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IN LASER SYSTEMS Background of the Invention 5 This invent %\ECI:QP%%S to
control | i o pylsies in | aser systens and nore particularly r #ates to
controlling the width and energy of pulses at differing re5§ oK #at es
during m cromachi ni ng procedures such as resistor trimmng or capacitor
trimmng. 10 The pulse width of a laser typically increases with increased
repetition rate (i.e., the rate at which pulses are enitted e | aser).
This is because at high repetition rates the time to store eWEw”MWIM

| aser rod prior to each pulse is short and at |ow 15 repetiti WIL
time to store energy in the laser rod prior to each pulse is |ongeiskence,
on a per pul se basis, | e var i i he ener gy output and
tenporal pul se vwdthpdL Sorie A ﬁ‘é 59}];11 ed. This effect is due
to the tact that the eBaglggro hbanvewrtagnted froma | aser rod

depends on therﬁmgrq»avéhea% 'r@ltalﬁ%sr Q@ cea'i;r%ﬁm pullke@ fRPEtition rate
of 30 kilohertz there are only about m cr oseconds aval | able to store and

open a %%ﬁt%wtt%“sala} '%C"F%s%‘?r'b’cﬁ‘é]ea’f%y e ki e% P whereas at 1

ki | oherdantife) Bimy ecl2d abdtts @nd hansrdgy dSTfC}jS@B@@@MiS avEfdadie to store and
stmtch Th ain_i ase or.ti ona uantity of energy stored

in the rcPth]‘Tal#ebr e;}()rteeS véu%%lréglnéjse?op (I:%Jen %gl%zé?? FestP aUH 13w repetition
rate |trwmtpsr upr imreingroee ekl yor hemimmingul d at a hi gher frequency 30

becagse there iheTpigs na&axh§ber%d1a@e&h% yPAda1igSUhElagsta @ shorter

tenporal pul se wdth, gl ven energ_h pu S e pea power varies
mverséd’%ﬁlwlthFlf?\%SfF%s’é@Pﬁﬂ%bowmﬁe e? ef Oflre X¥afee prakvlpoiter of a

300- na@mdawléﬁm@em@ tiess1aden) 35 thes peakndonede oft a

100- na selgon ul SE haw% hﬁ\ same total ener The total energy per
pul se tHE 100 iR T 651D 3t 1Be 150 DR RRBEFISHH, BET/%599/ 12148 t he
wor kpi etzses rqulp::aiény contach|pdlby asdevdrce smdtamtienuates the beam

| asey. e d_he n e er pul ses at
10 EIIS| gﬁé %‘; ﬁ\o%r# %] Eﬁ w‘“%l%%??%’%a%ﬁé?%én% tﬁ%]af%a‘%% t he same' 5
total erRdg@Prior g @mlmwbswlw beng| askengel se’ pross dewldy a given

| aser %aépgv repetd L{ ONgreh eSvYi 40¥ehi DY the &ner @ér@td ddu the laser
rod when the laser_is operated at low repetition ra his can be

acconpl FERReEBY H‘é)l‘l"’%vblé%‘ii‘h% #hethfrotAPe bt brRr Byt e h’a% ‘é‘?‘l‘EJe‘?% the rod from

t he | aser purrp'rh'me dfifglatt \Wav eide et e Eadwdelatlthel asergyor ks accordi ng
ossible to ensuse_si | se wi dths at

to t oLt | |

dioffigjrltlz‘lléj?"gl gfc)% l??o?lxﬁ;’lé?s%‘ge‘%;f oftpfn a%ﬁ’érﬁ? ﬁ?%e?ﬁ]% i ‘Pﬁ%er rod prior to
each | aemergyl stofed Ezbouhethedsanﬁostexalgglm netp@rrqdetregmrdl ess of the
epeti ti00e 18t €30 AL fond Lz Bh89e9§§é9¥nf§oéﬁgﬁtt%ﬂETPHEOQEéSEdé0 openi ng

of the Qswitch, the energ Into aser I's reduced to
a Ievela‘t’%‘a%a}i%ej‘Eféts%é%ea‘édtﬁl?’%@hél@ QﬁlF‘éﬁuF@e@l%%Wc%rTJp@?@éte for | osses

In t he @mﬁéaytétﬁéeémwtéa? hﬁéﬁéaéodt Ihkﬁlbﬁéﬂ@@dtﬁé\ﬂégaréevel can be
ened gégk ow a Eul se to be rel eased

[#5? ed unti] the S oa

from h ‘P‘é%e? Fiagused erf‘b?r%ﬁﬁﬁﬂf‘ g 8vVRs 81 58St 35er38ystemis an 25
exanpl eréwatelyst'Elﬁet@ainanSanmasensmsepsopbtamopul seowidéhsiay differing
repetiti es n t |s sy gg M gan Eﬁg%g%giﬁg“ﬁ nodul ator. (AOM, is

pl aced %etv\% r & he%wor Kprece. | aser sScans over a

wor kpi epvelsehesamasngaOpm atnedlbut @epbtéckgnl gsbe 30 pueees ®Pom

| mpi ngi g anapg iéﬁifcehs§0§etw&nﬁa el 3SRigRULSErbquBReded Lo remve a

link on t e wor kprece n order to renove a e acousto-optic
nodui}(htbecaus@ms arsi hgl Bopa| seergli stedefniBdriheeFydaf FBEUSpERTNg of t he

Q switchy hoshBPtagecenpbball plkseThedaeQust o

For a given energy per pulse the peak power varies

inversely with the laser pulse width. Therefore, the
peak power of a 300-nanosecond pulse is much less than
35 the peak power of a 100-nanosecond pulse having the same

total energy. The total energy per pulse delivered to

M
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allowonly a fraction of the energy of the pulse to inpinge on the |ink, as
desired. Wagoydsigs al., U S. Patent No. 5,719,372 descri be§ ﬁu%@?ﬁhsmrki ng
systemin which | aser pulses create holes 5 in a workpi ece ? at"1orm a '
mar ki ng. Each em ssion period, during which the Qswitch is off (open), is
sufficiently long'to allow the laser to emt a prinmary em ssion pulse and a
plurality of secondary em ssion pulges, all of which inpinge upon the
wor kpi ece. The 10 intensities of these primary and secondary em ssion

pul ses ttie wesipibas ibecyPieasiyycoht el & gl & ewisdO L HyY se that woul d
be emttgg if_the eaigsgi on_pgriod weyr e shorter jslg?qlthe repetjtion rate kept
the sarks "SR BRpoREr PEBNHNUETHT PP LETD AL dblf &7 é"cgﬂéérd%f*to the 15
wor kpi exteterhet pdt motecthanslabatr phkséovatpoe rkislestondas yirem ssi ons resul t
in inpr VESLDEL LT K [ ' rkpiece that includes a
resin f#%%o%?%i %#%gg%g%ggﬁihsg%rﬂér{/ﬁ%tfé%%% %vﬂgrﬁef gtﬁlezosaa&ee aspect of the
i nvert i eptaka@nerdYa pul sed | aser systemthat includes a | aser punp (e.g.)

a continuous waye (Cfoddile td WAt Naderd phebbeCHRbvi ALAr Bgssd bet ween
the | aser gur@%and the_ | aser rod, .through whi.ch energy fromthe | aser punp
a

. g
enters Yhet ?eESaFoa?waﬁeBEFbEi‘o?e??'é%? RY tIRWRIGHPIT RS energy i s
em tt edehengyt feokradeinr ote daden sodtwhed etlge , 1fsdy siv tapdratddr posed
bet wee he | .and out r of . h ere is a control
devi se?a%hlf%ﬁaéngée%ggéé err%ggsfo ?ﬁ%sl(gésljéregé ez'gs%%{#%]tﬁseﬁ%ée% switch, when 30
cl 09éd, lewesbngehheggmeunbeost enedgynthae ¢rsers rigek aned fhem opened,

al | ons eRer gyske Bemgm' tigd LEQHL! REvEABPECE POh AL iGN £18 SSion period.
The control device allows a prinmary |aser pulse emtted fromthe | aser rod

. Yy ¢

duri ng RBCENVREKEN2FEPEBdNH0PNPRAGePHRNGI bR kpi ece and 35 prevents at

| east a portiontfiseqmsiaysdases wiNeweR sikd 1BECEMBER 2Q@2hW0 99165t 23
-4 PCTI E\I_'S%?/ 2148 occurring after tge g{\l mar%/ g”' se duri ng%lihe em ssi on
period #to F&rﬁFﬁBﬁnﬁeBﬁ théCRoFRPFECRY RHBPERY SCAFEY al PrackiSor )

pr ogisanbedet orodupeivbire toortichl ldsercpul seafbovabdwet prherasgmé aser pul se
em [t edof pARLLNE; haSBE 80 JuELRG1LBE 6P 88k OP.REE Ol ol nge on the
wor kpi eceé and to prevent at aSt "a portion of secondary [aser em ssion
occuri nfaererhifehpshnerereyl sEoyasenfivhecbehi BEI®A pereRANIRdm i npi ngi ng

on the yerkpbegeswibendi ede RueRgy LAseriLeshnpt@oynesCondi Ngsép the
nd ¢control over the pul se dt h, al ong

i nvention pr,owdssflexibilit&hng lﬁ

with t hECRepst FEAYReAate, & heyrdetPeb Lpt I HPLc2BRYE of nERERSPSTHR i nvention
makeX) i Feguisetl eot eompensataséobrt laksbasiahohe pnesgyWwstbhsdainhi gh
repetitpipn rates to .progess a rkpi ece_(for ex le,.. Lo performresistor
trimm nsgeagaﬁg\fv rrgf)léti 1o rrg}tgglscevw Fﬁ%ﬁéye%’leﬁ?%aﬁn%%l y short pul ses. The
| ow r epmaiintemnnedr angd lngpneh@-swpschalibyopsned| toorltevt ai pubppl i cati ons

such as¢pr HaM.ng il ‘f@Jo?lPQh%eiiage‘}r $odThe invention does not require any
reduction 1n the output of the laser punp in_order to provide w de pul ses

at | ow repetiti@nerrbsScanping|s MR GAUIRREISHY Y &I P or ot her wi se
accorgodahpl Be ofoweisyst reltedoeennes andukeedbackaei palery that are
desi gned . to ensurgﬁ,{g St abl e out pyt .of the Iaseﬁ pgg&) Al s?é t he_invention
does noVifEhgi AL ey 19 € 8" AtE%the LBsEFIPodYEESR r8Buced | evel
duri ng abeupebtopt ief nick lavasi(@oM)er iedpiakbedwbagweansshen of the primary
| aser puyl.s t he | tjon e 0 cern.it ith errors that
mght bU°EaF Bte SH Nos ARGt ol SotRgy R0y SRR PRET| Sser rod fol | owi ng
em ssi oworkptieeepr itingr ypdoasto wptde, madudatorr blockeulldsBE especial |y
si gnad i t el | - t Viggenl & provided that
A6 pRikedl £roH %ﬁﬁ%ﬁ% %3%?#%3 16QRt ERledeVifin

prevent S unwant ed out ted he em ssi on period after em ssion
of the praEraEr puddesd s maRdamitRyinedie ehdink on the workpiece.

