28 February 2005 Laser Processing Device Background of the Invention: The
present invention relates to the "giant pul se" technol o Ksbrypry 2005
| aser - processi ng device, and nore particularly to the control of first
pul ses of Qswitched |aser oscillator .output. Laser-processing devices
~enploying a solid-state laser 1ight generated under Qsw tch control

i nclude laser trimmng devices and | aser marki ng devices. The

sem conductors and eIectriﬁgéefo§ng§ﬁg§nérﬁgv gount for a greater part
of the objects to be processed by such devi ces have becone of
. I'i"ght er -Beckintomndl shetherrsteecasndata term nal equi pment such as
m ni -di sks (MD), digital video caneras (DVC), and portable telephones
becone i ncreasThyl presapacinvéhtienr abbstof these 'QpjaAnt Hw@lso are
droppi ng as a consequence of current price conpetition. In view of this
si t uati oGP EO9% 04 ddmeed -roocdrisginer depied, pnocessé gt dulprAwe t he
productivity of |aser processing devices. However, the Q switch frequency
for ‘obt aitfl 9 §8BLTPlghE BFIrIhEWmeIeh Peanivehed Yameproedddiatpr vari es
dependi ng..an t.he excitation nethod of the laser oscillator (for exanple,
the | anp &X&4%tion method or |aser diode excitation method) or the
resonat or consﬂige i even W@en.the oscillation wavel ength is the sane.

In particular, Th ﬁ%%%scw DRI LRIENG 2 sodildgttate lasae is the
pr obl em qfy e cexeeasiue,REak YalyecXldigoh (351 B Yedy Simnting 111!

i devices and laser marking devices. The semiconductors and
electrical components that account for a greater part of the
objects to be procéssed by such devices have become of

.lighter—weightandsmaller—sizeasdataterminalequipmentsuch
as mini-disks (MD), digital video cameras (DVC}, and portable

telephones beCOme increasingly compact. Price rates of these

objects alsc are dropping as a consequence of current price

competition.

In view of this situation, there is a demand for

‘higher-speed processing to improve the productivity of laser.

i ‘Processing devices. However, the QO-switch frequency for
obtaining laser light of the optimuntpeak'vaiue for processing
varies depending on the excitation method of the laser
oscillator (for example, the lamp excitation method or laser
diode excitétion method) -or the resonator constitution, even
when the oscillation wavelength is the same.

In particular, in Quswitched_solid—state laser
oscillators, there is the problem of the excessive peak value

of the first pulse, i. e., the first shot after suspension of

1




1 28 February 2005 processing. . This problemoccurs for the follow ng
reasons: Wen the tinme of storing |light energy, referred 28Fdbsudty R@05
excitation ;period," lasts for long duration due to, for exanple, the
suspensi on of processing, the energy density stored in the |laser nedium
attains a saturated value. Wien Q-switch |laser oscillation of a short
period is effected under these circunstances, energy that has attained the

sat ur at egpizgé‘tggsis di scharged in the first pulse. Each of the |aser pul ses
that are enmtied follow ng this first pulse, however, discharges the

‘energy that h d in each excitati.gn period of the short period
and ggs not 'aﬁ%?%ggrﬁgérga?%?%ﬁ%ﬁ%% aft,glsﬂgw%pglsgp@,soﬂ% Hegk %reﬁe 1)f

the first i.ch. . S :dj f t it h ttai d
Lhe Sat ur o S ey B e LB oY R oRk Y hrE el hat

~are . di schasgash, 'bef086s ther ensi@yadensidy fas attak Sd%%grg%f%t urated val ue.

Fig. 1 is a block diagramof the principal conponen sW tched
osciil | at crusgmaoridimg fipd-ced3epirks! tBX Ry ' : ri
provi des control unit p(2I W t h: If88'swi tch Iﬁﬁ%ﬁ%?%ﬂrﬁe&g‘%% téls@??%g}gat a
(data thatedfiesi gridteinshe tdatingtddrvd Tuadimdmat e @b ecisd© be processed
wth |aser pulses) , i.e., a processing period (the time of irradiating

t he obj e@Scitld ad @y cdess ethaaitt tpariskries tfedtaserupid sesesd he Q switch
frequency,, and the pulse width of the @Qswtch frequency pulse. ' Control
unit 2 g&ld RS aDCSAt eReEant Hoat hassetsrgnalstvosedspartdidngalaethe 1/ 0

dat a anddorO\ﬁi des the s{_lgnal s to
% lscharged in thée first pulse. Each of the laser pulses that

1 ' ~are enitted following this first pulse, however, discharges the
| energy that has been stored in each excitation period of the
short period and has not attained the saturated value. As a
result, the peak value of the first pulse, which is discharged
after the energy density has attained the saturated value, is
higher than the peak val}le of laser pulses that are discharged
before the energy density has attained the saturated value.
| ‘Fig. 1 is a block diagram of the principal components of
a Q-switched oscillator according to a typical example of the
prior art. Computer 1 provides control unit 2 with: Q-switch
‘ON/OFF timing data as I/0 data (data that designate the timing
for irradiating the obj ect to be processed with laser pulses),
i.e., a processing period (the time of irradiating the object
to be processed with a series of laser pulses), the Q-switch
frequency, and the pulse width of the Q-switch frequency pulse.
Control unit 2 generates Q-switch control pulse signals
corresponding to the I/0 daté and provides the signalé to

Q-switch driver 4. Q-switch unit 8, which is provided in optical




Qswitch driver 4. Qswtch unit 8, which is provided in optical 2 28
February 2005 resonator 7 of laser oscillator 6, is turned Kareand2@SF in
response to.the received pulse signals. In the above description, turn-ON
of @switch unit 8 refers to rapid reduction in the Q value of the optical
resonator, thereby suppressing |laser oscillation. Conversely, the Q value
of the optical resonator returns to the nornmal value when the Qswtch
unit is in the OFF 2ta€f wher eby nornmal |aser oscillation occurs. Wen
the Q swi TSROEAT?Ti L Qhi leren oseilinbart he ON suaned OF ahd CFFE snate, the
light ene hat has_stored in the |aser K nediumduring the ON state of

t he C}smﬁ%%%p%%g? %oi%h%b¥%ﬁ?f§eéd?g%ﬁ§rﬁéa?aéﬁd a-l aser pul se having a

hi gh peak val ug,i far Lt.ted. This |aser pulse of .a high peak
value is ref errgglet%@%?sgéi S%rgﬁtlﬁﬁll’s%ur?r@flé’%éoéj"ﬁ}rtéc% gn&lgsﬂcﬂggégs

her ei nbel @W)radi @ rLaihSt fo! PEKedl agr O\WM:=N h nstitution of |aser
control unit provided In cont?o%a%h?$lggo¥%F?6% gpgﬁggérr%%%??B?r’unit 3

I's providagermsih flggodess ey PLIOGF aBRD] Eaf{&QUe Vé%%%gﬁ;ﬁﬁ%é%ﬁit 13

\ S
reference clock oscillator 15, and tiner <circuit ecodes

|/ O dat a walpp bedtli¢ ePtEUEIUEekohatolPr AgF@FMBI L thEeaUSNOY vdh Yiedehe i T Cui t
13 frequency-divides the reference clock signal received from

r ef er ence-ted drlewidsgi [Uraittori 4 5iranchgevier adest &, Quisabdish fdeeencysoul se
(period T3) of the frequency designated by-the decoded |/ O data. Tinmer
oscillation occurs.

When the Q-switch unit is switched over from the ON state
to the OFF state, the light energy that has stored in the laser
medium during the ON state of the Q-switch unit 8 is abruptly

‘discharged, and a laser pulse having a high peak value is
therefore emitted. This laser pulse of a high peak value is
referred to as a "giant pulse" (refer to Fig.'B described
hereinbelow) .

Fig. 2 is a block diagram showing the constitution of laser
control unit 3 provided in control unit 2 of Fig. 1. Laser control
unit 3 is provided with decoderl12, programmable frequency
divider circuit 13, reference clock oscillator 15, and timer
circuit 16.

Decoder 12 decodes I/0 data supplied from computer 1.
Programmable frequency divider circuit 13 frequency-divides
the reference clock signal received from reference clock
oscillator 15 and generates a Q-switch frequency pulse (period
T3) of the frequency designated.by*the decoded I/0 data. Timer
circuit 16 receives the Q-switch frequency'pulée and supplies

a Q-switch control pulse of pulse width T4 to Q-switch driver




circuit 16 receives the Q-switch frequency pul se and supplies a O swtch
control pulse of pulse width T4 to Qswitch driver 3 28 Bichgagy 4.
Fig. 3isatimng chart illustrating the timng of |aunch of |aser

pul ses. In the exanple of this figure, the Q@Qswitch wunit 8 has been-in an
ON state for a period longer than Qswitch period T3 before input of the
first Q@switch control pulse to Qswitch unit 8, thereby causing |ight
energy togbe stored in the [aser nmediumup to achi everent of a saturated
state. Wien the first Q@switch control pulse is applied to Qswitch unit 8

At time tO theisuppressi . ! £ oen 1 Lat _ | q
Shd the | ight Sig/PriRs Ofhfllg S3Ee B gL Rk L b0 I B BB PrRe s o
| ong excidatiasepepiiDdess 1RDFAPI YAkl €asLG Nd (4 'utrteedgggi §_rgle\,?gltgppu| se.

The first giant .pulse following a long excitation peri ed to

as a "fiusitpuhse. Bedhtiar ahhenfitate PUk-S2 Jeas Reenbarnghefdo-the ¢ on
excitation tinme period #T1 until reception of the néxt Q swtch control
pul se i s Perbed VR oesfrord irgnet of thsesiitsat W ehi tdre ddrg;fﬁoleﬁgqg)é st or ed
in tthe laser mediumduring this period #Tl does not attain the saturated
val ue, tH& Pebkelatiiels fof theeebadicagsdingni ightseseray e-d buwestblaa the peak

val ue of the first pulse. Since the Q-switch control pulses are supplied
to Q -swiithth ¢- ghediem wpxkd eFhievenentabfattsaterakedOstatasi ng
excitation pe[f#g%i t}g[% %ﬂﬁ?ﬁagg du{zaf%i 8n, gi ant gul ses of ihe sane peak
value are la d“Peg g WPYRtEReCSBESAY BIARE pal spPlidd to
Q-switch unit 8 at time tO, the suppression of oscillation of
the oscillator.is released and the light energy that has built
up to a saturated state during the long exéitation period is
abruptlyréleasajandemittedaseagiantpulsé. The first giant
pulse following a long excitatidn period is referred to as a
‘"first pulse.™

After‘the first pg}se has been launched, the excitation
time period #T1 until reception of the negt O-switch control
pulse is relatively short, and in cases in whic;h the light energy
storadinthelasern@dimnduring£hisperiod#Tldoesnotattain
the saturated value, the peak values of Succeeding giant pulses
are lower than the peak value of the first pulse. Since the
Q~switch control pulses are supplied to Q-switch unit 8 at a
fixed time interval after time t0, causing excitation periods
‘of the same duration, giant pulses of the same peak value are
launched beginning with the second giant pulse. -The
g . discrepancy in the pulse height.between.the‘first pulse and the

folloﬁing giant pulses ordinarily entails undesired

‘non-uniform processing.




di screpancy in the pul se height between the first pulse he oW ng—
. giant pulses ordinarily entails undesired non-uniform p%g%%ﬁaﬁﬁg%j 28

‘February 2005 Laser processing devices and net hods such as described in
Japanese Patent Laid-open No. 354876/ 99 (hereinbelow referred to as- -
"Reference 1") have been adopted to elimnate the problemthat the
generation of first pul ses of an excessive pulse height prevents

processing undgr,d | conditions. .To su ess_.the first pulse, the device
of Reference 1 a}ésqu%orvc‘?c ed WY héeav%??sstéplgcgjl%eetrﬁ?%prsé@? G* HRRFoibedrcuit
‘and " a i ght jener@kdi g _ ener at irquit. The first pul se
suppr essi on cogﬁwblebfﬁgﬁﬁﬁ gﬁg uZﬁ%%lgﬁ%ndggﬂ% d§§VA¢¥ﬁ¥e%§9ﬁ%9ﬁ' pul se

