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,psak yalbecXldigoh (35 B Yedy Siming T 1!

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




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
oscii| | at crusgpmI Mg ot dstinmsl tRX ARy Pichlet v R AL, £1 rl
provi des control unit 2 with: Qswtch I%Cgil/ OFF t¥rri ng eégtatas%o??%g}gata
(data thatedfiesi gridteinshe tdatingtddrvd Tuadimdmat e @b ecisd© be processed
with [aser pulses) , i.e., a processing period (the tinme of irradiating

the obj e@SCild e Py cess ethonitt tpar i asbri e Dfedtaserumid ses)esd he O switch
frequency,, and the pulse width of the @Qswtch frequency pulse. ' Control
unit 2 g&ld RS aDCSAt eReEant Hoat hassetsrgnalstvosedspartdidngalaethe 1/ 0
data and proyides the signals to Qswitch driver 4. Qswitch unit 8, which
i s iprovi Lol ré;&q any tize 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 data and provides the signalé to

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




28 February 2005 resonator 7 of laser oscillator 6, ts turned ON and OFF in
response to the received pul se signals. In the above desd8sbrusny 2809 n- ON
of Q@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 normal value when the Qswtch
unit is in the OFF state, whereby normal |aser oscillation occurs. Wen
the Qswtch un{_a i sgl ched over fromthe ON state to the OFF state, the
L has®§t

| i ght enetGy°th PEBY| ASEheLpESEr 6, nkdi tiHraadi AY ehd ORFsiate of
i gh peakt SEEEE oPot foFebe ‘éw?%éﬁé‘é‘% FghelSer pulse of a high peak
her o1 nbel o . Fr gy 8e Beedrd e i Sheh e BT drert S Bnl B BRT6F S aser
o b ovi S“aatﬁf%% deogor o P o8 a%”r%%%e?%Eﬁt%ﬂacéot%?%?Beégé‘%l%ﬁﬂn s

ref er enceriedRaly aagibl &8 81nd 51 SLEET1aEL 1! tc&ﬁreﬂ%eecydl i glecodes

|/ O data supplied fromconputer 1. Progranmabl e Trequenc circuit

13 frequercyudic¥i ties optmezglekeé@ﬂaeo@@@tkuﬁﬂlgrt% theGRi Mt L5090 when
reference-clock oscillator 15 and generates a Qswitch frequency pul se

(period t8) @fswitecH neguency destlgnates dyatde wiesossd ddQuaRt Basdi Mer
circuit 16 receives the Q-switch frequency pul se and supplies a Qswtch
control FA%E lgftimn sieaiinth T4 to Q switch driver 3

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




28 February 2005 4. Fig. 3 is atimng chart illustrati ng%the timng of
| aunch of | aser pulses. In the exanple of this figure, t f@%% uni t
'8 has been in an ON state for a period |onger than Qswitch period T3
before input of the first @Qswitch control pulse to Qswitch unit 8,

t hereby causing light energy to be stored in the laser nmediumup to

achi evenent of a saturated state. Wien the first Qswitch control pulse is
applied tg Qswitch unit 8 at time tO, the suppression of oscillation of
the oscillator is released and the light energy that has built wup to a

saturated statejduri . i i I i,.s .abruptly._rel eased and
emitted as a g?gg{ %El%séh@%’g&%%?%?%ggtggé 12 S F%Wlﬂg %%IIlSHGCh

excitati onf peasofl pSlEEerreohd &sambie fd#F Sth Ul " After Lhe first pul se
has been | aunched, the excitation trif'?prree peri odﬁ;'@%ﬁlr{te‘?l ttflg’c p%f"% chf t he

next Q swinth cbasrbkenpid a8 08 stelwl Fvel ¥ pehaly, 180G L1563 L3 i ch the
light energy stored in the |aser nediumduring this period TF choes not
attai n teeshedrhl dofiateudnptite offeakeval ves @fswiiceee@ma i gt sRUkses are
| ower than the peak value of the first pulse. Since the Q-switch control
pul ses ar® TtbpFh aintlo 8@ theinedty gaisi8gal ightfénxergy ite enbebval aht er
tinme tO, auii'%r;% excitation periods of the sanme duration, giant pulses of
the same T Fhenedtun | dpnkhedchegvaneny ofta sabuseteddsgagat pul se.
The di screpan hi“n éhe gul se height between the first pulse and the

fol l owing gi ant*pal 588 brBFhalrPyikRbarPatindeBiled inoaPDhLEdr to

pro?eSSiQQﬂmfhtch unit 8 at time tO, the suppression of oscillation of
I 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.




28 February 2005 Laser processing devices and methods Sucﬂélﬁ: des&g@"bed i1
- Japanese Patent Lai d-open No. 354876/99 (hereinbel ow refér LD

"Reference 1") have been adopted to elimnate the problemthat the
generation of first pulses of an excessive pulse height prevents - _
processi ng under ideal conditions. To suppress the first pul se, the device
of Reference 1 1is provided with a first pul se suppression control circuit

and a light e i.scharge pul se generation.circuit. The first pul se
suppr essi on conrl'teérr%% g%ﬁoccﬁﬁgd?agd#aﬂ%%haa%%&eqa’ SWILh 2T HRFOTikrd se
“(command sw t3Gh plsSe di hege t i ner t hat has stored
in the | aser rrg)di u%%bgﬁo%%él%;}tgggsjgﬁ)%gpé\%'duﬁr?&léﬁsypé St %){"t?te Ybecessi ng.

The |ight referg¥d ¢osgharggrRubaeeIener A&l L Gl pERIL| S iy v ! ch

such that light energy that remains yet in the en the SC large IS
conpl et el yheischial gedthakhisedfumi&ea t ok a1FaRk 850 SIRRY f@%séxﬂ‘%ﬁder il ses.

However, because it requires a preparation tinme for effecting discharge of
t he |ight peAseghespbtedrierenie baserssadigumndetr iAasipreblkas guch as the
inability to process at maxi mum speed due to the preparation tinme for

el i mi nating théof sipprggisséhe The sitagerl sprodéssideyideviote Reifedeesed 1i n
Japanese Patent Laid-open No. 313145/98 (hereinbelow referred to as

" Ref er ence® Brqvided gHfihyar £ sah ksrasurpiessaser comti ol ainc-yiot amidzat i on
beam splittfr @Ee arranged as comon parts; a |aser resonator is arranged
for each- 8ft% b%%%‘ég%;fﬁ%c IhPpotargegyadn e shrcayditi + fTove, fdmgt
Qswtch bfggnstus are arrangg%lroi the optical axes of each of these two

| aser resonators M TH THE P8 Peh- bt @hehidrasiually 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 lase.r 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

1 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




28 February 2005 being i ndependently ON OFF controlled. T f this
| aser-processing device resides in the separated and ind%%%%ﬁ%&nfiﬁ)so
acquisitiion of the |laser output of each |aser resonator by independently
controlling the Qswitch elenments of each of the two | aser resonators that
have a common | aser nmedium Accordingly, the first |laser resonator can be
oscillated by the first pulse of a Qswitch pulse train of any Q@ swtch

f requency bedngy tihﬁie'i:%?ﬁ&ﬂl%?%Nf@fS@'&}ﬂr&%cPe oscillated by the Qswtch
pul se. y

pul se train that follows the first us, using only the output of

“the second | asethe eRonated oal4ioNs Pa@é%r&&’éé@iﬁ%ﬂ]%dﬁ&h%sq%te%i ﬁglg ![Re

~which the first pulse has been elimnated. This OWever,

probl ens &ihecepphertedonhd giiddpondant vl Lrdich ok E’Eéhie)%c%rh%htghftf ers

fromthe first-pulse control nmethod of the above-describ aser

processi n§fdé¢cled agkrt hespmiador drt irsieiesclersad icantapanesg Pakent
Applicatign 2000-174490, which was filed by the present inventor. This

met hod comsEItGCEsel ey efearpl dhdhe botlmsar esenhatoverdiannhand i s
thereforeaexgrhmai ned in detail below. This reference is referred to as