In order to remove a link, the acousto-optic modulator
allows a single pulse, emitted immediately after opening
of the Q-switch, to impinge on the link. The acousto-



12 DECEMBER 2002 5 wprkpi ece, this portion of the |aser oufjdBHcERIBES 2409t
affect the tenperature of the workpiece, and therefore does not affect
nmeasur enenwe wilgst23m ght take place prior to each primary P‘Hﬁ‘ﬁw\f‘/@i:@h may
be tenperature-sensitive, and does not affect performance o he wor kpi ece. -
For exanple, in trimmng of thick-filmresistors, resistance neasurenents

m ght take place _ immediately prior to each primary pulse. In

m cromachi ni ng o! = a sem conductor -@scuit on a silicon substrate,

el imnation of secondary pul ses and a conti nuous wave output can prevent
undue heptiggmobulbltersichincanisubshigt & apdctheneby protesdrgie silicon
substrat% %%%i nsé dar&nge l.Ln _anot hEF‘ azgegt of this ingvention, there is
provi de@a et RSa 561 “GpefReiTRg 8 pul§ed  PFasePSs§SFEhTConpri sing the steps
of providing a Pedgaed é¢asel. sydtemBort Nag S 11las872pdescradeaser rod, a
refl ect ar 1696 RASRA el yReAn! bR LASEh PUNB-aPAiLOE LASEEe CROLLLNT OUGD

whi ch_energy fromthe Laser punp eaters the Laser rod, as output reflector
t hr owyhiRhRcWoEkPigFe $haf foem Ay BarkRadl asBrCho@Niass9Rt ch i nt er posed

bet weenpkhe ddgsefuriedy akdchheheuppuiwiktehl est eefcoabegy edst o be cl osed to
cause energ)é t.on?;l stored is&ﬁge I%Zler rod for a desi red,rgeri od of tine and
to be ofbEd s Yol BT gy 2ldYe EBG LRAEGTT FENFTAE FaBELIM3BY during as

em ssi oemiesiiath pulesentand adplucaligydod peooadspy, episgianmmi ng t he

process ca t r i_C o] . pr.Lmar aser pul se

en tted?)?'rltc')s'%st'h(Laélslleias?g‘r3 “r&o dﬁi‘“ng’\éltehg‘Pté’% gé%owo%ggllgééfo ?'(ll’lf%l nge on the

wor k b9 edatems ittd g5 @ferrtheste padsary podt sesopflaspcendasyonaser eni ssion
occurri pgafdLaAda did Mah RYeSq ndhisngyt Be Eﬁbséiﬁﬁléeéh&gsi&gm I 'mpl ngl ng
on t he workpi ece; 12 DECEMBER 2002 Sa operating the pulsed | aser system
so as t ®UdSfs&hatsaoudrb Ry o Hededitt £o§ &ﬁ‘ﬂ?ﬁ@;"g Be&Lafi ¥§T8f emi ssion
peri ods shaldtey hd thd mipediaion patee kepict thd Bame. t hehkadew-rod during
each em ssi ongoerino toei ersI nge on § .\Qr%rrk%ix ce; eggg 9r gge@hgng at least a
porti on P& e &5t arfﬁyasé'}l S SS) G dcCur ri g duarrng‘each em ssion period d
af t el envicgdipdreas . t IBhematent mllasesf tdwti whiendpwgpowerhe wor kpiece_ In a
furt her Rfla) S IINETIRN LheGDSBROdes:a: 85 Bed of operating a
pul sed lI'aser system conprising the steps of: providing a pulsed |aser

syst em E@EKING dgines ddera plapkpigasaddrty daclydess RedSLN hidFposed bet ween
the Las@ioniyimhiay ddvdmser rod, through which energy fromthe |aser punp
enters the |l aser nod, an output reflectqr through which energy is emtted
fromthe laser rod and a a = en the | aser rod and the
out p@d refl ect ooneoakpguredft chbeinlrestilohof eatseeenermyl 4@d be stored in

the | aser [l e { ofy 1 d.to he opened to allow
ener gy ?oa%e%deér#%%%&qﬁs%gm q}]éélq{dé%gra rl(?c#%ﬁrp?ln%g Z(%'grﬁ'sgi on period; and
oper at i IRPItHNYRNS RVasW)s i, ovdrasel Jivge &f reddecitoron rates of
activatiqn Hfpddiey Whtwden ShéSIdeC PR lARLHRNQRGE! @dae emi tted during
a plurality of em ssion periods at each repetition rate, at .| east a portion

of tire YU MRISH SRITBH AT fd e N SSH SBh SEEESE5eitRFSTi r ect ed

t onang {:rdca,rg@ti @&t}:pmi th@ﬁlé&lﬂ:ﬁttﬁ[xcﬁfgwwm Hﬁijldﬁgq/b riu;: mdt&fﬁr sy_s: eLn
conpri si controJling a primary Laser ,pul se shap . ing the switc
for a fifir}g‘ﬂ? 'ir}r’% ?%?ﬁi ]ﬁ%‘g' pae‘?cgoad it ‘T’rﬂeéep‘rq ‘or & gg-é%'cl%cgﬁl ssi on peri od
regar dl eisstefpospdtibétween atlee cdfaddie vd rend/ dles@utpuitse within the range
of repe.t:.léffé‘cécg% s, F%&ghé} SPh&fe OPET AL Lde QUi ed |v~g1sﬁfh S¥f em further

conpri si'hg ‘operating punp contT nuously at” constant power;
be external to the laser resonator. The Q-switch, when

30 closed, causes energy to be stored in the laser rod and,
when opened, allows energy to be emitted from the laser
rod during an emission period. The control device allows
a primary laser pulse emitted from the laser rod during
the emission period to impinge on a workpiece and

35 prevents at least a portion of secondary laser emission



the step of closing the switch for a fixed predeterm ned padHcEMBER 2002 e
prior to ea(“poggkaﬁ on period regardl ess of repetition rake ensuring that
the primary 1 aser pul se has a shape that remains the sane regB¢HUER42H8
repetition rate of the primary.laser pulse within the range of repetition
rates) without selection of the repetition rate affecting the pul se shape_
In yet another aspect of this invent[gn_, there is provided a pul sed | aser
system conpri si ng: 12 DECEMBER 2002 5b a | aser punp that is operatable

conti nuousgly at.con ng wer ;. ser,rod; a.reflector .interposed between
t he IaserO?)%%réﬂﬂ %Eee agg? Bﬂ'ﬁa%gr%ﬁéﬁemﬁ%ﬁngng gy SFSHPHe | aser punp
ent ers t periaderfropodimpimaintgunr efhectwwrkpiegagh witelreenésgyalis emitt ed
fromthe d; i tch.int e e h r.ro nd the
out put r BFFaer cerfy g o L SRS CEn PP ERER ] N PSET BT G
t he | aseprivoary orlazedesprbik pemittedf fiomr thad tasde apdnedutinal Ithe
energy t 1t . fromt er_ro ur | LSS riQd: and a
o ocossor Beaih e o b M LRRS (ol UEn ohlp P0-ETaR" B RSB, 387, 51 cs
of activaepsh of pohbiemi pEhsesondary oleasrms eehbsHoremrapring bdéteni tthed
during a,p N SIS AhPelh QS Al RAGRA Gk bl it hpat
| east a o'l}ly‘irlg% %l¥ the&]mal??r energy emtted during thelmg)%nég{ugn%e?fl%ds
bei ng di Fecketeqoward a target structure, the processor being programed to
control a primary | aser pul se shape by closing the switch for a fixed,
predeternined perhedixdde i prenped claser eaebhralsgyoacpertadgr egactieess of
repeti i oRvEAkG oAl plBGiREETRALiBIT i3 ad Wdhdlf) TAAGE Gl Tepeti tion
rates so as to ensure that the primary l'aser pul'se has a Shape that renains
t he sanePrdgar widsh. oflpagewithofheatrepsit itiommats .y imsardguite within
the ranggpefimigReplireRmaales. WhkhaukvetRl it ke g depalidiqn rate
affecti ng t he Sul Se shape, In glet amher further aspect of this invention,
there isUYPofi dégex hbe oH28f S REEaPIAE S WAt atade 9t yst em conprising a
| aser sonepetdfdoa swrkehtooplbgesadat erdikpmileazed flox caussplnengy to be
stored by the | aser. . rce_for . esi.r i Qf. |i and to be opened
to allo gﬁgf’@“ ?%?l%ggérrﬁ ?{égﬁﬁﬁgﬂ] t%ﬁ:eq%g};gep%%&%cléﬂdlr}}raailtn%Qan' em ssi on
peri od, whthpethemitsapgi vndylypsheatt Prg sashr ofdte Jsw oferetprtocassor, a
pre-sel eghed sPhb: béhéBﬁeEQa_liQF/pﬁgélfﬁQdf@k the-daaselapiiicfuidi@sed on known
properties of a farget m er}\a 0 %:ﬁprqcessed on a wor kpi ece; selecting
19fnd E‘yé‘ﬁ

t hrough §¥&hofs, tEiBRERgo 8 5P % e pre-sel ected pul se shape,

atinme interval tigd viaererdtidicadded Wiots ucegastgeahyapadussions iaf pul ses

onto the rkpiece; an ulksi_n he puyl s r t t hr ough use of a
pr ocessoF)ngQBEPblgi ﬁg gﬁg g\%lsfe%hbflglp g ?’%é&%sgr?e?eftsoeﬁﬁenew Cr|t;eeri od of tine
pri or topudekseatsdpwnrppetdtiiragzpdlesss Jhushe it s inmter val bet ween the

at | east npbWRSSHECCES! YEdEEZBATLES bRhe rfi S l3eHritdutld hdqidRlAce, SO as
to cause the_lasér source t0 pracess the target ITH'[%I‘I al on the workpl ace,

with t heSEBPAYt 8dectreniftepPdl £6 i He T YadihatnPSRiccessi ve
transm sgegignetl pul sasuebt @ thabder bpltate, ofhidie tlesdr geahect ed pul se

shape repains pr.eset .r.egardl es f t time | val . W sel ection
of the t °i'n$§FvéPV5leé83i ﬁlﬁetghg‘ogu S E‘\‘ls aepﬁnerltgeé;z %E&%\&E&;%%Z I'n
still yetin&nother laspectrodf athis rieduerd drevetlhehuiing grivyirieck komret hod  of
operat | ngea Rl 870 L3SA" pRYLAMFBITRUIH Erfl SRR SOUHL Siihndrpw { Ch
configured to be cfosed Fo cause.enerngzi 0 be stored by the | aser_ source
fox a dedpsed pulised ofhuispethgndnvensd aspairad mwtalqieerHRr et be

em tted {#eR LReokasehatOomightduel AAtIBRIBES it PN kot Met hod
ConprISIQ%érgy stored in the laser rod following emission of the
primary lasef pulse, which errors would be especially
significant at low attenuation.
Because a control device is provided that prevents
unwanted output emitted during the emission period after

emission of the primary pulse from impinging on the



presetting, through use of a processor) a pre-selected t 12RECEMBRER P47

bet ween at | east two successive transm ssions of pulses onto a workpiece,
based on known properties of a target naterial to be processed on the
wot kpi ece; sel ecting, through use of a processor, independently of the
pre-selected tinme interval, a pulse shape to be produced by the | aser
source; and pul sing the pul sed | aser system through use of a processor

wi th the pul se shape sel ected indeper?dently of the pre-selected tine
interval, by closing the switch for a period of tinme prior to each em ssion
period that is fixed and predeterm ned for the sel ected pul se shape

regardl ess of the tinme internal between the at |east two successive

transni ssveykpbeceu| sEs oReBtinR Abr kBeedaserooyspitodegss&athe | aser
source t0aPFrOEESERL NEethPe Bt uPBL 8Fi Bhe ORORBiveEK PhAGE thideF driae

presel ects‘g?d tine m%grval remai ns ag prﬁsgt r.eﬂ?rglaﬁ?s (1f t he pul se shape,
wi t hout et thoh dFfeRt PepreBrenapEsarratt Mgttn B AT AFdPT In still
yet anot hes éachhgridspgcpubse hvhichvaayi be, there is provided a method of
operating a pul sed |aser system CORpPLLSL.N I [..Sour t i nuqusly
punped a&%’&‘gﬁfﬁﬁ‘t‘rﬁbﬁ s1 h‘é%e?ﬁ%?%%ﬁpr%% ﬁgigﬁrt eggtr ??’r%‘% St c())tcjk;h use of
a processuiie wopkpised ect Bor pekawplaapint srhmmpngdofetthiyk-fd lmaser source,
based on known dDroperti.es of a tar(g?eet materi_aé to be processed an a -
wor kpl acet F S i n et iF3lgh R Hrenehrordgdbyr takq dtdisisdent |y of the

pr e- sel eciwerdidtsd yspaper o téash ipntisvaryl pbéseeentat | east two successive

transm s Sioafcnl i 8§50 PNk Csd i RIIRLEC 81 2adi PUbS | 1T g RU! Sed | aser
he | aser source 1s continuously

system through use of a processor while t

punped ats‘ttlﬁéi"‘&ﬁt' ﬁg\ﬁ\ﬁ')‘g'fbo‘béiéﬁet"f?é’d?ﬂe?‘%%%? Ad @ process the target
mat eri al @mtiveonsr kpireceuypdth dare ppeleat edadudehddtt itigy ale ‘baéween the at

| east tWo; UCERS SLbSr 140 SIS TRy plllkaes mégﬁm%o‘gfrkp' ace, while the

pre-sel ected pul se shape rennins as preset regardless the tine interval,
wi t hout <BRSUTASK 3P Mt 19395t erval affecting the pul se shape. 12