(command swireehcUkse)sSORA%elEndLSERAr §8vENSe el iaqmppt%lfr@y LNl 185, Stored

in the laser nmedium before processing or during suspension of ‘processing.
The |i ght teeepoybleth $ehar gRepydSer JEIeE dlf 8RSt r;ﬁﬂ§es¢8@téﬂlc?§(3%esigegw tch
I schar

such: that |ight energy that remains yet in the end of the har ge S
conpl et el pudisschargdd. pTeivendev pee des sdapahingleel 18RRI €59 ifddsst pul ses.
However, because it requires a preparation tinme for effecting discharge of
the light enerdy Stopbaesisn thiee fiasdr prddicumthiet delrdsepodb e rsuicie as t he
inability to process at maximum speed due to the preparation tinme for
el i mnati hg BHRVIFS s sebirgheouleesuppoessipngcaevict disolisathd n
Japanese Paie tt-Laid-op n No. 313145/ 98 (herei nbelow referred to as
" Ref er enc® ﬁ&? i%n%ﬁi‘g%ﬁ%l@%@‘%]h%ﬁ genRrgtdoay cdggdim -afdhepdliasitzat i on
! bulse suppression control circuit gradually changes a Q-switch
control pulse (command switch pulse) so as to diécharge the
light energy that has stored in the laser medium before
. processing or during 'suspension of proceslsing. The light energy
discharge pulse generation circuit controls the QO-switch such
that light energy that remains vet in the end of the discharge
is completely discharged.
This device is cépable of suppressing first pulses.
However, because it requires a breparation time for effecting
discharge of the light energy stored in the laser medium, it
has problems such as the inability to process at maximum speed
"due to the preparation time for eliminating the first pulses.,
The laser processing device disclosed in Japanese Patent
Laid-open No. 313145/98 (hereinbelow referred to as "Reference
2") is configured such that: the laser medium and polarization
beam splitter are arranged as common parts; a laser resonator
i is arranged for each of the beams split by the polarization beam

splitter; and Q-switch elements are arranged on the optical axes

of each of these two laser resonators with the O-switch elements




beam splitter are arranged as comon parts; a |laser reso i anged
for each of the beans split by the polarization beam sp%‘f’%’ﬁ@%@ﬁ
Qswitch ‘el enents are arranged on the optical axes of each of these two

| aser resonators with the Qswitch elements 5 28 February 2005 bei ng-

i ndependent |y ON OFF controlled. The feature of this |aser-processing
device resides in the separated and i ndependent acquisition of the | aser

out put  ofbediarh drafgle HRIANA} Un AYri y controlling the Qswitch

el enents of each of the two | aser resonat orsn% 'at have a common | aser
~ medi um Accor diTigl Yedterd idSttA BSeTasO5098 A s s HAN B8 Qscildated by the
first pulse of a Q@Qswitch pulse train of any s(isvmtc Q:'rseequl?esﬁc%e‘?,s and the

second | adde Fepenated sad hed@sehdéet ety diie 02 W LEb Pé’ée%eohﬁ:%y& t hat
follows the first pulse. Thus, using only the output of the seco | aser

r esonat or °falFR&s lasgiramespulaget e nnderes debitdiynednitionhiiel the first

pul se has _been elinm nated. This nethod, however, has the problens of

conpl ex Cofbi§Ghat grembe ofi gRchro & dheAtwetlorkt hasodhtbes cHAtORKTRE
first-pul se.sant rolI[ net hod . of the above-described | aser processing devices

of the priof  art T34 QPR Arcrsshmede’, Pihentirpplliacati orsa38800174490,
whi ch was_.f} | t-he present.inyentor. This nethod constitutes the

pr ecedi ngcégsl?ég %Cﬁ%eatgerdggéfn%hﬁn)ééﬁﬁ:dﬂﬂaﬁﬁj Oifsat Prevvek ple paddsleat nadni n
detai|l behew | S, J5 IS referred to as "Reference 3" in the

f ol I owi ng des%ﬁﬂpﬁ%ﬁc’fcq{rﬁ{}% drezlé:é/di ﬁ&da]g?ed??‘f%l?‘% 455k EREopREYFoTRN Y
des?r'bedbeOSCillatedknftheCPSWitchpulsetrainthatfollOWSthefirst

pulse,Thus,usingonlythecmtputcﬂfthesecondlaserresonator
allows a giant pulse train to be obtained in which the first

.pulse has been eliminated.

This method, however, has the problems of complex
configuration and high price.

A method that differs from the first-pulse control method
of the above-described laser processing devices of the prior
art is disclosed in Japanese Patent Application 2000-174490,
whichwasfiledknrthepresentinvéntor.Thisn@thodconstitutes
the precéding basis of the present invention and is therefore

~explained in detail below. This reference is referred to as
"Reference 3" in the following description.

This preceding art differs from the previously described
prior art in that the Q-switch unit is turned OFF and a continuous
oscillation state is maintained during a prescribed period
between the emission times of two successive giant pulses in
order to.prevent storage of light energy in the laser medium.

Following the passage of_this continuous oscillation period,



prior art in that the Qswitch unit is turned OFF and a conti nuou -
oscillation state is nmaintained during a prescribed peri 8&%&%%2‘?{)5( he
em ssion tines of two successive giant pulses in order to.prevent storage
of light energy in the | aser nmedium Follow ng the passage of this --
continuous oscillation period, 6 28 February 2005 the Qswitch unit is
“turned ON and |ight energy is stored during a period until the start of

the next GFE Rerliqdof e Q. swit Q? ang'nthat an optical sw tch for
openi ng and. ¢ osﬁ%htﬁreﬁgpjtsi E%Fneéa Y3p ijrq}i‘/tr GBETIY tHETOpEL AT pRgh of
aser pul seerausides1the laser 98ahld ALg pobhee Laser_gselllator and
the.obj ect to be processésg. i g. |sga£b ocvﬁgﬁgaroaﬁntﬁgréi?‘l"ﬁt? ating
the constam@tinOtha©bntdisr 1 ASEEWYLRU - AENMEEEN %‘%&f.ggg'f‘l Ref €13
Laser output device 30 is provided vvi_th:gcorrpgt er % ; ln@&s%r%érggﬁatlmit 35,
Q switch pirtlvers 3FovipldCaln M eptdcavebatBlor! AS6Er 0561 L 21O Slgeand
opticcal switch unit 32. Conputer 38 supplies I/O data to .neasurenent unit
35. I/ O dehealpaekudeiott@nby tweshtgiedas fe f 0 iUNRILBE 4418 £ RS & unit ON
and OFF (the pulse frequency and pulse width of a pulse that controls the
Q swi t ch)tddre tREAGRFSda for opening and closing optical switch unit 32
(the pulse frequency and pul se width of pulses that control optical
swi t ches) . Nb‘%s%‘rérﬂe‘h? Rifigk dbageaefaresl lus aing hheamtrsti rymett s@n and an
optical swtch control pulse based on the I/O data. Qswitch driver 33
effects GV\% (5%1‘? é&,ﬁerrmm&p@ dftge daacribeddsy Redenenceptd-cal resonat or
11b of | aser scillataor 31,in accpordance with the -swtch control pulse.
- ﬁéé@é output device §H 1s provided with: computer 38; P

measurement unit 35, Q-switch driver 33, optical switch driver

34, laser oscillator 31, and optical switch unit 32. Computer
+ 38 supplies I/0 data to measurement unit 35. 1/0 data include

not only timing data for turning the Q-switch unit ON and OFF

(the pulse frequency and pulse width of a pulse that controls

the Q-switch) but timing data for opening and closing optical

switch unit 32 (the pulse frequency and pulse width of pulses

‘that control optical switches). Measurement unit 35 generates

a Q-switch control pulse and an optical switch control pulse

based on the I/0 data. Q-switch driver 33 effects ON/OFF confrol

of Q-switch unit 1la provided in optical resonator 11b of laser
oscillator 31 in accordance with the Q~switch control pulse.
thical switch driver 34 performs ON/OFF control of optical

switch unit 32 in accordance with the optical switch control

pulse.

Fig. 5 is a block diagram showing the construction of

neasurement unit 35, and Fig. 6 is a timing chart of signals

illustrating the operation of the device of Reference 3.




Optical switch driver 34 perfornms OV OFF control of opti Wi nit 32
in accordance with the optical switch control pul se. Fi ;fé%ch%argﬁg?%ck

di agram showi ng the constr.uction of .nmeasurenent unit 35, and Fig. 6 i's a
timng chart of signals illustrating the operation of the device of- -
-Reference 3. 28 February 2005 Measurenent unit 35 is provided with
measurenent conparison/decision unit 17 and | aser control unit 26.

Measur enent cogparison/ deci si.Qn. yni.t 17 ne res.the amount of processing
of the object t0 D& prec s?@&% g%nﬁ&r@§°ﬁﬁ§% ¥ gsﬂ?@ﬁgﬁﬁm@§¢ues Wi th

target vabygs..debayibnes uhehher 95 gl jprescribed progessing has been

attai ned, an prescr processing-has no i d (when

addi ti onaleabasehneRt &Sl dF AH PO 4 SoNERETSRY ’as%rr%g des nagtfcﬂrﬂgiéﬁ 1)

pul se signal indicating this fact (necessity of the additio er

i rradiatipppcassangeber theabb9actessl bet prhas8se8PNELRba MBI £1h28e Laser
control unit 26 is. provided with decoder 20, programmable frequency

di vi der chegsiiteRédntredbliesncel h acdegdts Gid hals)r R2ermQ@ies WheGWdy 23, timer
circuit 24, and programmable timer circuit 25. Decoder 20 decodes 1/0 data
for the cemtrprestcghatd pfoc€sssmijt Bhasubeen| hatandedpt andl wewht ch unit 32,
received from conputer 38, and provides the decoded |I/O data to

pr ogr anmelBF @SC¥ tlegd anegces vimerhas mali bezh acdipvegr dwhabl eddimépneilr cui t
25. Progranmabl e frequency divider circuit 21 receives the reference clock
signal s getRtatRyl$ teradbnetor| beknesessapybr provides a (logic 1)

pulse signal indicating this fact (neceésity'of the additional
lasef irradiation) as a determination result to laser control
unit 26.

Laser control unit 26 is provided with decoder 20,
programmable frequency divider circuit 21, reference clock
osciilator 22, logic circuit 23, timer circuit 24, and
programmable timer cirguit 25,

becoder 20 decodes I/0 data for the control signals of
Q-switch unit llé and optical switch unit 32, received from

. computer 38, and provides the decoded I/0 data to programmable
frequencydividercircuit21andprodmmmmbletimercircuit25.

Programmable frequency divider circuit 21 receives the
referenceclocksignalsgeneratedbyrﬁferenceclockoscillator
22, frequency-divides the referenceé clock signéls based on the
I/0 data and generates a Q-switch frequency pulse (Fig. 6(a)),
and supplies the Q-switch frequency pulse to logic circuit 23.
The frequency-division ratio at this time can be modified as
appropriate, |

Logic circuit 23 receives the Q-switch frequency pulse




22, frequency--divides the reference clock signals based g he éo—data
and generates a Qswitch frequency pulse (Fig. 6 (A ) , 2 r'é%é Pes the
Qswitch frequency pulse to logic circuit 23. The frequency-division ratio
at this tine can be nodified as appropriate. Logic circuit 23 receives the
Q@ switch frequency pul se 8 28 February 2005 from programmuabl e frequency
divider circuit 21 and also receives the determnation results from

measur enefiromC gFBak-LsRAHIEC irsd i s ‘ t AND of. the two
i nput si gnglmsgang supgf)i %s f?ﬁgﬁﬁ%%éidéﬁéc%%g%g%%ﬁ %ér a&%r Al 24 and

progranmebkeet iveer thel QBkkbraSnathics MIISIGNH S fledsrgd +as a pul se
‘sirgnal synchronized with the Qswitch frequency plrﬁ se in case that

addi ti onakolrsenspuldecistiadiwiion 9f gbherabksathe ARDRSE Eh%cﬁﬁé‘i%&j[&
required. There is no output of signals from logic circuirt 23, wever,

when. addi iighals| asérsyuppbiesi thadhlad i shged 1 the MY dinss RAt-dAGUized.
Based on the output signals fromlogic circuit 23, tinmer circuit 24
provi des, 234 RrQ@zamadnis diiove rcomrand ts2 gnath itso ANDpS  gad 1 S0 trehadiiever 34,
an opti caé1 svviLtéfh pul se of a set pulse w dth T4 synchronized with Q switch
fr equency®pai R FEFGINad (B chmibeed wisdchhoR-swiéchi Hnadseie ppudeeoder

q y ; . ; .
20, referialgcc? s ?h%&k aam .l ator 22 and logic circuit 23, progranmable
timer cirtcuit® 25 $upp éElPBa% SRPEENPYE PO ek Bl in G awmial thpubbgeot pul se
width T1 desjogpate the decaded l{fg data synchronized wth the output
signal of I ogig cl ggg%’(? YNGR 1% FBREPehg &0 output of signals from

: logic circuit 23, however, when additional laser pulse

irradiation of the object is not required.

