryldie, Bydroxpethgiracesate naridrylic
i SR b0 DB B ST et o
o Yen 4P o PRSI B B SRRy o
benzpl dipethy! el qIrga®i€651) as photopolymerization initiator, and 2 parts by
weight of polyisocyanate compound (Coronate L of NIPPON POLYURETHANE
INDUSTRY CO., LTD.) were added together with 650 parts by weight of toluene, and

the mixture was uniformly dissolved and stirred, and the acrylic adhesive solution (1)

was prepared.
On one side of the polystyrene sheet, the manufactured protective sheet was

adhered by a roll laminator, and a polystyrene sheet with protective sheet was

fabricated.

'On an XY stage mounting an adsorption plate of glass epoxy resin, the
polystyrene sheet with protective sheet was placed with the protective sheet upside.
Using YAG laser of wavelength 355 nm, average oﬁtput 5 W and repetition frequency
30 kHz, third harmonic wave (355 nm) was focused on the surface of polystyrene sheet

with protective sheet in a diameter of 25 pm by 10 lens, and the surface was scanned by
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(U- 3410 of Hitachi,Ltd.), and calculating fromthe

val ue of absorbance. Exanple | The workpi ece was a

pol ystyrene sheet (thickness: 100 m extinctiFeR05329ND (SG)
coefficient; 48 cm1l). On a base material nade of

pol yur et hane (thickness: 20 m 10 extinction
coefficient: 125 cm 1), ultraviolet curable acrylic

hesi ye sol.uti.an ) was applied, and dried to form
Ias%ﬁ"e%'a‘ﬁgéis%eq @%@@Iﬁ‘fgﬁ? bx sdeanoissanger, andavas cpi off e cAt this time,

' xtinction coefficlLent ratio
cuShEBtprob gy Obies B RGOSR ERELE | el Bk
wapiredamteovals uftallodsay, ki HeAdRAT deSlaff waleh Qfﬁeﬂlt)ee(ljipg off

acrylic g&tymar of nunber-average nol ecul ar wei g
the gericasiy shestahepmwiesiive spetglpuigauehieaf the polyhtytnt yheet (the
te t acryl ate, 2-hydroxy ethyl acrylate,
lasd Aot _Sﬁéicﬁvas %‘{Y“?'?’S‘S PEUgYary i”_;%]ﬁ\e It pocessing/a1ce, gl
dec@ﬁb§§ﬁ&ypf6ﬁh&ts‘tdegfysi%j Rent vt Bhydhd t ol monohydr oxy
penta acryl ate as photopolynerizabl e conpound, 5 parts
by wei ght of benzyl dinethyl ketal (Irgacure 651) as

pho ol ynerization initiator, and 2 parts by weight
of ﬁpﬁﬂ%@&‘?ﬁi‘éﬂ@%bn})ound (Coronate L of NI PPON

t
POLYLR 0.1 NDUSTRY CO. TD. dded
t og;i:ﬂgg ;SED\%\A%F%%G%B‘%}IW PLoggsse by é?'ﬁer Q%%&%ﬁ@?ﬂ%ﬁa in ¢ he
Exafiple 1leRcoif $hatl Pr@tivt ¥hedt %Qﬁgﬁeﬁu&fﬂ ok s1de 88 theg%;%rghggne

acrylic adhesive solution ( was prepared.

sheoti (When thepropmshing tyenef ¢hedhee bearh hievidenn bﬁﬁ@@fﬂk%@lystyrened
an

hegrote tive sheet was adhered by a roll |amnator,

Sheel, War P@‘?F{F%eﬂ@ myghiresidieniseatiarnagiecemperitiorFoducts was
bed cated. On an XY stage nounting an adsorption

| ate of gl ass epoxy resin, the polystyrene sheet

wWith protective sheet was placed with the protective

sheet upside. Using YAG | aser of wavel ength 355 nm

aveFagpastivptxaBpMland repetition frequency 30 kHz,

thi;rg har noni ¢ wave (355 nm was focused on the

sur f AEBOIFPYISEE shge] Wanprogessed byliser infhpramespainee asine et

Exarh | S fOlens, and the. surface was
e B eIk copibmet Bhesh Bickieas ) Bt
extinzlomodesfcielty 19 amVahas 64345 Bhse RNLrHNEST éﬁéﬂe Rlelshed! T S
,time, cutting of protective sheet an po?ystyr ene
extingfeipeocfigieniantio waetl4. The apesttetitc pretestiveasheetwes not cut off,
ravi ol et ray, and the adhesive

1CCo

: i iated with ul
and thE DESHREGE shbch o thallonir 1556 e ghcse ssed byydaser 606 fuamidnoluding

decoﬁﬂﬂlSﬁfion bl r@§i&1§fé \%'%[rg g@ge%%ted %le%erég tﬁeulgrfo?e%gveoghetetha%d

pol yst yrene shee

‘polystyrene sheet. The protective sheet was irradiated with ultraviolet rays, and the

adhesive layer was cured. By peeling off the protective sheet, the opening area of the

~ laser beam incident side of the polystyrene sheet was observed, and sticking of much

residue of decomposition products of silicon wafer was reco gnized.
Example 2
- The workpiece was a silicon wafer (thickness: 100 um). The silicon wafer

with protective sheet was manufactured in the same manner as in Example 1, except

that a silicone rubber sheet (thickness: 25 um, extinction coefficient: 20.7 cm’’) was
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5 laser beamincident side) was observed particularly

in the | aser processing area, and deconposition

products (deposits) were not observed. ConpaFabD¥&2 98D (SG)
Exanpl e 1 The pol ystyrene sheet was processed by | aser

in the sane manner as in 10 Exanple 1, except that
protective sheet was not glued to one side of the

o | ystyrene . sheet. \Wen the processing area of the
usﬁ@é@%@ﬁ%‘ﬁ@@%‘ﬁ?ﬁ‘@ﬁh@%f the pol ystyrene sheet was

obs eyt | ki of ch resjdue of scatterin .
dec oﬁp 0Si t %%g%:reo e ?{\%&gﬂesﬁ 'eic(g)ém’)z %@Po‘iﬁ%h%p%ie aerylig

adiftxizopbletion Taviebifhid/ hRNeiEhS Tbri «BIRRR IR RNIAAS Y0
in the same manner as in Exanple 1, except a

g ag sehesivasheetorvasanmnubopmtd TEThesdiesivé iebokaagsed bl

19 cm) was used as base

.extinction coeffjcient;
bacbjde Gt Ihe Ghie TiGE pith ercieriise Shermeandahe s e wafer with

- profeRgid hifd éfﬂ]h‘ési(f@gﬂe@ts"{?a% ’nQaféfagnlgecf} h ;ﬁ% gl:ﬂ‘bgg i}{}gtﬁ garlg%lgé{nilq\; %S in

sheet was not cut o
Exanipde [l othe protegtive siees aid SiesseafePWel QL0 Bthd RR0Eve sheet
i ncl udlgg deconposi ti on product residue were
WasohevtRted Hea meteativendegtrwsduedinted shideltravidlet ray, and the
The ve sheet was irradiated

e sheet, rotecti
adn BRI P EIE T 40 Boetiad e protasiBsishesti hy protemsive sheet
luifg b@ghce BY tReghid s eet ., the
s p%eni ng area 1(1)%&‘1%%‘55?}%&;23?? %g%%(ﬁi%ﬁ%%agﬁf’)e whspbsgved e
partisplaylstiy thenleses ipewtessimsared) 264 aasi)md@ﬁﬂioatprgdﬁc&qa.sﬁosﬁg)%re not
b 25§{e5| due of deconposition products of silicon wafer
005G ‘recogni zed. Exanple 2 The workpi ece was a silicon
waf er (thickness: 100 m. The silicon wafer wth
protective sheet was manufactured in the same manner
as EmamprRpl e 1, except 30 that a silicone rubber
sheet (thickness: 25 m extinction coefficient: 20.7
em B)sibeon wafelrwi?h PR2GNDE 563 adlreide sheddanas MBhE%dtakd 9 the

Sam%)rot'_ective sheet. Further, on a base materi al

PRpRgE 38 Ly Example @) exseptibatyaanciyathylene tetaphthalagd sheet (thickness:
i i 1) . ied, and dried to.f
25 B RSB 8 s BER! i patestio Sprolaetineciboes

esli ve
By cattiggtin ViRSsafRdravet 4418 Gxadi %k%ﬁi i i
to the 5 back side of txheBgi ’i'c 0&%?2%1%%%@%11%0%%1%
wereguppchut e adhesive shatiwadiet sinl 650 NTh@pRtectifé kheet was
iive sheets was manufactured. By

: tective and adhe :
mad%%bﬁ%[vﬁéu}%v{q@ 1% pad thedbesivedayer was cured.  After peeling off the

protective sheet, the protective sheet gluing surface of the silicon wafer (the laser beam

incident side) was observed particularly in the laser processing area, and decomposition

products (deposits) were not observed.

Comparative Example 3
A silicon wafer with protective and adhesive sheets was manufactured in the
same manner as in Example 2, except that ethylene-viny] acetate copolymer sheet

(thickness: 100 um, extinction coefficient: 19 cm'l) was used as base material of

- protective sheet.

By cutting in the same manner as in Example 1, the protective sheet was not
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Exanple 1, the protective sheet and silicon wafer were
cut off, but the adhesive sheet was not cut off. The
protective sheet was irradiated with ultravi 6FrBE5328ND (5G)
and the adhesive |ayer was cured. After peeling off

the protective sheet, the protective sheet 10 gl ui ng
surface of the silicon wafer (the | aser beam i nci dent

cutt Bl U7 SO GATeF 0 vt e oot i s, sepormss)
i I 15 A sili f i t
e RO TR it RRRI ot e hsrP e Peieote e

andssaliconmeaferer Ths pioledBvaRidet wis irfteRed with @ltra¥iolet rays, and the
pal yet hyl ene terephthal ate sheet (thickness: 2% m

adhesivé kyeq wes @uesk Bt pasling 86 tharpiptentive sheel thrsopening area of the

in. the same

lasélBb&h iir?clide%]; ﬁﬁ%ﬁﬁ%fsg%@n %‘fh etqus E%g_’eg?%ct Ié:?(% stickinggfgnuch residue

manner  as
of bRt A Bluct B Rl w b vadWlloghfjggadhes! ve  sheet
was not cut off. The protective eet’ was 20

i rr oAl krtosoh findrh bhesé txanples @id domparigiie, bhesifeiRrdiBetive sheet
After peeling off t he protective

l.ayer was cured. €
Of"@ﬂéb Xunetion eheliicient ratio isHewmayp,onigndnationcd surffadetd workpiece
L L A, he .| aser..beam i ncide i de) was .
by R Bl 18 e ek VA mperedsy duelier Hyenpagessing

observ
metalnlateiedl bpRg he Prot iR ' ich extincti
observed. 25 éCon%lz;lor ative gg%ﬁ%&gb&@éim}éﬁ@gog %‘f%?mncuon
coefficient i526tcet t onmoranchnemihinstioreofsfatesofacalmamufiacyur ed
' manner as.in Exanple 2, except that

t
dewél?wﬂﬁw?a i can be eedivebpBippiesseds hde regulty theldesemposition
ti et ficient: 1), psed
prodhEtrefov i kol i Wb b IIY simd el ing S RibiER g b omly to
redubthen PiNRRGAE b IbUESBIR Enthpednifi B HoBldvS, Sheet

C
was not 48 F-P05329ND(SG cut off, bu e silrcon
wafer in the |lower |ayer was processed by |laser, and

of 0ams. i ncl udi deco sition product residue were
(Flﬁégﬂgglgfhe?fpfﬁ? @gﬁmq?gt?g‘sot ective sheet and silicon
M fﬁm%'_ j was i rradiated with

[ e%{ﬁe\ﬂtg et reg)%g%g%%ofﬁgﬁ}gg@gi ve | ayer was cured.