DECEMBER 2002 1@ @ndthéer 8spedt ol i3 ipvawivaeties: iseirrddeda nogiesdnbi aEecfingul sed
| aser Syféﬁﬁ%ﬁf(}%’ggl §é{@wsﬁ‘§%e§tource conti nuously punped at constant

power, t onpri si ng: preggf?ffng) t hrough use of a procerssor, a
pr e- sel ect edpdlidgiapubed Bleddgited@bmplisiag addsct povap,sulseesd] ¥yedectansn ssi ons

of pul ses onto a workpiece, bas n | aa rroperiies of a r get
i pateri H’I‘c‘mg"‘ff?‘a‘c‘@g W@Wﬁf%@%“@%ﬁﬁ% %?‘Sﬁéﬁ'naf BUGF a
pr O(l; es sa{tgs mdd%bgﬁdﬁm‘%%@ tefidb®c ﬂﬁﬂxﬁaglﬁe& leud:rgy ﬁmmh "m&ﬂfrl atﬁkhcl lascpisdse dr ape
to be produced by the |aser source; and pulsjing the_ pul se sef. system
£ Uoagheilsh iefppasedhetvece e Ly rod 0714 ont Sl sontiduatio b el 95t ed. at
const aw/ﬁt ; ; bé stdbdfin it 2astidod oS\ dRBed Stinkd WIS BESFYnkY todlfowltacgy

ecte

presel ithe interval, tqo cause the |laser source to process the target

mat er i ato gwmitrd fngfiiclasered dypngan eREESPR Bedwt acruplderiee.ippd 2 PPars?enai s as
preset. [ e0ape - «&M&&&&em@w&t&ﬂw&h&&;m&rpmmﬂu@e_ shape
affecting thhe T1nme I’mterval. at~'ecting the pulse energy characteristic. In

anot hercmigpbGomdhc fatrr od dwiag ticommissipppaidddo ippippe ey ths waskarew asd tapsereat i ng a
pul sed | .aser syste omprising. a l. i fdagured to be
cl osed iftglmcs:t:i' Se Oélnogs‘gcfg?aéyge i %ﬁéé%%ﬁéf tﬂgilﬁggglrlq'sourgkh?%?&%gé%cgi r ed

peri od ahisdidaerod bdat implegiqpenbdd wodgaddepw energy to be emitted fromthe

| aser source during an enission period) the nethod conprising:

pt ~eseiting,, through use of a processor) a pre-selected pul se energy
characteristic to be produced by the | aser source, based on | anown
properties of a trinmable conponent to be mcro machi ned oa a workpi ece;
dynam cal ly sel ecting, through use of a processor, independently of the
pre-sel ected pul se energy characteristic, during trimmng of the |Irimuable
conponent, a tinme interval between at |east two screcessive transm ssions
of pul ses onto the workpiece, so as to permt the trimmble conponent to be
nmeasured accurately during triuum ng of the trimmabl e conponent; and

pul sing the pul sed | aser system through use of a processor, by closing the
switch far a fixed, predeterm ned period of tinme prior to each em ssion
period regardless of the tinme interval between the at | east two successive
transm ssions of pulses onto the workpi ece, so as to cause the | aser source
to m cro-machine the tri mmable conponent on the workpiece, with the
selected tine interval between the at | east two successive hansm ssions of
pul ses onto the workpiece, while fhe pre-sel ected pul se energy
chaca~cteristic remains as preset regardless of the tine interval, wthout
selection of the tinme interval atlr'ecting the pulse energy characteristic.
12 DECEMBER 2002 5e In a further aspect of this invention, there is

o e o o



a laser rod; a reflector interposed between the | aser punp;apEelidi® dogser
rod, through which energy fromthe | aser punp enters the |aser rod; as

out put reflector ttunugh which energy is emtted finomthe laser nd; a
switch interposed between the Laser rod and the output reflector configured
to be closed to cause energy to be stored in the laser rod for a desired
period of time, and to be opened to allow energy to be emtted fromthe

| aser rod during au em ssion period; and a processor progranmed to all ow
ping of a pre-selected Pul se tshape to he product by the |aser source,
based on known properties of a targetsamterial to be processed on a

wor kpi ece, to allow settling, independently of the pre-.selected pul se
shape, of a QHWE@@WI%E%@@H’%“I%%‘FCW%EF&& G eraitigd dw9g 4 sj ons of
pul ses gfaﬂﬁmgggg§@$ and to cause the pul sed | aser systemto be

pul sed, “by causing the swtch to be closed for a_fixed, predeterm ned
period of ti#Howing vprimarydasenpelns @8itiss frﬁa%&sw@%ﬂwcgﬁmmnww to
intervakgﬁﬁ%Mﬁgpwg iefl. shgast two successive transm ssions of pulses onto
t he wor ete, so aS to cause the laser source to process the target
materi al on pieeenfiog keast 8 postionof secendasy laserpmissignaqcoyring duagssach g@isgion| east

two sucgesy Btk Bhhaly pullstl (5GS ikifhSink BE teQIdtRpiBGe, White the
pre-selggﬁégmgﬁ%égggﬂgpe ?engﬁjs as preset r%gardlesgﬁbf the tine interval
W t hout setting of the tine interval affecting the pul se shape. In yet
anot her aspéta futher isgedt 9f Ehig jnyantiony feee issprpYidad 3 aethedf| Pe@ling der system

conpri u&%lﬁe?%@h.%ﬁpﬁsiﬁgha%@bsbﬁd; a reflector interposed between the
| aser Stnp and the laser rod, through which energy fromthe_ |aser punp

enters the Peyiding gpulsediasessysiem comprisies dlaseprpghlaggiiveh 2deflscl)y i s emtted
fromt Iﬁ?ex#ﬁs%ﬁrbcﬁ&@hdﬁ: 1838 bﬁaﬁghﬂ&&n&%@ﬁ@&ﬁ%&ﬂ@ﬁ%&ﬁ%&@? Gont 88 180 Dukdpe

output reflector configure 0 be closed to cause energy to be stored in

t he | agatersthgilasesrod; ageuippiretlpeoy hepugh witiclhenergy i anyttecbfromdialgser soda padbay

ener gy skfcifiteiistd 6&whbiPil i436r to@ 9id the QdiptltieBlorddnAIred loYd dRRE Afbaudnd a
processor programed~to allow presetting of a pre-selected tine interval

bet weefneugy todwstorediis thelasergad {as adegiredresad offimeandandde be epaned to allsipl ace,
based QR PR dli@REASh e Rier fod dubiag Ir CRMEOR pefi% and target material to be
processed on a workpiece, to allow setting, independently of the

pr esel ect edopqrafing the pylged lasco pysten vera mpggrf rerstition pias@f edivatign eftbe | aser
SOUT C€ swiblilsd & (6 R WsbRerRHly 1B b lifid dRNAL & Plu-AicP S itk Sifperiied & alip Pul e

shape set independently o he 2d tinme"interval, by causing the
swi t chrapetitina rategafdenst pporfopef 'ihegvsaf engigyempitedglucing theeatisséon pesipdsbaing | od t hat
is fixghledoRi@dhGEUREM S 0 the set pul se shape regardless of the time
interval between the at least two successive h~ansmi ssions of pul ses oato

t he wor kpi ethe stepof apcratingthe pulsediaser apdam eamgrisingtconiellivg s primpey lasgr pdse

mat er i ji j cesal j ' I .retrains as
o eact PREDy HPSAUREIEE for AN AT RE R RELRE LBl 15 Bl one

af f ect pertpdiregardipssof repetitiomiate oftheprimany dashepulse withie the aype of repétitidsi rates;

i nvention, i j S rd-sing: | aser punp
that i s opelan ot Spauil AE Pkt S irenl e A PG SPRaR) Bty PEPY BT
i nt er pomdidudystyat eonstdnepéwerer punp and the | aser rod, throtugh which energy
fromthe Lager, pu enters the.laser .rod: an.oytput.reflector thyough which
energy is %cfﬁcggm%‘ﬁgﬁﬁﬂtgggwr ; %{%ﬁﬁ'{nﬁeﬁipﬁ?% etp'boétt‘\)/\gaé’h t he | aser
rod anemistien peiigdutgardibisativpetitioniateetisatng thatike srirfae tastoputRiaea slivpe hat t 0 be
stored in.the Laser rqd fqQr a.desire eriod of time, .gnd to be gpened to
o1 ¥ ov B i B ribosal rorp R iRt Bma ety B RREESh per i od:
aad a ppetidnsaes, Mihgatseledod 6f thé tepetitiinaae atfedtihglic pulftishagee| ect ed pul se
shape to be produced by the | aser source, based on known properties of a

target materi e o . I Kpi | etting,

i ndgpenden"tal fv% %)fa }K?Rge)r aps$ éasOZﬁ@%?" e‘%ntﬂ)ﬁ]’ \é%rés(ﬁsa‘gréﬁd%(# ggﬁ{s?ér;gsférn%‘@h"gl bet ween
at | easamprisingsuccessi ve transm ssi ons of pul ses onto the workpiece, and to
cause the pul sed Laser systemto be pulsed, while the | aser source is
continuously punped at constant power, so as to cause the |aser source to
process the target material on the workpiece, with the set tine interva
between the at | east two successive transm ssions of pulses onto the
wor kpi ece, while the pre-selected pul se shape renmains as preset regardl ess
of the time interval, without setting of the tine iaterval affecting the
pul se shape. a In still yet another aspect of this invention, there is
provi ded a pul sed | aser system conpri si ng:




12 DECEMBER 2002 5g a | aser punp that is operatabl e contindeasVEERZ002
constant power; a laser rod; a reflector interposed between the Laser punp
and the | aser rod, through which energy fromthe | aser punp enters the

| aser nod; ' an output reflector through which energy is emtted fromthe

| aser rod; a switch interposed between the |aser rod and the ouxput
reflector configured to be closed to cause energy to be stored in the |aser
rod for a desired period of tinme, agg to be opened to allow energy to be
emtted fi~nmthe laser c9od during an em ssion period; and , a processor
programed tQ,al |l ow et 'nlgl f a.presselected tine interval between at
Least two suc?c!‘gg'é?‘{?é& a'(rglgh#ssﬂgr‘fg o@ ogs&fgtecgn%%‘gcgog%rkpl ace, based on

| at own propentiasesrodf a target material to be processed on a woricpiece, to
al l ow setting, Lndependently, of th reselected tinme.interval, of a pulse
shape to be gfﬁft&‘ﬁg°é8‘ﬁﬁ'y°%°ﬁgxﬁ“§§‘é§h°§%%¥%“&m aa“r‘iita‘ﬁt’ W?Jﬁ‘%ég‘i"ﬁﬁh Hhicggﬂe‘%ser
Syst em tinbihe piserSRthp etindrt thelldser dodser source i s continuously punped at
constant power, w de-the pul se shape set indepgndently of.the pre-selected
tine inter valaf‘°§@“%1’§ﬂt’°d°'c‘§ﬁ’§§h?’?ﬂfﬁl"5§r§¥ 'Sscgﬂ&?‘ﬁg?‘ﬂ%b"rlla%eéé%% the target
material on thiteR intéposed Betwdbi the lisherop had thebapueafledtorcinfipgtred & bd dosetins as
preset regardl ess of the pulse shape, w,thout setting of,.the pul shape
af f ect i {gciuseeRergetojbgstoresin the lasec fP‘%‘F“&‘ﬁB‘E °f1“8”% ﬁ%‘}mg’&?gﬁft"ﬁg? this

i nvent i Qlewlch&pf td Be dhhiftd H6M the BB harldwing ap emdssioneiofiuhded | aser system
conprising a |laser source and, havij r.ogr anmabl e | se .ener gy

characteri stia@§9wfﬂépmaﬂmm{£@fmﬁﬁ8¥%rﬁrm,&u ‘%ﬂﬁﬁmﬁgé’fof a

Pr 0Cess Qktivaio bEths SWREH, 86l addlcafkcBeF Gitrgyta baembttel Fufifg & PlubditpoOshuiesich by t he

| aser source, based gn | anowa properties of a trinmabl e conmponent to be
m cr onaPERefsat achaenefition Bicwith atdeash aportion of the Jascrienprey %?@38‘6’“6@@ of a