- Based on the output signals from logic circuit 23, timer
circuit 24 provides, as a laser emission comﬁand signal to
opt-ic_al switch driver 34, an optical switch pulse of a set pulse
width T4 synchronized with Q-switch frequency pulse (Fig.

6 (E)).

Based .on each of the signals from decoder 20, reference
clock oscillator 22 and logic circuit 23, programmable timer
circult 25 supplies to Q-switch driver 33 a Q-switch pulse of
pulse width T1 designated by the decoded I/0 data synchronized
with the output signal of logic circuit 23 with the reference
clock signal as the timing signal (Fig. 6(B)). In the example
shown in Fig. 6, the interval Tl of logic 1 of the Q-switch pulse
corresponds to the ON interval of the Q-switch, i.e., the

! interval in which osciilation of the laser oscillator is
suspended.Thisintervalthusbecomestheexcitationperiod(or

thepumpinginterval),andlightenergyaccumulateslethelaser

medium. Stimulated emission occurs abruptly with the fall of




clock signal as. the timng signal (Fig. 6(B)). In the e in
~Fig. 6, the interval Tl of logic 1 of the Qswtch pul sexﬁgg%b?%%%gn s to
the ON interval of the Q-switch, i.e., the interval in which oscillation
of the laser oscillator is suspended. This interval thus becones the

excitation period (or the punping interval) , and |Iight energy accunul ates
inthe laser nmedium Stinulated em ssion occurs abruptly with the fall of

9 28 Feb ] .
ebr theyQ 2800t ERH R SV tiale RIS tN L I{ééga}f\g&?’&? d%%%%%‘%&rﬁé“dpeak

di scharged, and a giant pulse is emtted (F

val ue of at¢reamt gnil gl ise eagicaret NGy 1 creasesdi {pf he wxeidad Qa1 peri od
T1 is |l engthened. Thus, making the pulse width of the Q-swtch pulse

vari abl e @habhesgiantapildbreohcthedieigdiyt iofrihees gifamhepksetafig@nt i nuous
oscillation state is maintained in intervals of logic O of the Q-swtch
pul se andPBIRE elkl 1% Usang theeneds cThhat i romk thatt oo mEsEo ndSIHIO o8N the
oscillation threshold level is effected (Fig. 6 (C and (D)). This

sust ai ned?o¥¢ FrhmWFe Jraiekle erableghvarhet iyn foforhackeimhatdhgheo t he
sat ur at ed .é/atlhue jn the laser nmedium and thus solves the problem of the
first pul$e™th B%ePrior art. Optical switch unit 32 blocks the |aser |ight
of this susta}:&r&%qﬂt%snci |l ation 59 t.hat éhe o_bé'ngct to, be processed i s not
irradiated. Qptical- HHFeh oGt 192 10peRtat d Iontat vapinadi i wAteRvaasgi ant
pul se is emited ih synghLogi "9,{}' wth the fall of he @ swtch pul se,
and then closes un_ticf P{fie n x% t(gl\[/}\n P%%Sﬁe?Pgdf‘t"B g?%% FH@Q&?%@%@ li ght of
the:COﬂtldBéﬂEﬂiRﬁRh{Eﬁ%%oaorresponds to an oscillation threshold level

is effected (Fig. 6 (C) and (D)). This sustained oscillation
prevents the light energy from accumulating to the saturated

value in the laser medium and thus solves the problem of the

first pulse in the prior art.

Optical switch unit 32 blocks the laser light of this
sustained oscillation so that the object to be processed is not
irradiated. Optical switch unit 32 opens in interval T4 in which

a giant pulse is emitted in synchronization with the fall of
the Qfswitch'pulse, and then closes until the next Q-switch
period to block the laser light of the gontinuous oscillation.

As can be seen from the block diagram of Fig. 5, timer
circuit 24 and programmable timer circuit 25 of the
aboye-described device of Reference 3 operate entirely
independently after receiving the output of logic circuit 23.

% The two circuits 24 and 25 are then "indirectly" synchronized
1 . by being individually synchronized with the O-switch frequency

pulse. To describe this process in more concrete terms, in Fig.

6, the trailing edge of the Q-switch pulsé is synchronized to
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As can be seen from the bl ock di agramof Fig. 5, tinmer cj %’IF'E 23 (?id
programmabl e tinmer circuit 25 of the above-descri bed devi e Fence 3

operate entirely independently after receiving the output of logic circuit
23. The two circuits 24 and 25 are then "indirectly" synchronized by
being individually synchronized with the Q switch frequency pulse. To
describe.this process in nore concrete terns, in Fig. 6, the trailing edge

of the Q $Wet ¢hadihgeelgesyocbronhaeg- w1 L6 2 ¥ the, I eadi ng
edge t6 of the Q sw tchgfrequency pul se, and,ﬁg‘g&'pésﬁ(gﬁ\r/mp%%%é—ﬁ gagl%’ (aé , the
|'eadi ng ed§evofin Fagop6iEh) tdhw Lehdpulyseigd &fsm@&ﬁicéqu&&éﬁgéjl%di ng

edge t0 of the (ﬁsw’_tch frequency pulse, whereby the trailing ge of the
Q swi tch pils& Gl sedito blge tliemeliol ¢dee afi sSittre 0f si BER Hr RMTR)y and

t he | eadi ng edge of an optical switch pulse (the starting time for “turning
ON the opPFLEP/ sWPEERPYatEes inahldniaz edgeHodeie, O-bwtiteneaassi totHor t he

ri se of agtgggigal SW tgﬁ? Bul se to be sinultaneous with the fall of a
Q swi tch purse ¥ Ykt FR6 csiraicrrdt forlanheulselodndftiimdienddng

synchroni i i hi evi ce cannot be considered ideal fromthe
st andpoi n%é%%occg:kor#lr éP.tic?gi §wbﬁ?lﬁtp‘1‘ ¢ f-der eBatbinareimpdicowtagsnting fir st

bl : .| der .to i npl t the indi t
Cynohroni 2ut | o0 St oAt THIERD) GBLFcEVBRRRERAF BAcoRSNoTRE 1 FSetb 1 he

oot oh ks tust rorcesgeribe L eodh 000 | 0018 RIMLERACSIL™ o
alf ter tinelmZl teeseis ngi £ ofad hes 1 eadi no edae o, Hﬁsfei 8 taken into
| consideration, the method of indirect synchronization in this
device cannot be considered ideal from the standpoint of control.
This point is referred to hereinbelow as the fii:‘st problem of
the art of Reference 3. |
In order to implement the indirect synchronization method
in the device of Referep‘ce 3, thé rise of the Q-switch pulse
must precede the‘leading edge t0 of a Q-switch frequency pulse
exXactly by time T1. For this purpose, the Q-switch pulse must
rise after time T2 measuring from‘the leading edge of the first
Q-switch frequency pulse immediateiy preceding the second
. Q-switch frequency pulse associated with the QO-switch pulse of
interest (see Fig. 6(B)). As a result, the emission of the first
giant pulse is realized in synchronization With the second
Q-switch frequency pulse. In other words, the first emission
of a giant pulse is not performed in synchronization with the
first Q-switch frequency pulse after a command to process, but
" is performed after a delay of one Q-switch period T3. This point

is referred to hereinbelow as the second problem of the art of
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Q switch frequency pul se i mredi ately preceding the second C%swi tch
frequency pul'se associated with the Qswitch pulse of in2&Feueary28@5Fig.
6(s)) . As aresult, the emssion of the first giant puI seis realized in
synchroni zation with the second Qswtch frequency pulse. In other words,
the first-em ssion of a giant pulse is not perforned in synchronization
with the first Qswtch frequency pulse after a cormand to process, but
is perforned after a delay of one Qswitch period T3. This point is

ref err edReeteas Bbel ow as the second problemof the art of 11 28 February
" 2005 Reference 3. It is an object of the present invention to provide a

| aser pr ocessthgifevAtcec?irRit r efedies RufS abovE R dNb eleP Eﬁ@ﬁ%rﬁings of
Ref erence 3, that solves the problemof first pulses with a sinp

const r uct3THF amF SSESBLBICoAEYHTS dRRE ndeE6vers t hae |%b?:‘éepé]rﬂs€r&f°@fir eely
dif K | t t | S h A tion:
e T Y
t d | | | at | t
orov ded e BT entea?, | AREu R Rty e P e ahh e ég’aonaaor

Q swi tchy oy, pulse, 1 sakdod ﬁ@roﬁsfkéﬁ%%oﬁﬁfg‘gngh@ﬁgegeaf(r Hhue

oscillation and ‘storing opfical energy t ugh pu n the Qswtch
unit is gar UN1a30¢ pgréegsmng oscillation as normal when the Qswitch
unit is turned OFF under the control of the Qswitch control pulse;
Summary of the Invention:
The laser processing device according to an aspect of the
present invention is provided with:
a laser oscillator having an optical rescnator provided
with a Q-switch unit the operation of which is controlled by a
Q-switch control pulse, sald laser oscillator being checked
from oscillation and storing optical energy through pumping
when the Q-switch unit is turned ON, and performing
oscillation as normal when the Q-switch unit 1s turned OFF
under the control of the Q-switch control pulse;
an optical switch unit for transmitting or blocking laser
light under the controcl of an optical switch pulse, said
optical switch unit being arranged on the optical path between
"the laser oscillator and an object to undergo laser processing
by laser pulses emitted from the laser oscillator;
a computer for supplying I/0 data that designate: the start
timing of laser processing; after the start timing of laser

processing, the frequency of repetition at which the Q-switch

12




an optical switch unit for transmtting or blocking laser 1|ight under the
control of an optical switch pulse, said optical sw tch 2hFebrimsy 3605
arranged on the optical path between the |aser oscillator and an object to
undergo | aser processing by |aser pulses emtted fromthe |aser
oscillator; a conputer for supplying I/O data that designate: the start
timng of |aser processing; after the start timng of |aser processing,
the frequency of repetition at which the Qswitch 12 28 February 2005 unit
i s causednily bperaasedpépi eHpEal ¢ yrerkalided lyer pod thevibeeked tie Wdishi tch is
turned ON to desigpate a punping period, a control unit for generating:
O swi t chFF QTG PptT Sa¥ MRGNNEE (He HBaGeRcy B o BEEL6on dosi gnat ed by
the |1/0O dat a; i.tch t each hayi. a first |ogic.leyel to
cause said _Q%wgtbgﬁ&%%i ?H?g Fg%neg{lég%%lggéegg%ﬂ%ggiEcﬂelrcél\?enl&t 5%l§a\ése t he
Q swi t chpaidg tihd Witddehcyand I%@F'e@ﬁlt@oﬁ e@di Neh AdQe byt Rafe ety Ridks ;a
transition fromthe second logic level to the "first l'ogic |level, a
trail i ngoesige:dthatoekivbi palaet r ansht | lodwidg om tfhe sk rsdgilogilevéevelb to the
second logic level wherein the |eading edge of the Qswitch control pul ses
i s syncheomeetridnOrhwiheht valt ity tedgedPNofanthe ersond cledregirsredy tpul ses
in the period of each of the @ sw tch frequency pul ses, and a pul se
wi dth, iS®se (e t PRavHuratiort 6o weeR CRE-| 8adi hgv Bihe® alPRe 968 1 i ng
edge, th i S al, to the peri.od si gnat ed as unpi ri.od t he
I/ O dat a?l%%tnd‘_ﬂg%tj.tflctas! asvﬁﬁacr%’lﬁﬁlogegﬁ:oéﬂac © hsaeﬁoﬁg &%19|‘1r s?glvggi (J:C%I é_‘yél to
;:ause t_hfit:ﬁﬁ'f@:jiévﬂéx%l,toa {rANSMd daperiddhiand 2 seaond diedig | evel
0 cause the