By Mieasurethinahd sdnitempii 861 the fish Sect $18e BREMGY ar ea

of the 5 | aser beamincident side of the silicon wafer
[Meggpremsntef deasityland st i cki ng of much residue of

S AT T LT -
meastRAY dshi yendedSAliByh{lf Protective sheet
Example1
The workpiece was a polycarbonate sheet (thickness: 100 pm, density: 1.20
g/em®). On a base material made of polyethylene naphthalate (thickness: 20 pm,
density: 1.36 g/em®), so that the density ratio may be 1 or more, ultraviolet curable

acrylic adhesive solution (1) was applied, and dried to form an adhesive layer (thickness

‘10 pm), and a protective sheet was obtained. The density ratio was 1.13.

The acrylic adhesive solution (1) was prepared as follows. In 100 parts by
weight of acrylic polymer of number-average molecular weight of 700,000 obtained by

‘copolymerization of butyl acrylate, ethyl acrylate, 2-hydroxy ethyl acrylate, and acrylic
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of which extinction coefficient ratio is 1 or nore,
contam nati on of surface of workpiece by
deconposi ti on products can be effectively sSuppp@Es®HD (5G)
Furt her, when processing a 10 netal material, by using
the protective sheet having a base material of which
extinction coefficient is 20 cm-1 or nore,

jnatjon of surface of netal material by

. t |
aﬂ@ %Qraﬁ% Veighhobho Yadd(ls 90 aartdly weightof dipdnga envtipitalssed.

ok by gl G B PP s S bldorRouR. SRS Veightof

beregndimeyl 18%al TR - ' J t al
et o Uit Ko s phSER G eRARlon SNl R IR Bt by
weight dfphlyisedysiatet donasmed (Sorohatt e fINTPRON POLYURETHANE

r f nunber - average nol ecul ar wei ght
m[k}ig@%f gg)nﬁ?lﬁ? 8 desuaddeddegether 38thi630tays by vesighh epiobtenefand
th j | . r epent f(gnsit. The )

© Bl By, AR BT Rl and b lbeshisciosion )
was\peégapgdece was neasured by using pycnoneter and water.
Exanpl e 1 The workpi ece was a pol ycarbonat e sheet

(t hiCe | §Bied°f@1®? W?ﬂbtnmth'elt%hhetlthﬁ(ﬂhmﬁfszf@éd %@Fcaﬁéagﬁ:et was
rial, ;rade o et hy| ene naphthal ate (thickness:
adh‘glrg& Em rolblamipgtar, Eﬂg‘? a %?138‘“5?% shegigwitly grotedtize deass ivey
fabricafejo may be 1 or nore, ultraviolet curable acrylic
adhesi ve solution (1) was applied, and dried to form
an @dheY stafeywiuntibit kaestion bitddf 1aR¢d eql. ve
sheet was obt ai ned. @Fhe deﬁ}zi?é rati% vvag }i?%egﬁl’%e

polygebgaiesheeiiith peotesiva shesn wad plavekwith épapreticiaee shobtl upsile.
iy b j ght of | i | f
Using VAQ esBe Sy Blensttid- . Seragnoviont 5 B02Bbwpabica fresvensy
L zatd | at th | at e,
20456, SRSk K344 B850 Wi aREL Sl poRAR
sheeFwith SREQNIE Sidet ari diadieter 8F 29 pBYbYDI 185, 2l ﬂﬁ%ﬁfﬁée%&s
n

90 rts. by weight of dipenta erythritol nonohydroxy

SC Yolass bodm aba speed o620 punisechy grdvine scameauand was cpeoft.s
(I rgacure 651) as

. Wei f | . di hyl k |
s 1 g s EFEY o TR P s S
I ] i | PPON
ol O SIS COMBOARI 53, ARl B s,

Aftengeeling &0 thegroective sivbgtite Rétetible4hOR ghdRS sui ofkhe ur e

s uni fornly dissolved and stirred,” and the acrylic
poly fepheed ghg dasghbeam incident side) was observed particularly in the laser

processing area, and decomposition products (deposits) were not observed.

Comparative Example 1

The polycarbonate sheet was processed by laser in the same manner as in
Example 1, except that protective sheet was not glued to one side of the polycarbonate
sheet. When the processing area of the laser beam incident side of the polycarbonate
sheet was observed, sticking of much residue of scattering decomposition products was

recognized,

Comparative Example 2
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was prepared. On one side of the pol ycarbonate sheet,

t he manuf actured protective sheet was adhered by a

roll lami nator, and a pol ycarbonate sheet w tFRPO5329ND (SG)
protective sheet was 10 fabricated. On an XY stage
nmounting an adsorption plate of gl ass epoxy resin, the

pol ycarbonate sheet with protective sheet was pl aced
Usi ng YAG | aser of

vvithﬁlg rofgeca&i e sheet upsi de. 5
wavel en§?'ﬁ°a§ BRI HeeL iRy REgersstst blases inghgsame apsansrias om
Exhhy e ' ,C. WA 355 nm .

e aq oop PR Tttt BRLTRNGAIE 16 b el 1 efom
wap bgstles baseemsthraltofiprotectilieai@iter ThE d@Ritp Fdvwdsd. 43NS,

and the surface was, scanned by | aser” beam at a speed

of 205 AkFlicthe projeqtiva shees san net qut afflamite pollycarbdnate seet in

thi t f tecti heet and .
the IS 1oyl Sums BHOCeh b9 Josbt 2a foampaacinding dossimposition peoduct

resigloe %rd%eia’tddad&@ée%%é’\fngﬁecﬁk% Craet %@qlﬁ%ybgp?{é?shéeer{e The

adhesi ve | ayer was cured. ter pe
profpeiyesicet wassinedintedtvith ytravielst raye, BIdaBé adHesive thystWhPGRed.
arbonate sheet (the | aser beam'i nci dent

fih |
By E?ea@g%gé@e By e hesh b ewAnzne area of thebstrahwem incident side of
the PORSIFreRE SBeel (Wad olﬁp%gg%gcf . toé' :oganﬁﬁ {1‘%? u%Eﬂ}gQOe I%Sé}uto%)

were not observe

proqhmlts}/@iaﬁlhmn&vﬂeﬁb@%cd%gﬁzeg_r ocessed by laser in the sanme
manner as in 25 Exanple 1, except that protective

sheet was not glued to one side of the pol ycarbonate

sheet. . en the processing area of the | aser beam
incw de of the pol ycarbonate sheet was

0 e ol N : . .
 Oec kb M L BB S V03 o 108 e
g/enEyanPhepdlySfrehe e BRANBY ot6livE RBed? Ya¥ HRMPRRRALE i?]ﬂ?ﬁﬂame

was processed by | aser in the sane manner as |

manperasin Examplexc ejeept that a polyimide sheve (thickhes: 20(if] ddas@ESL. S
ity: 1.00.9/cm. d b terial

een W e ote pvgiel o rlonresnesy r She gorwie ricomas .o

Furtﬁ&séﬂébasrel?ﬁat&‘iaggﬁ%gs%: ﬂ;ﬁﬁ 8?’?12%@%{%? Gt %‘é’glig Q_ RELS

pol ycar bonat e sheet In

solutporo(ly ses dpplied| asedriedad dofPBdHCSRE Belieh ﬁhftéﬁlgé%m%i, I%g% an

product residue were generated betwee

‘adhesiyg sheet Mas pny@atutesh aflhe etbesive shibet wasrabiedcd ithecbask sl of

' Lated with.ultraviolet rays, and the adhesive
the plwgég}rr&\[}\%ge a[JFI _ro%ectlve stheet, ané ﬁw poly%tyrene sheet with protective

and adhesive sheets was manufactured. By cutting in the same manner as in Example

-1, the protective sheet and polystyrene sheet were cut off, but the adhesive sheet was not

cut off. The protective sheet was irradiated with ultraviolet ray, and the adhesive layer
was cured.  After peeling off the protective sheet, the protective sheet gluing surface of
the polystyrene sheet (the laser beam incident side) was observed particularly in the

laser processing area, and decomposition products (deposits) were not observed.
Example 3

A silicon wafer with protective and adhesive sheets was manufactured in the

same manner as in Example 2, except that a silicon wafer (thickness: 100 pm) was used
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By peeling off the protective sheet, the opening area

of the |aser beamincident side of the polystyrene

sheet was observed, and sticking of nmuch reskFermEs3OND (SG)
deconposition 10 products of silicon wafer was

recogni zed. Exanple 2 The workpi ece was a pol ystyrene
sheet (thickness: 100 m density: 1.04 g/cnB). The -

instﬁ,gcmﬁécﬁr ene sheet with protective sheet was
YSHYREpe $h¢et h Sy<aing inshersamemannet pnindBeample], the
‘ - DOl Via e i ckness: .20 m
proftfbinet{ i bR it fife SAGH £bt haSEhRaR shredpabpotcut oft
Thepproteetivd sheetsh@Atradidiog vagNg IyOariAh

Furt her, o; a bage1 mat eﬁng}ra‘zi?rﬁ:?(}:iy%ess: ° %(gl%éni)ve (ljafyewv%?”
cureg. ¢ ghéar peeling oft the Iprateciive ebeatethe peotedtive Bhded pluSsurface of the

farm an adhesive | ayer

5 siliRRiAsE RSy ‘rf?iﬁ‘e nciRat S0 g erved bserlinin the lascr
' t . | t he back
prodBBiiHg %ﬁ,%ﬁ%ﬁg&%%(fsﬂ% bd’tﬁtssﬁgg?w&f }%ﬁl%él%g? Elgfieé.ee ac

side of 20 t ystyrene's
sheet, and the pol ystyrene sheet with protective and
adhesi ve sheets was manufactured. By cutting in the
samt-ORpgFave xampleBcanpl e 1, the protective sheet and
pol yst: n he re cut off, but the adhesive sheet
was An%%f&’%c u?’fgro %pﬁe&%ﬁf? B‘E‘%E&Teﬁ?’é’eé Wakganufacired i the
10 samdMiriabinétlas kR Pkh Sk 37 VT AT T
Ot i Ex Bl 3 ket oISl el et Fop
densiiy ol 66 gione) sheetedgh bhsgnaterilagerabetde shig, Pol ystyrene
the .| aser beaminci dent side) was observed

;gregtp@%iﬁ‘éllgl 1 ﬂlerﬁalng nannersasrin rixemplss1, e m@ativegahdet w%s not
cut o RS Rl B Iy ol s st by s and s ve
inchgihgedetomPssilBi poatd: Yedliel Werk %@ner%gd ?gﬁgwgﬁgte%é s%ﬁﬁt

Exanpl e 2, except that a silicon wa ness:
15 and sificanawafs e ATHE prétedthd 3RO aSGradinel eath WraBOlb ey, 2aH ehe
dh s.he?t. g%/i cut inl%hi n the same manner as in Exanple 1,

- a0nepINg [ayst Wrd e PG e Bnpseling aff the prosentivealicst, theopeningtaredf 6f the

t; [ sheet s not ,cut off. . The .
Iaser%?%l%lé@‘??‘@g Q@%é’éﬁ“"@%""}lﬁ@ PSR %ﬁ??‘gﬂ?%?%‘fm?}h&ﬁ,ﬁdm
of deandlpésiforpSHaasdty 6 dIRAwARISwal i ithipdl L o peeling of f

CllI

the protective sheet, the prote ve sheet gl uing

surhakeovf fromdhde skamplonantbdonpaisbes, baasing BRafbvtective sheet
i,dent side) was observed particularly In the |aser

I.nC t
20 of Wbd&bﬂ“é‘:?g}’ FRYIORIP & £ Mok o8 B 9Rpedha protecivoshiset invingsplaset s)
tedR'E d rative Example 3 A_sili.con .,
e won QRS KOG o0 B Bart i Bing f st of Workpiece
by depmmnpbsitonip@dudtfcdl® effectively suppressed. Further, the decomposition
product removing process can be substantially simplified, and it contributes not only to

‘reduction of environmental impact but also to-enhancement of productivity.