Pr 0Cess Qnission(RASAARMe! direied idWurdh Bl SEHRE, theiprdeesSitVelip k@€td Stic,
during trimmng of the trimmble conponent, a time interval between at

| east t wontel @pagwrylaser pylie fiaps by rlosige theswaigh fos et muedtrapfed@erniodef as to

perm t ghe driok (9EEh Bmi00R PATSE reb B4R JTRERHES raB ST WA rthaty ks fillseiwittiian ng of

the trinmuabi e conponent; and gu sing the pul sed | aser system _through use
qfie shaethateaempias

of a pr Sisasagsrof repstitian fajes o as e fhasibe pemanclaser pulie Basc sharcia

tri mablge. SRk &k oPRpbiitfontite of RiePritharyVatdd phlis withindhé Rls b RpdtitiogT val
between the at 1east_ two successive transm ssions of pulses onto the

wor kpl a&atys, withew selgetion,of dhe repatiign Fate ffectipgthgpulspghiaBet eri stic remains as
preset regardless of the tine interval, without selection of the tine

i nterval af f écyengnaivee fathes easped rafihie Haveatiore thase it provided DREEMBER 2002 Sh
There 'S%Q]la%&g PLOViRd Q! SGehashpdiRf €N RRY} r&uﬁeoqaapagg,%& pul se

energy characteristics, conprising: a |aser punp;, a |laser a reflector

i nt er poseufigysediods dlased topanse ehaigy tabristered by thedaser snurcerfay  desiredia¢riad afner gy
from t hg;l 236 (oI TPeRRLE hifod b&ré,atrag% chf¥fibd Rt BSILRY sduRdd i EREsQ4gh whi ch

energy is emt romthe |ase ; a swtch 1nterposed between the
| aser r ariethdhe mpthodepmprisingef | ect or configured to be closed to cause energy

to be stored int \ . .
opened (o al Practig G85RLudsaf s picodel RPIEHATpLA0Rbct) BBl bl
peri od; lasedsomrgsy based emknqwigyopertiaschfiadargétinantedjal tedwquoorgsedfona yorkpise, ect ed

pul se energy racteristiG.to r. e | aser. sou sed on
anoan pr opoPirabepiodeh d draretisk ey o HEpi B3R L BipP

vvolr kpi edime interal ba\tavedyat ?@kﬁwgehgméix{manhmsipﬁnf?ﬁtswhom tti)elrmdnpleees mhdetct edf
pul se energy_ctuu~teristic rin r i nmi 0 e h~ conponent, of a
time int ervaPultﬂ'(?&éléﬁr?%edIIQ&W%%&&%&%%J@?%&R%%&E%&WW% @ég onto
Lo WO{ I. ?d'e t bmcpmﬂﬁfmetimttdm . bI. °P gﬂ?lcsgdfc} t- ?h
accura urin rimmng o e triu~ cOo nent, .and to cause_the
pul sed PSSP Eieal leftiHo BULESIvE dRperuigrions of gulsch ROt R SOPkRUE, So 4 EPist the

M Cr OMB 14:8¢ $d0rdeié ploté s MRIthiPeGRNBRA BR theWorkpiecaVasth MhsRcteditinlt ihl2Brab el ect ed
time interval beteveen t he at(:3 | east two surz:d(s:iessi ve transm ssions gf .pul ses

ont o t h&eGsEk ieat least finp pyccessive frapsmisiensiod pulsen oo ls Boghpieasavhila the pet i ¢

I eMai NS s@8cthd KAKE shify 88 prebet kpardidsHBE thd bl YatbrvalMidiOktiseR Bk daIFiuRN of the
time interval affecting the pul se energy characteristic. la a further

aspect qugﬂ%%m&ﬁ)’u’@ﬁé@éc-i s provided a trimmed conponent

m aonmachi ned in accordance with a nethod of operating a pul sed | aser system
conprising a |laser source and havi ng programrabl e pul se energy
characteristics, the nmethod conpri sing:




presetting, through use of a processot) a pre-sel ected puhsBEGEMBERR002
characteristic to be produced by the | aser sourrx, based on known
properties of a triaimble conpvaent to be m crw nachi ned on a workpi oce;
dynam cal ly sel ecting, through use of a processor, independently of the
pre-sel ected pul se energy characteristic, during trinoaing of the trimmble
conponent, a tine interval between at |east two successive transm ssions of
pul ses onto the woriqg~iece) so as to germt the britnmable com wnerrt to be
measured accurately during trimmng of the trinmabl e conponent; and 12
DECEMBER 2002 5i pul sing the pul sed |aser system through use of a
processor, so WssHlloygty eﬂ%*W%fs%‘r“‘é‘oWﬁ@'“%otW%r'%Pﬁ‘é’ n@ Peteod of nmabl e
Icorrponent opétalirie anopligddaciaserni wsténhe?csmr‘rlsmged hagee iﬁ.amreé Vﬁidl ketwran the ﬁt
east two successjve transm ssions ulses, onto t he rkpl.ace, while the
presel ec?‘?%‘gﬁ‘[?ﬁ 3%*%@8%"&% EHST 3‘&?@‘?8’? F@rerdé’ﬁé“?\@sﬁ? ‘b“r‘%f‘%t“ @3@%&’8.“%8}& of

t he f unetims}dvebe ophédiulllowehagy tobe ahitted fohithyRsdc bty dhringf daatissigh t he

pul se ener har gcteri st.i.c. Numerous other features, objects, and

advant ag@%%f&‘?ﬁl? o CRRPRYRE Wi | | becone apparent from the fol | owing

get ai | ed dgs F‘[j’rbdétti% D'eu@rthwigﬁ_ _uﬁsacﬁtif ﬁrﬁbﬁggﬁ&gﬁ&k&&gﬂﬁiﬂﬁ@v_ ﬂ@gm&l kﬁ%’l:bi&two )
rawi ngs. Brie sG¢ription of the Wi ng is a bl oc i agram t hat
di scl osmvmwwm%aﬁ@ﬂf&g OBt aWqrkRiEte, b3sed ankapvEnPrIPFIyet of 4 tagget

i nvent i Ofatefial@ be ploSesieddPll wadlgiscan t hat di scl oses the maj or conponents

af ~an alternatjve | aser system accord] to the invention. FIG 3 is a set
of wavef or ms Seleptifs thapyshyisep HPF%FP‘O‘PH%?E‘?@QX of thepeg-sslectad timeintorvalia 5

hi gh, fingibngﬁueat@,m@ﬁgbr%@gcﬁhda | ow repetition rate. FIG 4 is a
diagramillustrating the power of the output of the |aser systemof FIG 1

as a functi orPubiing thepulsed lasce systeat thraugdyusg Af 2, proesees. Wihithe puligshapeselected 12
DECENBEﬁnaé}QBdéﬁgy P piL 1Rl ddﬁ%lﬁ%&?aliéfrgctoginﬁ k52 svitch Forda phiridd bR s iphibt @' 1 O

FIG 4, having reduced tine scale. I's a di agramlllustrati&g t he

power  of each emissiop periosk thetrie fixedasd pesdsteningd for th selecied bulse shape regacdiss of ti ne,
wher e anga Gidghtervaicte il de Ml twb Susts8ive tRindHiRoRs SFYRiseHBRY thetRtepitss Put

fromthe |aser onto a heat sink. Thus, FIG 6 is the sane as FIG 4 wth

t he secowdatyo caysnibnlaser spurce Bsprpeespihe dargqbanatgriaben the sarknieqeowbilothe prec r i i ng

of  thi CksefeldeliuitiRIhSAl maldSs Prabde rEgardhR8 ke the p@ise Siahs SvilidNElclechbl sniM dt h,
and pul se energy depends on_the type and thickness of the resistor paste

mat er i alpulseshapsafiepfing thetigh idervelpast es general |y contain 15 | ess netal than
| ow- ohm pastes and are generally thicker than | ow ohm pastes. Hi gh-ohm
past es gener dh kil yet quother fartherragpect baithes inpantis® thérdtiprotided b awetidiomast es

b . ' ' . = | at i I gh-.0h t |1
because GRS Bt Bde SgAl el D) ARANA o5 Y
constant power, the method comprising:

presetting, through use of a processor, a pre-selected pulse shape to be produced by the
laser source, based on known properties of a target material to be processed on a workpiece;

selecting, through use of a processor, independently of the pre-selected pulse shape, a
time interval between at least two successive transmissions of pulses onto the workpiece; and

pulsing the pulsed laser system, through use of a processor, while the laser source is
continuously pumped at constant power, to cause the laser source to process the target material
on the workpiece, with the selected time interval between the at least two successive
transmissions of pulses onto the workpiece, while the pre-selected pulse shape remains as preset

regardless of the time interval, without selection of the time interval affecting the pulse shape.



20 In contrast, |ow ohmpastes tend to contain a great deRIDEGEMBER 2002 These
pastes have a tendency to conduct heat laterally away fromthe kerf (cut)
produced by the | aser pulse. Short |aser pulses tend to limt the

| i kel i hood of this lateral conduction in these | ow ohm 25 pastes .
Thick-filmresistors typically are about 5 mcrons thick, and therefore it
takes tine for a | aser pulse to heat through the entire resistor due to
thermal diffusivity. Typically, 100 nanoseconds is a good pulse 30 width
for such a resistor, but bel ow 70 neidoseconds the pul se night not have
enough time to penetrate all the way through the resistor and hence m ght

| eave some resgpgb iyatm@mu&i aﬂfetﬂd&%fbﬁétﬁmﬂ @Bm&&ﬂa&eﬂs@smﬂihﬁoﬁ. pRBh&hI al can

pronot e Ieak e currents and conpro %se resistor 35 performance. At a pul se

wi dt h of 123BUSHERSOBY H@V PYRPgd Rt con tQ’Q)“’B‘Si"?é“‘i‘Q"%’EEEWBEP& 2002

PCT/ US99/ 12148esottingsthioaghiysetdia prassst, aprevsdéctaidineintirva betkeen aplegit 6y, but
heat m ght t epd
(7]

tQ ISSI t Iaterall thr t he resist because the
pul se iSO tm"s lonf HYE lacutgasg‘ﬂo% OVF%%‘SPY‘%F% ‘gf‘tﬁiﬂefl ng zone
and resnﬂnteudttoliembmlgmtbéwbitpwbe;m stor kerf, which can change the
tenperature ¢ ffl cj.ent Si st ance ause rocrackin
M cr ocr acki ngolﬁan & ihm% aé’dgm W5h‘6&?éq[aﬁlﬁ§gf§lf§ﬁ&%d%‘?‘?dﬂmc tion
to pul sq:uhedhdpewhepmdmgyoydiemsdﬁcd askr pulses is also inportant because
a certain anmount of energy is regvgred to vaporize the resistor rraterial.

Al'so, the spubsingdhe pulsodidsasysten, fyorghaise of aprogesiogwhile
typi cal doy %@Ehﬂgp%ﬁwﬁ%&mmsww Mmeepd&eféhﬁep tsene&Q& B%&.‘gk&lg'e thép Hes a

function 15" anount of energy per t hat ed to

t he resielested timeppryalofncgayse the laswps@c Ftspramg? qut#smm on the mapwce
m cro ﬁR&Q r@ﬂaﬁg
) %ﬁgu?@@-g?lgﬁ%hmg o a&ﬁ&&y v 5?(5&5&19‘% ﬁﬁé%ﬁem r ed ener gy

used. aving an average power

per pulsskectikm aftheapdseshaneaifiociingthe tipe inteqyak a@’mg ﬂ&mlsefcnﬂ‘sfcl[m#@wucan not
exceed 7 watts divided by 0.0002 joules, or 35 kilohertz. If the desired
energy per RBufngther aspenh ohithis ivenfioss thereeis pravddedep endthadoof eperatingfa t he pul ses

cannot parse®REer’sys@hi &ndinwng dadty s8uP QAd laWier corﬁfguiéh Wbe %%s%dr’ td<i | ohertz.
y

The hi gher ener gy per 300 microjoul es would typi cal be used for
| ow oh%‘?‘t‘?&teé\ﬁf é evﬁﬁ‘?'g‘ﬁ bé?'ée I?P‘?ﬁ FRMGe for B depifpdopesipd IOBW?P andiethe i on rates
anyway opéi’red tdynnmremergwtcsme emitted froonthe (Idset saUncE Giiing AR NSdidn feddbel ow is

i mpl engpy Q gh- power, short pul se w dth, diode-punped |aser. This
| aser system can pro de 30-nanosecond pul ses at | ow repet|t| on rates and

125- nanoseommw@ww@akw & pre-yefected pplie passey elrackaristipiafised | aser

syste 91&9%0.? m%%ﬁ%%ﬂm&gga%% dehd 8eib@s and
300-n noseco d pulses WO 99165123 12 DECEMBER 2002 PCTI US99/ 12148 at

40 ki Imhmouméﬁmmel ess, the dynam c pulse width control technique can
al ternati Ve 5&&5% &LgH P?lﬂgﬁddé AYOF t¥ped-Sdlectelijfutdy nam c
pul se w dt con I"des rfhg can gser )bguch ash“t?l he

Spect reaaﬁhmwm dhas&kumyslg@ﬁfhdtumﬂ@hmmoﬂqw ap;mtintmvai begweamasecond

i 1 0 B 3uTEr ARk SREHb Ahuld Sl WD RyS ) B BRSO O

be opepmpetnttp bemwasiegbidcedately dmngstnmomc trinhogble emmmendreas urenments
to be made “ﬁl‘ Wﬂ? fg%rg If the
resi st ance"%‘lﬁ)m%\%a “ggr?“‘%%ﬁ‘g‘% %ﬁé e‘ﬁ tr yg&n(?"%/pl cally take a
r el at ifixed, prédeteguinediperiod of time prior to each emission period regardless of the time interval

between the at least two successive transmissions of pulses onto the workpiece, so as to cause the

laser source to micro-machine the trimmable component on the workpicce, with the selected time

interval between the at least two successive transmissions of pulses onto the wotkpiece, while

the pre-selected pulse energy charactedistic remains as preset regardless of the time interval,

without selection of the time interval affecting the pulse energy characteristic.