"Ref er encé PR P S oISty desorddniady, Thesf precddisny artodiatbers from

and & cont, bt aedie PontheatberE makte snecooni e aupmestrabed
T oI L S b e, O e
passage Obe td‘sicq1(1%@&&99%&@%%!1%&1%1%% icr(?f(.-:llinachat follows the first
‘ 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,




28 February 2005 the Qswitch unit is turned ON and light energy is stored
during a period until the start of the next OFF period Kq 5136}'%995tch;
and in that an optical switch for opening and closing the optical path is
provi ded on the optical path of |aser pulses outside the |aser oscillator
between the | aser oscillator and the.obj ect to be processed. Fig. 4 is a
bl ock diagramfor illustrating the construction of the |aser output device

comutor T FRatirotant i tae W bl BYoHT ehar%te Sloren dunnen

conputer 38; neasurenent uni

“driver ' 34 pdra ch | I , opt.i witch.unit,32. Copputer 38
supplies 1/0 dz)gutﬁgg%e%%%gﬁg%tog%e gé%EﬂFésagﬁrgogn%ﬁ 3&8 Qﬁ%‘t’fgﬁbf/ timng

data for &nddinghdthanQsmideh s%@ithh%xaeﬂegfﬁg.a@xtc{:?lcg%ﬁ? ith’éﬁ%é’@f@h and

pul se width of a pulse that controls the sWtc m data for
openi ng avatit|osimewiptdEaln 94 bpft ieailt pﬁ%h(b@elﬁé'é)?eplﬁ@&é’%ﬁ/sf@% pul se
w dt:h of pulses that control optical swtches) . Measurenent unit 35
gener at esthal@ssuidsshi cantawbepukbsn tardlase ppisicaall agwirt £t €8BI19] e Pl S
based on the I/O data. Qswitch driver 33 effects OV OFF control™ of

Q swi t ch Ghike Pregrangdled in optical resonator 11b of laser oscillator 31
i n accordance with the %;;svm'tg:h control pulse. Optical switch driver 34
perfornms ON OFF Zoftidp RHfodpdiearamdgirt thlugiitaBng thacrordtancet o h t he

optical swtch control ulse, Fig. 5is a block diagramshow ng the
constr uctor%orﬁ’c% Clafsr?eraﬁﬂ A qe sesurdad dn Referendenidng chart of

signals illustrating.,the operation of the device of Reference 3. 28
Fegruary 2005§d§%f é%tput JEV1ce gb 1s provided with: computer 38,

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 coﬁtrol pulse
based on the I/0 data. Q-switch driver 33 effects ON/OFF cénf:rol
of Q-switch unit 1la provided in optical resonator 11b of laser
oscillator 31 in aécordance with the Q-switch control pulse.
thidél 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.




Measurenment unit 35-is provided with neasurenent conpari uni t
17 and | aser control unit 26. Measurenent conparlson/deéﬁgﬁ%’g&%ﬁé?&§1
nmeasures the anount of processing of the object to be processed, conpares
these neasurenment values with target val ues, determ nes whether or -not
-prescribed processing has been attained, and when prescribed processing

has not been achi eved (when additi onal Iaser pulse irradiation is
necessary), prgvides |l o pul se SI catln thls fact
(necessity of ﬁ85g6&PF§8 gpltlé eﬁslngﬁ gs &MFiati on result

Lo Taser conbeolsoHni 26;0hasstcont Lol ag'sgfé?ggegegg'gg doyi th decoder

20, progranma requency divi crrcui oscil | at or

22, | 0gi cMehEGHEReRS, cIidBFi i Abdi 2bn dRd P Y %@fm@' egg ottﬁ#%lft 25.

Decoder 20 decodes 1/0 data for the control S|gna unit lla
and opticploswkEehgupit tBE, obgé@tVEQ Béoﬁkoéggﬁﬂaercéﬁpaﬁgg Eﬁgﬁbdes the
decoded |/ O data to programrmabl frequency di vider circuit

progr anmabéastierenti valiids 35 tProgranaTal 181, e geereh i ficw .drﬁ"et@z'e&c Birt 21
receives the reference clock signals generated by reference clock

osci | | at orot 2Rrefcejuedcyrodessileg hhe beérrenteintdckantdgnaks based on the
I/ O data and generates a Qswitch frequency pulse (Fig. 6 (A) ) , and
suppl i es PRRSEF BRpd ahr ¢ ¢eeridne harulnsd hedrogich ievedui(whag. addheional
frequency-division ratio at this tine can be nodified as approprlate

Logi ¢ ci rEdfEr 22U} 88 el ¥ERAIBELER sif ( RECEF8atBhePRRTEdeS 28(Fediigaly 2005

pulse signal indicating this fact (necessity'of the additional

laser 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
referenceclocksignalsgeneratedbyreferenceclockoscillator
22, frequency-divides the referenceé clock signels 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




from programmabl e frequency divider circuit 21 and al so 2{@9 i ves we
determ nation results from neasurenent conpari son/deci si 3y 4905
generates the AND of the two input signals and supplies the AND signal to
both timer circuit. 24 and progranmmabl e . tinmer circuit 25. This AND si-gnal
is rendered as a pulse signal synchronized with the Q@ switch frequency
pulse in case that additional |aser pulse irradi ati on of the obj ect to be

pr ocessed ﬂr@m&ﬁﬁ@b&%ﬂmaﬂi%r 2rk8udf UYL Oy Shanalsy Thom, d ogie cireuit

23, however en additional |aser pulse T adi i s not

required. rBas¢desnthbeqeubprlngitdeal $-hamd %l‘o?n ?dea%l('frterrél%l timer circuit
24 provides, as a |aser em ssion conmand si gnal switch driver

34, an op?pmalarsaphéﬁepmlsienoiniat qet, Qéhé@at%dﬁﬁb KﬂD%’f‘%ﬂ%%&%]% ‘Mftth Q
switch frequency pulse (Fig. 6(E)). Based on each of -the signa 5% om
decoder 28lghelerendesuppl Dek OseiAlAtorgRRl ansl BAgi & iGldCWitrdt 24
programmable timer circuit 25 supplies to Qswitch driver 33 a Qswitch
pul se of ﬁﬁﬁs@f%@mﬂaﬁl%éﬁﬂ@ﬁacedcwttbé diicd anDl £ (ylal & s yeekkerized

wi th the out put nal of logic circuit 23 with the reference clock signal

as. the t?%arﬁu %%gégneh%yn IB)r}lzqecﬁathﬁél exafplsw i tshofwe quedd gpubset he

i nterval Tl%c?se %Igv\i‘ af t.he vmtch pul se. corresponds to the ON

i nterval iy 9(5 g Fltlf’né ?ﬁ@r P%Jcé?vlalfréchl@ﬁﬁ@h s ¢hlel abijentof the
nt erval thus becones the excitation

pgfleng?g\\Fé P g’f:o&éssééisloﬁ?:g%\}l&l ne ci Schote HHEOO ﬁgpgyt@%@ﬁqmn@tlésfmmt he

| aser t o] S r th the fall of 9 28
Februargag%OS éiféﬁhﬁiéﬁjeﬁgﬁéégp &N agglgf leiaser 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
circuit 25 supplies to Q-switch ariver 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 T1 of logic 1 of the Q-switch pulse
corresponds to the ON intefval 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




the Qswitch pulse, the accunul ated energy is discharged, gﬁlﬁq hant
~pulse is emtted (Fig. 6 (C and (D)). The peak val ue of2t enéa?}ég?@sgul se

accordingly increases if the excitation period Tl is |engthened. Thus,
maki ng the pulse width of the Q-switch pulse variable enables variation
of the height of the. giant pulse. A continuous oscillation state is

mai ntained in intervals of logic O of the @Q-swtch pulse and | ow 1| evel

sust ai nedthesg+skat&@od GHd RS il latd ol d | evel
is effected (Fig. 6 (Cr% i(}fléd! (D). This s%%%?ﬁgéggs%?l g%%#ge%gr‘l’e\?@#s t he

l'ight eneagyldmbmulseimy aniing-dd thiey.sa ycat add ve) pe ik e 3s8n,Jredi um
and thus solves the problemof the first pulse in the prior art. 8pti cal
switch unff BRebfbsks phéskasecolidghiylef ithirsassustidi red e@xeiikhatisgn so
that the object to be processed is not irradiated. Optical switch unit 32
opens i n Pa¥epdall Tds ikendileéned. gThans, pulsing stlemiphtlat iwi NG @hiczat i on
with the fall of the Qswitch pulse, and then closes until the next

Q swi t ch PefTblch Pt Varieblesepabilght variahikow it theousigstidd ahieon. As
can be seen fromihe block diagramof Fig. 5 tiner circuit 24 and

progr amebt EY iRt SRircuit 25 of the above-descri bed device of Reference 3
operate enti rejgyCo i deL%endent I.élaf ter receiving the output of logic circuit

TS A HRE 25 Latd OPngha b i FaLiF9rnegridhibhrzEdl shy

23. The two Ccircul

being i ndiwidual Vo S hzed.with the Qswtch frequenc ul se. To
descri becgtf/hi s pr%c()es%ﬁfé;\ﬁ(rgro eg‘g%ﬁn%%’e}?%ﬁj?%r ARd ﬂwl_:i{%vef&sugﬁégfl?%i ling edge

of t he Quudichiidisenas SYPFELPBhEEGd ingsgjglfgtb{&'?rt%rze%%%ld 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 theréfoblem of the
first pulse in the prior art.