25
(Seventh and eighth aspects of the invention)
[Measurement of number-average molecular weight]
Measured in the same manner as in the first aspect of the invention.
| [Measurement of tensile strength] |
2300 The tensile strength of protective film and workpiece was measured by using
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10 sane manner as in Exanple 3, except that

pol ynor bor nene sheet (thickness: 100 m density: 1.00

g/cnB) was used as base material of protectiyep@iEeio (sG)

By cutting in the sane manner as in Exanple 1, the

protective sheet was not cut off, but the silicon

wafer in the | ower |ayer was processed by |aser, and

f.oans_ . including deconposition product residue were
tengieand Shinaadlzp AujpgsaphiAGS pR-BY).e c The messveiag cafditionliss Folos.

waf .Th otective.sheet was irradiated with
uItre[?al%/l}m %eg@aygfmﬁﬂ’amfhe adhesi ve | ayer was cured.

By remicknigeRbl: ti® fmot ective sheet, the opening area
of the |aser beamincident side of the silicon wafer

was Shade wadt; adiehnsti cki ng of much residue of
dec osition products of silicon wafer was

rec 1 "As known from these exanpl es and
20 of

. Cco [ b ' the protecijve sheet .

whi ¢ eé’i‘%@?‘?‘i/@ Vaydpolyustng ghﬁ%ftﬁlc ! S&Q wan.iepsilp strength: 44
MPg) 010a(4 base nEHGRI ' e i

?Eensi ty ig 1.1 g?%ﬁ%bggoll?r%@@%ﬁ%gr amd‘rﬁg{qugfr(}négg @Jfrfl)alce

ultrzyfolgjomuirghileacrylibadhdsive selotion { lb wasfapplitel and@iedds form an
t he deconposition

dheffgctiv%sup ressed. Further, _

adnesrs ey ( %SH@ Hinb aada peoigrtive skesh (orsileisttbigth: 282 MPa) was
btafedP! i a{m Lhytes not only to reduction

© ey ﬁ]é%ﬁﬂln apbﬁlrﬁf?@waggt# al so to enhancenent of

of environne I npact

pr ot hitrylit ydhesive cQRMEH | 1) vARPr&l o0 L4 BEAGS! Slnlcibo hﬁgsr by

.i.nvention) [ Measurenent “of number-average nol ec

- weighphaaryliopelxmeref iumteheveragemotouler waighi of 1006000iobsdined by

.of | i on. f i
crd i o e S SR bt .t o

~ acid @fﬁtl%&%(%ﬁ%ﬁﬁ%@ PR B E}f R@’g _%B?i%eqlzth g%%éritg PI( ﬁg)

tensiron zu Aldtodrap

monclyyruitoxty mamtd tefa® bh 1 ' B&ﬁﬂ: j
Chuck y:mr]:‘tner&\sﬁ'fllﬁl :S 610!8 @n%@@ ggr?%lhéémg\ng%rtﬁ: 10° %ﬁ]%%gbn%%ﬁl
benzy} dimgghyk ketakdreneure &5 hoisynhbtapelyenaizetion fnithuitakaess park0sy

. ensile strength: 4 MPa). On_a base material made
weigffof SRS ko o EotAaeb i Gosamate s of ISR POSG URETHANE,
INDUSTR®CO! EFDOUIGD ' ) ¥ts DY Wil R bthent®S

S andca e eg&c%eg‘}?%elfﬂrln& gﬁﬂpgﬁj patts by weight of (tojlllene, and
the mixture was uniformly dissolved and stirred, and the acrylic adhesive solution (1)
was prepared.

On one side of the polystyrene sheet, the manufactured protective sheet was
adhered by a roll laminator, and a polystyrene sheet with protective sheet was
fabricated.

On an XY stage mounting an adsorption plate of glass epoxy resin, the
polystyrene sheet with protective sheet was placed with the protective sheet upside.
Using YAG laser of wavelength 355 nm, average output 5 W and repetition frequency
30 kHz, third harmonic wave (355 nm) was focused on the surface of polystyrene sheet

with protective sheet in a diameter of 25 pm by 10 lens, and the surface was scanned by

~ laser beam at a speed of 20 mm/sec by galvano scanner, and was cut off, At this time,

._cutting of protective sheet and polystyrene sheet was confirmed. The protective sheet
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adhesi ve layer (thickness 10 m), and a protective

sheet (tensile strength: 282 MPa) was 10 obtai ned. The

tensile strength ratio was 6.4. The acrylic @dp@gZ@gD(sg)

solution (1) was prepared as follows. In 100 parts by

wei ght of acrylic polyner of nunber-average nol ecul ar

wei ght of 700, 000 obtai ned by copolynerization of

butyl acrylate, ethyl acrylate, 2-hydroxy ethyl
Wa&maﬂiamdemﬂauhiraanﬂqtlra)c anchthie ddhdsivedhiye® vt cumidghiafief peeling off

arts, by weight of dipenta erythritol 15

65/35/4/1, 9
the DEYtEHLYA Pé%‘?% @%EEO&F%? yhest gluag prfmmfdhgf nelystresoe sheet (the

| laséé'%%h?de gg_l??j \tvgs %Q’g% g?-‘i‘)ﬁ&'ﬂ‘@ 7 aqeﬂi){cr}%%{s%llg alkeg%%ldz

decpmipbsitity prodBéghde aénsmere RReYapAe conpound (Coronate
L of NI PPON POLYURET | NDUSTRY CO., LTD.) were

added together with 650 parts by wei ght of tol uene,

and ,the nixture uni formy dissolved and stirred,
and CHTEPERIS, ’@“’é@%isi ve solution (1) 20 was

SR R 08 08 PG L

manuf act

Exajngpié hakeept than graedtiot yﬁdeym@ﬁo %&%‘to‘ﬂn& RidRToPHRGIol)4Brene
sheet was fabricated. tage nounting &an

shegty s Orhst therprpressiag @feaglfﬂyslamg bram lmsdam;t siklaef ffe polystyrene
el T B e S

M@d[.ength 355 nm average output 5 Wand repetition
requency 30 kHz, third harnonic wave (355 nm was
focused on the surface of polystyrene sheet wth
protective sheet in a dianeter of 25 mby fg |l ens, and

the@WP@@@e\E&mﬁ@é’nned by Iaser beam at a speed of
cut off. At this

mﬁ@% s %ﬂ%?"%ﬁ%%%g%% byt a§?¥e‘8t & FNSBRIST 9% ne

E aﬁ’l RELL ex@pt Gk

* bF>053 EID( SG)th&aggéi?”r }hé}e%{iéé%ﬁ;%h{r%& ﬁ%ﬁgw %ﬁ%e?s FQpm) was
usedea dascheatedhlaxipratettiveahesta s Theifeasile sifchgth dTaRd %uﬁﬁ:cﬁf/é sheet
was ikd r ot ective sheet, the protective sheet ui n

Zad ke tepg ep%#e?g‘b)fﬂ%‘é’a%%éet A@talresult, Ssprolostivn shect

rec

e A R S s 515

foandsdegdadihg 8dconiiosition hro efe¥iate ?@E%%q/&ser W fnﬁ)%ectwe

The pol ystyrene sheet was proces
sheetandepolnstymene dheeti n ThEprompitiee thecewae iﬁaduttad withailiesidlvaays,
not glued to one side of the pol ystyrene

t
. and tﬁe fdhesive ?ayer was cured. By peeling off the protective sheet, the opening area

of the laser beam incident side of the polystyrene sheet was observed, and sticking of

much residue of decomposition products of polystyrene was recognized.

Example 2
The workpiece was a silicon wafer (thickness: 100 pm). The silicon wafer

with protective sheet was manufactured in the same manner as in Example 1, except

- that a polyimide sheet (thickness: 25 um) was used as base material of protective sheet.

The tensile strength of the protective film was 340 MPa.
Further, on a base material (thickness: 100 pm) of polyethylene, the acrylic

54




10

15

- 20

25

30

sheet. Wien the processing area of the | aser beam

i nci dent side of the polystyrene 10 sheet was

observed, sticking of much residue of scattegLpghzoonp(s6)

deconposition products was recogni zed. Conparative

Exanpl e 2 The pol ystyrene sheet was processed by | aser

i'n the sane nmanner as in 15 Exanple 1, except that

et hyl ene-vi nyl acetate copol yner sheet (thickness: 100
adhgyivisplutionsdd was abplied, arat dricdab fain o1 adlesive kes(iifcknesst N

Lengi |l e strenﬁth of the protective sheet was 17 MPa
Hm 8T ehadiesivsisfiest stas ageficiusd. o Mheadbesive sheetavaseabusdito the

back 5ile BF eS8l d b Gy aABBGHN Dok cut off, .and the .
00l ySt yTene Oglﬁ%et i n P%%flo?/\%l}eeﬁ@‘g@ coﬂr"ffg%rs‘g% by
profeetierandaidtiesifoOdiabts was sl ABHAGE O TRPSIiL LR P&Secﬁ] i
resi due were generated between t@pr oté;ctt?%e 0 %rhngg?sm
Exa&wie dhg Brojective skasband siliven wafet wetcicueof)tae thewdhesive sheet
and the adhesive

[ igted,wWth ultraviolet rays, . )
Was|”;§1’_\5§‘?‘ 0\#33 d‘?t?rpé‘at.“%i? Sg‘éf‘é %as @F@fﬁ?’fﬁ{i wethiHedelet e anddee |
adhéshe: 1 ' ea I ingi t side of

e e bR ARL Pl I ToBE pRIERY L I LR il B oheer
gluingisrace of thessiliondetartedidet Beunp iRt §idOf wRUnist¥d ene

) recqgni zed. 25 Exanple 2 The workpi éce was a
pm&ﬁf@@fé‘i‘] f¥F PracRIsHIgsess and de@ronjposiTion psoduicts ddeposits) were not
obseMdih protective sheet was nanufactured in the sane

manher as in Exanple 1, except that a polyim de sheet

(thickness: 25 m was used as base material of

protective sheet. The tensile strength of the

pr oEsanpled fil mwas 340 MPa. 30 Further, on a base

mat er i.al tql}fi:ck,ness: 100 of polyethylene, the
acr%s#@og IS Profgoti v sive shests wasi romufdcfured in the

sam b s PRyl 8kl 0 R T A0 BURER! R hBYBe et (hickness:

25 pp ks asdd isShse MRARNAFANISRLX&IRNBEL, Vase %g#ig% #e\?lg[hgq‘:f eﬂ'elff‘

back side of the silicon wafer wth pr
protegifee sheet was 14bMPaaf By cuitinp in fheh@e at@etdidn BRIQPIVE the
ro,[esﬁeets was, manuf actured. By cutting in the same nmanner
proteguve shiegt %@a‘ﬁ%‘)@ vjater; were Srigfh but the adhesive shaet wisitiot out off.