15 to perform each neasurenent accurately, and thus a | owsr DECEMBERRO@N rate
m ght be desirable. According to the invention, such a | aser can be
operated at a low repetition rate of about 1 kilohertz, for exanple, at a
pul se wi dth of about 125 nanoseconds, rather than 30 20 nanoseconds (which
woul d be typical without the dynam c pulse width control). The dynamc

pul se width control ensures that the pulse width is | ong enough to cut
through the resistor naterial to thesgottomof the resistor. 25 Wth
reference to FIG 1, laser 10 includes an energy storage rod 12 and a di ode
punp 14, whi chn iasfupgberpaspectooft thisuiousitign, tRererig\providech 4 lpaisdd daser myserent er s

t he Iasercowgsi"l& through a lens 16 and a 100-percent reflector 18. An
acousto-optical " switch 20, which is 30 essentially an optical switch, is
swi t chabl e orf* A4 P8P t 0 cause energy to renain stored in laser rod 12.
When Q switchaldéerired;t urned on, lasing action is inhibited, thereby allow ng
energy fromthe_l aser, diod 4 to, be deliver to th od 12. The energy
stored in | addFll %@*Pﬁ“ﬁkqjﬁ"eﬁ%? ?8,““’8@8%8‘%”&5?& {hﬁi‘géd"bd?%ﬁw

em ssi onfiéih the [askr Plnap ¥itef3 tBORserWa; 99f 65123 -9 PCT/ US99/ 12148 , the | aser
beam About a m'crosecond or .after SW t 20.is turpned off (opened) a
| aser pul se i?%‘?%F%ﬁ%@@?&W@%?’Pﬁ"ﬁ%gﬁmﬂﬁPé?ft‘ﬁ‘il; 24. An

X-'scanni ng g gwiitchastekpdsed-beGden thedadet fdd@nd (Heutl fsfidtoP cotfibfrddis bo blogcd

| aser beamtogerforﬂ;tri nm ng. of a thick-filmyresistor. The period of tine

during viRica¥reERey {be ssered tn the Jasgraod for a-desired pedod pltime, dud torbgogegedtoat whi ch

Q swi t ChalldQ dn®rgddb b¥ %ﬁédh%ﬂiﬂ?lﬁpﬁ%dh&%g"in%ﬁ&&i&dgbﬁo&%- " 10 1In one
application of the resistor trinmmng system of FI 1, laser 10 has an
i ntrinsical | Y RPSFEOT praesedtorligw F&TEX'PEBQ‘EPPTSSWP%@? shapgda g prodyped

ener gy, wthéasewisdadae,m&ﬂ&kwgw«d&ofbmé&ﬁﬁ&m%eﬁmoaaon t he

anount of energy storage. At _low repetjtion 15 rates the energy storage is

hi gh and*q éﬂ%@ﬁ%@w@wﬂx@f mererselariad prlee sbies. of afime ipereb and

peak poviRiwdthQt kbt lfwo Hfccksiive tRhahiBsfishs!of paiSdstinto 118 WoYkpidde! drddo €RRE @l ON Of

the resistor triming systemat |ow repetition rates, (%_lsvm tch 20 remains
¥y

open af thised fasersys be pitlsads by Giyging dhie switch to\baglesed dorra Tixad, prelef

| ncl udesefiod 6f RS phbr 15 RGN Gkl bS8 FegdRfless BF (b R teVaY Botitl hO BRI | S
emtted fromlaser 10. These secondary pulses result fromthe fact that

ener gy itWOSITETSHIFSTRErIisERnTRf Rylsspento flistvrkrietcysp asite parge thedaser sousse i ode
punp 14 5gasihe Bﬁ%’eﬁ matdifal Sif Bk HOIPAEE Wit @13 Wb {ebATbétWesn @231 IR QW | Nput

exceeds a threshold (the mninumenergy required to overcone |losses In the
ener gy SHencsiiee traggmisyiontofpulsgs arte theoepripipes while the pr-salested poke shaper gy of t he
pri mary raHhif€ad preRbpRdledd b Bms Galall RidhdiR s&ex%af RE iR e CHfectigS@e 10
multiplied by the storage tinme during which the swtch RF power 1I's on,
causi ngl’f‘H‘és Switch to be closed. If the storage tinme is about 30
m croseconds and the power of the |aser is about 7 watts, the total energy
in the prindnyepahatieer3Bpedt offisiinvationniheieds prdvisied a puiseddBSENBERR002 WO
99/ 6512%,,-‘ st PCTI US99/ 12148 At one kil ohertz, the primary pul se as well as
the contlToUS wave out put together have a total energy far in excess of
210 i croj oHIRSSTPURME prinmary pul se output is deflected towards the
wor kpi ece by 12l ggoust o-optic 5 nodul ator (AOV) 26, which operates in
synchroni zation with Q sw tch 20. The acousfo-optic n‘gél)ul ator 26 is

I

suf fi ci ent | yp refestoriiptepgaadhetwasn the laser pynp prd the laserrgd.) thopgh whichenergy (ot | oct
to the ﬁﬂilﬁﬁﬁgﬂﬂéeﬁt fhe 1R sk t ching of f, to dunp the continuous wave
out put and secondary 1 ul'ses fromthe short-pulse | aser onto a heat sink
28. The acougpetpumeﬂectﬁﬁgmuahmhl@@ﬂ%ﬂsé‘&@e‘%ﬁ%mﬂﬁ‘ﬂﬁ"FMiaser pul ses with

at | east ei %@Mmﬁ’ﬁﬁ&ﬁ&%ﬁ% flcth &) Sééer 28 dnd i SuiphuicAEAB confiBRi (b \Abstd

g
percent efficiency o gher, and all of the continuous wave output and
seconddo yayse ksagy tefbes®redinrthe lasirsed fox 8 desired pepiad of fimss andiors apspgd @i nk 28.

allow energy to be emitted from the laser rod during an emission period; and
a processor programmed-to allow presetting of a pre-selected time interval between at

least two successive transmissions of pulses onto a worlkpiece, based on known properties of a



O her optical shutters, such as an el ectro-optic nodul at or42 pEcEmatR gho2
crystal nodul ator, or a high-speed optical switch, may be substituted for
acoust o-opti c nodul ator 26. 20 According to an alternate nethod, the

pri mary beam passes through acousto-optic nodul ator 26, which deflects the
unwant ed conti nuous wave out put and secondary pul ses with ninety percent
efficiency as shown in FIG 2. The metggd to be used is determ ned by the
nature of the 25 m cronachining application. Thus, according to the nethod
of FIG 2, an optical shutter diffracts, deflects, redirects, or otherw se
shut t er statpievimateeisl tb b6 proceusédoii a Maskpidce,amalidve setting pad=pendentig vfthe pascor di ng
to the nmethod of FIG 1, an optical shutter diffracts, deflects 0

r edi rect?}“@ﬁ“&%‘i"ﬁ%é’%ﬂﬂ??@}@" g’e‘é‘i‘?‘@%‘%%h‘%ﬁs{cbﬁ?dweo% g"?ﬂ%"‘gﬁr kpi ece.
FIG 3 ipdistdiliset 8teB8 b3 puled, ithi thepulbedhape seoiridependyitine ftheplesselesied tithe

control using the primary, heam defl ection.techni que as shown i.n FIG, 1. The
Cop. 1 b Bt fardis e sy @ bestasnd i p el SRR GRot Fssion Becio iR
2002 WO i3%ix6p dnpredeteriined/(biSR05dt pdlkd $hapb feghrdiddh 6 Ethk &fRY in®ivalbétivgéh thé aix ed
repetition rate w thout the_qc%/n?m c pul stﬁ Wi g%)g@gontrol . L.n tgi s case the

Q swi t chlepst tw,@icggsgiye ansopssians of Rifses ot theyo i 10 85 0 Pase tedwsergpprgedo
shown f Ofrobdis the@atpétihdRirial d hewdrigsieed] whiite i pro-dodéotid tirhé GORValRethsifs 20
triggers activation of an RF Qswitch contrgl sjignal 3 which in_turn is
appl i ed, preset rgardlicsyph thepelse ghapg, vathoulfsttigg ot @S&F&%Wﬁ%ﬁmﬂ%i l e
RF Qswitch control signal is activated 32, the RF signal, which is applied

to the 10 Q fiMdtGRotheCHIRRST dsPEct@f Wb irfRntion, BRré B prodide®d pUisddaaas). state,
and the switch t?l ocks em ssion of the | aser beam This causes energy to

be stor &N CPRHENYEer rod. The falling of laser trigger pulse 30 causes RF
Qswitch control si .32 to _be de-actjvated, and because there _ 15 is no
RF si gnal apbi’?%’(?}‘mgﬁg”tﬁwe?‘? 'é‘ﬂ’ssl?'oatf‘%“sti’@twhw?‘is "of f" (open) state.
Thi s causes ppkérged; power to build up within the |aser cavity (the |aser
cavity consists of everything | ocafed between the 100 percent, reflector and
the output n? ‘?E‘“&Rﬁ’%ﬁr‘lé%‘g’i"i“‘ ¢ “IPMr““gg‘ea’aﬁeaE‘é’pﬂﬁﬂ'F@eW@&hP%“@fﬁtted
during fbg thelkd pup cRRF théllaserdbd;er the emission period, another |aser
trigger pulse 30 actjvates RF Q.switch contral 32 again to cause

si gnal
energy to bePrsqubput geflertor hroy: cly greyAs emiffed @?Pbﬁ‘ell‘éﬁ%'f"ldti on rate, the
"on" tine fof silchGhtsipoiddbeturith Y 1ast rod Bddhe crputFeffior cOnfddr8NobR@Id3BKI mum

| aser storage-tine getwe n ﬁ%ul ses 3§5 For. exanpl e, .at a repetition rate of
T

40 ki | oR&PEE cnpigX tabestargd in thelasgrgad 94 offime Ao R epsedtes t he
time resluw ardyab ba emitted Frodf thie Pasbitoll duiily ierhibflod paRId; 6a¥i ty and enit
(which is about two 30 to thre? m'crosecogds). In alternative embodi ments,
the Q swit cHt PRE§esERE Prgerammmed foligwinressiting)of g precislected pulseshapete be arpdusedswi t ch
control bﬁﬁ@l@&ﬁ&be,hﬁsé&ﬁﬂcﬂo%gﬁ@&ﬁ& of B tarket afeMal beGhbidsRld caiagnal . The

bottom five waveforns in FIG illustrate 35 operation of the short-pul se
| aser awotkpieerato dlloxesgtting] ipdepratuptiyRf hopre-jatroisl mdseabape, 9a (horintoreslo 112148

repeti tzgegaeén% M@Jggggi&@-vg@m&imoiggﬁ% 8% diicce indto Wb @k cont r ol

si gnal I's actl on'ly or a peri i ne necessary to provide the
desi r echudsed layygr systemtg be pesedy while thedaser soaragds contidugnshyspumgedtabconstanth, for 5

this example, .is th n [ EM! £ W in

t he hi Q‘ﬁ’q’}r?E= é’ﬁte'tals |°3n-°rt§€{e£§%>%3%’§?§pg‘%&fﬁg'gtt%g& ri“%‘?%“ﬁ%@ n%%e. Af ter
t he ti rime mtprval betwiean the ntlegyy tved sucagpsivh franslisgias o f pilscs@mavite shorkgiader ol

signal 32 is deactivated. .which causes the O.switch to be 10 turned of f so
2 to afistie RESdfbiiee oiet SntR A et et ot iy ShrilvilEG Tn i cs
of f st akewtingof the tiniedn@aal iffoctingthepelst sieapessi on period is desired. According
to this nethod, the energy storage tine corresponds to the desired energy

per pul se aﬁdstﬁlh)%t %?\(s)ﬂ"ltrere gsd%‘él of il Sit;[vghtiaﬁF there is provided a puised laser

system comprising:



15 low repetition rates, as shown in the bottomfive wavefippECEMBERRI@E. 3,
the laser will build up and lase in a continuous wave node output 38 during
the em ssion period, after the primary pul se 36 has been emtted. The
output 38 after the primary pul se consists of a series of 20 secondary

pul ses emtted fromthe |aser followed by a CWoutput. In the enbodi nent of
FIG 1, an acousto-optic nodul ator siggal 40 triggers the acousto-optic
nodul at or just before the primary pulse 36 is to be emitted, in order to

defl ect the g ﬁﬂipﬂﬂkﬁ%p&@%[cd;%nﬁllﬂﬂmg@&iﬁx@fam&ﬁv@ﬁd t hen switches the
AOM of f so that the unwanted secondary and CWoutput is dunped on the heat

sink as ill d’s‘i‘%f‘@d in FIG 1. Accordingly, unwanted heating of the
resistor to f8natdrihlobed HRFEAA Micidser plifts and tdNskeSrdd! ihrGighdtifct Grgyover of

the laser 30 output, including primary pul se 36, and secondary pulses and
cont i nu%Rm thedeser pymp prafers e lasegrad; £ unction of tine in the absence of an

acoust 0- opt iy AR ALy fh whichl dnbil ifbhRteld BOmPRYBIeGbal he | aser out put
dul '

where the acousto-optic nodul ator has dunped the continuous wave 35 out put

from the | agewighimnerposed hetwermthe laseqmdprdthepmpu geflectorcadigstis be ¢lgsed
PCT/ USQQ/. I : e r ' by
comput &b cRk Sfeck o (ARG B¢ Rl FOORTS ARl of GREandd BB B )
provi dealloweengrgy tebe emditted fiomyithe lageragd duningan emissiorepatiod; andd | aser . pul se

wi dt h. The %Fw@ﬁ ' I:tlﬂﬁg e%i.emt.iﬁﬂ' g,_,g‘gg he AOM
def |l ector. cet gsfgéerategﬁgﬁgg‘g?ﬁwgsen g?{i:l lg-lcérﬂe pu sel W th?t&’?%e&ﬁ t he

| aser deast tye Mpenssivetiansmissiops pEpudscs pntorp werkpicps basedondmowr prapertieepfs i t i on
rate t gﬁ@ Wit -hi | . Et&%tﬂ; i [ n.the 10
total en Fﬁ‘g&%@@%u e oréat%'reyvgu %E%@gﬂd Iﬁug' t e%‘gﬁgy kc'i I'vered to
t he r eseltted timelintenval, afa pulstt shapeatodephalugedby tho laser souecef dnddd catse enst ant

val ues e | {4 r ' |, and

ot ovdntoeh 1AL LERT) bl bl TS e LG Sl GBI AR g By 20C
syst enmowlet, with the pudsnshapdet intlbpeadenslyidf klepreseledted Gmne interyalpsvasita ksusatheer ous
uses and nodifications, of d_depnartures.fromth ecifjc odi nment
oscr | e T PP DS e e P pleRF e REBR s efief R i),
exanpl aemuis hspregeptegardics 0ofthopuliduhape) pdthattsetting of fieqiolseishaperaffaitiigahie

trinmm r}gmhﬁﬁe E)een di scl osed, other applications of the technology are al so
possi bl'e, ‘as thick-filmcapacitor trinmmng, mcro-nmachining of

sem conduct or ¢ r.cui |1 S , In-film.25 trinm ng of
resistors oﬁ"(:sg{l!)&%i %’)t?"sﬂ,pmful?énr Iéségé(;v?f ﬁgs $n(e“?rgzu%ﬁ th%% '&fﬁ"k‘%‘;" "‘1‘.“9%%} sed | aser
syst em epaigingsd pgsedalasersystepuenmprising EBEMBRRIEOAR] having progragunabie r eQect oc

i nt er posgeh QRIPERAIrabRAsIEIRE mBHIA cBMPndifip | aser rod, through which energy
fromthe |laser punp enters the laser rod; an output reflector through which

energy is eprdsettiog, ithirougtt Use of apercessod 2 pre-selictadpulasteaeigp sharadiertistie énbe he | aser
St or o BewuprEDY B lastBoiSF el SR R e 4P s RGN B ERIEARTRI ©, °
al | ow enehingd boabedgiecef ed fromthe | aser rod during an em ssion period,
dynamically selecting, through use of a processor, independently of the pre-selected pulse
energy characteristic, during trimming of the lﬁmmable component, a time interval between at
least two successive transmissions of pulses onto the workpiece, so as to permit the trimmable
component to be measured accurately during trimming of the trimmable component; and
pulsing the pulsed laser system, through use of a processor, so as to cause the laser source
to micto-machine the trimmable component on the workpiece, with the selected time interval
between the at least two successive transmissions of pulses onto the workpiece, while the pre-
selected pulse energy charactenistic remains as preset regardless of the time interval, without
selection of the time interval affecting the pulse energy characteristic.



a control device constructed to allow a~ | aser pul se em t{epEdemeaRRtD2 | aser
rod during the em ssion period to inpinge on a workpi ece and to prevent at

| east a portion of secondary | aser em ssion occurnng after the primary

pul se during the em ssion period frominpinging on the workpi ece; and a
processor programed to cause the control device to allow the primary | aser
pulse emitted fromthe laser rod during the em ssion period to inpinge on

t he workpi ece and to prevent at |east a portion of secondary | aser em ssion
occurring after the primary pulse dyring the em ssionperiod frominpinging
on the workpiece. 2. The pul sed | aser systemof claim1 wherein the control
devi ce conphéreésalampopitied alpulskdifaser sysBm vingmpgragimiablequulsgyeneemn of claim 1

wher ei th\t%. tical . tter conprises an acousto optic nodul ator, an
el ect rcggrgf) ?%‘fo%u”\"g%%@, a liquid crystal nodulator, or a hi gh-speed
optical sw addser piump; The pul sed | aser systemof claim1l wherein the contni

devi ce preve?ts tPg secondary | aser em ssion frominpinging on the
wor | cpi ece B ' acting, deflecting, redirecting, or shuttering unwantad

secondar%/ Ilaaﬂtocam;mm&pmd' amﬁh ﬂﬁrh.ﬂ‘lﬁxmpl i iddxﬁé&le]&.m&thxgh@whibﬁeﬁbrglﬁser
system_o im1 ereip. the contro evice allows the primary | aser

pul se FB%%F%@“&?W%FW@@E by diffracting, deflecting, redirecting,
or shutt eri irpodiepet reflcttor AxoiMBkinch @fctgy s cafiftddfiom ficller fodyvar d t he wor kpi ece.
6. The pul sed | aser sysfemof claiml1l wherein the_control deyice preyents
more ' han of GHtGh Bleeied besvoen e Bttt he atep BTSSR e (ot | ng
the endcGustcnlalyite e Mobcllin @18 15k fill FOf a HERPpédvRIof tiRie) HRI ¢h b8 BhéddRtd10i N ON
t he workpi ece. /7. The pul sed | aser systemof ,c]aim/l_ wherein the control
devi ce2iRsgrarEExiodseaitodfrarm tyrlaser od ap grnissiog pedndi avd i ng during t he

em ssi on pef hRdesks b iR itd MW p i A8 Séledt i FRilie 3 isGd1 SSt on
of the primary pul se. 8. The pul sed | aser system of claiml1l wherein the

| aser W%?bxﬂ%lﬁw- aq kagrgt prapertics of gdrimmalle gomparant \bet em of

cl ai m didhalaehiled 52 WBAPiecE WTRIGR Whiniie Selboting RadpiiRady Y il pR-scdditea ThE
pul sed | aser systemof claim 1l whefein the swtch is a Qswtch.
pulse energy characteristic, during trimming of the timmable companent, of a time interval
between at least two successive transmissions of pulses onto the workpiece, so as fo permit the
trimmable component to be measured accurately during trimming of the trimmable component,
and to cause the pulsed laser system to be pulsed, so as to cause the laser source to micro-
lixachinc_ the trimmable component on the workpiece, with the selected time interval between the

at least two successive transmissions of pulses onto the workpiece, while the pre-selected pulse
energy characteristic remains as preset regardless of the time interval, without selection of the

time interval affecting the pulse energy characteristic.

In a fucther aspect of this invention, there is provided a timmed component
micromachined in accordance with a method of operating a pulsed laser system
comprising a laser source and having programmable pulse energy characteristics, the

method comprising:

presetting, through use of a processor, a pre-selected pulse energy characteristic to be
produced by the laser source, based oa known properties of a trimmable comuponent to be micro-
machined oa a workpiece;

- dynamically selecting, through use of a processor, independently of the pre-selected pulse
energy characteristic, during trimming of the trimmablc componeat, a time interval between at
least two successive transmissions of pulses onto the workpiece, so as to permit the trimmable
compouent to be measured accurately during trimming of the trimmable component; and



11. The pul sed | aser systemof claim 10 , wherein the Q SMDECEMBER 2002
configured to close when it receives a control signal and to open when the
control signal is not applied to the @witch. 12. The pul sed | aser system
of claim 11, wherein the control signal is a high-fiequency signal. 13. The
pul sed | aser systemof claim1l, wherein the control signal is a

hi gh-vol tage signal. 14. The pul sed 4;aser system of claim 11, wherein the

control signal is triggered by a trigger signal. 12 DECEMBER 2002 16 15.
The pul sed Iaser systentof claintl wherein the switch is arranged to be
closed for .@ﬂ .p.& %Bégﬂt&éo%ptdceaof 89a¢ @ QRS thE lak@NRGHrcé | on
rate of the pri aser P over a range of repetition rates. 16. The

pul sed t mm-mg@tm@m@lmwmonmt@néhqm@pw%w e elpsterhtime intervidt ¢ he
Pr i MBI Yot G it 188t oo of fuREE B thFoABHROUMIN hops!

em ssi on occurring a ter enlsS|on 0 t e primary pu from i npi ngi ng on
t he worsefecied pulsambrg)ad:hamcghsmm|a&pres¢itrml’(ﬂﬁstolﬁ§lem¢rwﬁﬁfv4‘a‘§'éh°“buI se,
there is, no s | a &k, g the em ssion period
after SRIEEIh g‘?g?ﬁgntfﬂ'? m%ﬁﬁééﬂs@%ﬁ he pu %Hgtgpl aser system of claim
1, wherein the laser punp is constructed for continuous operation. 18. A

met hod of ODeratm(;}aT@mmJ'o%@.@rl PSSLLSYS! B %%@F%”ﬁh&ga&@&nééfé’ of -

provi ding a puls aser entconpr|5|n ggé{ aser rod, a
refl ect oPf fher ﬁ&é’é&tb‘ét‘vdé’ehl tHREAUEs BPPRLERL AP® Hfélq lowdag t hr ough
whi ch enelegpifledmdeberipsion pan eehdr $nt Sentexsaion ed tharheut put refl ector

t hr ough Proda i ed fromthe laser rod, a switch interposed
t% e gt?&ﬁé daﬁa‘m‘#

bet ween and the output reflector conflgured to be closed to

cause energy to be sBgigd Pe : SHef Brawingsired period of tine and
to be opened to gid.ow ataelagyslbekb@uﬁgnatr:t ctdxai;r aisEDeséasetie rigiuri ng an

en ssi on ¢ 3% %Qnt% §ﬁn3rﬂ$ ro|yp%emaggF§r§{? %fhe RLQILAMi Ng t he

processor cause evl ce priary Pdser pul se
emtted fromth&FIas& isoa b&@#hgdwﬁera@mti@todlﬁ@l@%lﬂ@m mEdge on the

wor kpi eceowipdneftBr 8¥cah @cd@atlived RaseL Odyffend eI AiNgl @8€r eni ssion
occurrln% af t.er t@ 8grlnary pul se during the em ssion period frominpinging

on t he wor pﬁggg fating the pul sed taset~ system so as to cause | aser

energy to be eniE¥&d 3ddsi agsgt of waveforms illustrating
operation of the laser system of FIG. 1 at a high, fixed

repetition rate, and also at a low repetition rate.
FIG. 4 is a diagram illustrating the power of the
output of the laser system of FIG. 1 as a function of

time in the absence of an acousto-optic modulator.



plurality of em ssion periods; allowng a primary | aser pubsecevBert2ea from
the laser rod during each emission period to inpinge on a workpiece; and

preventi ngoadigsigast a portion of secondary |aser em ssion l‘?ﬁ%ﬂs’wlﬂgsduri ng
each em ssion period after em ssion of the primary pul se from i npinging on
t he workpi ece. 12 DECEMBER 2002 17 19. The nethod of claim 18, further
conprising the step of closing the switch for a fixed, predeterm ned period
of time regardless of repetition rgte of the primary | aser pul se, over a
range of repetition rates. 20. The nethod of claim 19, wherein the f xed,

predet ermi nedppey.i @d 16f o idRgrat REdiARGelo 941 0% SHALAGR Reriod that can
be inphggent d at the highest repetition rate of the range of repetition
r at es. FHAUCEH HBE W3R BT - ¢l ai m 18, wherein the step of preventing the

secondary | as@IGenicssisorm ahicigmainnd. ldurstngtitey aifies Jowemess asheaf t er

em ssi t I u ronki gpiL,nging_on the rkpiece is perforned
at Ioﬁ?@%@%%i?foﬁﬁéa e%egfgiﬁgé%rgﬁaggbragegspﬁlgg?cgﬁanmﬁgrein, at high
repet i E1ma, rdrese odnt peopetarpyt iaswedpliater fihensedstnodeepoadary | aser

em SSi @PnOLAUGNE NPa Gl biFphibef B8hSehaN REELOEnREL 8T ne Hsﬁ}LHE_.Of the primary
pul se. 22. The nmethod of claim 18, wherein the step of allowng the primry
| aser PapEestt6: i fptAgehensamaodRpFeee 8owpENsERenPeEBREaEYRI ng a

wor Ksuifiwast #d tpubseoniemblred. | aser pulse width. 23. The nmethod of claim
22, wherein the step of gg croniactlﬂi Ei ng a wor ksurface cotaprises

m cromachi ning a sem con LHRERR | j con substrate. 24. The
metMbd of cl ailm 18;inwhisrceiaf ttd cit-cfllof 1add iowtiowg t eheprdptaimal aser pul ses
to i npj ie npLI ¢ P N f i conmponent . 25.
The mevhay Sfegy JpLrBy Bauee PEheRS LiLER, Mg g LE! BHERLG, o T cer

pul sesdependpi paetbBa BYRer RpfectbicknppFses thenweagseprappliek-film

el ect ringebrehenent. 26. The nethod of claim 24, wherein the step of

ri i ng of R TR A CH QAR SeMraHEY Gt b ol can 34,
whelr%ei heshemstap thanal Low-ohmt paspesnany haesehepelra@dyt @hicker
than low-ohm pastes. High-ohm pastes generally require a
longer laser pulse width than low-ohm pastes because heat
conduction in the semi-insulating high-ohm pastes
generally takes more time than in low-ohm pastes.