Optical switch unit 32 blocks the laser light of this
sustained oscillation SO that the obj ect 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 cleses 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 receivingrthe output of logic circuit.23.

% The two circuits 24 and 25 are then "indirectly" synchronized
1 : by]oeing'individually'synchronizedﬁdith.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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the | eading edge t6 of the Q@ switch frequency pul se, and, sho in Fig.
6 (E) , the leading edge of the optical switch pulse is %%‘f%%‘% to
the |l eading edge t0O of the @switch frequency pulse, whereby the trailing
edge of the Qswitch pulse (the starting tinme of the em ssion of a giant
pul se) and the |l eading edge of an optical switch pulse (the starting tine
for turning ON the optical switch) are synchroni zed. However, if the

necessi t yther lehdinigsedgt &0 opt tral os¥iiehn [ frul t aneous with

the fall of a Qswitch gul se is taken into %ﬁ?ﬁ%@% ?%%:fé%ean t 6t of

i'ndi rect §pAwhruniFigt.i 60F) p tie $eadengcRigaBTOLhHQpEaRGI1d8Y £6-1, 5 rom

t he standgoi nt of control. This point is referred to hereinbel ow as” the

first probPetNramiezed toothRéadéngeedge It of dere QOskIBER YRRy

i ndi rect synchronjzatjon nethod _in the device of Reference 3, the rise of

the Q swi P% SBul ¥BSRELY bhecédeidhag eddiengfedge 0O sofitahQpaisich thieequency

pul se ex by time T For this purpose, the Qswitch pulse nust rise
S g b oG

after tims AsSUPFR G T FBf TheS FReitOfg2 ctfipn o udise ) f andtti@ dwhtidng
Ceauenereil i RSP SRRt QT dresency pul e
Gynchr oni oat an o ChoPhe AEE6RY CEe ST REREPPo4GEncYoNaPSE: LR SbRer wor ds.
o e EmRSLEn COE o A0LaPUESR, B Boke LT R BB SR 1 7
o Brred 1o her o1 nbe] ow 95 Che econd B S ERier PRESSr £ oFarehoan Edbr uar y
2005 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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Reference 3. It is an object of the present invention to provide a | aser
processi ng device that renedies the above-described shor2&behirays 2005

Ref erence 3, that solves the problemof first pulses with a sinple
construction and stable control, and noreover, that is capable of freely
nodi fying the peak value of output |aser pulses. Summary of the Invention:
The | aser processing device according to an aspect of the present
invention is provided with: a laser oscillator having an optical resonator
provi dedRefgndance Q-switch unit the operation of which is controlled by a

" Qswitch control pulse, said |aser oscillator being checked from
oscillation ahtl dfordthgeBptiicaPt efpgyPiafdighl PRI WheRTPHEIE) 8witch
unit is turned ON, and perforping oscillatigon as nornmal when the Q switch
unit is t39ed FERESSEAREr BRELCONtHAT of FELES swHERh oG slessieed an
optical swtch unit f fransmtting or bl ocking laser i ght _under the
control I R A RN Bt o g SBP G eeal en i eR Bl P Ebaragt
arrange t.he i cal be | a qQscil L at an_ghject to
under go ‘gjggeﬁypyggielss%ngs’g%%gel aés%}‘fse%tﬂctstrelgnemgﬁedssc%%&% t‘g%nfg%ér aRQ

osci| | albize b EOMULEE o7 c3bppl¥1 08 Q. 1 ﬁozﬂfe{éiggsw@a@sakt hgigkart
timng of |aser processing; after the start timng of [aser processing,
the frequencyRfc nareti piiogest which the Qswitch 12 28 February 2005 unit
is caused to operate periodically; and the period in which the Qswitchis
turned ON to designate a punpi ng peri od;

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



a control unit for generating: Qswtch frequency pul ses having the
frequency of repetition designated by the |/O data; Q swi&Ee¢bremnfd

pul ses each having a first logic level to cause said Qswitch unit to turn
ON and a second logic level to cause the Qswitch unit to turn OFF, and
having a | eading edge that exhibits a transition fromthe second | ogic

|l evel to the first logic level, atrailing edge that exhibits a transition
fromthe first logic level to the second |ogic level wherein the |eading
edge of whet G3wWausedcsat PBRI pbf sker iadigiaddhr oandetine vPehiathelt rdidiching
edges of the gswi %ch fre uenﬁﬁ }é)ul es. in the perjiod of each of the

Q swi t ch™1§ SYrdHET pif sedhegh DAL INGEGL A, PERINI PREPHAR duration

bet ween the | eadi g d e Lling. edge,. that.]s e

peri od desi gngt géﬂgggg 8%%‘['1@?%‘8 88#%%%“6%91 hg %%%atfa%e%%gl%?ptpﬁ%asltegsw tch
pul ses, gaeihg ey NGrpddnkst olf0GdepekeYebnt Qe§ dhgoRtHLal /5 Walt@h to
transmt l|laser light and a second logic level to cause the optical switch
to bl ockptheid@secohtght , pabdebawvanty thevimadangiedge 1ddiat exhebi te a
transition fromthe second logic level to the first logic |level and a

pul se w ehwspramdet @rpivadgdht onbe eyualrn (O vhd gi recdud at¢dir ofevsdssiong t he
| aser light, the | eading_ edge of the optical switch pul se being

synchr ontZ&F ith ERE71 i Yty Cddes o Ehe 2B IR TEIF oMt GBUISSEEE in the

peri od of,  .eac f..the Qswt.ch freguen pul ses; .SWi,tch.driver that
recei ves the h%l\%l’ h acc%rﬁarno TSl ?%O o?c){lgonstercc?flpi 288% e 1O tt(?h%hre\i t in

responser Qi heodde Siiddan GoNtr ol Ry SRigAnd k3 S&hiFaREuar %2005 rarsopti cal
switch driver that receives the optical switch
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 centrolling the Q-switch unit in response to the Q-

switch control pulse; and
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pul se for controlling the optical switch unit in response to the optical
switch pul se. According to one enbodi ment, "a control uni28 Februarg20Er ati ng
optical switch pulses synchronized with the @switch control pul ses" of
this |l aser processing device may guarantee the direct synchronization of
optical switch pulse to the Q@ switch control pulse. According to an
alternative enbodi nent, the direct synchronization of the optical swtch
pul se and Q@ switch control pulse may be realized specifically by the
trailing edgean ofptQedi tsoh tebntdrdlrepulkbet bee oyl sy citromizeidtatlo stwiiécheadi ng
edge of optical swtch pulse. The first problemof the art of Reference 3
may t huspbese sbhwedonaplhisvaotles ¢l ek osidl prlobieht ofnRekepenge 8omay be
sol ved by the function of the control unit of the present invention that

" gener at € QRSWiceehSESRERGPUBIt ses that are synchronized with the Qswitch
frequency pulses in each period of the Qswtch frequency ulses._ I n other

‘words, the Q%%qwngconﬁq ol ORIl s@“%?l%‘?fhtb'hron‘? 7 eBORFERL t h8nEF swiEPEh

f I [ h d of h" of th h f I

 ncl udi gt @t%%éppé%@ﬁtwﬂwﬁm%%% sefﬁgsra%%étweﬁgt i DR [ aser
Ly, t

ggggsztslen syng‘(r:locr)(rjilisz%%dy ot h&‘} Sgljia{nae[ %Lsoges%!}{lgo re Sggr!cs( %‘s FBI 1 owi ng

the starfy é'm{@?@f '@ér%rarz%%a' g a%stl%alﬁ saﬁt%%brwgfe 2005¢kesylt, the

start timng o aset processing or the first pul se
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
solved.