. S not

. . .adhesi h
- The MSlcehya ey Tl rBbimer 3l WRGPINES. fd dadhestSlpnat s

e pro
curedu| tAfzaripetledg 6fithe RoEctvaheARE SiHtEhR%RE i
.. After peeling off the protecti \?e g‘ﬁeet , et e ﬁ%t{rgag? f){/téle
silicogryeader (thy laser peanmrincident sifie) s atistived pamihlrly (4 e lheser
roc gelam i nc%%g(g}t si de) was observed particularly in the
Processiie frepy SPmgositiaprodycis Wiapesiishwere non opsenvidet s
(deposits) were not
Comparative Example 3
Assilicon wafer with protective and adhesive sheets was manufactured in the
same manner as in Example 2, except that ethylene-vinyl acetate copolymer sheet
(thickness: 100 pm) was used as base material of protective sheet. The tensile strength

of the protective sheet was 17 MPa. By cutting in the same manner as in Example 1,

~ the protective sheet was not cut off, but the silicon wafer in the lower layer was

processed by laser, and foams including decomposition product residue were generated

between the protective sheet and silicon wafer, The protective sheet was irradiated
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10 observed. Exanple 3 A silicon wafer with protective
and adhesive sheets was manufactured in the sane

manner as in Exanple 2, except that a pol yetydeEresnDp (SG)
t erepht hal ate sheet (thickness: 15 25 gm was used as
base material of protective sheet. The tensile

strength of the protective sheet was 140 MPa. By

cutting in the same manner as in Exanple 1, the
withy 5t yayssisithe adhesivellaysowanatired. By pedding off the phutctive

ek BEAL e SRR G Y IO BT SLECINE s

sheet *was=irra

andadtldss YEmba REidME SF dSodhBRlsitidh bfiaue 6k %iﬂg?x%l%fe} Bgs

protective sheet, the protective shee ulng surface
recagnizehe 20 silicon wafer (the | aser beamincident side)

was ohserved particularly in the |aser processing

ar eé’,‘sq%"ﬁﬁ’“o%% ﬂﬁé% PanHe g poBIsrigans dysselesiingiendeusing the

B8R, Qﬂmg LY le 3 A siljcon wafer wth
pm.pr ot esgfﬁ\% an E}é lgssi&\e/ne%@%'&lﬁ%g’o% protegiugshert 9the
whid@btesilemtreRgth &4 1 GIBMPA oK) @on?almﬁéiﬁﬁ%f sh%ﬁ%e of workpiece (or

et hyl ene-vi nyl acetate copol ynmer sheet hi ckness:
meta] gasitgrallleysdagomposition products tar badffafively stmetisvd® Shegier, the
deco%‘@%sfensugff Ftren th of the protective sheet was 17

X180 PEOAUET IrgRoving ITecess ran hessvhatantiallyisimplifiedopid it

contliB@ePr& ) t t of but .the silicaon

D R P 168 ot WRrf el it b o e BlBieemit

prodfigtiwity. i ncl udi ng deconposition product residue were
generated 30 between the protective sheet and silicon
waf er. The protective sheet was irradiated 55

. Jr- 29ND(.SG) .mith ultraviolet rays, and the adhesive
(Nmﬁka%g‘?c%\?ggleémgél&?nhy peeling off the protective sheet,
[Medsh&n&ﬁ?@ﬂﬁ{ﬂn&}_f%@erg ehﬁfeeﬁl%f%igﬂﬁam i nci dent side of

the silicon wafer s observe and sticking of nuch

r esMdesarasf indbe amponbiried Bs rthel Bk sspebt §Fithé FREntE er was
M recogni zed. . 5 As known fromthesé exanpl es and
[Measyrepint ofsnecifipheaibl ecti ng and using the protective

B e e using (he " prot
(1 i sPesil i o B Atkuer e paset and oinies s

meashi¥d byRRin@ra KEf @)’gf(F f
wor Kpi e.lgeg a( or ﬁ.)rzrigsgslo@%r%?}e I a @Eg@&@%@? F]?{Pohﬁsmems

Inc.).prMdamiting attentperanirt eist speet vf SOUPHAS $8de DR §lifes ofteifpty
deconpositi pn product renoving process can be

contalieh SARRLS aind 1pfarenas| (Wrieeyera determingd. cBine spiebificdmatws

. ion of environnmental inpact but also to
cules S0t PGl Bl

Cps = (Ys/Yr) x (Mr/Ms) x Cpr
where Cps: specific heat of sample
Cpr: specific heat of reference (water: 4.2 J/(g*K))
Ys: DSC curve difference of sample and empty container
Yr: DSC curve difference of reference and empty container
Ms: mass of sample
-Mr: mass of reference
Example 1
The workpiece was a polyimide sheet (thickness: 100 pm, specific heat: 1.1
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productivity. (Ninth aspect of the invention)
[ Measur enent of nunber-average nol ecul ar wei ght] 15
Measured in the sane manner as in the first aspgstoqip (sc)
the invention. [Measurenent of specific heat] The
speci fic heat of base material of protective sheet and
wor kpi ece was neasured by using a heat analysis
syst em (DSC EXSTAR 6000 of Sei ko Instrunents 1Inc.).
J/ (Q%é)s urQnrgbase materisd needa o€ polysthykpe raphdfalat® Ghivknesst 50 @8,
20, cont aj ner, sanple, and
C

f t
spepii 1R B3 o ariE il igl o e lsiagmtic ahiBive sebition 1 e applicd,

’ _ ! o ¢
e o P 1R ke A0 B ol ot e v
obtgiaeineor@that sixespetific HeaBihtio tay Bk a4:8 AEA 1( \A@t}ﬁrspeﬁgg heat ratio

J K)) 25 Ys: DSC curve difference of sanple a
- g . .
&Pty container Yr: DSC curve difference of reference

d . MV5: f le M: f
For cpRReRE AhGHT oty (fuRSpRRgRLetioliawsa Folg) sy
e R e R g
copplympgrdiipnexfbutyh pbrytum, atts] 6ériiaed DY EioxH RH acHRRS, iahil Gerylic
C

. t: 0.75 J/ (gK It i ol et b I
acid Rt Ry elaRt ASSH Y41, Smarischo weisht of dipenharsairit f or m
i t.hi ck .1 , ti
by R S AR 0G50 o B o
b Hinte i f.icC. i
e R el (el A o Pt AL AREalibf iR, 2 Bty

weiglt eppelEigoeyandte cbmpeund (CokofateB of NIEPBON WOIFURBTHANE
e nol ecul ar wei ght of

A TR A YRR
e BB S L NN i G AR bap S hng

and acrylic
was pephedby wei ght of di penta erythritol 10 nonohydr oxy
penta acryl ate as photopol ynerizabl e conpound, 5 parts

by @Weioghsidepf the polyimide sheet, the manufactured protective sheet was

adhered by a roll laminator, and a polyimide sheet with protective sheet was fabricated,

On an XY stage mounting an adsorption plate of glass epoxy resin, the
polyimide sheet with protective sheet was placed with the protective sheet upside.
Using YAG laser of wavelength 355 nm, average output 5 W and repetition frequency
30 kHz, third harmonic wave (355 nm) was focused on the surface of polyimide sheet
with protective sheet in a diameter of 25 pm by 18 lens, and the surface was scanned by
laser beam at a speed of 20 mm/sec by galvano scanner, and was cut off. At this time,
cutting of protective sheet and polyimide sheet was confirmed. The protective sheet
was irradiated with ultraviolet ray, and the adhesive layer was cured.  After peeling off
the protective sheet, the protective sheet ghuing surface of the polyimide sheet (the laser
beam incident side) was observed particularly in the laser processing area, and

decomposition products (deposits) were not observed.

Comparative Example 1
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benzyl di nethyl ketal (lIrgacure 651) as

phot opol yneri zation initiator, and 2 parts by weight

of polyisocyanate conpound (Coronate L of N BPEN5329ND(56)
POLYURETHANE | NDUSTRY CO., LTD.) were added together
with 650 parts by weight of toluene, and the m xture
was uniformy dissolved and stirred, and the acrylic
adhesj ve solutlon (1) 15 was prepared On one side of

t he EB‘F 9? Iingide shesewas pocessechbyf Rsenin it fnetreantyes is Bxedple
nd, a polyi m de

L, RS RER& @ o s ot Bied Qe i bty e »When
the Prat@esifiPaHah bf‘ﬂle ke PideR: i{?{l{?p y o? g %@% S%eggwfv%\%bsserved

resin, the polyimde sheet w
stl@maémmhtrmldmmcatmgmanﬁ;b@,ﬁlomsa&es wadre d.YAG
| aser of wavel ength 355 nm average output 5 and

repetltlon frequency 30 kHz, third harnonic wave (355

he rface of polyinide sheet
Wi t h pr%%rgﬁ‘%‘l vem?ﬁ% [ ?lua di anmet ef o%” 25 m Zy f8
| ensThegillyitrlide sheéif @é@%r&@e%se?lﬁ%ﬂggeg iP¥he sLu"ﬁg gfangﬁaag]h?fixﬁnple

speed of 20 nm sec by gal vano scanner,

1, exgept that ethiﬂlieafz-mrrjrlaacetatelud:(ipoilygnﬂrfshBé’l:Q’ﬂﬁél-:tnls:év/se1@0"@@t sp%@iﬁc heat

22%%¥<:)j:n de s was confirmed. The protective sheet

Vauvsg @a aerpatenial ofprogecsive sheet. et @h@ﬁahemamawas

2.0l ayer was cured. After peeling off the protective
sheet, the protective sheet gluing surface of the

pol yJLsm weuls igairofebiie: dhasias RRRM IR Ghd oy Spo?hﬁf?ae N8t in the

ohserved particularly in the | aser 'processi‘hg area
lowegdayer gens oresssed by haser, andi ﬁiams(lddpdmguis&omlﬁfsﬁloﬁ%oduct residue

t Ex | 1 57 F-P05329ND( SG
wer %leﬁ%?@?wa@%"gg%%ﬁé %%%gg%pﬁédlwe shashr The Hrgf(ectsw) eet
t heet
was FRORAEA A5 i ABHafs, atd 1 SRR & B30 RRHESE  Soee et

the pirbtectiveshests ihe@paniag ah of Bt 1his 86arh fﬁ‘f’di‘&lén‘f‘ Gilaé Stgga ﬁ‘ugﬁmﬁe

the polyi m de sheet was observed, sticking

shee} was @QP@“@F‘ aeaticking 0§ miek cesphimi ofi |demmpasdmtmoma of
zed 5 nparative Exanple 2 The polyim de
pdyf"ﬁlggt B8PSt dssed by |aser in the same manner as in
Exanple 1, except that. ethylene-vinyl acetate
copol ynmer sheet (thickness: 100 m specific heat: 2.2
J/ (gkgnpleds used as base material of protective sheet.
The _specific heat ratio was 10 2.0.

The workpiece was a silicon wafer (thickness: 100 um, specific heat: 0.77
J/(g+*K)), and the silicon wafer with protective sheet was manufactured in the same-
manner as in Example 1.  The specific heat ratio was 0.97.

Further, on a base material (thickness: 100 pm) of polyethylene, the acrylic
adhesive solution (1) was applied, and dried to form an adhesive layer (thickness: 10
pmy), and an adhesive sheet was manufactured. The adhesive sheet was glued to the
back side of the silicon wafer with protective sheet, and the silicon wafer with
protective and adhesive sheets was manufactured. By cutting in the same manner as in

Example 1, the protective sheet and silicon wafer were cut off, but the adhesive sheet

- wasnotcut off. The protective sheet was irradiated with ultraviolet ray, and the

adhesive layer was cured.  After peeling off the protective sheet, the protective sheet
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As a result, the protective sheet was not cut off, and
the polyimde sheet in the |ower |ayer was processed
by laser, and foans including deconposition RLPgAeNp (gg)
residue were generated between the protective sheet
and pol yi m de sheet. The protective sheet was
irradiated with ultraviolet rays, and the adhesive
| ayer was cured. By peeling off 15 the protective
gluirigesurface pgthe pidinomeyater Ghe bisert than] @sﬂ&mtz,ﬁﬁway EbseaRl
mﬁtﬂe of &63 pol yi m de sheet was observed, and
paripylas) asmceﬁ%g aiga, B desomppubon prodqus @lepasits) wére not
(ﬂmggkﬂln1de was recogni zed. Exanple 2 20 The workpi ece
was a silicon wafer (thickness: 100 m specific heat:
0.77 J/(gK)), and the silicon wafer with protective
sheet was manufactured in the sane manner as in
Exanfpfample 3The specific heat ratio was 0.97. Further,

on a, base materi, (thickness:; 100 m) of polyethyl ene,
t he ﬁéﬁé?ﬁl@’ eaa‘ﬁ fﬂ’/téc%vﬁlaafluaéhese@smg “aﬁamane@ctumddn the

| hi
amgrmﬁglﬁ; ad]%em v ‘fee L e aﬁﬁ%‘e&lﬁ ¥ e?%ﬁjéhé‘?fﬁ WE=
specifiehtatnid 8 Ji(EHE) W@s ﬁd@@ ab Bé‘éé lﬁméﬁaquf p}d%é‘ctﬁrb kh&Pf tﬁﬁ&%at

Wi th protective sheet, and the silicon wafer wt

the -‘fj’-}eetf@éxem/r@hamyé@ﬂ@sm Is hétesspoaific treatudtiocway (62 BBy
nple 1, the

th
cuttY5h URE e et SR B el e Bty gciane siicpn s vre
téﬁl%lﬁﬂﬁe‘ﬁm c The rot ect i

O heot was igﬁe:\%?gt:v&f%§ ?‘ﬂ%‘ft ?gl%ﬁ J&f’te?wea%;‘ CLIVRY L ‘Fﬁae/‘a@ﬁ with
ultrayitfletsiay,ent alyeadhesise bigeeflas Art®r RB&! ﬁeeﬂnﬁf)ﬁ’ theRotective sheet

rotectlve sheet, the protective sheet ’
the grotsgv gieey g@u@@%@fﬁlﬁﬂim wifet (tlee idribean inzdent side)

dent si de) was qbserved

was Qb e IR o il BhncSitad e ang dapembositinn product
(depOde)WRASAdtBErREpduct s (deposits) were not observed.