20 In contrast, low-ohm pastes tend to contain a
great deal of metal. These pastes have a tendency to
conduct heat laterally away from the kerf (cut) produced
by the laser pulse. Short laser pulses tend to limit the
likelihood of this lateral conduction in these low-ohm

25 pastes.

Thick-film resistors typically are about 5 microns
thick, and therefore it takes time for a laser pulse to
heat through the entire resistor due to thermal
diffusivity. Typically, 100 nanoseconds is a good pulse

30 width for such a resistor, but below 70 nanoseconds the
pulse might not have enough time to penetrate all the way
through the resistor and hence might leave some resistor
material at the bottom of the kerf. This material can
promote leakage currents and compromise resistor

35 performance. At a pulse width of 300 nanoseconds, on the



12 DECEMBER 2002 18 inpi nge on a workpi ece conprises tri nmppgcefseR 2002
resistor. 28.1" he method of claim24, wherein the step of allow ng the
primary | qegy ses to inpinge on a workpiece conprises triming of a
capacit or. ?8 E’i#s]e met hod of claim24, wherein the step ofP%BE?gé’ﬁ?Hé t he
pul sed | aser system conprises operating the laser punp continuously. 30. A
met hod of operatihg a pulsed |aser system conprising the steps of
providing a pul sed | aser system conprising a |aser punp, a Laser rod, a
reflector interposed between the |aser purrp and the | aser rod, through

whi ch gperLgy m YR, 5§17t I r n ut put reflector
t hr ough &n ae%érttﬂgl lé[%%%sttltged fl(:glli % r;%str%&r%(gid Conﬁ&% Wi‘t ch i nt er posed
bet Weehufihélela&sé'rlg dt&ﬁ’d ttﬁedet?tsr}@tatﬁeflla@@tr@rlloforthr@ue@d the be closed to

cause eReR@YorOpaeatier ethd pulllke Iles Qo Nehd or ﬁltées_'arteeaﬁett Q¢ of time and
and to be opened to allow.energy to be enmtted fromthe Iaser rod during an

eni ssi GAPFESEIPD LAY S5t Ag tahé‘eﬂ&llé"&:l Zopse 218 SIegHAUSV &t a range of
repesi theneﬁgtees)fofthectne\satst@rr (e rifh) e wiMidiC lbarS @ hasgleO te@use | aser ener gy
to be d rin I ity of em.ssion ods at each repetition
rate, g%e% . LJI: pc()"rg’te?gﬁ %[thgfl é‘?«?rlsetr?etcg?y @ﬁ“lt)t ERGEAYTS t he eni ssion
peri odmmo:gamm@gt edﬂma@hmmetarst rigc thwray, tdaetsst ep of operating the

pul sed1WQ&%tﬂl%mdélm&ont rolling a primary Laser pul se shape by
closing the switch for a fixed, predeternmned period of time prior to each

em ssion peri ol ragatBieRsterPukpRt Vidbh  r khe enerde ofi Baey | aser pul se
Wit 0 N laker pidse’f isepaldd IJ.(ﬂ'@:dr&Ta@ﬁ; Hdttnidee . Her@R@matbdiriche pul sed

| aser system further conprising operati ng t he contl nuou | y at const ant
power ; Q%‘tst NG Jf° d:le(gé’ilrfgfcf \ﬁpptodfttzfeo rb?qu??égept ed period of

time prior to Bhsb, evhesspaegeot odrimgand| eSsmporeaet; tw:bnhr ate ensuring

that t riJTar S sane regardl ess
replgltq'g?‘l ()érﬁr“g(tlgg)?ratt%@ & i rra%rsd} aser%étl Se ]%{%enn theeer ange of
r epetl ildimadtee d, 1mditt Mttk@elteemnemgafrattwe epetiutianiamtaf ditfeecting t he

pul 3¢ SRt ofl2 %ﬂﬁ%el%rﬁalt lEteccn&Séﬂqﬁenfvé:ﬂéa BRGnerherein the
step of directing at Teast a portio £ | aser, ener%y emtted during the
eni ssi FEFETVds (VS FRIRIN RFetP %d%raé’w

functi qoal n(lIcrp:ﬁgS:ﬁil\es hWemmipug s&f, tdepdadiged @i riled wype 395 The rret hod of
claim 33_, errtel e 5P 1051: Lpsr%,ted.at iﬂgrtéhelaoégxserga\tiq.ﬁraéyst em conpri ses
ent .

trlm"nngo nmabl e conp
average power of 7 watts, if the desired energy per pulse

20 is 200 microjoules, the repetition rate of the pulses
cannot exceed 7 watts divided by 0.0002 joules, or 35
kilohertz. If the desired energy per pulse is 300
microjoules then the repetition rate of the pulses cannot
exceed 7 watts divided by 0.0003 joules, or about 23

25 kilohertz. The higher energy per pulse of 300
microjoules would typically be used for low-ohm
materials, which are ordinarily trimmed at lower
repetition rates anyway.

The dynamic pulse width control technique

30 described below is implemented using a high-power, short
pulse width, diode-pumped laser. This laser system can
provide 30-nanosecond pulses at low repetition rates and
125-nanosecond pulses at 50 kilohertz, in comparison to
lamp-pumped laser systems that provide 70-nanosecond

35 pulses at low repetition rates and 300-nanosecond pulses



33. The nethod of claim 32, wherein the step of operating12becgmeeredod aser
system conprises trinmmng of a thick filin electrical elenent. 34 The

met hod of wel @ied1232, Wherein the step of operating the puI sg%l. ystem .
conprises trimmng of a thin-filmelectrical elenent.

claim 32, wherein the step of operating the pul sed Iaser system corrprl ses
trimring of a resistor. 36. The nethod of claim 32, wherein the step of
operating the pul sed | aser system cgnprises trinmm ng of a capacitor. 37.
The nethod of claim 32, wherein the step of operating the pul sed | aser

systema@@r%I}@fﬁomfﬁew&cﬁéoéfehéw@ékse'ﬁé amtc OpT f1ad, of claim 37,
wherein the step of mcronmachining a work ace conprises n1cronach|n|ng a

semi corftRRt%EYL ¢ ?%%?fqﬂﬁ %a§|?%E%ﬁn§Eb§%¥31%e Tplementrd Hy#ing cl ai m 32,
wher ei ra themstppmpéd opeseti sgstéa. pul sed | aser system conprises operating

the | aser punp sI 40 Th th f claim?2 rein the step of
operating the gﬁlseaqﬁﬁgér WSS §§ < HFFSFUFﬁé B238W|t|on rate by
cont Pol¢dmgablowta bhasehi chucheasvwhehSpecbperBhﬁshcs HePL. 12sEFECEMBER 2002
20 repeéd\}étké’tﬂ rebe Sghmpise! @8;%90%%?6{%&6 nég'gsé%% fs&onponent to be

measur e accurately during tri trimm nponent. 41. The
met hod YWFAERS; &% 40V nERRE 1Fh@ns¥ébeof fﬁﬁ@ratﬁhﬁgl%epw%e‘dol%&er system
COWprS@Sl@H@fEQ[|Ing pulse shape by controlling a length of time during
whi ch the swth 1 ?’b‘gig th ul se shaebel selictedto all ow the
tri mmabl e conp She 1CRd ¥ i nmabl e conponent
wi t Hutdesiluebheat sugh 42ladbe mbghodbef opéﬁaﬂea%u\/n.‘eds‘ei n the step of

oper at | AgLhee PLOROeLESER SYSLEMLOORN! Lags,LONL ALLOg Bl s, Shape bY

control urin osed, the poise
shape be? nge seader cletwean| et Rélﬁﬁﬁmbkéecéh@omms@@rbéscut all the way

belng trimmed. If the resistance to be measured is very
high, then it might typically take a relatively long time

15 to perform each measurement accurately, and thus a lower
repetition rate might be desirable. According to the
invention, such a laser can be operated at a low
repetition rate of about 1 kilohertz, for example, at a
pulse width of about 125 nanoseconds, rather than 30

20 nanoseconds (which would be typical without the dynamic
pulse width control). The dynamic pulse width control
ensures that the pulse width is long enough to cut '
through the resistor material to the bottom of the
resistor.

25 With reference to FIG. 1, laser 10 includes an
energy storage rod 12 and a diode pump 14, which is
pumped continuously. Energy from the diode pump enters
the laser rod 12 through a lens 16 and a 100-percent
reflector 18. An acousto-optical Q-switch 20, which is

30 essentially an optical switch, is switchable on and off
to cause energy to remain stored in laser rod 12. When
Q-switch 20 is turned on, lasing action is inhibited,
thereby allowing energy from the laser diode 14 to be
delivered to the rod 12. The energy stored in laser rod

35 12 will increase, because Q-switch 20 blocks emission of



through the triznmabl e conmponent wi thout undue heating. 4332pEbevsesiivog of
claim32 wherein the step of operating the pul sed | aser system over a range
of repetitwoRekehes conpri ses operating the pul sed | aser S Yol 213
repetition rate selected to permt the trinmable conponent to bé neasured
accurately during trimmng of fihe trinmmble conponent. 44. The method of
claim 43 wherein the step of controlling the primary |aser pul se shape
conprises dynamcally selecting a puy se shape that allows the trimmble
conponent to be cut all the way through the trimmbl e conponent w thout

undue hegti Ngse4Spelhe MbbeE af ﬁb&b%égnﬁhsfewotgft?}ep_ of controlling
the pripmary | aser pul se shape caonpri ses dynam cally selecting a pul se shape

that al PoRItRE 20 dfabbEneSnpdheioreaerd auta8e¥ PHESQRYSt hrough t he

t ri mmabkaicorpofienn lakskautrodndee theaughgredieccdrpph sedahaser system
conpri sing; l.aser . t i gperatable.continuously at,constant power;
a Iaserkr %g?ﬁgl?if é%#?f% }a%%erap&%%agg weeM R EBSE 5’59’5nénd the | aser
rod, % hmoughthei prilsedr dynskroipeaive thaper fpumptenneisgt b€ haser rod; 12
DECEMBERLZ0R2 £21 n2R QUi ref l ector through which energy is emtted from
the laser rod; a switch interposed between the |laser rod and the out put
refl ector confithf RETHPHLEI biBY g shiHeQnpuiddde 24 gre®fifh the | aser
rod foria dbel methipeiiopd pefrilbd.me, Taed rh@ebgcopBReH Hosakhtew epergy to be
emtted,fromthe Igtser IElfod during.an eni sgi.on eriod; and a processor

pr ogr ant8d A5 1EFEFS: &St LR £8h YFer *5PPAAGECBt TREGel i ti on rates of
actiUation of the cuetapplicatsonoofatise tasert@narmymindeyartdna ed during
a plurablet yrof Q7 Ssis0) BY IS Al 16ReLeRghALT QRER! BuYLLN at | east a
portion of the ['dser energy em fed air ng e em sSsion periods being

di r ect e¥idshard aldargPetdtige yiades:-he HowsvessokhBepRgrgrogr anmred to

control palBel MBEEH, 238 Pldake pohiaikRe JFY thl0shBdrt Ba18W hepehar a fixed,
pr edet er mi ned period Ofﬁ’fgi me prior to each em ssion period regardl ess of

repeti t MBRYy &E Gmoumé FRSF IYaSEOIFgCse Rt BPH FRBEFARGET0f repetition
r at e$S seragest @hensmea-dgyhait ddagyepriisniyhl aser theke€ohasthespapset hat refmai ns