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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follow ng a period of suspension of |aser processing may be generated
synchroni zed to the first Qswitch frequency pul se. Thi s F8fabruaon2@ds5 t he
control unit may be realized by the constitution "the |eading edge of the
Q-switch control pulse is synchronized with the trailing edge of Qswtch
frequency pulse, and the trailing edge of the Qswitch control pulse is
synchroni zed with the | eading edge of the optical switch pulse”. In other
words, the Qswitch control pulse can be caused to rise in synchronization
wi th theréallt,ofttehet@rswilinhng f o glerrry ppolcsesiAgcor dilmgl §4irst Ipadee pul se
"may be generated at the tinme shifted fromthe fall of each Qswtch

f requenciopidwiang by eradetly afhesu@psmistieoh cdnt tatepubsecod ity The Probl em
of first pulses may be solved by the present invention as described

her ei nbe¥eRETraMfs QVORPEERLEBAL FoIthsuls Sttth‘SYfﬁ‘yc%efWYe@uB?et he

control unit of the resent invention has a first |ogic |l eve ng the

|
Iperl od desi gnr'élf%’ﬂ SengliRs rfbf i Mers T Py Y4EG daa bekeadsed E’é’c%}i‘ﬁ | ogi c
| d th Th d t.h d oth
Lran ¢ etk it i S pBeh b8 ind HSage! rﬁ%ﬂ&?@é‘%@lE'JQP?%@%lper%%ﬁc%St he
o e s o LI O Gt L0,
control pyse b&ﬁ?”@?et@faﬁl@ﬁ%“%dd O drpvel-d.h ddpe Refied ?;%ﬁ%ﬁﬁhe

start tim ng of processing or duri ng suspension of processing
Q - swi t chyniidodiBRief gien Can i N¥esiinp aéldg?EFcfft att@el NopPESEl PENWiRES,

whereby the | aser 15 28 February 2005 oscillator maintalins a continuous

osci |l | atp@rsst.at €n ldtHdY Swords, 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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way, |light energy can be prevented fromaccunulating in the [|aser nedium
before the start timng of processing or during suspensiZfFebiugsy3e@ssing.
As a result, the first pulse may be prevented from having a peak val ue
that is higher than succeeding giant pul ses. Since the pulse width of the
Qswitch control pulse generated by the first tiner circuit nmay be
programmabl e, the |ight energy that accunulates in the laser nediumin a
punping interval is also programmabl e. The peak val ues of the generated

gi ant pubseisl Iyt heaefteriesal s ocbet pnogranmmabi Elatidrasstapr.océssithdgsdevi ce
“that conbines the features of both the device of Reference 3 and the | aser
processiway debigkt ehertip grasdst pPraesiissh fegmbacerwataldgitsyy Hddithg t he
measur enent conparison/ decision unit of Reference 3 to the control unit of
the | asetagoceediyy beifte Bhet AB2PE e§eRiNY| AfeMIPERSEMAT T GFt KB 188di ng
the logic circuit of. Reference 3 to the laser control unit of the |aser
processi HPERFAACE 6f PRECEHTEEENt invention. In this enbodi ment, the

control unit of the |aser rqcessi ng.device of the pres in .Lon nmay
further incl aaf%%g% réﬁ%:%%rg gg%ggn?agcge. revéhﬁe%”grom,%gqahg

nt C i Si'on” uni hat™ nmeasur €s

br escr i bed,  J,f 15 .of (LAE_9bI CHnd0 (A2 PLACRESAM COmAr gRaLligse measur ed

val ues w th target values an et erm nes not dditional |aser
processing i SsN1@GeSSALY - phuLd NGHMRLE, oEher haSQI-GARERO! o4 to10f uhgel aser

processi ng device of the present invention may be provided with 16 28

Febr uar yg2Q0% t2d agj ccrd redde arihanged hefiveent he piegammabhe, f raguency
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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divider circuit and the first tinmer circuit. The logic circuit receives
the Q@ switch frequency pul se and the determ nation resul2&Febfuarir@005
measur enent conpari son/decision unit. This logic <circuit transmts the
Qswitch frequency pulse to the first tiner in cases in which the
measur enent conpari son/decision unit determ nes that additional |aser
processing is necessary and prevents transm ssion of the Qswitch
-frequency pulse to the first timer circuit in cases in which the
measur en@ntlogéonpairiadt/ deeiaiand ubetvwelies thet meusamnae Lehaltr sgddincivonal
laser processing s necessar%.é5¥ nmeans of the above-described

vent T

const it UttBIfex e 55tdSentd | Tn TRPTh&AFEPRE - f of Mowt I eritE< tThe
peak valye of thetﬁér t Rukéﬁ CA b% ontroll ed 19 163 %?1?%9{%%&% 005 a
e leeLﬁ S SW1l d:ré[qfllle n%ly r ulLs a (gy eie lh 9]

| evel of e €s t hHat 'Succee pul se pl aci ng e optica

resonat ofedil & CRANHHAUQHS sAsehbhat QR St Al & Ad A s1BR! LAd: befiore g st art
of processing or during suspension of° processing. Providing a circuit that

enabl es progriamrebhensed tiheg Qobwitdie Petuiengyi plikye/alo enabkesspridgieamabl e
setting of the peak value of output |aser pulses. Synchronizing the

| eadi ng Bugecasfest hén QWwidhch tbent medsuymrless weethpa e oty dietLagpredgeisf
Qswitch frequency pul se and . synchronizing the trailing edge of Q-switch
control FRftSEIEEh thate A IRTeddgbaHTE oBEPERTSIEW t &R PFICEESRR¥DIRES bot h
the stable and reliabl.e_s nch%onézatbgn of .th tiniQ%fof £m ssion, of giant
pul ses WIH THE t ARG 5P 8Delitng 6t BRI chf *&iteh BT 5Rd BRabl es
the genefgtdion ofnd singlRiikasan PUaed rain hayidP 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




a set peak value for each Qswtch frequency pulse. Providing a circuit
that effects programmabl e frequency-division of referenct k¢ 29@mal s
enabl es the programmabl e nodi f i cat ion of the O-switch frequency that
serves as the reference tinmng for the operation of the |aser processing
device. As a result, a Qswitch period T3 can be freely selected wthin
the range T3 > Ti + T4 so as to be appropriate to the processing of

sem condugt DevEPNPHNGNU lse £§SH iscal ponepts., The above and ot her
obj ects, features, and ?&@asnet agesttpfﬁéfﬁ(eé%g?g%eﬁ{r?h\%ﬁﬁ% ¥PLRCBgome

‘apparent thenvpbechdl +OWAGtoHESET 4 RLA DN £ ¢ r t.q .t.he acconpanyi ng

' dPaMihgs which illustrate exanpleipéﬁﬂﬁgéﬁgggegfgiﬁﬁ?|lﬁ5hf 85f tHe®present
17 28 Febpreaiyd2096oiavand isaar tBoirehrHessEi R - | n EF9- 1 is
a block diagram of the principal col?rponents %f&f}g?%lyvh\netscﬁg\gg%g?%l g&e?d | aser
osci | | at oPTaeessdidg to a typical exanple of the prior art. Fig. 2 is a

bl ock di agram showi ng the constitution of |aser control unit 3 provided in

control unit 2FBPVFHENO1R cHinpuiX thag enabhes ghardranndistd geicRdnyher

em ssi on @iPrri ng .of l|laser pulses in the device of Fig. 1. Fig. 4is a block
di agram f ot® SXPIHITH A§ teRd adorsebilesi bRogbinmbel ¢ assrt proeds shagpdeyi ce