5 Exanple 3 A silicon wafer with protective and

adhés kvews lfieet thevesxamples had tompatisons terlem%&H@ﬁﬂ@éEﬁ% sheet
£ %%a le 2, except that a polyurethane s
° Wﬁfgh SB cat gasiogifrfess thpudi dntarhisation Of #8fadd ¢Hkpisas by

t ect t d
decolfpBfiet] ﬁ‘é@%@?ﬁé%eﬁe& elw%%ﬁg%ﬁﬁgbvﬁgﬁqﬁégh? fegampositige
prod&feembiiag Peksy @hibe sﬂ@ mﬁ}hﬁkg E &(ﬂﬂnﬂ) 1?)‘% to

same manner as in Exan‘p rotectrve s c?'

reduationj af envinerfreentalémeact but aled fo, ermuﬁcetﬂeﬁt é\ﬂﬁ@&mdﬁ@lt? heet
was not cut off. The pr ot ective sheet was irradiated

Wi th
(Tenth and eleventh aspects of the invention)

[Measurement of number-average molecular weight]
Measured in the same manner as in the first aspect of the invention.
[Measurement of refractive index]

The refractive index of base material and organic workpiece was measured by

- using Abbe refractometer (DR-M4 of ATAGO).  The measuring wavelength is 546 nm.

Example 1
- The Workpiece was a polypropylene sheet (thickness: 60 pm, refractive index:
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ultraviolet ray, and the adhesive | ayer was cured.
After peeling off the protective sheet, the
protective sheet gluing surface of the silicenpwsd®mD(sc)
(the | aser beam.incident side) was observed
particularly in the | aser processing area, and
deconposition products 15 (deposits) were not
observed. As known fromthese exanpl es and
L.5¢ b # bessanatenyal werde @f phlystyrent it dkviesss be gin, rediacthby @bex:
Is l.ess than 1, contam nation of

ifig heat.rati.o i [ ; (
158 iteyioio il e dbysiv rmluiama) b APRCBCGLsiod o fase an
deki ' : a1 F t he de sition .
ey TSP B8 56 OOl S BSr ATERRR | The Reimctive
index ratibiwasdd)5.and it contributes not only to 20
redugtion of environnental inpact but also to
enha ic aghesiyowmligianil } yas prepareth anfodloslsev ANt 09 parts by
. of the invention Measur enent. of .
welBEAELS 1 polyer oL SR erneh St scut aesaehu O 80D, 0fLolained by
ot d . ) . . .
PRSI RS e AR s o i

Measur enent of réfractrv

- acidyt rgicsley weaight 6£A0/40/4Y 1 09 (perisbywodsi I o emergl?gmﬁwr ed by
he

usi ng Abbe refractoneter (DR M4 of ATAGO) .
mm}?i‘é{éﬁi‘y H@“%Wl%@%@%@oymnm’ole Eeawpied, § fads Phaveight of

Lkpi | opyl ene .sheet (thi.ckness; 60
b B ot 1y AR AT} 2L R Bipgctbh i iortnd 2 A by
weighi o€ polalsooRaeteRbnRelyEIOUEE: £.LR Mrﬁéﬁ%iOL RETHANE

refractive index: 1.59), ultraviolet curable acrylic
INDAEHEY ¢0..dd1u} were addpd wasthepwith 640 panebglwbigtt dfxofueheand
n, adhesiye |a thi ckness 10 m), and a protective

 the HfkanrB S S Mol Vg and Grredcand/ e ambe sdheaesolagion (1)

wasfaréﬁﬁred5 The acrylic adhesive solution (1) was prepared
as follows. In 100 parts by wei ght of acrylic polynmer
of Ourdneside\VEHRARIFRbSAH AhedCind M ardfacBRO ﬁx‘o@eoﬁ% e as
by . copol ynerization of butyl acrylate, ethyl

adheged By atall lapingjaty wxde pilypbpeneyshetiewith pebiativy khet wasi d

fabrigét %ati o by weight of 60/40/4/1, 90 parts by wei ght of
|B'nta erythritol nonohydroxy penta acrylate as
pPhobaRA AEE 12‘?‘"@%@ . rts.by weight. of 10
benzyl di net %e)zlllﬁB etal ( F%ggﬂ?gﬁ%‘sﬁglﬁ% epoRy resin, {h.e

polyphpylopotherewitz pioievtive Bhdet Waoplac@NWitk tRAGbENe sHBi GRide,
of _pol yi socyanate conpound (Coronate L ‘of N PPON

Using Sk RReorah v velengiiSF Rvnpay erageTantpunic Wearnidepetitiondaigheticy
i th. 650 ts b i ght of tol d
30 kl%,ttﬂmei3 ﬁamfo%ic wave! (3%‘?'111%5] wag focu(s)edu&{] t%e s%rr}'ace of polypropylene

sheet with protective sheet in a diameter of 25 pm by 10 lens, and the surface was

scanned by laser beam at a speed of 20 mm/sec by galvano scanner, and was cut off.

~ At this time, cutting of protective sheet and polypropylene sheet was confirmed. The

protective sheet was irradiated with ultraviolet ray, and the adhesive layer was cured.
After peeling off the protective sheet, the protective sheet gluing surface of the
polypropylene sheet (the laser beam incident side) was observed particularly in the laser

processing area, and decomposition products (deposits) were not observed.

- Comparative Example 1
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the m xture was uniformy dissolved and stirred, and

the acrylic adhesive solution (1) was prepared. 15 On
one side of the pol ypropyl ene sheet, the manpfmgaluned(se)
protective sheet was adhered by a roll Iam nator, and

a pol ypropyl ene sheet with protective sheet was
fabricated. On an XY stage nounting an adsorption

pl ate of gl ass epoxy resin, the polypropyl ene sheet

wi t ihsmebasepykenestheditwasgpeoqebsad byt laviet in theearpe mibaet by

ExeBiHfET S BRnafi o bk A noGend %fm“’?ﬁb%&%%ﬁﬁoﬂm
&y . !
e e POa SR A T ket e i R LT R Rl e

surface of” polyp
shedt wag obiseaeat, etickifg AEmuthresitie bweasteraiiict HAPSHidAGBINESwWas
scanped by | aser beam at a speed of 20 rm?sec by
reco§31z9<£no scanner, and was cut off. At this tine,
cutting of protective sheet and pol ypropyl ene sheet
was confirmed. The 25 protective sheet was irradiated
W t Cottiphfagive Gix@ipledy, and the adhesive |ayer was
cured.  After peeling off the protective sheet, the
pr ol Be polypropliteat sifetivagpousssetiey biertifi the RaleRaRRYASRE
B shlleeelte}gﬂthe | aser beam inci dent side) was observed
xampiedd; exfent thot polymady] pentane shees Ghisknesy: Hiyam, mhdctive index:
L & eposits)..were not .obseryed.
L e B IR e O T RBp e i it was
(.97pohy pret HoroBane dest s A6E5A 8Ft BN 1B 6lypkdbyldiE AT

manner as in Exanple 1, except that pr e sheet
the louer layse wis peeressed dydasst, dad fifantshiaclnding decnip@iton HhagRt .
area of the | aser beam i nci dent

‘ . \When t he progessin
residl Yere geneiaie RN RS PR ive et andhaolymropyigusisheet, | The

M . Sl scattering,deconposition
PP S B T (M Bl B A S BR A TRRE v e
By pelingifdipy pestectileaBiet HBS ofirALES L6 BY 14856¢an] ﬁ.cfd@ﬁt SR
manner as in Exanple 1, except that pol ynmethy
the pplyptapilens shest was hbsskvedsand stioRingiof refch aediduesofideciampositich
rod SAf(()if) &\lvas Uﬁed as base.material of protective sheet.
P O RS YRIRRY O VRRHERO8 A0 was 0.97. As a result, the
protective sheet was not cut off, and the
pol ypropyl ene sheet in the |ower |ayer was processed
by Bxaswpie 2 and foans incl udi ng deconposition product
resi due were generated between the protective sheet
and B§sYarkpises Waha palfiesbonatnsheet (thickness: 100 um, refractive index:

1.59).  The polycarbonate sheet with protective sheet was manufactured in the same

manner as in Example 1, except that a polyethylene terephthalate sheet (thickness: 20
Hm, refractive index: 1.66) was used as base material of protective sheet. The
refractive index ratio was 1.04.

Further, on a base material (thickness: 100 pm) of polyethylene, the acrylic
adhesive solution (1) was applied, and dried to form an adhesive layer (thickness: 10
pm), and an adhesive sheet was manufactured. The adhesive sheet was glued to the
back side of the polycarbonate sheet with protective sheet, and the polycarbonate sheet
with protective and adhesive sheets was manufactured. By cutting in the same manner

as in Example 1, the protective sheet and polycarbonate sheet were cut off, but the
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protective sheet was irradiated with ultraviolet rays,
and the adhesive |ayer was cured. 15 By peeling off
the protective sheet, the opening area of the_bgseionp (sg)
beam i nci dent side of the pol ypropyl ene sheet was
observed, and sticking of nuch residue of
deconposition products of polypropyl ene was
recogni zed. Exanple 2 20 The workpi ece was a
adhsgivg él%ﬁeb?’ﬁz\g@t 03)9} ﬁﬁt Zl"lhh pmkawab iss sh&ﬁﬁamnaﬂg&im&ﬁ W@raviolet ray,
co 1. : e po arbonate sheet with protective
andstﬁg g@qﬁﬂg I%‘% Wé&?ﬁ?ﬁe dﬁ?ﬁf paeling gffdhe pagtastive sheet, the protective
she I hyl ene terepht hal at e
sheB @0k Sutroe BB boli B ort R Tl Bomrb et b e
obseived partichiaglg imtHediseRprodbssRIgQ &C b Becd %}itioﬂ_ Bﬁ)ducts
refractive index ratio was 1.04. 25 Further, on a base
(depRsitehwere not ohserisdss: 100 pm) of pol yet hyl ene, the
acrylic adhesive solution (1) was applied, and dried
to forman adhesive layer (thickness: 10 pn), and an
adhgsiaMplsheet was manuf actured. The adhesive sheet
was glued to the back side of the pol ycarbonate sheet
wi t b ghowreesfer with pestectivendd biiRshelsyeas WadakBuBReRH in the
with protective and adhesi ve sheets was manufactured.
samgmanneras iy Expamplec, sxerpt thatmeitic@owafer (thicknesspl08 i) Wineused

. L nd pelycarbgnate sheet were cut off,
st BRI R ol ool BBy B ineat Fircsogm etz iniale I
the grbfectivd ghe ot Qi dod SvaFHaRd: AN i
ultraviol et ray, ? and theeggﬁbggib\ye e%@%?sﬂ#ﬁsglg%ﬁag&ptcut
off. Aflhe protessive sheatfwas irreligtecdtvith il i Baa], antl R AhedieStabde
l.ui ng , surface of the polycarbonate sheet (the

heet
was PUs  ESTPCHaE QB he Bromsivesiser, dirseotectivasheet guigsiigace of
i in .eaq, d Sitior
the ol Yo e A Ia R B TP 6 s S v aapip uthe ager

pro

processinigenen, wad 8écompobitish %E‘(ﬁfﬁ%ﬂs‘(@e@?ﬁs&?ﬂ?ﬁ ﬁ@og)ﬁ%{egcftzs was

manufactured in the Sane man

except that a silicon wafer (thickness: 100 m was

use 10 j.nstead of the polycarbonate sheet. By

cuteﬁnﬂ@ F‘hv‘? XARIES manner as in Exanple 1, the

pr of egil jlicon. wafer were cut off, but

he Saicel Rt 3t 0kl LA i s Tipuistired i the
samesthamier ¥is H¥abglé 3tedeptithdd pbilvbicavi Fﬁ&g

adhesi ve | ayer was CI?IJMrﬂE::d.p Xi’t"z’yegégf‘?#ug%é’ héedqﬁm’
refragiivsrindse § 813 was tisedtas dagermaterialiof pratbetiie stibeti NBy Sufifaeethe

the | aser beaminci dent side)

f_ the .sili
| Sme@%@%&%@ﬂf@iﬂ%@iﬁ fﬁﬁ%}grgﬁqu Fheetiwas mfent off, but the silicon wafer

in th¢ lower layer was processed by laser, and foams including decomposition product
residue were generated between the protective sheet and silicon wafer. The protective
sheet was irradiated with ultraviolet rays, and the adhesive layer was cured. By
peeling off the protective sheet, the opening area of the laser beam incident side of the
silicon wafer was observed, and sticking of much residue of decomposition products of
silicon wafer was recognized.