from the first logic level to the second logic level wherein

the leading edge of the Q-switch control pulses is synchronized

.with the trailing edges of the Q-switch frequency pulses in the

period of each of the Q-switch frequency pulses, and a pulse

width, i.e., the time duration between the leading edge and the

trailing edge, that is equal to the period designated as a
punping period by the I/C data:; and optical switch pulses, each
having a first logic level to cause the optical switch to
transmit laser light and a second 1logic level to cause the

optical switch to block the laser light, and having the leading edge

~that exhibits a transition from the second leogic level to the
first logic level and a pulse width predetermined to be equal
to the time duraticon of passing the laser light, the leading
edge of the optical switch pulse being synchronized with the
trailing edges of the Q-switch control pulses in the period of
each of the Q-switch frequency pulses;

a OQ-switch driver that receives the Q-switch c¢ontrol
pulse for controlling the Q-switch unit in response to the Q-

switch control pulse; and
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optical switch to block the Iaser |ight, and having the | eading edge that
exhibits a transition fromthe second logic | evel to the 2&Kkabsiary 2@l15c | evel
and a pulse width predetermned to be equal to the tine duration of
passing the laser light, the | eading edge of the optical switch pul se
bei ng synchroni zed with the trailing edges of the Qswitch control pulses
in the period of each of the @switch frequency pulses; a Qswitch driver
that receives the Q@ switch control pulse for controlling the Qswitch unit
i n response tantheti@alswintickhcamtivelk pohbsercanivds8 28 Fabriuarly sd@06han
optical switch driver that receives the optical switch pulse for
controlIpmkpqr@pmpcom%WObWWHQﬁthﬂu@ptncabsﬁmmﬁmthMlthenogﬁﬁEaDS%mFPch

pul se. According to one enbodinent, "a control unit for generatlng opti cal
switch piiseptdyadhpuhrgedw it the Qswitch control pul ses" of this |aser
processing device may guarantee the direct synchronizatjon of optical
‘switch pulse RFAIMETG S t cAPRonBFBPIHEEe. Actor BPRETPD aH"aft eFR&ti ve

enbodi nent € d|re nc rani zati on

h | d
Qf.swtchge%eoﬁﬁ 50 BEELee Lo DT B «Fshr P EBte T s Ry *hd e
| | s
of @ switgh contral. ul 56 Belng suchianized.te Ui Leadino o sdag .ol

opti cal W The f1rst nay t hus

be sol vgel &wéf.h?rgﬁ{&rc}masc%gn%fpr&gléleamofsﬁecf&{ ENEEs 3 @@yut)@ Q-
switch control pulse.

According to an alternative embodiment, the direct
synchronization of the optical switch pulse and Q-switch
control pulse may be realized specifically by the trailing edge
bf Q-switch control pulse being synchronized to the leading
edge of optical switch pulse.

The first problem of the art of Reference 3 may thus be

scolved.

Furthermore, the second problem o0f Reference 3 may be

solved by the function of the control unit of the present
invention that "generates Q@Q-switch contreol pulses that are
synchronized with the Q-switch frequency pulses in each period
of the Q-switch frequency pulses. In other words, the Q-switch
control pulse may synchronized with the Q-switch frequency
pulse in the period of "each" of the Q-switch fregquency pulses
.including the first Q-switch frequency pulse after the start
time of laser processing.

Accordingly, the initial Q@Q-switch control pulse may be
generated synchronized with the 1initial Q-switch frequency

pulse following the start timing of laser processing. As a
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solved by the function of the control unit of the present invention that
"generates Qswitch control pulses that are synchroni ze®28¥dbman20@3 switch
frequency pul ses in each period of the Qswitch frequency pul ses. In other
words, the Q@ switch control pulse may synchronized with the Qswitch
frequency pulse in the period of "each" of the Qswtch frequency pul ses
including the first @ switch frequency pulse after the start tine of |aser
processi ng. Accordingly, the initial Qswitch control pulse nay be

gener at etesynchrdr zédrv thnihe ¢hildsdr @rowetchnfr equemeytiyad pelsel | owi ng
“the start timng of |aser processing. As a 14 28 February 2005 result, the
start tifehipwind asepepiodesdi mpmensient iafst 1pekseprPofsdiithghay pefi od of
suspension of l|aser processing may be generated synchronized to the first
Q swi t chogreffat pypehseniTagsty Lﬁm it séf Qraeieent ForIUAiY REySBe real i zed

by the constitution "the |eading edge of the swltc gntrol pulse is
synchroni zed W’t% f‘FFéCJTJrCHi I‘?%gtl}fdg‘éor% é\}{ﬁltt Yy &fu lZSE}I g’é’ %gﬁd t he

trail dge, of . t h wi.th th
| eadi ng ST GRTE oREC AP A (RO are PRogTher Hane ! Ewlsaswetch

|
contro Wg*ﬁ%erc%%aﬁel&e weansed o rr'ai? hﬁ Sé(c&‘gcé”%’k' Zﬁt LQE t%”ht%;gx o erat od

the Qs requency pul se. ccor |'aser” pul se may

at the %af& SM& edhd r@fﬁfﬂ%gf aéo{g ofea% %@Mltt% faequencyupybses by
exactly QO switch control pul'se width. The problemof first pulses may
be sol vegyiyhidhg RueSGtn | fentiie@niag desed i had heeei Bhel@w  switch
pulse™. In other words, the Q-switch control pulse can be
caused to rise in synchronization with the fall of the Q-switch
frequency pulse. Accordingly, a laser pulse may be generated at
.the time shifted from the fall of each Q-switch frequency pulse
by exactly the Q-switch control pulse width.

The problem of first pulses may be solved by the present
invention as described hereinbelow.

The Q-switch contrel pulse that may be generated by the
control unit of the present invention has a first logic level
during the period designated as pumping intervals by I/0 data
and has a second logic level during the other period. The
‘other period means the period other than the period designated
as pumping intervals by I/0 data.

Since the period before the start timing of processing or
during suspension of processing is obviously included in "the
other period, the Q-switch contrel pulse becomes the second
logic level in the period before the start timing of processing
or during suspension of processing. The Q-switch unit therefore

‘ continues in an OFF state in these periods, whereby the laser
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The Q@ switch control pulse that nay be generated by the control unit of
the present invention has a first logic |level during the&kebreatyde@s gnated
as punping intervals by I/O data and has a second logic |level during the
ot her period. The other period neans the period other than the period
designated as punping intervals by I/O data. Since the period before the
start timng of processing or during suspension of processing is obviously
included in "the other period, the Qswitch control pul se becones the
second ¢=gilddtevelnd imtdimsper i odnbefwres t hecst batidn nspatof prodédsi ng or
~during suspension of processin The Q-switch unit therefore continues in
an OFF state lhokhesaepeyi 6ds, %mewé@yerttrﬁéiléé@n ascogulaipiar i 2605
oscillator maintains a continuous oscillation state. In this way, |ight
energy ckarde PReEht UL TONRR caRiT Bt FAGIPG Pﬁeprlo%éﬁl%d%m%fl&ﬁe t he
start timng of processing or during suspension of processing. As a
resul t, THRPF RbI BEC ?/Sjorég prevent ed fromhaving a peak value that is

hi gher than sz_klcceedl nl%lﬂedl 3 h % g{ﬁ' Qcﬁa§zhl‘§e pﬁllf?s‘geﬁ/‘u_ (%{)I}rofm thg%m%svm tch
t e Fir

control pul se*° génera ErnerYcrfe r ogramabl

the "gént rv%ﬁuteh%aécggwﬁgq{ﬁ]%seh%nt he lLasgin gg'fh 1@eeurrp' ng

i nterval SO programabl eak values o rat ed giant
pul ses rray th@{ﬁé@f@m@' SBubge prmmme@' eehd cha-%,%tehocg@ﬁm devirge that
fe

conbines the features of  both the device of rence 3 and the | aser

pr ocessiduhdeMeee byoftHder ivasantmdmvenitdan my e gheajredarbyladdichg t he
light energy that accumulates in the laser medium in a pumping
interval is alsc programmable. The peak values of the generated
giant pulses may therefore also be programmable.

B laser processing device that coﬁbines the features of
both the device of Reference 3 and the laser processing device
of the present invention may be created by adding the
measurement comparison/decision unit of Reference 3 to the
control unit of the laser processing device of the present
invention and further adding the logic circuit of Reference 3
to the laser control unit of the laser processing device of the
.present invention.

In this embodiment, the contrel unit of the laser
processing device of the present invention may further include
a measurement comparison/decision unit that measures prescribed
items of the object to be processed, compares these measured
values with target wvalues and determines whether or not
additional laser processing 1s necessary.

Furthermore, the laser <control unit of the laser

processing device of the present invention may be provided with
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measur enent conpari son/decision unit of Reference 3 to the control unit of
the | aser processing device of the present invention and2§ Eebrieey 26@di ng
the logic circuit of Reference 3 to the |laser control unit of the |aser
processi ng device of the present invention. In this enbodi nent, the
control unit of the |aser processing device of the present invention may
further include a nmeasurenent conparison/decision unit that neasures

- prescribed itenms of the object to be processed, conpares these neasured
val ues wt Rogarcgetinmiifesanranatst ebatvesn wtteharr aar afvpiel L gddindansalcyl aser
‘processing is necessary. Furtherpore, the | aser control unit of the |aser

pr ocessi Ty HRRA B TEHIEha™dr BRRnt I TRV enitfiSdn SHEGUBE - pr OUF dbE I tH-oFEi5s
February, 2005 & 1 ogl ¢ Cif E{!r;"c{», gl anged between Lhe REAOr A Salrigguency
di vi der cifcul anlg tI?e TSt tiTer Cl et The ((f?ogl C circui récei ves

the Q swigh 4 equaney MrulseeABH: t BEmPet 81JH ARIHiQRonr BRYE L STiofs tiRRic
measur enment conpari son/decision unit. This logic circuit transmts the
Q swi t cheif@agueneynpul s tdhe Dhewitsistrddgi@hcyi pulases ithewWdiedt thiter
measur enent conpari son/decision unit determ nes that additional |aser
processi iy ismsescessarwhiapd theevestsutamensni seiwear iglony/Hectsswi t gmit
frequency pulse to the first tinmer circuit in cases_ in which the
neasur et IEGRFar isdn/ @1 it lunt 5o e BERER S Hét%er #F n@eCREP2BA i Fonal

| aser prog§§§hgg_és necessary. By, neaﬁg.gfuépe aboz;-desC&LQ;d o the
consti t IO Che FFETRAT IO ndént Hoh s Have Thelt 1o iy et &
first timer circuit in «cases in which the measurement
comparison/decision unit does not determine that additional
laser processing is necessary.
By means of the above-described constitution, the present
invention may have the following merits:

The peak value of the first pulse can be controlled to

l1e6a




The peak value of the first pul se can be controlled to 16a 28 February 2005
a level of the pulses that succeed the first pulse by pl a8 Fpruaréd@ptica
resonator in a continuous oscillation state in a period before the start
of processing or during suspension of processing. Providing a circuit that
enabl es progranmabl e setting of the punping interval enabl es programuable
setting of the peak value of output |aser pulses. Synchronizing the

| eadi ng edgeeotltdhe @SW I Lyptrol |lse.with the trailing edge of

Q switch frequency pul sg aﬁ% syn(:tﬁrsgr?%%ieﬁgtyﬁep{?%ﬁ: IBHG % e PdRCOIs i t ch