Const | € ut | SO reRbiT Srehts S ROSESe the device of Fig. 4. Fig. 6 is a
signal timng §§ﬁ%ﬂréﬂi%§ﬁéa%ﬂggléggiggeé ééogf 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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of the device of Reference 3. Fig. 7 is a block diagram show ng the
constitution of the first embodiment of the |aser procesd Fryprepsy2e@ of the
present invention. Fig. 8 is a block diagram showi ng the constitution of
~laser control unit 3 of the first enbodirment. Fig. 9 is a timng chart of
signals that control each part of the |laser processing device of the first
enbodi ment. Fig. 10 is.a block diagram showi ng the constitution of the
second enbq ég%q%npf the | aser processing device of the present invention.
Det ai | ed plranation of the Preferred Enbodi nents: 18 28 February 2005
Enbodi ments of the present invention are next described wth reference to
the acconpanying figures. Fig. 7 is a block diagram show ng the

constitution of the firstregbadifeni,0f,f A6, Rracessing device of the
.present invention. The |aser processing device of t present enbodi nent

i s provided w tEﬁ'g.cmnpytaerblbcm@atarg@anﬂaktt@e o5 heh g:%&n%_@)%leétsLBEti cal
| . aser

swtch driver 5, |laser oscillator 6, and optical switch un

osci | | at oa G-switcilesomiptd Chdd Neserabecillbber gsebtdatd an af tyBiehiis
~controlled by @switch unit 8. Qswitch wunit 8 is incorporated within
optical resematerof. tenputer arprovides |1/ O data that designate the
operating node of Qswitch unit 8 and the operating node of optical swtch
unit 9, to confi8l diAFta Plockmiagramishogingdihalesnbhseut tontorfol asenit 3.
Laser contro{ unit 3 decodes |I/O data, and generates

control unit 3 provided 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.

Fig.(Sis;1signaltimingchartillustratingtheoperation
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. N

Fig. 8 is a block diagram showing the constitution of laser
control 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 second embodiment of the laser processing device of the

present invention,

Detailed Explanation of the Preferred Embodiments:
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a Q-switch control pulse for controlling @switch unit 8 and al so _an

optical switch pulse for controlling optical swtch unit 2®F&uarke093 ni ng
designated by the 1/O data. Laser control unit 3 supplies the generated

- Q@switch control pulse and optical switch pulse to Qswitch driver 4 and
~optical switch driver 5, respectively. Qswitch driver 4 effects OV OFF

control of Qswitch unit 8 in response to the Qswitch control pulse.

Qswitch unit functions to crease the .Q valye of optical resonator 7
when in the O\I%T%?é}m%is f%gt?ieo%:eﬁ? fRyEntden argarest deoprikad
~ resonat or f; has, I ' he F state. The ON state of
Q switch unit 8 1 ée!L%EKa orey%oﬁeegg%dhsgaé%l?%e-%qlﬁees‘of suppressi ng the

osctlation of #ager ascimk 2B EREUREY 2008 ANY L8, OF g

corresponds to the state of normal ~ oscl aser

Optical swiibmalt dniocelin®ra! ba0ks 1 GMLCFhroeattehgOleDlL At (aWid chodpit O in
accordance with the optical switch pulse. Optical swtch unit fas a
shutter fumotendnicand either transmits or blocks the laser light in
response to the optical swtch pulse. Al though optical switch unit 9 is
p p p g p
arranged out si dée ttheerapercessihbaievica dheher psesenendash dBRbnt i s My
also be arranged inside the |aser oscillator. Next, regarding the details
of the coRdVdeEonish:| egeputennt s slonhtidl Jniwe2r epeswitckidriBer i4) which
is shown a_bl.ock -djagramof the configuration of |aser control unit 3 of
the pres@RCIERGORYHERR dnigear Scdmgon OaRild 13tps pr eviddent ke h steidurter 12
for the sw t.,ch_and optical swtch control pul ses, programmabl e
f _ in\@ t9 Laser _%scﬁ%lator & includes %ptic:al F1):es%’>rnator 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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frequency divider circuit 13, programmable tinmer circuit 14 reference
clock oscillator 15, and timer circuit 16. Decoder 12 deé%%@%”?¥%89W%d /0O
data and sends the decoded 1/O data to both progranmbl e frequency divider
circuit 13 and programuable timer circuit 14. Programmabl-e frequency
divider circuit 13 further receives the reference clock signals from
reference clock oscillator 15, frequency-divides the reference clock

signal s, er at.es Q@ swi.tch frequency pul se having a frequency that 1is
desi gnat ecig%%{ t‘nletsd@%gdeg Lo PHE drfmdiice sftadguercyrordiali der circuit

13 transmgs. it W frequency .pul se to programmable tinmer circuit
14. The peri &&Il;%ft%o eoggﬁsteghof&%a%@d? LF[ary 2005 frequency pulse is T3.

Programmabl e ti : Gl Y | e fer ock, signals from
reference cl ocl?wgslccﬁll gy%?c%%gf‘t?%\éég%\ng?gﬁ%ﬁu‘éﬂ@?ﬂhIOS%OPFéﬁ;nal

pr ogr anmabie ttheguemcy dihvidelb e t,113, n . ed /O data from
decoder 12; using the refe?en%gaglnogc%lkhlgci%g%g%sggggfglg% %ng%ngflgs(eusi ng the

referenceOpltdcklskgnabh uastt behskandang k@t FLALRYL, nge a Q@swtch
control pulse having a pulse width #T1 desi gnhat eg %13} 3 g %ﬁ%kggta with a

| eadi ng &dgEsByhchoolilzatksniche Lheetrridinanedespohst he, Qs Etr'ﬂcal
frequency pul se; and supplies the generated Qswitch control ulseto

Q swi tch 8Vi{eh bulsgeT1Al shough apitd cedr sespondinng 4 0s drhemeakoyakuge.of the
gi ant pul S (cjiesi gnated by the /O data. Timer circuit 16-receives the

ref er ence Bf oAE S gaiid laker inetip swisssmicenbodimpotsel t ugiyngltbebe

ref erence Clé)r(fk 3i9nal3 as the timng signals, generates an optical switch
oul se hav?ﬂ@ ge nside 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
pPresent embodiment.

Laser control unit 3 is provided with decoder 12 for the

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

Decoder 12 decodes received I/0 data and sends the decoded
1/0 data to both brogrammable frequeﬁcy: divider 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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a prescribed pul se width T4 such that the leading edge of_ the optical
~swtch signals is synchronized with the trailing edge of2&¥brarsdddxn
control pul se; and supplies the generat ed optical switch pulse to optical
switch driver 5. Next, regarding the operation of the circuit of Fig. 7
and Fig. 8, Qswitch' frequency data for |aser emssion are first set in
decoder 12 for the control of the Q-switch unit and optical switch unit.
Programmabl e frequency divider circuit 13 next frequency-divides the
r ef er ence" tFEBERD Vgﬂ‘éiéer é€efved from reference clock oscillator 15 and

"generates a Qsw.tch frequenc ul_ se havi ng a desi red frequency,
accordance W tErogﬁng}@Eg&e& %‘ﬁg thrff&tlg %héeﬁéﬂfﬁa B?f?ﬁén@ §\J\P?d§h

her of nbe] 3w 1t urt chEEhRRe L ebperdat ket b, %3 ¢o5BuLEES at the
per | 04 of i Bigen & ke i E&gn&gbge CAR e e aging edas ot the

Q switch control pulse is nize

Q swii t ch dn@quencld PUbSe €4 #heh 49ckidr 19 Bhséﬁﬁ%ﬂ@%f@%%' nbel owg, the

first Qswtch control pulse can be generate nChi o Zati on W th the

first Q swidmdid requencihpuism16 | (@wing 'tﬁéuﬁgﬁér@ch@ cPéQEe§fR%1?91§0mnd
This point contrasts with the previously described device of erence 3

i n whi ch ashéhki ssandasdificcht imont plggnd et d S a SYNGhQm Z:@Qt%tllbtﬁt@e second
Q switch frequency pul se. In the present enbodinent, logic 1 of the
Q swi t ch RitoR PWisiseidbhdidy dbel Oabedbe tfe Q/e\dattmmuﬁhra Beadbhgh in

turn causef the oscillation of optical resonator 7 to be checked, thereby
_ i €dge synchronized with the trailing edge of the Q-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, generates 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; end supplies the generated
optical switch pulse to optical switch driver 5.