As known from these examples and comparisons, by using the protective sheet
of which refractive index ratio is 1 or more, or the protective sheet having a base

material of which refractive index at wavelength 546 nm of 1.53 or more, contamination
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15 processing area, and deconposition products

(deposits) were not observed. Conparative Exanple 3 A

silicon wafer with protective and adhesive shepiszMg$ (sq)

manufactured in the sane manner as in Exanple 3,

except that pol ypropyl ene sheet (thickness: 60 gm 20

refractive index: 1.51) was used as base material of

protective sheet. By cutting in the same manner as in
of wyfapmofevarkpiehe(qumutta ahaterials be déconmssition priductdbin bput

the .silicon fer in the |lower |ayer was processed by
eff‘icg{%lV ,S“%Pﬁﬁﬁs?%g b thradecgmpesitivmpioiduetaempying process can be

subk@ati AN WEE en.the protective sheet
S R R S R8BS P el Shad ol
impactrlanihhbadendiah&bm)drﬁbﬁgﬂoﬁh@ivi@@)’& and the adhesive

| ayer was cured. By 25 peeling off the protective

sheet, the opening area of the | aser beam i nci dent
the , sil i%%rd} waf er was observed, and sticking

ide of
(T“%{’fﬂlr%ngtgnpgglf%ﬁ@eﬁ thespBedion) on products of silicon
[Mmmewnmww&&@-m&ﬁ%ﬁ%%@%@ om these exgpplmﬁiscﬁnd

conparisons, by using t i ve sheet
r ef MNeatsined in thedgame aidnfer & ih 1R fiSPIsPect OF tHehByaptigh ect i ve
sheet having a base 30 material of which refractive

i ndex at wavel ength 546 nm of 1.53 or nore,
con@g[i[1 I%ti on 62 F-P05329ND(SG of surface of
wor Kpi'ece (or nmetal material) by deconposition

Pr oqHe wrlgAdbe Rias agfoﬁ)?c%fﬂo\ﬁgie%hééﬂ gﬂcﬁés%d 1 Od;ﬁ'l%;%?arl boﬁpql%g

deconposi ti on product renoving process ca
energy,Bs ¥ahkl/mbl)y sinplified, and it contributes not only

to redyction of environnental inpact but also to
enhg’ﬁég?%é%ma@nalpmé@mﬁpqlmtlwm@ H@p d(tlzipkheshisOymertotal

. f ' ti t of )
coufnRSbay 8L b eI RNE N bADD cal A RTICSTENL Shrey o s
than rrenit@vioks cm@bkfh@r)ﬂﬂcfaahes%%oé%ﬂﬁoﬁf(lliﬁ% %@Yﬁ{f}a&ﬁ 'arieé} % form

Exampl e | 'ﬂhe workpi ece was a pol‘ycarbonat’e shee
an adhepive kayes ghicki®8s i ptr)f ald cprofctivedshe@N@asHbtBned 2Clhe total

J/ nol). b terial d f | yet hyl
counfil Aok 08 Whsil Gacness: | 50 m total "ooupl i g ener gy
A B2, . ] that the.,t |
ener gy c@ﬁ%@%‘{/& é&?oglg@) ngplieﬁgfﬁd i‘? hﬂ.lot“f%g\lj ?rbli&igpaﬂs by
weightuufaioydicgolpher f AAMBE:- MR razR M1t ar (WeigihebF 780Bbb S6kairRR By

dried to form

.copolymerization of butyl acrylate, ethyl acrylate, 2-hydroxy ethyl acrylate, and acrylic
- acid at ratio by weight of 65/35/4/1, 90 parts by weight of dipenta erythritol

monohydroxy penta acrylate as photopolymerizable compound, 5 parts by weight of

‘benzyl dimethy] ketal (Irgacure 651) as photopolymerization initiator, and 2 parts by

weight of polyisocyanate compound (Coronate L of NIPPON POLYURETHANE
INDUSTRY CO., LTD.) were added together with 650 parts by weight of toluene, and
the mixture was uniformly dissolved and stirred, aﬁd the acrylic adhesive solution (1)
was prepared.

On one side of the polycarbonate sheet, the manufactured protective sheet was
adhered by aroll laminator, and a polycarbonate sheet with protective sheet was. -

fabricated.
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an adhesive |l ayer (thickness 10 n), and a protective
sheet was obtai ned. The total coupling energy ratio

was 0.96. The acrylic adhesive solution (1) wasps5329ND(SG)
prepared as follows. In 100 parts by weight of

acrylic polyner of nunber-average nol ecul ar wei ght of
700, 000 obtained by 20 copolynerization of butyl

acryl ate, ethyl acrylate, 2-hydroxy ethyl acrylate,

and @e py KiYostageonouningraatadsorbtjonngleghotf ghiks §50x3TL44, khe 90

o vk i oot st
i | ol ket al .65
O Spal s oo Ry APREK oo hh e il s W AR G Sn bt afiter

30 Iilz, (it d/hasmoyiervadve (Bﬁ"ﬂtﬁgﬁﬁs fdeseanaliBe Surflce YE BEMrbonate
POLYURETHANE 25 | NDUSTRY CO., LTD.) were added

shegt yyith nretectiye sheetgio aptiameteiyf Afginy by fdfens cindahesurfied was he

sl BeL ot ofec) i dantie Sl Soabetindrinpd o
At tﬁisdi@ne?Euﬁiﬁﬁopﬂd&%@%ﬁgfﬂégﬁ%{/bogﬁg SF?FR wag%gﬁlﬁr(egr?ed. ahge

protective sheet was am-na
protgctpyisishest mas ireddiated adth ubirdviolpy ey, el heeadnBa od 1ayeswalcured.
Aﬁfabri cated. 63 F-PO5329ND(SG On an XY stage nounting
%ﬁeﬂwg&ﬁgﬁft BEPtentive shest, the Rrptectipo sheet gluing sutfhee of the
eet W.th,protective sheet was, pl aced
P°IY%5"P?§‘9@%§%E€@?% ¥ Peadiibelod 5 kwes ohserveg pestienleny dn thsrlaser
procesited £60 bid d&enipdBition HRSRIR ?tgtg; tition
frequency 30 klgzé,ltoh#)rd har(g%%gigg)mv%5%% gélﬁgﬁ') was
focused on the surface of polycarbonate 5 sheet with
rojective sheet in a diameter of 25 mby f8 | ens, and

t he“ORpPRaLYEe Plgdanned by | aser beam at a speed of
d was_cut off. At

20 canner,..a .

o TH il Ryl B i bt
Exarpple I cacaptthitprofeedbe st waHot bR o JitsidPsahLE gBi Eﬁrbonate

sheet was irradiated with ultraviolet ray, an ly e
sheet o Wken the progessingsarez of the lasereanr inpidenti side ¢ffthe pbl§carbonate

rotectiv get, .the protective sheet gluing surface.
Sheeﬂg‘iyast ‘ﬁ’é"*"_’{ ?fF ﬁﬁ? Bg PHBSR Eesidve of sqattarng depempsisionipredugtsiwvas
recogilifl@) Was observed particularly in the |aser

processing area, and deconposition products (deposits)

wer e not observed. Conparative Exanple 1 The

pol ycar bonat e sheet was processed by |aser in the sane
ma pasgivierExpgpixanpl e 1, except that protective

sheﬁlt S not gl ed to one side of the polycarbonate
¢ polycarbonat€ sheet was processed by laser in the same manner as in

- Example 1, except that ethylene-vinyl acetate copolymer sheet (thickness: 100 pm, total

coupling energy A: 962 kJ/mol) was used as base material of protective sheet, The
total coupling energy ratio was 1.34. Asa result, the protective sheet was not cut off,
and the polycarbonate sheet in the lower layer was processed by laser, and foams

including decomposition product residue were generated between the protective sheet

- and polycarbonate sheet. The protective sheet was irradiated with ultraviolet rays, and

the adhesive layer was cured. By peeling off the protective sheet, the opening area of
the laser beam incident side of the polycarbonate sheet was observed, and sticking of

much residue of decomposition products of polycarbonate was reco gnized.
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sheet. Wien the processing area of the | aser beam

i nci dent side of the polycarbonate sheet was

observed, sticking of much residue of scatter Bgs3298p(s6)
deconposition products was recognized. 20 Conparative
Exanpl e 2 The pol ycarbonate sheet was processed by

| aser in the sane nmanner as in Exanple 1, except that

et hyl ene-vinyl acetate copol yner sheet (thickness: 100

m total coupling energy A: 962 kJ/nol) was used as
base na%arial of protective sheet. The total coupling
ener §m? F?o was 1.34. Asa result, the protective

she . he pol ycar bonat e sheet

Tt P et bt proréc et s Bt Rlrel e s penmer
as infibenglen] esepo MROSibR ARG NBLE: ted

bet \j\lggn t r?ee%?ot ecti 5ee‘§ﬁ’g§?%§%@%§?9§‘§?ﬁ%§a@q§@et .

The Piteroniatessmetriahdbicknesadiaieg) ofipolyettylenayihe et lic

S0 ) U B  H b be 1

. um}, 36€ bn BERGIVE RRdH GAL nﬁhﬂfﬁcﬂlfred; h %@g%hﬁ%ﬂgefsglg%?ﬁpésﬁ%%tw the

was observed, and sticking o
baclyside nfithsisilicon vferduiet propsctip@Lhes hh® Rt dbR wafer with
recogni zgﬁlé .64 F-P05329ND( SG Exanple 2 The silicon
protgetpverandiadbesiyeshests Wae menufactunds nanuf actured in the

sa . Aas_in Exanpl e, except the workpjece vvas
2o R i B s iR aSin Beggnnly T the piediise shashang Sihcon
wafdras@e 00t 6IT, ibat thelabh&knegse fee P l.ene, the
. acré/Fi.c adhesi ve és;sol ut ?gﬁ%ommgg%pg#l%gé&gggvg S&Feft&?s
irradigied wilthudiravaalbtosy\and|thy sithefivh lg kNREScurdd AR&pee #the
t%ghesilvg&ﬁheet was manufactured. The adhesive shee
Proigiye sqrbdhg profesaive phpek elyingesugfhc ofhe bilicorowafea(the laset beam
e a0t i nd the silicon wafer with .
O A S prBftot B e LesS e hsein shddecompoiion
prodacts (depgsits) wekensidbBerg®Iner as in Exanple 1, the
protective sheet and silicon wafer were cut off, but

t he adhesi ve sheet was not cut off. The protective
irradiated with ultraviolet ray, and the

sheEt arr%s
adheXWRBayer was cured. After peeling off the
Pr Of &fi protective sheet gluing surfac
o P aiebl ReR Sl L s Vo DR i r i e
samewasnneb SeiVIERANPI 2, dxdbiithat al LO%thi .
area, and deconpositi%n f&%’%%%%‘?@%%@%%@?%&%°ém%&
25 pmgtotal seelingene@y 92 k3/mol) was used as base material of protective

sheet.

By cutting in the same manner as in Example 1, the protective sheet and silicon
wafer were cut off, but the adhesive sheet was not cut off. The protective sheet was
irradiated with ultraviolet ray, and the adhesive layer was cured. . After peeling off the
protective sheet, the protective shest gluing surface of the silicon wafer (the laser beam
incident side) was observed particularly in the laser processing area, and decomposition

products {deposits) were not observed.