~control puheeoptibalthesbgadbpoigdge-oft optd.cal i-t:ch .pul s nahl es both
the stable and reliable synchronization ofdl'% é)%lfnlllr?g:lon gr%iag;ﬁ oft 8f giant

bul ses wi Phri g 1é g tofe GReing f0hrbbesabhl it ke WabbnAad gpables
the generation of a single |laser pulse train"having a set peak value for

each Q swP¥e@e$seymency pul se. Providing a circuit that effects
programmabl e frequency-division of reference clock signals enables the
programmabl e RBEVifdindcarciimsmidf thaé enshiespriomguentyld Battsaeves as
the refergnce timng for the operation of the |aser processing device. As
a result, e@%’\lﬂﬂtr@% 1p¢Erad ITenehA eheprogoainalshe enttedi nvg tffl Bhthgesrnge T3
> Ti + Tﬂvgfhgs #o be riate to the processing of sem conductor

. appr o
conmponents or € VTR Gl L29%hdneht2S - The above and ot her obj ect s,

features, and es. of _the present invention will becone apparent
fromthe follo réﬁ%éﬁhflng the 1ga§lng edge of the Q-switch control

pulse with the trailing edge of Q-switch frequency pulse and
synchronizing the trailing edge of Q-switch control pulse with
the leading edge of optical switch pulse enables both the stable
and reliable synchronization of the timing of emission of giant
pulses with the timing of opening of the optical switch unit
and.enables the generation of a single laser pulse train having
a set peak value for eagh Q-switch frequency pulse.
PrQViding a circuit that effects programmable
frequency-division of reference clock signals enables the
‘programmablemodificathm1oftheQ;switchfrequencythatserves
as the reference timing for the opération of the laser
processing device. As a resuit, a Q-switch period T3 can be
freely selected within the range T3 > Tl + T4 so as to be
appropriate to the processing of semiconductor componenté or
-electrical components.
The above and other objects, features, and advantages of
the present invention will become apparent from the following
description referring to the accompanying drawings which

illustrate examples of preferred embodiments of the present
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description referring to the acconpanying drawings which illustrate
exanpl es of preferred enbodi ments of the present 17 28 Fedtihiyarpde®s
invention. Brief Description of the Drawings: Fig. 1 is a block diagram of
~the principal conponents of a Qswitch controlled | aser oscillator -
according to a typical exanple of the prior art. Fig. 2 is a block diagram
showi ng the constitution of laser control unit 3 provided in control unit
2 of Fig'iﬁveﬁkqb 3is atimng chart illustrating the em ssion timng of

| aser pulses 1n the device of Fig. 1. Fig. 4 is a block diagramfor
explaining the constitution of the | aser processing device described in
Reference 3. Fig. 5is a block diagramshow ng the constitution of

measurenment unit 35 ofgther qgé@&eilpgigﬁgodf Athg:i%a‘%xigzs.a signal timng
e of ~ Ref’er

chart illustrating the operation of the device of ence 3. Fig. 7is a
bl ock di agram gtowi ngi$ he onst idiukirem ek the pfﬂrfﬁlgﬁn%%ﬁb%@htgf the
ig.

| aser processing device of the present invention. is a bloc

di agr am shodi sigi tdie @enistoIlid Qasefr basel 1aeeRt s6bordidg T Ph Lhikhist
~enbodinent. Fig. 9 is atimng chart of signals that control each part of

t he | asereppopéssphigtievireéonf athe first enbodinment. Fig. 10 is a block

diagran]shomﬁn%_the constitution of the second enbodinent.of the | aser

processi ng devFfé@-of ifheblock diagram showing the constitution of laser
controljﬁnit 3 providéd in control unit 2 of Fig. 1.

Fig. 3 is a timing chart illustrating the emission timing
of laser pulses in the device of Fig. 1.

Fig. 4 is a block diagram for explaining'the constitution
~of the laser processing device described in Reference 3.

Fig. 5 is a block diagram showing the constitution of
measurement unit 35 of the device of Fig. 4.

rFig.(SisglsignalEimingchartillustratingtheoperation
of the device of Reference 3.

Fig. 7 is a block diagram showing the constitution of the
first embodiment of the laser processing device of the present
invention. C

Fig. 8 is a block diagram showing the constitution of laser
contfql unit 3 of the first embodiment.

Fig. 91is a timing‘cha;t of signals that control each part
of the laser processing device of the first embodiment.

Fig. 10 is a block diagram showing the constitution of
the secohd embodiment of the laser processing device of the

present invention,

Detailed Explanation of the Preferred Embodiments:
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present invention. Detailed Explanation of the Preferred Enbodi nents: 18 28

February 2005 Enbodi ments of the present invention are nel&Feaayi2Bedl with
reference to the acconpanying figures. Fig. 7 is a block di agram show ng

- the constitution of the first enbodiment of a |aser processing device of
~the present invention. The |aser processing device of the present

enbodi nent is provided with: conputer 1, control unit 2, Qswtch driver 4,

optical swtch iver 5 |aser, oscillatqr 6, and optical switch wunit 9.
Laser oscill atof O‘?ﬂ?%ﬁ%so%rﬁl\ecglreﬁé%’gn&tnéﬁenﬁlpﬁea%s%%?a‘??%‘ﬁrbbedhi ch

“is control | I 1.t ch it 8 is incorporated within
1)pt'i cal r'eijgﬁ%a%er%fgﬂ(éoercr&u#gﬁ%%pcﬁ‘%/n?%!e@%l}%uﬁgaqlérq%‘atI desi gnat et h\(,avI |
operatin noderof . i i 144 rat i f. opti.cal switch

ani 19, To contral” unit S0 HafoRan SEwERE Al BBt B e bh Bt s
Laser contfidlsturirboRidRerdes b/ OadatapraPds9¢Ag’ 8b6Sce Eﬁg\ﬁﬁlﬁ@s&rﬁ)gtrC)l

S ch™ pu

pul se for controlling Qswitch unit 8 and also™an optical swt Se for
controllingvepttiicad. switch unit 9 at the timng designated by the 1/0
data.” Laser control unit 3 supplies the generated Qswitch control pul se
and- optical svWitechasgrsprooessnigtaddviee wel theapde ght Cahbsa hehr drd ver 5,
respectively. Qswtch driver 4 effects OV OFF control of Qswtch unit 8
in respon&d Ve WOLBw Eehpebat riol quuitym]l uQdiswlt ob- sl tclB dwinedt ons to
decr ease th&.‘ value of optical resonator 7 when in the ON state, and
functi ons °®Fd ailh%l‘fllt:% driver 5, laser oscillator 6, and optical switch
. unit 9. Laser oscillator 6 includes optical resonator 7 the
oscillation of which is controlled by Q-switch unit 8. Q-switch
unit 8 1s incorporated within optical resonator 7.
Computer 1 provides I/0 data that designate the operating
mode of Q-switch unit 8 and the operating mode of optical switch
unit 9, to control unit 2. Control unit 2 includes laser control
unit 3. Laser control unit 3 decodes I/0 data, and generates
a Q-switch control pulse for contrelling Q-switch unit 8 and
also an optical switch pulse for controllingoptical switchunit
9 at the timing designated by the I/0 data. Laser control unit
3 supplies the generated Q-switch cdontrol pulse and optical
switch pulse to Q-switch driver 4 and optical switch driver 5,
respgctively. Q-switch driver 4 effects ON/OFF control of
Q-switch unit 8 in response to the Q-switch control pulse.
Q-switch unit 8 functions to decrease the Q value of optical
resonator 7 when in the ON state, and functions such that the
Q value of optical resonator 7 has a normal value when in the

OFF state. The ON state of Q-switch unit 8 therefore corresponds

to the. state o_f suppressing the oscillation of laser oscillator
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Q val ue of optical resonator 7 has a normal value when in the OFF state.
The ON state of Qswitch unit 8 therefore corresponds t o2& Fbraary2@0f
suppressing the oscillation of laser oscillator 19 28 February 2005 6 and
its OFF state corresponds to the state of normal oscillation of |aser
oscillator 6. Optical switch driver 5 effects OV OFF control of optical
switch unit 9 in accordance with the optical switch pulse. Optical switch
unit 9 has; WS utterE%ué tion and either transmts or blocks the |aser

light in response § CArTSRGS Pl $&e Atesugt opriredl switch
unit 9 isad;3R9ed QULY %aselt gg st%zﬁaatg%fl lator in the present enbodinment,

it may al so be arrangédins oscillator. Next, regarding the

details of thedid{r} ru I trol it.3 efer to Fig. 8,

in which is shown S'Iabll g&c’&ega?%rgirﬁfgfefﬁgcé W@&tﬁaﬁ”&ﬁe?ﬂ Q%§’€ltl€§ﬂt r ol

uni t 3 of siiechpuasent eRbadiaRindeARIHCRAL Bh ikt 3, Wi ErBLgY gvi,ded with
o]

decoder 12 for the Qswitch and optical swtch contr

progr anmabpéichkiequeneyt dnYicder heisr gubhu%%erqugg{:g bgﬁdtbgg% circuit 14,
reference clock oscillator 15, and tiner circuit Decoder 5 decodes

recei ved trendatéisamd idends the tesederigHy @n@é@pé@s@o&h Rl 0%%@%39' €
frequency divider circuit 13 and programmable tiner circuit

Pr ogr am‘raBWéchéml@rﬂ:yAhthqD@@h opitricwilt sd Bt dnhhers iseaiarkied berkeher ence
clock sig fromreference clock oscillator 15, frequency-divides the
referencegﬁ?dkﬁﬁg7@ﬁ§p§lator in the present embodlment, it may alsoc be

arranged inside the laser oscillator.

Next, regarding the details of the construction of laser
control unit 3, we refer to Fig. 8, in which is shown a block
diagram of the configuration of laser control unit 3 of the
Present embodiment.

Laser control unit 3 is provided with decoder 12 for the

*QfSWitch and optical syitch contrel pulses, programmable
frequency divider circuit 13, programmable timer circuit.14,
reference clock oscillétor 15, and timer circuit 16.

Decoder 12 decodes received ‘I/O data and sends the decoded
I/0 data to both programmable frequeﬁcy:ﬂivider circuit 13 and
brogrammable timer circuit 14.

Programmable frequency divider circuit 13 further
receives the reference clock signals from reference clock
oscillator 15, frequency-divides the referehce clock signals,
generates a Q-switch frequency pulse having a frequency that
is designated by the decoded I/O data. Programmable frequency

: inider circuit 13 transmits the Q—switch frequency pulse to

programmable timer circuit 14. The period of the Q-switch
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generates a Q@ switch frequency pul se having a frequency that 1is designated

by the decoded I1/0O data. Progranmable frequency divider 28 Febgary 2805
transmts the Qswitch frequency pulse to progranmable tinmer circuit 14.
The period of the Qswitch 20 28 February 2005 frequency pulse is T3.
Programmabl e timer circuit 14 receives reference clock signals from
reference clock oscillator 115, the Qswitch frequency pulse from
programable fre uenc¥ divider circuit 13, and decoded 1/0O data from
decoder 1 Feﬁg?ﬂgytne P&f éFefée clock signals as timng signals (using the
‘reference cloc ignal s. as,the standarg for timng) iA?%enerates a Qswtch

control pul se Eﬁéé?ﬁﬂmﬁbaﬁl§émﬁFdFﬁrﬁ?i dédi §REEEVEByTeherPRORdELacki th a
| eadi i it.h il d f itch
froquency praty "EPERIEEER LD LIGCkiBLeLIZREREr B LoR P hihse (o

Mitch i 1 i i I . k val f th
G ant | pul Se dEn Gy P e U B P Rt PRI B A R PR e
r ef er enceand eRlcoticana) s @ch g G st £h £onki gl Ml %%'fe%%h%%p{:'fgc

reference clock signals as the timng signals,. generates an o |caF swi tch
pul se havéignabs prescin e a@ldn%asm(dxtshn54tﬁ@cbekeeén&e%i@gﬁlQﬂ%lﬁggﬁ of the
e

optical switch signals is synchronized wth the trailing edge

Q swi t ch adivheottpudaed fandtsupph esydriergenena-ati ot coak oW sehspul se to
optical switch driver 5. Next,. regarding the operation of the circuit of
Fig. 7 dWVimyes el wiitbHTY degienayedbyaiol /bakara eiitEsi Deaalggf i r st
set in deﬁfder 12 for the control of the Q-switch unit and optical

_ i edge synchronized with the trailing edge of the O-switch

frequency pulse; and supplies the generated Q-switch control
pulse to Q-switch driver 4. #T1 is variable corresponding to

"~ the peak value of the giant pulse designated by the I/0 data.