Next, regarding the operation of the circuit of Fig. 7
end 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 elivider circuit 13 next
frequency-divides the feference clock signals received from
reference clock oscillator 15 and generates a Q-switch
frequency pulse having e deeired freque_ncy, in accordance with

the decoded output data. The period of the Q-switch frequency
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allowing light energy to accunulate in the |laser medium Thus, in the
present embodi ment, the period of the pulse width of the 2&FehipegR088ntro
pul se (the interval of logic 1) #T1 is the punping interval or excitation
time (,refer to Fig. 9(B) described hereinbelow). Qswitch unit 8 then
enters the OFF state with the fall of the Qswitch control pulse, whereby
the halt of oscillation of optical resonator 7 is relaxed and the

stinul ated Enission of the accunul ated energy occurs all at once, i.e., a
gi ant pul BB:F8 1iAdred erhe Fligse? (e dramridgicie rol nhalamul @t ewihehnex
“I'ight ener en Qsw.tch uni receives the next Qswitch control

pul se. Thlélg¥té\z;\%i‘7’1‘69 é’é’éj&%‘ﬁ FHéESEt‘?%‘F SWREER tsupSethadteriads of2thgs
February éQQéiEBgnfggthcal smﬁﬁch unit 9 by nmeans of optical switch driver
5 is synchroni ze AUtHEYt PArPFhg edge of the Qswitch control pul se

fe i g. i i 9 ef - in,
(refer 1o F0. sSUEL) colLElngARE Ml S LUTGLY Sontipip QUL

synchroni zation with t f a giant pul

opti cal sg@,ﬁ@ﬂr@ﬂi@@di@itT}éLtHéoftE:%&hiﬁg é%ﬁgr%@%@d—%d'{Egﬂ?f%&éﬁ&f only

during interval T4 and then turns OF aser en’i

radi at ed, pussbl ockedr TherQy: swit rhdsont 19bd Phb5&1 hiSe Bbw) ,OgérFeOf i ng
intervals other than interval #TlI, i.e., during the interva 3-# (refer
to Fig. 9f8Byijch camtrQl-suliekanibé ¢@nies atther &f o dkephiizatabnQrftn st at e.
At this tinme, the nunber of atons that are nmaking the transition to the
popul at i oFhe nEr st oir swiateh bfr purgicy @mnbs¢ heol hawrhes Dfswdors dhat are

| eavi ng the popul ation inversion state by stinulated emission in the |aser
medi um arRFYFEERAY i MNARD - divd sapstiati epatyastst whtbushesmiddatuohy st at e
s qaint%§£§§¥ibed 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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but the laser light of this continuous oscillation is blocked by optical
switch unit 9, which is in the OFF state. The density of @%@@ﬁ?”?ﬁﬁasis
stored in the |aser nmedium during the interval T3-#T1 of this continuous
oscillation state is extrenely low. The light energy of a giant pulse is
-therefore substantially equivalent to the energy that accunul ates in the

| aser mediumin the interval of the pulse width #TI of the Qswtch
control pulse. Thus, if pulse wdth #T1 is constant, _the height of a giant
pul se is AP WhitahtsSwitchdiih oh PY Meansy edr apibrd Audtehcdrivarof

pul'se width ##T1 enables the programmmble nmodification of the peak val ues
of the corlrsegﬁ%ﬁﬁfﬂﬁlé?ﬁr‘i‘fltﬁhgg%%.r a3 139 pdge o fhe Goswikehereniteh
cont rol i ins_ the stat: f lLogic .0 during an interval before a
processiﬁgﬁg%%gz%§£?% ?%sgb%'o thﬁfihﬁgéﬁa%nfﬁ? %Wg%ﬁlg pergegtore

rocessi ngyrq ¥ r. irst i t.ch epc | se is.lLssued from
brovese! Nurts B LRELLRLS - Al QR UGy L BUCHE PYLI ] Sy gyed 1T
s In a com hnueus asei bal boRishal suLichtuidiese il cualSay apdcthe | aser
medi um t herefore does not accumul ate energy of the density that exceeds

the oscilatt enishtesholod. sFetetdiBy dRasRNinthevhi It Pkl 88eAroRkem i N
which a first pulse has a higher peak value than the succeeding gi ant

pul ses | PBDI vdtkrehyn tdmedevigie: ofetde pf essiiatawentd Blodied he present
embodi ment, the output of programmable timer circuit 14 is supplied to
timer circuit Tse O-gpidimtorprtngl phbseris bitnlpeily® dhrihe R tsatahs contr ol

pul se and the | eading edge of optical switch pulse.
other than interval #T1, i.e., during the interval T3-#T71 (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 are in equilibrium,

and a stationary continuous 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
pr!o'grammable modification of the peak values of the

corresponding giant pulses.
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This nmethod contrasts with the nethod of the device of Reference 3 in —
whi'ch the trailing edge of the Qswitch control pul se i s2&HumEBAP9%d with
the | eadi ng edge of the optical switch pulse indirectly by synchroni zing
the trailing edge of a Q-switch control pulse-with a Qswtch frequency
pul se and synchronizing the | eading edge of an optical switch pulse with
the @ sw tch frequency pulse. The nmethod of. this enbodinment is nore direct
for achieving synchronization-than the nethod of Reference 3 andcan
therefore reali sotrdichniconrtierlepylabi heiptafilg. tioe istatd igt negalart of

t he si gnalosd hat control each section of the |aser processing device of

the present “2212§ BRLIIEFYY2bE @ RERESSSLATt Pempradaraticsyest atre of

| aser proggssi ar tical switch | se having a laogic |evel that places
optical sWtch® ihi ang%"ﬁa ‘B?o%l&ﬁ?\%‘?‘i?i@qq%ﬁil@% iin &-hi bedoedihent) is

suppl i ed fs I . t -0l it .3 gptical sw.tch driver 5. Further, a
Q switch c%%?rt oi@%ﬁﬁggﬂ( |f%§iq§%1)cyt H’Q@S& AfedSEPEd %Eﬂm DRPETBMMADAR OFF

state is suppliadyf som bases; i qgly upj .to wi tch driver 4, thereby
| aser oscill gt or & bei ng place %%Sé E‘!t:% gd%l%%\ga oM Pﬁ&&:{}ia&%ﬁ Pl ati on.
Optical swistth anidnt Snkheskssdie autditsafd Bi,$:weak,Lager Light to the

out si de. \When | aser processing next st arst%,teppgS%%BF ef?’lééﬁgﬁaﬁ’ di vi der

circuit 13ngehkeeal@sen m@dind Ciherd S6rd r@idy obt hEPBLLELPB Q\Sgggg J3 in
accordance with a-command (1/O data) from conputer 1 decode décoder 12

grEieg_Q gw( ?\12:1?] derphi by pillse exaaids sy escad 1bheoR sM-ESHo L Heapgncy, pul se.
; 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 switch pulse.