Comparative Example 3

Assilicon wafer with protective and adhesive sheets was manufactured in the
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A silicon wafer wth protective and adhesive sheets

was manufactured in the sane manner as in Exanple 2,

except ‘that a pol yet hyl ene terephthal ate sheetpro5329ND (SG)

(thickness: 20 25 fnr, total coupling energy A 692

kJ/mol ) was used as base material of protective

sheet. By cutting in the sanme manner as in Exanple 1,

the protective sheet and silicon wafer were cut off,
sang fpannge asigfsample 2 leaeept et etiwytenevinyd béetatd bapopymereshedtv e

Ccshieel. was,. Lrradiated with ultraviolet ray, and the
(‘hlglgﬁeés ilﬁﬁ Him U GRARURS eetey Af ?é&k%@@m M@@uw{ifas tpse maerial of

proRE@idkbive sheet, the protective sheet gluing surface
of the silicon wafer (the |aser beam incident side)

was Bbewtingith thasdncmberidr is inEidhgple 25BE pRARESS ShddBwas not
osition roducts (deposits) were not

area, .and.deco
out s&i@umﬂ@_ prinithelomen ypewas pocetsei byi losan, andffeams
ne P ARG G B0, RUICE L SRS MBS RS S
and eitieoiwafdhat TIS hsle@nts MeBdhafealiRla ﬁ%hﬁﬁﬁfebggﬁ,%d the

(thickness: 100 m total coupling energy
adhesivertayer weasutede dBapetlampofiitteqrotattivelshedd) thé 6pdrin@area of the

sheet. cutti i.n the sane manner as in Exanple 1,
laseg Eeé’nb’r“ﬁt%é’&tt%“i@fjs}ﬁ%@%w%‘é’aﬁ%ms gbsgtred oinid stipking pfimuch residue
ok ' / r. L ayer was, processed by
Ofd?dggi_ r’Qfﬁgiéng og'!rsrgB fE1|'i‘i§%+ glgfeﬁﬁvaa'\é%c(?ﬁ’EJI&CI'ti on product
r es AdkaowR fonOHBss KafPlRehWRERAphRnL) ts@l%ﬂiﬁ’%ealﬁlh%ﬁ{ﬁ the
was 1 rrad ated

and silicon wafer. The protective sheét

protegitivp shget pewhish ¢otalrcayplingentragshetio ddleestharel | @ yies proagtive
t he

sheef{F 1 e B5ertal P phchleh Syl PresEvant oo em 90 Kol
hin d sticki f .
cont Bl AR o5 B HERRAREL K7 Beodthinalion SRt B ity

resio
suppwassed: e Fughérz 8@ debsmparaivh frb@ubt Eé%? BBk €8n B9 Sybstantially
_Simpiion'parl sons, by selecting and using e protective

Hedtandfit egnirinitasaohonly 6o pduntiprecfengitonrasrital iirpadtetas also to

or .the.protective sheet having a base
enm%éﬁ%?%%f“@#uaﬂwgh total coupling energy A is |less than
800 kJ/ nmol, contam nation of surface of workpi ece by
deconposition products can be effectively 15

IND S ERIAL APBLICABIIIEY, t he deconposition product
renpvi ng process can be substantially sinplified, and
it siretegtineshesidor loprrprocsssinglofithe trventioreisvisedwient al

procésgfﬁg fle \%Jr 1%'03 8y lt.ll%avﬁﬁ]ert]%. sco?‘pnt‘leorht ab a{tiorrJlro(%(ljabslx(ezaE llnélalng.y "The

invention also relates to the manufacturing method of laser processed parts obtained by

processing of workpiece, such as cutting, drilling, marking, grooving, scribing,

trimming and other processing, by ultraviolet absorption ablation of laser beam..
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| NDUSTRI AL APPLI CABI LI TY 20 The protective sheet for

| aser processing of the invention is used when

processing the workpi ece by ultraviol et absorpb®Iponn(sc)

abl ati on of |aser beam The invention also relates to

t he manuf acturing nmethod of | aser processed parts

obt ai ned by processing of workpiece, such as cutting,

drilling, marking, grooving, scribing, trimrng and

ot her processing, by ult£bAIMSt absorption ablation

of |aser beam 66 F-P05329ND(SG) CLAIMS 1. A

protective sheet for |aser processing disposed at

| aser. b L RCE [ - WOF: kD when . . .

pr ocsser BReRet Rl K e pil el R B myident side
of salybrkpicon when psessingihd @ofkpicke vt\ih@trd%bﬂfb Q6&dr¥ForSatffon Haser

| aser processing of claiml, erein the |1 ght
bﬂ@%ansnissivity in |aser beam absorption region is |ess

than 50% 10 3. The protective sheet for |aser

processing of claiml or 2, wherein the protective

sheet. Mg padteARRRLN Forl 13 grcg&%‘gligdﬁggﬁﬁlalge 1 Aretn the light

material. 4. The protectiv processi hg

- tranghisgivity mn Biserbeanebsorbtien featom is fest @iah 30%cont ai ns an

aromatic polynmer. 15 5. The protective sheet for |aser
processing of claim4, wherein the ratio by weight of
ar ommt i ' i ti:tion unit far.conposing the

ar oat I2° BAIRTRYP sheEP oy tasgE Brogisingycd clepi ligr 2ahorein the

protestiveahiddt Vs ﬁfm%sif/@IayblﬁﬁE(ridQ& Bf Q%ﬁéeﬂﬂatlégaq when

processi ng a workpi ece y ultrasoni ¢ absorption
abl ation of | aser beam wherein the protective sheet
has ,at eas% .an adhgﬁive | ayer, on a base materi al,

t he Yot THF Rgsetive shest 6 laver Brgeesging of aleig 3, whereiciby bade
m ' 4 [(m pul se)/ (J/cnR)] or nore.
at%%?%@ﬁsegﬁg%lgﬂgglfpé%r% ieet for |aser processing of
claim®6, wherein the base naterial contains aromatic
pol ymer or silicone rubber. 8. A manufacturing nethod
of PasEhe protctiveshgeifr tascrymoyesiiag bfclaims #ewhebin the ratio by
Weiggi: sposi n'ﬁ a}ﬂé)r otective sheet for |aser processing as
e FEVERC fIRe Yhgpdiongmitdppeqmposingthe ammatic pohengr sk
wi%eaBré Nci dent side of workpiece (1), a step of
processing the protective

6. A protective sheet for laser processing used when processing a workpiece
by ultrasonic absorption ablation of laser beam, wherein the protective sheet has at least
an adhesive layer on a base material, the etching rate (etching speed / ehergy fluence) of

the base material is 0.4 [(um/pulse)/ (J/cm?)] or more.

7. The protective sheet for laser processing of claim 6, wherein the base

material contains aromatic polymer or silicone rubber.

8. A manufacturing method of laser processed parts comprising a step of

-disposing a protective sheet for laser processing as set forth in any one of claims 1 to 7

at the laser beam incident side of workpiece (1), a step of processing the protective
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67 F-PO5329ND(SG) sheet for |aser processing and

wor kpi ece by irradiating wwth | aser beam (2), and

peeling off the protective sheet for |aser progessinngsc)

fromthe workpi ece after processing (3). 9. The

manuf acturi ng net hod of | aser processed parts of claim

8, wherein the 5 workpiece is any one of sheet

material, circuit board, sem conductor wafer, glass
shegt 9% {asersoceseing anc wetkipisor diy drradintir wishibsérbetue, (2), and peeling

m_conduct or er light emtting or photo detecting

off gfeepr%éﬁ?“‘beo%ﬁ,f]"@% PBQF%F%I}E Hpm the Wodkpinga efter prpeaskiag 6).

10. A manufacturing nethod of |aser processed parts by

using a protective 10 sheet for |aser processing

havi‘hg Bte hamfichamganéthod yElabed RbcoMRd PaRPGECIAR & Wikkein the

%‘pth 1l or nore of ratio of extinction coefficient at
WOLkPIerG Pl ene philiesiimelatial, eineptitboard, sémichedintmavafermplass al

' i qQn.coefficient at ultraviolet region .

sublifuE ?éﬁ%éﬁén S@S%?te«%P‘ﬁJgﬁ"Z’é‘éa"e=(S€%‘f ¥Stejases dight qmigting or photo
detectihg elefeRiBaaitt NIORISARBES lafid S 0L et region

vvavgel ength X of base %taiéé?é%chﬁdug{ro%%%a%e sheet for

| aser processing / extinction coefficient at 15

ultravigl et regi on wavel ength X of workpi ece),

co rrﬂ61 sgﬁ@a“é‘f@?‘gﬁlgdﬂeth% ef lasgy paoressed ipess b using e praséctive

ocessing ta the incident

e SO 5T BB B o 350 o

- morpbDRAIS Dif BRidchien BsItiSieht M HBRERL: rE%B? g@g@%@g %Coﬁlﬁ]%ﬂa%e

and workpiece by irradiating wt ,
mategiabtp extinpiée ¢aelficdrt at Werapiofdt egfion/ Ravdapth A bowvotianak
fromthe workpiece after processing. 20 11.

rocessi
(exti C%‘Hh‘iﬂf’gnh‘g‘iﬂ‘ FHE Tettston rosiheient g nveindedegian vavelyngth 2. of

i ' heet for | . i.ng havi
basc HRAPL OF BICRLCESR Py S G profiosund Sultudn gpotiettont n
travlodet repién Wetdlepte ReF otk %ﬁﬂg%ﬁlg}é' s%%') f %ﬂﬁ&h%‘m

wavel ength A, of the base nate

- adhegiye dayer of pypiestivasheetsor msafprocissing tgthamoidbhesidy of laseteeam

ofthgf r ot ectitve heet for laser 25 processing to the
FRCTJere: $7aR obproressg thepiotestivershest fordaser prapessing enép
Wi § ' : f ctlve shegt f.or er .
orBlec bR SRR S et WA A P BB hoclifh B Prptactive sheet
for ldseismocdssiagnronathe worksied ﬁ‘fer?ﬁﬁla&s[}%_ off the protective
sheet for |aser processing Tfromthe netal naterial
after processing. 30 12. The manufacturing nmethod of

| asgr processed.part f claim10 or 11, 68
F- ggss%rﬂﬁ%%mx?g met%og of faser processed parts by using a protective

sheet for laser processing having at least an adhesive layer on a base material, with the
extinction coefficient at ultraviolet region wavelength A of the base material of 20 cm™
or more, comprising a step of adhering an adhesive layer of protective sheet for laser
processing to the incident side of laser beam of metal material, a step of processing the
protective sheet for laser processing and metal material by irradiating with laser beam,
and a step of peeling off the protective sheet for laser processing from the metal

material after processing,

- 12, The manufacturing method of laser processed parts of claim 10 or 11,

68




wherein the ultraviolet region wavel ength A is 355

nm 13. A manufacturing nethod of |aser processed

parts by using a protective sheet for |aser r_pgs329ND(586)
processi ng having at |east an adhesive |ayer on a base
material, with 1 or 5 nore of ratio of density of the
base material to density of workpiece (density ratio =
density of base material of protective sheet for |aser
hereseibs sitrayigletdegion wavelbngth AkipBsE ey conprising a step
of adhering an adhesive | ayer of protective sheet for

| aser processing to the incident side of |aser beam

of t ' . f QCEeSSi e protectjve
o bl MR EERnE AR B BEESRLT I R B

- sheetrfoattisert progesuing Raviag ef leie amaditiitedayth 68 aVhselBae8fl Wil 1 or

of f the protective sheet for |aser processing fromthe
morgfieafiieekdepsteef the bawanatenp! td densityrod motlatéaer(deagityredtioce
ing a protective sheet

denfity SPREE P TT BRSO B R folespcarevei Lowoty oEwprgasce),

o G g U GER 5 5 pmn
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mat er i al
to thedineidienigsidenofliasea biéwms bihe Waylied, atsfé? 0P hRICBGIgRe Bloektive
r laser prqocessing to the incident side of g1 aser

f
sheg 2%&4?%@ PRRsessingndeverkpiecaby irggdliasingpriticlesaribagmy dnd a step of

i . f | [ d.net al .
pecl Bl O] Bt gt dor i roResiag Bom e ponkiere ahigt messping.