Timer circuit 16.receives the reference clock signals and

the Q-switch control pulse; using the reference clock signals

as the timing signals, ggnerates an optical switch pulse having
a prescribed pulse width T4 such that the leading edge of the
‘optical switch signals is synchronized with the trailing edge
of the Q-switch control pulse; énd supplies the generated
optical switch pulse to optical switch driver 5.

Next, regarding the operation of the circuit of Fig. 7
énd Fig. 8, O-switch frequency data for laser emission are first
set in decoder 12 for the control of the Q-switchunit and optical
switch unit. Programmable frequency divider circuit 13 next
frequency-divides the feference clock signals received from
reference clock oscillator 15 and generates a Q-switch
frequency pulse having'éudeéired.frequencyy in accordance with

the decoded output data. The period of the Q-switch frequency
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switch unit. Programrmabl e frequency divider circuit 13 next

frequency-di vides the reference clock signals received frédFehrapy298ge
clock oscillator 15 and generates a Q switch frequency pul se having a
desired frequency, in accordance with the decoded output data. The period
of the Q-swtch frequency 21 28 February 2005 pulse is T3 (refer to Fig. 9
(A) described hereinbelow) . @switch wunit 8 and optical switch unit 9
operate at &he,period of this Qswtch frequency pul se. Since the |eading
edge of tRB-8Fs\ Ténredmn bP Fgl-seldk desgrdhedihersinhalruiheQt saitthg edge
~of -the Qsw.tgh frequenc ul s refer to Fig. 9(B) descri bed
hereinbel%gm% rﬂPéi%% = §&PFEﬁ é%h?r%ﬂoﬂﬁﬂﬂ§@ ganthe RpgHerheddthhs

synchroni zat | i the firs switch frequency pul se foll owi ng i ssuance
of a proée%gggﬁﬂgggﬁgﬁﬁpc¥thiﬁ%ﬁnt contrasts with the previously

descri bed devi e . i the fi.rs -swi tch ontrol pulse
is synchronizeggaF%hE$%e1§£§§%§‘%;@%FQEEHF?gﬁ&@ﬁé§§b§F§£%O np?gﬁep+§sent
enbodi mensyntRgbEide8fwihe iQsSW ;can C t te of

Q@ switch u%?t 8, ﬁh?cﬁqin tufiwggggégg %%ggdgﬁﬁ#ﬁig%%ﬁﬁgﬁhog??ég%ﬁégsonator

7 to be cpetked(rébereby reyl owimp higbiieaereyrtonBELHRY! atig. i B the | aser
medi um Thus, in the present enbodinent, the period of the pulse wdth of

the Q svidtewi tontocolt rpul sel £¢ ken v eevialratfed DQisynbhrthl zia® ibhes: PYNPI Ng
interval or excitation tine (,refer to Fig. 9(B) described hereinbel ow).
Q switch EmetfBrahedrentecls fhenGRicy stiatee Wid hlddind aldswifnddiesQ$wi t ch
control pul se, whereby the
processing command. This point contrasts with the previously '
described device of Reference 3, in wﬁich the first Q-switch
control pulse 1s synchronized with the second Q-switch
frequency pulse.
In the present embodiment, logic 1 of the O-switch control
pulse causes the ON state of Q-switchunit 8, which in turn causes
the oscillation of optigal resonator 7 to be checked, thereby
allowing light energy to accumulate in the laser medium. Thus,
in the present embodiment, the period of the pulse width of the
Q-switch control pulse . (the intérval of logic 1) #T1 is the
'pumping interval or excitation timé (refer to Fig. 9(B)
described hereinbelow). Q-switch unit'8 then enters the OFF
state with the fall of the Q-switch control pulse, whereby the
halt of oscillation of optical resonator 7 is relaxed ahd the
stimulatedemisshmloftheaccumulatedenergyoccursallaﬂ:once,
i.e., a giant pulse is launched. The laser medium begins to
accumglate the next light energy when Q-switch unit 8 receives

the next Q-switch control pulse.

| The leading edge of the optical switch pulse that acts
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halt of oscillation of optical resonator 7 is relaxed and the stinulated
em ssion of the accunul ated energy occurs all at once, i.%.‘,’brﬁaféi' nﬁ? pul se
is launched. The | aser nmedium begins to accunulate the next |ight energy
when Qswitch unit 8 receives the next Qsw tch control pul se. The |eading
-edge of the optical switch pulse that acts 22 28 February 2005 upon opti cal
switch unit 9 by neans of optical swtch driver 5 is synchronized with the
trailing edge of the Qswitch control pulse (refer to Fig. 9(E)). Optical
swi tch unfPo® PREFEFbrawiteh nnidh § PR IFER Rz aPtdradi sWitnh driveof a

gi ant pul se.. S the pul.se width of optical switch pulse is T4, optical
Swi toh URE SUTENFRTbRe G idtat 8° i hild RESP AcFVRI0-FAI4eH eRRAFodr NS
OFF, wh Laht, if,radiated, .is bl ocked, T -swi tch
cont ol POTLE": SEAFF OB cPEYnur (R T nPBFoaRs SeLhER Wik 1 rERroaTOReI
i.e., durj ' 2l 13- #Tl. Fi g, 9 d Q-switch
anii '8 i o vher oFor oaERrehTza el FLEE e oPnt o3 bt -

atoms t hath@fu reKiigitdhe r bpanshii &pi ton e fonyl %i’og%%&\g%%s;‘gptgﬂate by

punpi ng and the nunber of atons that are 'l eaving the ion rnversion
state bywstt reuliat £d fnosskeatebihe diasely MBAEUGL A€ iaheegdbhi briyg  and

a stationary continuous oscillation state is maintained, but the | aser
| i ght of QP s wostébwolssasciidlat, osvés bF ockethtdy, opf ialcisadtch unit 9,
which is in the OFF state. The. density of energy that is stored in the
| aser nedi um Be ihgwiteh aratval T3l L ohtt gl cOndiningsi roseivdbé i on
state is extrenely low The |ight energy of a giant pulse is therefore
other than'interval #T1, i.e., during the interval T3-#T1 (refer
to Fig. 9(B)), and Q-switch unit 8 is therefore kept in an OFF
state. At this time, the number of atoms that are making the
Cransition to the population inversion state by pumping and the
number of atoms that are leaving the population inversion state
by stimulated emission in the laser medium.ére in equilibrium,
and a stationary contingous oscillation state is maintained,
but the laser light of this continuous oscillation is blocked
by optical switch unit 9, which is in the OFF state.
The density of enérgy that is stored in the laser medium
during the interval T3~#T1 of this continuous oscillation state
is extremely low. The light energy of a giant pulse is therefore
substantially equival_ent to the energy that a-ccumulates in the
laser medium in the interval of the pulse width #T1 of the
Q-switch control pulse. Thus, if pulse width #T1 is constant,
the height of a giant pulse is also constant. In addition, the
programmable modification of pulse width #T1 enables the

p;dgrammable modification of the peak values of the

corresponding giant pulses.
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substantial ly equivalent to the energy that accunulates in the | aser
mediumin the interval of the pulse width #TI of the Q st FénuayRPPDI
pulse. Thus, if pulse width #T1 is constant, the height of a giant pul se
is also constant. In addition, the programuabl e nodification of pulse

w dt h ##T1 enabl es the programmuabl e nodification of the peak val ues of the
correspondi ng gi ant pulses 23 28 February 2005 The Q@ sw tch control pul se
mai ntai ns the state of O during an interval before a processing
command is i ssug & swWg %h§0@ﬁrpdt@ﬁgéﬁ véiglzpendet: prioes BMdogice.
before 't he flrst C%smntch frequency pulse is issued frontprogrannable
frequency d|V|&89 rouF g st gﬁﬁﬂﬁﬁﬁanBcheEESég erundhdtior iGsuesl b a

COﬂtIﬂUOUﬁ g&l t stag urin hqie intervals, and the |aser medium
t her ef or e "d0es o? Pat R emeri§ It HWR?Qﬁﬁ%QQQ/h:WaU befosds thhe
oscillati r the fi ul se" problemin which a
first pulggrﬁgsgzga éﬁegcgl @iﬁﬁaﬁstﬁésgﬁ c@gﬁmnﬁragﬁﬁﬁmﬁbﬂges is

sol ved lfﬁletqlil@n@9vﬁf@l@£rt&-er<ﬂfle§ 1. h@{gg{ﬁtggl%u E‘&tﬁ%%ﬁ%ﬁ%?éﬂ? £ b

t he output of programmable tinmer circu

16., synchsobiza ngont Heudufiddag £0a68,0fs §h§£h% nggtigéff e and the

Ieading edge of optical switch pul se. ThIS met ho ﬁe nmet hod
of the deghdetbé lReéerentaud tiie s did Hail bBgufidge ol eBQf}?g(?%“ tch
a

contr ol Eulse i s synchroni zed-with the | eadi ng edge of t swi tch
pulse i ndFRecteys byy syrecthreomiezidy thee otscailliafdo8dERr86hold. For this
reason, the first pulse problem in which a first pulse has a
higher peak value than the succeeding giant pulses is éolved'
in the device of the present invention.

In the present embodiment, the output of pfogrammable
timer circuit 14 is supplied to timer circuit 16, synchronizing
the trailing edge of the Q-switch control pulse and the léading
edge of optical switchrpulse.

This method contrasts with the method of the device of
Reference 3 in which the trailing edge of the Q-switch control
pulse is synchronized with the leading edge of the optical
switch pulse indirectly by synchronizing the trailing edge of
a Q-switch control pulse.with a Q-switch frequency pulse and
synchronizing the leading'edge of an optical switch pulse with
the Q-switch frequency pulse.

The method of this embodiment is more direct for achieving

'synchronizationthanthen@thodofReference3enuicantherefore
realize control with more stability.

Fig. 9 is a timing chart of the signals that control each

section of the laser processing device of the present
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a Q-switch control pulse-with a @switch frequency pul se_and

synchroni zing the | eadi ng edge of an optical swtch pul sez%\f?hfu%rﬁ@()@ﬁ switch
frequency pul se. The nethod of. this enbodinent is nore direct for

achi eving synchroni zation than the nmethod of Reference 3 andcan therefore
realize control with nore stability. Fig. 9 is a timng chart of the
signals that -control each section of the |aser processing device of the
present 24 28 February 2005 enbodinment. |In'the preparatory state of |aser
processi ngibadiggmitcal switch pul se having a | ogic |evel that places
optical swtch_unit 9 in a blocking state (logic O in this enbodinment) is
suppli ed from |'dséhechrepParatnry stale Gt lesersprochsdinyerard optBustiner, a

Qswitch control | se. (1 Qgic 0) that_ places switch unit 8 in an OFF
state is 5&6‘&9%3%?8%%3% f éol-‘t”%F ]d‘ﬁ'i’?lBthQ% mdasfis eptddaleswi tabher eby
| aser oscill.atqQr .6 hei l.aced, in a.state of weak continuous oscillation.
Opti cal S\l/um&ltl%h%ur%?]t i Pr‘fé‘t&uﬁﬁﬁﬁl&f Ot Ains the gk eMReEiMeR§ht 160 t he
out si.de. l;ase j t. starts,, progra bl e freguency divider
cirout 15 ponarn BxBh RS M B FaT bR P e st 3 1 1

accor dancauehiza FOTIRANCHILQKAl) LAY £ L dReoder by ogoder 12

(Fig. 9 (A) . This pulse traln serves as the SWt | se.
The Q swi hehit BrequUERCYFPULSSLd Si 4 %ﬂﬁieécf’ﬁ%u?il%%'r b8 108K gt hon
p

timng of |laser em'ssion and pul se control in the present Irnvenfion.
ProgranmabbeQtswetcrideivdr 14 gaReEeBYeSade R SMILIL O Bbing placed
in a state of weak continuous oscillation. Optical switch unit
9 blocks the output of this weak laser light to the outside.
When laser processing next starts, programmable frequency
~divider circuit 13 generates a Q-switch pulse train of
repetition period T3 in accordance with a comrﬁand (I/0 data)
from computer 1 decoded by decoder 12 (Fig. 9(A)). This pulse
train serves as the Q-switch frequency pulse. The Q-switch
frequency pulse is the reference signal of the operation timing
of laser emission and pulse contreol in the present invention.
Programmable timer circuit 14 generates a O-switch control
' pulse synchronized with this O-switch frequency pulse. This
synchronization is realized by synchronizing the trailing edge
of the Q0-switch frequency pulse {in the present embodiment, the
falling edge) with the leading edge of the Q-switch control
pulse (in the present embodiment, the rising edge). The pulse
width (the interval of logic 1) of the Q-switch control pulse
is equal to time #T1 as designated by the decoded 1/0 dafa (Fig.
9(B)) . |