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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frequency pulse is the reference signal of the operation timng of |aser
em ssion and pul se control in the present invention. Prog Fekapary 209 %er
circuit 14 generates a Qswitch control pulse synchronized with this

Q switch frequency pulse. This synchronization is realized by .
synchroni zing the trailing edge of the Q@swtch frequency pulse (in the
present enbodi nent, the falling edge) with the | eading edge of the.
Qswitch control pulse (in the present enbodiment, the rising edge) . The
pul se wi @podimentnterval of logic 1) of the Q-switch control pulse is
‘equal to time #T1 as designated by the decoded I/O data (Fig. 9(B)). In
the present enb@HitREnPrePagrEcIYoitatre aF lewerchreons s bhg 2mr28pkdhalar y
2005 pul se switch unit in the ON state. The oscillation of

| aser osci’ 15% -e%&tirgg f?ﬁéﬁiélfloﬁeleﬁ'é‘ék%%‘f%dtf@% aaafuloatisnl ewilticght
Qw1 h S &1 B PoB LRy e dyouaatt 3™ HRiEnemPRSEReRES] M bui | ds
of the O Surban o B e SOl et R b S PP R ettt G e Prng.
2t the 1o The ehgedor T hER G TR e e 48 Mk T befyren” fe”

energy thahihas agcynubptegiifat B i i i rged. al. t once
as a gi ant Sul se (Fig. 9 (D) . i:I'%eé perilo%HaCEI%mofl%tsﬁg] %%gl%rtgghugéht r%ol

pul se andtohe-pul seh irlive # 1, ehetBey Qhsukted CONMEN PBLSRLCANDEgSEL tO
any value by commands from the conputer 1. Tinmer circuit 16°raises the
opti cal swhtxlstadlesef weak continuous oscillation. Optical switch unit
9 blocks the output of this weak laser light to the outside.
Whenlaserprocessingnextstarts,programmablefrequency
~divider circuit 13 generates a Q-switch pulse train of
repetition period T3 in accordance with a comﬁand (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.isrrealizedknrsynchronizing'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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synchronous with the fall of the @Q-switch control pulse. In the present.
enbodi nent, logic 1 of the optical switch pul se operates 2%Eectamary2865 si gnal
of optical switch unit 9. Timer circuit 16 thus generates an optical
switch pul se having a rising edge synchronized with the falling edge of
the Qswitch control pulse and having a set pulse width T4 (Fig. 9 (E) )
The optical switch wunit 9 can thus be opened only during the set interval
T4 synchronized with the enmission of a giant pulse (Fig. 9 (D) and (E)).
The peak PAl§e blagparthep(rsestechorel bdouthedly stahe. tTheosicategtabrof t he

intensity cuive of a.%jant pulse) is substantially proportional to the
energy defdi 135¢h astd lader 96 28hrepLazeciravdediutharctheulatdoenl fal l

~(trailing %ﬂ?e%h f a Qswitch control pulse. The energy density in the
| aser mediuntt guﬁ%ﬁt r8 e @sioreddnm stert e i ld@nsiomsd Yowithe
Q swi tch .cant P Tl while it daes not attain the saturated val ue.
The peak gggu%§$eéﬁ¥§ﬁf é%%%¥@ F%%glFﬁapuﬁ§§s YRE BRI -SBSTYafeB R £¥h. uni t
9 includipg eqfi.Lst L . erefo be_made unifo by setting tine
##TI'consggangl%ggggiP?ggﬁﬁpggg%égnggre&ﬁ8d3P9539F8n18f££%§ pR&kIVal ues of
gi ant pul gegsca LZe g - ificagion.of ing tine
#TI (Fig. 9 ?F)? ?gﬁggggéérﬁgggxhg%giEgggsg%at%gg%aégr£%%dgﬁﬁvgﬁ$$s gi ant
pul'ses cocbrspoODEiUIGd 0ipymei 4 i . t,or ener gy
at the fall of t%L C}sg}tch é%%?r&ﬁggﬁ%ég%&gpﬁﬁegla?gﬁgl% ?§¥é3n4€€?hg a
gi ant pul 8€C) i heoesef gyh iunites nlas8r tRdityansuddenl ¥odraRSoRRds L asEr

oscillation ceases, but since punping occurs continuously, the energy
density i@t 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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optical resonator 7 rises instantaneously and, upon attainin q t he
oscillation threshold of |aser |ight, a continuous osci | #&F¢ 8@@?5 t hat

is weak in comparison with giant pulses (Fig. 9 (C). Optical switch unit
9 is closed after the passage of interval T4 following the rise of the
optical switch pulse, and this prevents further irradiation of the object
to be processed by the laser |ight generated by the continuous
oscillation. This continuous oscillation continues until the tinme of the
next rise R9EdHl A§ Wuye)imefof Feld swrathivomdye) pfilasg: sanidch idwatanar gy
density therefore does not rise to or above the oscillation threshold
duri ng” t hiF 58 el h8l enery¥idensg By thy s emepediny 29065 mit! agilant

pul ses th refor hav un for eak val ue corresponding to punplng tlne
#HTL, and SR e‘awaﬁu%ge JA?tPé‘F Hbldsttl'élotf Ghelﬁs@@l‘b@%mﬁm@ oL laet

suspensi o f sk,n nse evented from bein

abngr nal | yr#Iﬁ"l glﬁﬁ)%g%p %% nto% as)ﬁ% &Fﬁg‘s% yatue. ghg pqgknglglem ock
di agram s onS it i th e d enbodi nent of the | aser
progeSS|ngQ§%@%bgH%P% %% %egggf &ﬁf&h&ﬁ%'ug OpﬁécﬁéséwlﬁFgc8§§ln§ devi ce

of this enbedirBRl, t@l%ntf&%lst '{l'l%ez W QL leaGh ”ﬂ TR UL TN by 1o

conpari son/ deci si on unit 7, and aseér con
provi ded methlnbogumecﬁmqubbn%%aaqtwqgnagaqg&g }gﬁﬂggmgy di vi der
circuit 13 and -progranmable tiner circuit renen

conpar i sontdécisationn f thé peakw&m&;d@@i%ﬂ@@bu@se@r§§1§r1ﬂebﬁgal&tz@@5 of
the object to be processed, conpares the neasurenent
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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values wth target val ues, and determ nes whet her or not gﬁitio | aser
processing is necessary. Logic circuit 18 receives the q?i' 26 uency
pul se and the determ nation results of nmeasurenent conparison/deci sion
unit- 17, and transmts the Q-switch frequency pul se to programmable tiner
circuit 14 in cases in which nmeasurenent conparison/decision unit 17 has
determ ned that additional |aser processing is necessary, Logic circuit 18
prevents éggPtransnission of the %}smﬁtch frequency pul se to programmabl e
o

timer cir ug 4giant chigsbses nthpreRor aehave enemti tonpapésbrvabee si on uni t
17 does not determne that additional |aser processing is necessary. Thus,
in cases. Th PrA AR SRR IRD RS d0H déedsitbs 8Lk Pebseaa§t@005 unit
17 determ t ditional |aser processing is necessary, each part of
t he devi %ﬁ%%é:iagt%e%ggé&?rrd%&c?BSH}E OI‘Q@%\RFF THTAN B RECeRs bpd i cal
swtch putsgs ' [.9. in accordance with the process described
with refer enc%&lp%gtjﬁf]g;érg.bef gp‘?%?esﬂ?/\e/a(?,fﬁ?% S Snggrabhpdedddi ng are

generatedxﬂﬁh@@§Q§Jghagg&ﬁnﬁf%ﬁgﬁ¥mgul&ggparison/decision unit 17 does
aser

not -determ ne that additional processing is necessary, the Qswtch

frequency pul seids 1®tid ransrd i r ; t] Gireuit 14. The
q y p g i nsTa&k e84 Qra® %ﬁ%ggﬂa‘ ndﬁget%l{s%\]ﬁ%n

"@Qswitch control pulse is therefore not gene cﬁa%eriod
to whi ch tthe sd@orshidntiodimegqiensy fHd seddiat Wk 24 d TARSTEd tgd (Bel ongs.