peeling off the protective sheet for |aser processing
fromthe netal material after processing. 20 15. A

mandftac Aumimyacteirparcthdd bilassr RE@SQAIRES Bﬂ i$ifig RYritsdivg
h ?ﬁ_rot ective, sheet for |aser processing having at
sheqf far Jpser procassing Rayime) inastsn adhpsive layer asy 4 bdse myaitertal, twigh the
i sheet

] ' I t th of . tect|
dendf (B o el of £ Y P ebomahs et aBegs B

adhdsiveriaydrof SeRBEk e sBbdt Forlalcs &Sdeﬁsiﬁét {?Stﬂg h{taédr%gtl side of laser

protective sheet for |aser process
beara of metpl matdriahrstqy Wpedcessingiieipsbegliv shb@Forhsa Phakidity
amiangiggggh give | ayer .of protective sheet for |aser

5P fh"g Y yradipding yethdaser bearacanska stesefpasiagrofidie t he

i CesSi t he .prqt ective, sheet

protgtV¥ PAEE for 18hct biSBetne et BTl il ot Sining

with |laser beam and a step of peeling off the

protective sheet for |aser processing fromthe

wor ki et enzabfacturipg awtiusl afgaseBProbessedparts vyl wiigid progective

'_sheetg%}g‘)d of Ia.segé}rocessed parts by using a protective

SPIESSSRIBE Seying Aleest ap pdhesivelaysr o8 adarnmatesiol, mathak or

o B o Blels St RE B Blokfing hialE cp

strength cfoiakpiege @ensild bedigeratia Y-okndlc suﬁféﬁh%?bifdf&ti%g et i

| aser processing to the incident side of [aser beam of
laser prqcgpsingf tensilg strength of workpiece), comprising a step of adhering an
adhesive layer of protective sheet for laser processing to the incident side of laser beam
of the workpiece, a step of processing the protective sheet for laser processing and

workpiece by irradiating with laser beam, and a step of peeling off the protective sheet

- for laser processing from the workpiece after processing,

16. A manufacturing method of laser processed parts by using a protective -
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a step of processing the protective sheet for |aser

processing and netal material by 5 irradiating with

| aser beam and a step of peeling off the preteedd\qp (ss)

sheet for |aser processing fromthe netal nateri al

after processing. 17. A manufacturing nmethod of | aser

processed parts by using a protective sheet for |aser

processing having at |east an adhesive |ayer on. a base
shepfforlaper proasissihg hedsg atdedsham adhesfve Iyt 6n @ baeRBREAAICwith the
teﬂ%a&r of ttﬁ@ e material to specific heat of )

SRR of 10 Miaorimorpcomprisings stepsofadhering dnedhesive layer of

ReGe ' thve sheet. . for. | aser .
propr ocC esglglé%f %g%rg;é%l % élaﬁcg ﬁ)e%f“ Hbcf(pe\ﬂg"?l%f’%]@%ef?’e% Shmetal mytorial,
a stefi effprotessielf éd pretedfiveahB e | i .
) s_hggi for Igasel? pr ocesgﬁifgytﬁgertrﬁée(&?sﬁ% %‘g{?&%ﬁég‘%@? Lby
irraglighing with daseiobeanh end asiek off pedingafithe provéctive els firlgset he

rotective sheet for | aser praocessing and workpi ece 15
pm([%)sl%ltlgfr%’itgﬂlﬁ Masal L Preeesfngand a step of peeling

off the protective sheet for |aser processing from

the workpi ece after processing. 18. The manufacturing

net Add Afmdmfaturiipaaeise of RdripboREsed |t O

1?, 13, 15, and 1.7gfmvvherei n tl’ll}govvor k%i)‘gggﬂlésq}lga% ?dg%?éwe
shecg fordasen progegsigihaving st fegstian dslbesivk 1ag@ csienbase nateziahwith less

net al

than i B BB R ARl o Pl  Yogmc bemtat e

~ (spegifioheatdgfies %ﬁé&ﬁ@h&%f‘ﬁas? gt?a'i%haé Nﬁ@#g?‘{ %lrcleﬁtné)g laser. 4

sem conductor package.
procgssingasspecific hez o adriicde) compaBbg @REpUF a@heHnEEn sdBestdo
and,16, wherein the nmetal material is

14
layeof nratsriNsshest faplessr pseceasingito the nsideat side @flaseh beam of the
arts by using

vor 5L ARCTELR, G i B3 ol il
b ot e, it O RO i o MO,

nore of ratio of
processing feonb theevoriipiecd aftertpeocesfingct i ve 30 index at
wavel engt h 546 nm of organi c workpi ece (refractive

index ratio = refractive 70 F-P05329ND( SG) i ndex at
wavgl e f S terial of protgctive sheet
B2 A R oA of Pt prheceen ol s v laome

for laser processi

10, 15415, aid 07, vﬂ{@@lﬁiﬂi‘ew@ﬂkF%g 3 -
adhering an adhesive aye%e%lgoﬁggp%}#%%@g%eﬁsgkg elg{mﬂ’r%r

semigoaduetopwalen lise gulistrateheeramizi stiBstiate, Sheisl s@bsttads Sémireasictor
rocessing the

f, the organic rkpi ece, a step of
laser ggll')tteé%‘ftfnﬁé)r efé’tvg)eﬁ? ng ekﬁ@éﬂ%ﬂié‘é@bﬁ&ﬂg}ﬁ&d@ﬂé sepaivonductor
packd@%.rkpi ece by irradiating with | aser beam and a step
of peeling off the protective sheet for |aser
processing fromthe organi c workpi ece after

19.  The manufacturing method of laser processed parts of any one of claims

11, 14, and 16, wherein the metal material is semiconductor wafer or metal substrate.

20. A manufacturing method of laser processed parts by using a protective

sheet for laser processing having at least an adhesive layer on a base material, with 1 or

-more of ratio of refractive index at wavelength 546 nm of the base material to refractive

- index rat wavelength 546 nm of organic workpiece (refractive index ratio = refractive
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processi ng. 21. A manufacturing nmethod of | aser
processed parts by using a protective 10 sheet for
| aser processing having at | east an adhesi verl=ys3299D (3G)
a base material, wth refractive index at wavel ength
546 nm of the base material of 1.53 or nore,
conprising a step of adhering an adhesive | ayer of

. the roi ective sheet for laser processing to the

indgxat; ‘geé’ﬁ engthfd6amm phlase msgarial of pioteotiymshieet fanlakgriproessiag /

. i e protective_  sheet for | aser
reﬁ%%*g‘%ég‘iﬁxﬁ% sl Pégﬁ’l”gf’fs%g%? WREkPiSFe), Pmpitng Agteniof h
adhbASEsn LBREVe hi i inci
ot et e he e ProbicEie Sheck 8% 4sBEbrBlessibli the incident
sidq ofdasgnheam wbthk piganic whrkplecq0t@sEhphbessiny thé protective sheet for
1 manuf acturing nmethod of | aser processed parts by using
asel e and oreaitawerkpisee by dwedigfingowidlslasy beam angl astep of

: i layer _on a bas erial, with |less
pecl SO (R brBEAR e Bl P orier Bomis prsstip steakpece her
proeessim.i Ng energy ratio = total coupling energy A

equi val ent to m ni num val ue anong suns of coupling

energy of one carbon atomin resin conponent for
and ot her atom coupled with

f gg&g; ng’i’gm‘gﬁ%ﬁﬁﬁ%%ﬁéf? L@@ﬁﬁmpm?gwéd Py bBuTIngR Prategtive

-sheet RorMhset Bi‘é@%%ﬁllﬁql%% g%?%@%%ﬁqg%%séﬁetolg %Irorﬁ e%&%%éia.glf)fvi&ne

carbon atom |
refragtivainidex wowdselongeh 54 v of fleMase ARRAACEUPIRS Mbdcdiising
carbon aton), conprising a step of adhering an
a step gff adhepiag an ydhesie layen o6 thei pratestiecshedtdor lags @iocessing to the
i nci dent .side of |aser beam of the

. b0 to the. I C
m"‘%ﬁgﬁ%??\%%? ﬁ?B?”é8g%n°£ga§%%\ei°f8p18ﬁ?=@@é%@f@weﬁ@n@t@tm@tepw
sheetoR ®lsef j EQganl.c warkpi ece by
i rradi aﬁ%égﬁ\%gt dplﬁfgg%r lb‘ggrrlr(]p %gggga scﬂaé’ﬁlg&lﬂb%éefrﬁ’ﬁﬁmoﬁda
step vfipeelipg offahd proeeceitiestieet for dsasibcdbiag BHRi 16 indreamit he
organi.c workpj ece after processing. 30 71
workpigeg gHetgNpgessing23. A manuf act uri ng method of | aser
processed parts by using a protective sheet for |aser
processi ng having at |east an adhesive | ayer on abase

mater i g Mﬁ&lﬁﬁg ' ui val ent t.o
m ni mum ?/lal ue ano gietshgﬁgﬁg% E%%Bg%?%@%@&?g‘f%a %rﬁtecﬁve
sheetdar laser procemsingihavinsg 4t leamROREREIvE Myt OTR BadcHatbAf, RABYess
h ga%erl al and other atom 5 coupled with the carbon atom
an |, pl fofal SORHHIE BoEyRatinGetal exwphing siergy mtisteiptad cowplinayénergy

oo AP R e S o
resin cORHSRML for‘éﬁﬁlﬁéiﬁ‘g g Pa% gé%t@ﬁaloafnd REHRE Sté)ﬁ{ %pié?lewith the carbon

prot ective sheet I processin

atom / total coupling energy B equivalent to minimum value among sums of coupling
energy of one carbon atom in material component for composing an organic workpiece
and other atom coupled with the carbon atom), comprising a step of adhering an
adhesive layer of protective sheet for laser processing to the incident side of laser beam
of the organic workpiece, a step of processing the protective sheet for laser processing
and organic workpiece by irradiating with laser beam, and a step of peeling off the

protective sheet for laser processing from the organic workpiece after processing.
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and inorgani c workpiece by irradiating with | aser

beam and a step of peeling off the protective sheet

for laser processing fromthe inorganic workpieges29Np (sG)
after processing. 10 24. The manufacturing nethod of

| aser processed parts of claim?21 or 23, wherein the

i norgani ¢ workpi ece is any one of circuit board,

sem conductor wafer, glass substrate, ceramc

subsi? atemanufagturing et of Jassepiocessed pArey byl wkapra pro@blive
NE

1tiing or photo . detecting_ el enent board,
Sh‘“’gfg%gf t??efg%’i‘&ceégﬂag iiewa& etlsnst paadhegive laysr oB a byspamaterial, with total

e 0 of | d f
oA A R o e RS8Pl o

one of Tl ai
carmrterh s reairOeaR poheROtoy BBhpdiingSthe beRatk 4128 oﬂ%fator-ﬁh e
nﬁnuf_act uring nethod of l'aser processed parts of any
cougisd veith the garban atem eflessh@b8004Idnel, nombssipg astep st athetisg an
in r.drilling. 27. A protective sheet for |aser
adh%%*%%%%%ﬁﬁar%s%a' € shest st REAceRsingforthe Hstdentsida ofdaser beam
of ifir ARG %H‘PE&E} #stef OPﬁ}SC&Qﬁg %e ;ﬁjo@cﬂge gh%e{ for izagér p;gcessing

and inorganic workpiece by irradiating with laser beam, and a step of peeling off the

protective sheet for laser processing from the inorganic workpiece after processing.

24.  The manufacturing method of laser processed parts of claim 21 or 23,
wherein the inorganic workpiece is any one of circuit board, semiconductor wafer, glass
substrate, ceramic substrate, metal substrate, semiconductor laser light emitting or photo

detecting element board, MEMS board, and semiconductor package.

25. - The manufacturing method of laser processed parts of any one of claims

10 to 24, wherein the base material contains aromatic polymer or silicone rubber.

26. The manufacturing method of laser processed parts of any one of claims

10 to 25, wherein the processing is cutting or drilling.

- 27.  Aprotective sheet for laser processing used in a manufacturing method of

laser processed parts in any one of claims 10 to 26.
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