In the present embodiment, logic 1 of the Q~switch control
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pul se synchronized with this Qsw tch frequency pul se. This -
synchroni zation is realized by synchroni zing the trailing2%bBegeuarg200he

Q switch frequency pulse (in the present enbodinent, the falling edge)
with the | eading edge of the Qswitch control pulse (in the present_

enbodi nent, the rising edge) . The pulse wdth (the interval of |l ogic 1)
of the Q-switch control pulse is equal to time #T1 as designated by the
decoded [/O_data (Fig. 9(B)). In the present embodiment, logic 1 of the

Q - swi t chPddsster Blagss aherebswat ¢h20obt pal therﬂl\aseatehel'@ sctichattiioh i n the
ON st ate. Th oscillation of |laser oscillator 6 is therefore checked and
the accum@fat#3fr ascililgiterefdrigfhrnetheel cerkeddndntise actsmsilatlivaneous! y

- with the “fsn'f of , the svmtch control pul se, whereby energy density -in the
laser medPdnt berF FRREPY Fhet e dasSRe MeRitR stakbs g%ﬁmlﬁéi@e@dsddhmlﬂmes

til th th t trol I th t
embodi mont TS e T 411 LR SoHt) CoR L GIopfL S Wb PEROL AN TS RS  Eite
t t t h d f th tch trol
10 OBl enEhsaCEE Akaify fhitle (! iha sdazael e Qe Lebgontro
medi um i Sdeﬁbiﬁ aEgﬁglﬁ{lEsaﬁnegfetﬁé Frgii‘@ gpgﬁag i(J deg%)ﬁ}ﬁ %The

period T3 of e Q@switch control se an e’pul's f the

Q switch contfolerml ( LRRHREH 5ES ﬂ@ ABY QY & .
conputer 1. Tiner-cr rcwt 166%a| sees tehe opt :eggl bc')shvﬁc?c e g%?yﬁcggénous

with the 9at)) of Ot dwei €xh swiehs mersnltﬂwlt&%nslﬁlbaetopEﬁée@fFegPé’Qé”E”t
Iogl c 1 of the optical switch pul se operates
at the falling edge of the Q-switch control pulse, and as a result,
the energy that has accumulated in the laser medium is
discharged all at once as a giant pulse (Fig. 9(D)). The period
- T3 of the Q-switch control pulse and the pulse width #T1 of the
Q-switch control pulse can be set to any value by commands from
the computer 1,

Timer circuit 16 gaises the optical switch pulse
synchronous with the fall of ‘the Q-switch control pulse. In the
present embodiment, logic 1 of the optical switch pulse operates
as an open signal of optiéal switch unit 9. Timer circuit 16
thus generates an optical switch pflls.e having a risiné edge
synchronizedwith the falling edge of the Q-switch control pulse
and having a set pulse width T4 (Fig. 9(E)}. The optical switch
unit 9 can thus be opened only during the set interval T4
syncl'ironized with the emission of a giant pulse (Fig. 9 (D) and
(E}).

The peak value of giant pulses (more accurately, the time
‘integral of the intensity curve of a giant pulse} is

substantially proportional to the energy density in the laser
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as an open signal of optical switch unit 9. Timer circuit_16. thus
generates an optical swtch pulse having a rising edge s%%@ﬂ?ﬁﬁV?@@smﬁth
the falling edge of the Qswitch control pulse and having a set pul se
width T4 (Fig. 9 (E) ) . The optical switch wunit 9 can thus be opened only
during the set interval T4 synchronized with the em ssion of a giant pul se
(Fig. 9 (D and (E)). The peak val ue of giant pul ses (nore accurately, the
time integral of the intensity curve of a giant pulse) is substantially
proport i ofdk e ehe e gigy ebfsiltly (fnathing asere) 265 280 Febi tieh \=0200% inedi um
at the tine of fall (trailing edge) of a @switch control pulse. The

ener gy ded34SP i Ahenenerg¥ dafsditUminstBapsisan mebliym s epoetiaortdlalily t he
pul se mﬁd%ﬂ‘of Hpe smﬁtcg control pulse #Tl while it does not attain the
sat ur at ed AR SRS EgkEhg I RIEkS e g1idlh ofi he @uFebech mantrals pulse

t hr ough- optd.cal : swistch. unit .9  including the first pulse can therefore be
made uni f%ﬁﬂ 0 @%}lfé\ﬂel%tt?%%s fofed WA gg‘ﬁs“?aaﬁﬁ?aqerf{ Babve; dine peakvadvss e

nodi fi cat i f e | .u f _gi_an ulses can be realized by

progr ammg%g EL(r%nldi %élg&t ?)lglr}\é%fs gtzlr?% ﬁ%s%’l tr%l%@ﬂg (ﬁPg.lcéﬁ( IEY’)ltF:%‘Aé‘D&@s@ri bed
her ei nabovec 1tk rl K di it.S gia | ses, correspondi_ng t unpi ng
time #T1 and discﬁgﬁggé%?%g%ngﬁgkgdc%hé?%frggoﬁﬁebgaﬁﬁggfuPﬁgo%ps%ﬂ?ch

control pekseing mamei atrel yoaktanremrht ia&ﬂi%ighé‘nﬁrggﬁrﬁ&na%ﬁ‘% energy in the
| aser medi um suddenl'y drops and | aser oscillation ceases, but since punping

occurs conbdaddusltypntdie terepgyk deflSidy oifNyi £Pt ibeak keSO Y L L1k LSRS
i nst ant aneously and, upon attaining
by programmable modification of pumping time #T1 (Fig. 9(F)).
As described hereinabove, the laser medium emits giant
Pulses corrésponding to pumping time #71 and discharges the
stored energy at the fall of the Q—switch control pulse.
Immediately after emitting a giant‘puise, the energy in the
laser medium.suddenly drops and laser oscillation ceases, but
Since pumping occurs continuously, the energy density in
optical resonator 7 rises instantaneously and, upon attaining
 the oscillation threshold of laser light, a continuous
oscillation occurs that is weak in comparison with giant pulses
(Fig. 9 (C)). T
Optical switch unit 9 is closed after the passage of interval
lT4 following the rise of the optical switch pulse, and this
.prevents further irradiation of the object to be processed by
the laser light generated by the continuous oscillation.
This continuous oscillation continues until the time of
the next rise (leading edge) of the Q~switch control pulse, and
the energy density therefore does not rise to or above the

oscillation threshold during this interval T2 (Fig. 9 (B)).
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the oscillation threshold of laser light, a continuous c# at|§ §CCU¥S
that is weak in conparison with giant pulses (Fig. 9 (C)j)g;8 POJwi t ch
unit 9 is closed after the passage of interval T4 follomnng the rise of
the optical switch pulse, and this prevents further irradiation of the
object to be processed by the laser |light generated by the continuous
oscillation. This continuous oscillation continues until the tine of the
next rise é#eadlng edge) of the Q@ switch control pulse, and the energy
density t8 %?Br%lﬂ%%spﬁbﬁe$lE@e¥6f@¥eabQVQ & henifeomn | padsk ovalhe eshol d

‘during this_ inter (F . 27 28 February 2005 Qutput giant
pul ses th%?r %?%OIP]%V% %rﬁ‘g‘i‘iﬂ'ﬁ%é&z&“@/é’l% ag6r thspbhyshgrubspuabtay tine
##T1, and.th flrst ulse after the start of |aser processing or after

suspensi on of B ocessﬂ?&r RORSEGHERPIE EahCheS BTRAIET Y Of ¥R BRS Hing
o agr am S SO A P LR e Al R B e e T L o | asor
proce55|r@bmbaQéaagg gdgbeéﬁfﬁﬁTq %ﬁgﬁﬁﬁ% In the | aser processing device

of this enbodi nment, control includes neasurenent

conpar i son/ decrsg onl(unig 4 NIk 1935 2 & %Iml%r%{é) ?&{gg t‘?hﬂ chf‘ \L/Ic%‘% her

“provided with logic circuit 18 between progra requency der

circuit tI8 awtont egtamible: td MYhei Vit phbcIMAY IBAlce of the
conparison/deci sion unit 17 perforns neasurenent of prescri beél3 itens of

t he obj edraserie iprveedssed, conpares the neasurenent
In the laser processing device of this embodiment, control

unit 2 further includes measurement comparison/decision unit

(MCDU) 17, and laser control unit 3 is further pfovided with
""" '1ogiccircuitleetweenprogrammablefrequencydividercircuit
13 and programmable timer‘circuit 14. Measurement
comparison/decisianHﬁi:17performsnmasurementcxfprescribed
items of the object to be processed, compares the measurement
values with target values, and determines whether or not
additional laser processing is necessary. Logic circuit 18
receives the Q-switch frequency pulse and the determination
results of measurement comparison/decision unit. 17, and
transmits the Q-switch frequency pulse to programmable timer
cirguit 14 in cases in which measurement comparison/decision
unit 17 has determined that additional laser processing is
necessary. Logic circuit 18 prevents the transmission of the
-Q—switgh frequency pulse to programmable timer circuit 14 in
cases in which measurement comparison/decision unit 17 does not

determine that additional laser processing is necessary.

Thus, in cases in which measurement comparison/decision
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values wth target val ues, and determ nes whet her or not @%CLIP%I 0 éslaser
processing is necessary. Logic circuit 18 receives the (? ] EH'Y?? quency
pul se and the determination results of measurenent conpari son/decision
unit 17, and transnits the @ -switch frequency pul se to progranmable tiner
circuit 14 in cases in which nmeasurenent conparison/decision unit 17 has
determined that additional |aser processing is necessary. Logic circuit 18

Firer cironit i aneaktlher Hif abLidt LrERS e a0 o on uni 1

timer circuit 14 in "cases’in

17°d ' i1y! [ | 4l ' ' . Thus,
0 cases. 1o ShIN ookt RN Homeer FeaA AR S B aa ae Rt Ay S5 un 1

17 det er mgwsuihal caddird108al sLaskl d5OLETPIN dch NEsessabin f&%lqua” of

t he device operates according to the Q sw con se and "opti cal

switch pulsenshdwnaddofidgnce Waik tHe peeedangeswiBa4nei QA 9¢8ss descri bed
with reference to Fig. 9. In this way, giant pulses for processing are

generat ed.td Figasés iIm Wiiich wmBas U RTENtD ICIRAHSONH RS 19/ Whid 17 does
not determ ne that additional |aser processing is necessary, ‘the Qswtch
frequency gsfed@tiesl.not transmitted to progranmable timer circuit 14. The
Qswitch contraol pulse is therefore not generated in the Qsw tch period

to which the OR SiFESSch iy stiuicHe yngasrenandt o antts oy afestiisti bad updltongs.