As - a result, the optical switch pulse of that period’s also not
gener at edPreEAN, ipererdden.n whi ch neasurenent . conpari son/decision unit 17
‘does not determ ne that additional
‘ huthelaserprocessingdeviceofthisembodiment,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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| aser processing is necessary becone periods of suspended er
procesging. I t ?s to be understood, however, that althougﬁiﬁﬂgumyzoos
characteristics and advantages of the, present invention have been set
forth in the foregoing description, the disclosure is illustrative only,
and changes nmay be nmade in the arrangenent of the parts.within the scope
of the appended clains. 29 28 February 2005 CLAIMS: 1. A | aser processing

. devi ce, I S04 il havi tical ry at i ded
Wi oa oue T Hete s Bt B eI Fethi it 1% O 5 ovi toh
control T8 I il I i.ng.. checked fromoscillation and
storing gﬁﬁeaﬁs%n%r ay t[nxouglh dpﬁtr?&engglvjviﬁgng?ﬁga gvf‘f%%r%ﬁ? §Q 8 ned

ON, and pey-fawidig co3eidll gtinen é‘-ﬁdrt%t'f@cl:a t@?f’?@l%%‘ Eﬁgwﬁlr!f[r{ I s turned
pul Se; IO

OFF under the control of the @swtch contro an optical? switch

unit for tIansinihtadgoodandé ekt Heap@bdelsGhlie YREEE 4 NG GONMS - Q- an
optical switch ................ pul se, said optical swtch unlt(%elng

arranged dw tfHey. Opt ilsaltipat twahet weiemts gl deas @10 0$8iddeaian and an obj ect
to undergo | aser-processing by |aser pulses emtted fromsaid 15 |aser
osci | | at olgengI@dmeut er for supplying I/ O data that designate: the start
timng of |aser_processing; after said start timng of |aser processing,
the frequency of [(§F&S tirorvheitch Wi e reaiah tQoomipeati somi/deics sdauns eth itto
oper at e pﬁgi%%icar

es no¥;determine'that additional 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, periods 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, ho@ever, that although the
characteristics and advantages bf the‘present invention have
been set forth in the foregqing'description4 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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20 and the period in which said Qswitch unit is turned ONto designate a
punping period; a control unit for generating: Qswtch frepagasy 2008 ses
havi ng said frequency of repetition designated by said |I/O data; Qswtch
control pulse each having a first 25 logic level to cause said Qsw tch
unit to turn ON and a second logic level to cause said Q-switch unit to
turn OFF, and having a | eading edge that exhibits a transition from 30 28
February 2005 said second logic level to said first logic level, a
trailing M%at exhibits a transition fromsaid first logic level to
said second logjc le ei wherei n sai.d §ad n ge pf.,said Qswtch contro

pul ses synchront zed HThe BT A egaﬁgs g? REF swi t ch frequency
pul'se in t elasx%ei:r 'o% 19h 88¢N %Ht?(?on beqswe M L.oh Jes%%]%%ggytg%lrigge “aéﬁ%qsal q

pul se w dt e., etine ura en sa

trailing %Qﬁ-sﬁlﬁh h$1@auak Bgefgglmrdp%hl%?'1%n@tz)ﬁgr@§l§d _ r@_ period

by said 1/0 data; and opti cal swtch pul ses, each having a | ogi c
level 60 capIeh QRLIteal pwikeh ¥8id 1osdsF beﬁiﬂltladt%%ebehhghéhé@ﬂe@ second

|l ogic level to cause said optlcal switch to block said |aser 'light, and
havi ng t hefdgadisag 1edgechhahdexbobidg @tidaAnsridrey thesugni gusstond | ogi c
|l evel to said first logic 15 Il evel and a pulse wdth predetermned to be
equal  to twien tthee Qdswaticbnuoft passtungddieN, ased peglitrm$agd | eadi ng edge
of said optical switch pul se being synchronized with the trailing edges of
sai d Q - swiswh ledrionokspobsesl i whemhetlpeQ-evitoh eadh of taided @Wtch
frequency pul ses;

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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20 a Qswitch driver that receives said Qswitch control pulse for
controlling said Qswitch unit in response to said Q swigheteeni2obs pul se;
and an optical switch driver that receives said optical switch pul se for
controlling said optical swtch 25 unit in response to said optical switch
pul se. 2. A device according to claim1, wherein said 31 28 February 2005
control unit conprises a |laser control unit, said |laser control unit
conprising: a decoder for decoding 1/Q data supplied_from said conputer; 5
a ref erencd®id o'?ﬂ?oéléjcilpﬂéf:oie?"a:‘ g%n%ﬁjacﬂi#fgmtr G EndEVElocR signals; a

bl e fr vid . o fr Cdividi d
P e 0 S5k, T CBhah T & (onedrepusna S thngopel d
frequency quirceﬂ%tv'etl' QR égiﬁeﬁé&éﬁz&eﬂ?ﬁc %faéxﬂeld%%‘}%qn' LOrdata, g, L rst
timer circuit that receives the SW requency pul se, referencte cl ock

signals, anghd /4P datiag bhalitBaveshesn dacndead o f05 9aasEAL |, Don ar [ SWi t ch
control pulse synchronized with said Qswtch frequency pulse using said
3la 28sFehbimainyi nR0Qagkel 8Fessed choski st nddsahdy puldeSignahs; and a
second timer circuit that receives said Qswtch™ control pul se provided
from sai d gdrrisid dfmerachi bEUEA1ANO-swid¢h refeiRes puoekssi gnals, for
generating optical switch

: pulse width, i.e., the time duration between said leading

edge and said trailing edge, that 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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5 pul ses synchronized with said Qswitch control pulses using said
reference clock signals as timng signals. 3. A device acpPrdbrgybgos! ai m
2, wherein the | eading edge of said Qswitch control pulse is synhchronized
with the 10 trailing edge of the Q@ switch frequency pul se, and the
‘trailing edge of the Qswitch control pulse is synchronized .............
with the | eading edge of the optical switch pulse. 4. A device according to
claim?2, wherein the pulse 15 width of the switch control pul se

gener at ed BPTLRLdUREF SEOMRTIRSS & lE§Rt F@nﬁgbr%blsékld‘s;aﬁeaevi ce
according to.claiml, wherein said Q@ switch control pulse has a second

| ogi ¢ | evéOWEPer BN iheCIPLSAI % i mi ng of processing or while processing is
suspended. 6. A device, accordi.ng t,0 claim rein. .said_contral, unit
further includes a r?eaclset?roéio%ngogcg%%?}%%nffé)e\(gggiaoﬁugﬁil%e?oj?ror%ass?&rdi ng
prescribed, j.tens 0f 25 the object to be processed, conparing the neasured
values wth targét values, and determ ning whether or not additional
l'aser processing is Necessdhte BNEcB2:48; Mel4aryr200R. 824 L4 aser control
unit is further provided with a logic circuit arranged between said

pr ogr ammablegchreaguencyc i a4 g;Circuit and said first timer circuit and
that receives said Qswitch frequency pul se and the determnation results
of 5 said nmeasurenent prompamnabbédecéguantwniityideal dirogitc £ cuit
transmtting the Qswitch frequency pulse to the first timer circuit in
cases i n JWhieghesayddividing 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




measur enent conpari son/decision unit has determ ned that additional |aser
processing i s necessary and preventing the 10 transm ssi %ngrﬁapﬂ@,sm tch
frequency pulse to the first timer circuit in cases in which said

measur enent. conpari son/ deci sion unit does not determ ne that additional

| aser processing is necessary. 33 Laser Processing Device Abstract Laser
oscillator (6) includes a Qswitch unit controlled by a Qswitch control

pul se and an_optical resonator_ (7). Oscillation_is checked when the

Q switch IFHSTERSe GLREH BNODAHRras Helltight FIonGH shén® swit ch control pul se

" but proceeds nornal I%/ V\,hencshe. swi.tch unit is OFF tical swtch unit
dames =

(9) is arranged in tHEGHT c: atCFrrSBiLR@E}HaE Fasety cﬁqqda%!swéﬁ&han
obl ect. to b progesagd.and sLbher fransmas or blocks, Laser 1ght under

the contro an® "opti cal” sW pulse. trol tes a

(1) "and G Sni Lah R Gl L B Yo Oni e S ChCL RECOr S TR 7T oquency

pul se. STh?LQs%M oRceeBhlioba putsesdas @ Widldn ceniespopdi Bgs tes A feri od
desi gnated as punping interval by conputer (1) and generates an opti cal

swi tch pulsg syeebirenceedlvbkhsidignl QMtieh ngoRtigak 1Yl se that has a pul se
wi dth corresponding to a predetermned interval of |aser |ight
transm ssi on.
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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said laser control unit is further provided with a logic

~cilrcuit arranged between said programmable frequency divider

circuit and said first timer circuit and that receives said
Q-switch frequency pulse and the determination results of
said measurement compariscn/decision unit;

said logic circuit transmitting the Q-switch frequency pulse
to the first timer circuit in cases in which said
measurement comparison/decision unit has determined that
additional laser processing i1s necessary and preventing the
transmission of the Q-switch frequency pulse to the first

timer circuit in cases in which said measurement

comparison/decision unit does nct determine that additional

laser processing is necessary.
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