As a resul1t7, ptical swi.tch pul se of that period is al so not

gener at ed. Tﬁlltf?g,% g‘gﬁﬂ. ggserming dhateasdidional laser processing is
: necessary, the Q-switch frequency pulse is not transmitted to
programmable timer circuit 14. The Q-switch control pulse is
therefore not generated in the Q-switch period to which the
- Q-switch frequency pulse that was not transmitted belongs. As
a result, the optical switch pulse of that period is also not
generated! Thus, pefiods in which measurement
comparison/decision unit 17 does not determine that additional
laser processing is neces.srary become periods of suspended laser
processing. |
It is to be understood, however, that although the
characteristics and advantages bf t'he‘present invention have
been set forth in the foregc_oing description, the disclosure is
illustrative only, and changes may be made in the arrangement

of the parts within the scope of the appended claims.
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.conparison/decision unit 17 does not determ ne that additional |aser
processing is necessary become periods of suspended | aser;g panegss009. |t
is to be understood, however, that although the characteristics and

advant ages of the, present invention have been set forth in the foregoing
description, the disclosure is illustrative only, and changes may be nade
in the arrangenent of the parts within the scope of the appended cl ai ns.
29 28 February 2005 CLAIMS: 1. A |laser processing device, conprising: a

| aser oscitt * having an optical resonator provided with a Qswitch unit

t he operation oi whi hlis controlled bé a.gh 5 switch control pulse, said
| aser oscillator’ bei ng: 2 thedkesd FoomoSEV 5t | o™ Bht°Et9ri ng optical energy

|
through puming . Wy l;[k%%o? ﬁ%‘bggv\nﬁﬁ?g}?ﬂfc tlurfﬂées%ngybaa%gﬁ{?%%én re"lﬂtgge

oscillation as norna ent uni i'sturne

control Ofa (el Lol (COAL Bhe P B8 I AL APLICALNBYLEEBaUY Lo T

transmtting or blocking |aser |1ght under the control of a ptical

SW tchs . .switch control pRULEES, s88k Al KU} G iWAGh YRk hgbehasgkad ranged on
the optical path between said | aser oscillator and an ogject'to under go

| aser - pr ocRssi R diy 1lbasen pHlsesoeind task fd0mesrirdy thrbagerpessindator; a
conputer for supplying I/O data that designate: the start timng of |aser
processi ngheaf ttére Saisristhr init is turned ON, and performing
oscillation as normal when the Q-switch unit is turned OFF
under the control of the Q-switch control pulse;
10 an optical switch unit for transmitting or
blocking laser light under the control of an optical switch
pulse, said optical switch unit being arranged on the
cptical path between said laser oscillator and an object to
undergo laser-processing by laser pulses emitted from said
15 laser oscillator;

a computer for supplying I/0 data that designate:
the start timing of laser processing; after said start
timing of laser processing, the frequency of repetition at
which said Q-switch unit is caused to operate periodically:;

20 and the period in which said Q-switch unit is turned ON to
designate a pumping period;

a control unit for generating: Q-switch frequency
pulses having said frequency of repetition designated by
said I/0 data; Q-switch contrcl pulse each having a first

25 legic level to cause said Q-switch unit to turn ON and a

second logic level to cause said Q¢-switch unit to turn OFF,

and having a leading edge that exhibits a transition from
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timng of |aser processing, the frequency of repetition at which said
Qswitch unit is caused to operate periodically; 20 and tigEreidrododsn which
said Qswitch unit is turned ONto designate a punping period; a control
unit for generating: Qswtch frequency pulses having said frequency of
repetition designated by said I/O data; Qswitch control pulse each having
a first 25 logic level to cause said Qswitch unit to turn ON and a second
logic level to cause said Q-switch unjt to turn OFF, and having a | eading
edge t hat R 1O LPTASI LRERLT T o ts 28 b riedrly 3685'safd second | ogic
l'evel to said first |ogi evel, . a trailing edge that exhibits a
transitionftom $ai®¢oF Fg‘f’l!: F%Ja%%lF%vae?tlfadl%éfild)%sg&?ﬁ‘ds%gi glFEBa wher ei n
sai d | eadi - f . .said. j tro] I c [ ith the 5
rai | ng Caeis o ved Goo gt SREHIE ERS e L SRR R UREY, ST L0,
sald Q swiddfs IJeQUeRCY-BYLSER. canledy AR WlldhrohiGea bitentige duration
between said | eading edge and said trailing edge, that 1s equal to the
periods designatRd caged BYNBLDG Pe& Dby &afdnt0pdata; iangnoptical 10
switch pul ses, each having a first logic |level to cause optical swtch
unit to tr@nsdd dfasachl bghkadddp-assees rdgineyl gvekebp gadse sai d
optical switch to block said laser light, and having the | eading edge that
exhi bi ts gultseansidthenif eom saé dt Tee chd-dtoigirc Hegwelent easdi teddisg | ogi ¢ 15
| evel and a pulse width predeterm ned to be equal to the tinme duration of
passi ng t lrgldeaged lseght traaldng eediierg Wodge is equal to the period

designated as a pumping period by said I/0 data; and optical

10 switch pulses, each having a first logic level to cause

optical switch unit to transmit laser light and a second
logic level to cause said optical switch to block said laser
light, and having the leading edge that exhibits a
transition from said second logic level to said first logic

15 level and a pulse width predetermined to be equal to the

time duration of passing the laser light, said leading edge

of said optical switch pulse being synchronized with the

trailing edges of said Q-switch control pulses in the period
of each of said Q-switch frequency pulses;
20 a Q-switch driver that receiﬁes said Q-switch
control pulse for controlling said Q-switch unit in response
.to said Q-switch control pulse; and
an optical switch driver that receives said
optical switch pulse for controlling said optical switch

25 unit in response to said cptical switch pulse.

2. A device according to claim 1, wherein said
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of said optical switch pul se being synchronized with the trailing edges of
said Q-switch control pulses in the period of each of sz gyRIRPIEN
frequency pulses; 20 a Qswitch driver that receives said Q@Qswitch control
pul se for controlling said Qswitch unit in response to said Qswtch
-control pulse; and an optical swtch driver that receives said optical
swtch pulse for controlling said optical swwtch 25 unit in response to
said optical switch pulse. 2. A device according to claim1l, wherein said
31 28 Febﬁ%tyméoléélgo%‘?rﬂ%@ﬁﬁﬁ 2 dGFFEi SeRtECt d8et c HFLFoL 2GR L, said | aser
control unit conprising: a decoder for decoding I/0O data supplied fromsaid
conput er ; @%rPg?BPéEc OO ¥sci | | ator for generating reference clock
signals; a programmuabl ¢ frequency divider cjycuit for -fr ency-dividing
sai d reference cl ock scfegcr?aeg ?8%%%%?%%%91 %C{S\%%tt@hsfl%ﬁﬁ%ﬁgﬁmﬁlss?ég havi ng
a frequencc)ém?){ltggpeti tion 10 designated by said decoded |I/O data; a first
timer circuit that receives the Qswitch frequency pul se, reference clock
signalg, and I/0O data that-cnpave) begn.decoded,- frah generating a Qswtch
control pulse synchronized with said Qswtch frequency pulse using said

3la 28 Felyafak¥ndB08lock signals;

a programmable frequency divider circuit for
frequency-dividing said reference clock signals to generate
QO-switch frequency pulses having a frequency of repetition

10 designated by said decoded I/0 data;

a first timer circuit that receives the Q-switch
frequency pulse, reference clock signals, and I/0 data that
have been decoded, for generating a Q-switch control pulse

. synchronized with said Q-switch frequency pulse using said

3la




reference clock signals as tinming signals; and a second timer circuit that
receives said Qswitch control pulse provided from said Jg fiehtudy 9835
circuit and said reference clock signals, for generating optical switch 5
pul ses synchronized with said Qswitch control pulses using said reference
clock signals as timng signals. 3. A device according to claim2, wherein
the | eading edge of said @switch control pulse is synchronized wth the

10 trailing edge of the Q@ switch frequency pulse, and the trailing edge of
t he C}smnt%ﬁﬁQﬁﬁﬁﬂﬁoFlﬁﬁks§19§3%§n%%r?ﬁﬁ%ﬂﬁiS%Qﬂ@lﬁf.?Pd... with the |eading

~edge of the optical smntch(g}lse 4.. A device accordin ? to claim.2, wherein

t he pul se 15 MAdth BFETHE! @%MQFCH158H?Fth%EI§%C%% A ﬁbsgélﬁhflrst
ti i 5. A devi ordln to c wher ei n
s o st R BoP LS st SR S RO Hh0d SHefufh e 20 star

‘timing of éyl%c%%e@%neg Yé"ﬂb!:ﬁ BIQELS i ng, i e%fé%%%qggr Pﬁfélcé\ld 1 £8

according to claim wher el n: ontr unit I ncl udes a

measur eMey 1 CATMRIHEREBAISEESE O Wi g f m%'flueo%raﬁeﬁﬁigé@duéfﬁgm Of 25
the object to be processed, conparing the neasured values wth targ

val ues, anghidetrererahgg whethesi §aldlas addiitigoralhnkager processing l S
necessary; and 32 28 February 2005 said |aser control unit is further

provided with a logic circuit arranged between said programmabl e frequency
divi der 3. A device according to claim 2, wherein the leading
edge of said Q-switch control pulse is synchronized with the
10 trailing edge of the Q-switch freguency pulse, and the

trailing edge of the QO-switch control pulse 1s synchronized

“with the leading edge of the optical switch pulse.

4. A device according to claim 2, wherein the pulse
15 ‘width of the Q-switch control pulse generated by said first

timer circuit is programmable,

5. A device according to claim 1, wherein said Q-
switch control pulse has a second logic level before the

20 start timing of processing or while processing is suspended.

6. A device according to claim 2, wherein:
said control unit further includes a measurement
comparison/decision unit for measuring prescribed items of
25 the object to be processed, comparing the measured values
with target wvalues, and determining whether or not |

additional laser processing is necessary; and
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circuit and said first timer circuit and that receives said C}smﬁtch
frequency pulse and the determnation results of 5 said

conpari son/decision unit; said logic circuit transmtting the C}smntch
frequency pulse to the first timer circuit in cases in which said

measur enent conpari son/decision unit has determ ned that additional |aser
processing i s necessary and preventing the 10 transm ssion of the Q@ swtch

frequency pulse to the first tinmer circuit in cases in which said
measur eneriti It dfpaT SORFABLI SPbh Uhi TUdET macvdeesr HilthB Bha®IBedi ti onal

| aser process s _necess Laser Proces Devi ce Absiract Laser
OSCI||gtofuf§#u%héﬁﬁagge§ %ngf?Q*F%Hf a% Sﬁeéhﬁpgﬁn th-Eont r ol

| d | Osc. t hecked. wh
e 20 an o oy vssanat o e S o 3 shestegen ing

but - pr oceqiis ARl L ban, they @ i d %@raettga\l%%mmggﬁitm%ch uni t

(9) is arrange e op bet ween aser oscillator and an

obj ect 5t o g me@%%%%ﬁénengoﬁpébﬂoﬁ/@é&@fo% Qhikl;ocks laser Iight under
the control of an optical switch pul se. Control ani t (2) generates a

Q swi tch fyaquarey cpulseui of + repatidi o0y frRIWeRGY teasiFgaghetePymeidput er
(1) and a Q@ switch control pulse synchronized with the Qswitch frequency

pul se. TheQidwmi tfdlrstontinet chudse: hias amssisdtih ehichspandi ng to a period
desi gnated as punping interval by conputer (1) and generates an opti cal
swi t ch pulrsessywoknoniceedani sdnfdeciQewiurch test detepuisedtiimt has a pul se
wi dt h correspondlng to a predetermned interval of laser |ight
transni ssigsllitional laser processing is necessary and preventing the
10 transmission of the Q-switch frequency pulse to the first
timer circuit in cases in which said measurement
‘comparison/decision unit does not determine that additional

laser processing is necessary.
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Laser Processing Device
Abstract

Laser oscillator {6) includes a Q-switch unit controlled by a Q-switch control
pulse and an optical resonator (7). Oscillation is checked when the Q-switch
unit is turned ON under the control of the Q-switch control pulse but
proceeds normally when the Q-switch unit is OFF. Optical switch unit (9) is
arranged in the optical path between a laser oscillator and an object to be
processed and either transmits or blocks laser light under the control of an
optical switch pulse. Control unit (2) generates a Q-switch frequency pulse
of repetition frequency designated by computer (1) and a Q-switch control

- pulse synchronized with the Q-switch frequency pulse. The Q-switch control
pulse has a width corresponding to a period designated as pumping interval
by computer (1) and generates an optical switch pulse synchronized with the
- Q-switch control pulse that has a pulse width corresponding to a
predetermined interval of laser light transmission.

FIG 7.
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