the sant, reqand e0.0f LePeld IO IRl 80l Al PLLRLY | agel, pul se wi thin
the rangé of répetition rates) W ut SsePectron of PERE Pepe ition rate
af f ecti nget bdgbul sdsstispexplringddrheeteli lopelawi nduaipgl sed | aser system
COMPY | SR -8 cidtPlo S MHe & N b5 Walichhizen e @WeRdat 018G ol osed Lo cause

energy to be stored by the user source for a desired period of tine, and to
be open&@PES LB EStasyy X EWE @hizd ¢@eiom PREN asEprsblifce during an

eni sgf onaperd @ihl dehuBRiified CAY isSistFondaesebiiggiohhtaugh use of a
processqQr, .a pre-sel ected d%JI se shape tolbe pr%gucedtb?{l t he | aser source,
based o OIS Po RS Tt S GOUIRY RULEESaPIE, CHBtAERESs 88 V6N a

wor Kpi ed€W)s elugghitng,s tewridugid usmmwflasepr ddessGhesendependemyl y of the
Pre ool ShEt P UM Won Ard Tadd AR DIENETD Bbokeasbuly, Success] ve

transm Ssions o ul'ses onto the workpiece; pul sing the pal sed | aser
syst em beimsugimpss gt wTREns fitonage [tesi i@ bive dd@dec PUer 14 f i xed,

pr edes efHRA e ffotddBer¥df AeiBAGHE TSN ehikekiodd ihteaisdl ess of
the time interval between thecg;ilgtst t wo, successi ve transm ssi ons of
t

pul ses dMERt FXGRFIDiGeddrresh G [ERETTYs GRS TES Fcess t he

target Picfdote AbddEs W |1 eftergy tdtdlyes alogc tsg@tiemye iant er val bet ween
the at | east fwo successive tr nsc{n' ssions of pulses onto the workpiece,

while t 7€ AEFDHE SIS v enai ns as preset regardless of the tine
interval, wi thoUheseheegyonfothehprimaeyi ptksealsaéésenthnglivie pul se shape.

30 equal to the power of pump diode laser 10 multiplied by
the storage time during which the Q-switch RF power is
on, causing the Q-switch to be closed. If the storage
time is about 30 microseconds and the power of the laser
is about 7 watts, the total energy in the primary pulse

35 is about 210 microjoules.



12 DECEMBER 2002 22 48. The method of claim 47 wherein t ha peesmezReotzed
pul se shape is a pre-selected pulse width. 49. The nmethod of claim47

wherei n t o grg@1el ect ed pul se shape is a pre-selected pul 50.

The nethod of claim47 wherein the pre-selected pul se shapgéll‘lglg&;“@“8
pre-sel ected peak pul se power. 51. The nethod of claim47 wherein the step
of pulsing the_ pulsed | aser system conprises mcronmachining a sem conduct or
circuit on a silicon substrate. 52.10The nmethod of claim47 wherein the
target material is a thick-filmelectrical elenment. 53. The nmethod of claim

47 wherein thEATtaI’o@%t kTalotleirtlz, i$:h& phtiifrafdyl pualsecials %Illela%m%me S4. The
met hod of claim47 wherein the ta i resis

terial to The
et hod SnEiRidhe el Shiobhceodt Bt ede 4 cotaf e8ReSY hir °%. The
nmet hod of exeess 4L WhkD enbctbgotbheget Tied eprivharg putsedogtpuwe |ink. 57.

The ”Etﬂé’d%é’h&é@é é‘c?w%@ﬁéetﬂet‘b&ﬁﬁfé’cé’f Oﬂ&@%&#ﬁ@téf‘?ﬁew sel ected

pulse S 'S per y conputer contr od of claim47
wher 8i rme @1®¢@rsé$@%ie@Gre@b%¢h|@me¥%E%S|an%Y@@hé@nbya%bﬂputer control .

S9. Thew{Ehhgdswitehas 47ﬂ4@ea&b@sweoﬂ>@§§rmé@uigeofow ises a laser punp
and a Iasg rod, fnd t he gulsed | aser syste HBFISES a switch that, when
cl osed FRELHCHANEL Rt E2SE atReSPETRBIpR ?UOE 93PEHBREY +R8FTt he | aser

punp tqmblasséOteddeﬁlébe taseheaﬁdrkﬂmécema oneﬁedbynsant@mn§tate
50. TheShet nba orne: £, B nABRBHE: SerE Bhrelh FARCPStRegRY o ther
conptll spelaesefrent bhei ﬁherpopel;lseelween oheo| askeapuspnk 28.
The acousto-optic modulator 26 deflects the primary laser
pulses with at least eighty percent efficiency, and more
preferably about ninety percent efficiency or higher, and
all of the continuous wave output and secondary pulses of

15 short-pulse laser 10 are dumped onto heat sink 28.

Other optical shutters, such as an electro-optic
modulator, a liquid crystal modulator, or a high-speed
optical switch, may be substituted for acousto-optic
modulator 26.

20 According to an alternate method, the primary beam
passes through acousto-optic modulator 26, which deflects
the unwanted continuous wave output and secondary pulses
with ninety percent efficiency as shown in FIG. 2. The
method to be used is determined by the nature of the

25 micromachining application. Thus, according to the
method of FIG. 2, an optical shutter diffracts, deflects,
redirects, or otherwise shutters unwanted laser output
away from the workpiece, whereas according to the method
of FIG. 1, an optical shutter diffracts, deflects,

30 redirects, or otherwise shutters desired laser output
toward the workpiece.

FIG. 3 illustrates operation of the mechanism for
dynamic pulse width control using the primary beam
deflection technique as shown in FIG. 1. The top three

35 waveforms of FIG. 3 illustrate operation of the



énd the |l aser rod, through which energy fromthe | aser punp mkRBER 2ddg
| aser rod, and an output reflector through which energy is emtted fromthe

| aser rodwoagsizde switch is interposed between the | aser f@guﬁgﬂzhpe
output reflector. 61. The nethod of claim4T wherein the stép oOf pulsing

the pul sed | aser system conprises preventing a secondary | aser em ssion
frominpinging_on the workpiece after allowng a primary pul se to inpinge
on the workpiece. 62. A nethod of. gpperating a pul sed | aser system
conprising a laser source and a switch configured to be closed to cause

ener gysherbepatgeedabyrt Be haneghsogh&edf eepacdesbhegaperiod of time, and
al l,ow_ener to be tted Fronlthe Laser source during an

to be o ed, t em >
enissiHﬁgggPFogPetHgnﬁgfﬁogxéﬁﬁpWFgFHbFOBFégéttiﬁ@,tPHFoE@ﬁeuse of a
processbe, Qaspitcbeliecbpdraced hant eheahalzétnvmedest rkgast two successi ve

(ransm-356e0¢ i8h PUL8CY48MkA-21 WOLKBLACG, PERTE QR KpRUR Praogerties of a
target naterial to be_processed on the workpiéece; sefécting, Through use of
a proc&issr tipgdefeAddncry brigaerppulsel 86t s4igpmesi acsivatioa pul se shape

to be produced bysWiechasehteelr e8gnand3pyl hagnt ha pukpedsl aser system
th the pul.se shape sel ected i ndependently of

t hrough _use aof _a processor.
t he pr@p?ZFggtéﬂ EﬁﬁesrﬁVéFﬁ | LopgopE §#n§hﬁh8g2ﬂﬁ€cﬁtﬁ6ﬁ 8tperiod of tine
prior thee@ebwénmichsi oWhpéei Re Qhawikshf cvadraadspyadet esni ned for the

selectggtg%gigdsgapethggi%dg§§§agf k@gcth% %ﬁb &éﬁLﬁgggggen the at | east

two suCCessi Ve trarnsm ssions als so as t o cause
t hel® aQeswdtghce crusgsotbes Q-Bwitahgéo et éni dksoronke (wdokspidéce, while the

presel gehed ting itﬂTeebV%bli’tléﬁabFﬂ%cﬁ% 2t %%;ipﬁgg?[]gh?.siagErt he pul se shape,

wi t hout sel ection of the pulse shape affectin ime interval. 12
DECEMBER2DD02 THASgSauPRE RBERGY &P OraiSHOE2WASr EPF LRSSHT &9€el ect ed pul se
shape Faea fgo.&-ilﬁgl e«t}] gdspu sei\ggétrhp;ﬁ4seTh@ nflatua@@ efF QI-@MmcéahwhereLndt h]ga
pre-sel ect ed,pul.se e.is,a pre-sel.ected pul se . energy. 65. The nethod o
Pl o m E2RERoI0 R 3Rl APe too B, Reg R TR ER, D gl R Rk sPBkeCd poak pul s
powd$ . i86 noTRE wetned eppdlisdn Ghewleseiitdhhe sstepsetl apebat iimg t he pul sed

| . : ae ; ) ! L P
subst r 365 “RFIOTRERE]  BGERTAS M NGRS TRUIRAT, Bovkr B o T s e
t hi ck- Puiddep@c wiitddn shendasersgaviy ridhieod aserclcavintd?2 wherein t he

target cHsRHed IS eFrebithihly Modla@eld HethveREFRRL 100 percent
reflector and the output mirror), and a short time later
20 a laser pulse 34 is emitted during the "emission period."
After the emission period, another laser trigger pulse 30
activates RF Q-switch control signal 32 again to cause
energy to be stored in the laser rod. At this high
repetition rate, the "on" time for RF Q-switch control
25 signal 32 is set to allow the maximum laser storage time
between pulses 34. For example, at a repetition rate of
40 kilohertz, the storage time would be about 25
microseconds minus the time required for a pulse 34 to
build up in the laser cavity and emit (which is about two
30 to three microseconds). In alternative embodiments, the
Q-switch may be an electro-optical Q-switch, and a high-
voltage Q-switch control signal may be used instead of an
RF Q-switch control signal.
The bottom five waveforms in FIG. 3 illustrate
35 operation of the short-pulse laser at a low, fixed



69. The nethod of claim62 wherein the target material is 1@ peesusdrofoo2 70.
The method of claim62 wherein the target material is a capacitor. 71. The
met hod of vob 94,6892 Wherein the target material is a conductive link. 7

The method of ¢l aim 62 wherein the step of presetting the peafS8Ylfdy
pul se shape is perfornmed by conputer control. 73. The nethod of claim62
wherein the pre-selected repetition rate is sel ected by conputer control.
74. The method of claim62 wherein. {fie laser source conprises a |laser punp
and a laser rod, and the pul sed | aser system conprises a switch that, when

cl osed fébé@l@ﬂoﬁt§$€e ﬁ@ﬂﬁ@sthe1ayEEEE@BEEﬁ§90313§he@@ﬁgyoiron]the | aser

punp tao_ be storedlB the | aSer and’t when opened_ in an off state,

al | ons BheRgs¥t ocheceRf¥PedSEREmM ?HelﬁaééFlVBHe@u@th B@redri ssian period.
75. Theperib@dopft thei nedesvheyets: ptbelaalﬁné aa§Efeéy§ﬁ@ﬁg§urther

flect t t d.” the | d
b bugrE CRESAE et 9 U} PErRPHeChEsaFopERg BHEEPSUERsh] adetchotOind an
out pat thi$ee$mmplhroughthb|shmenengygyssEnragedpéropmlhe dader rod; anal
the swigailsl s, SLRT S PREVAEGNL ?sﬁeé%&oangaeedekgﬁ%wt it fef | ector.

76. The nethod o a|n1 |n t tep o era e pul sed | aser
syst em e@RpEhLEes %?@Wéﬁﬂﬁngnap§@coﬁdarﬁfF3§th@ E@?OﬁQQ@bﬁ¢¢nplnglng as a

wor kpi eeer aéher ﬁ|é@MtheahEélE&éﬁséd'SﬁFtQ bwmtaﬁec@ﬁt£8£ V\/0r|fI|Olece 77.
The net hod o et nater

g is atri bl e conmponent
and t he® %?3510? sé?ee??%ngaFgﬁetWPFSH Fateefs bﬁr@o?ﬂ%ﬁcﬁygnﬁ?%ally during
tri nh@i nguohedhef £ r somabi eocadponrenhesdaaert oopemitt ahheutputabl e conponent
to he uhegdy, rage t n f t b onent .

The nenﬁﬁ% gf EH g% ﬁﬁégg%gﬂ eEg?g@% gfgrgégﬁ? %ggg?p%gose ected pulse
shape |§0peth©rn9§§ swigsipn Qﬁréﬂdthé tesiradl e doapoAéng to be cut al

the vayej5048Pnbae Eﬁé”gﬁgkgxggﬁBQBéﬁtt%hEhQHErHBHHﬁdEeéé'B 7~. The

met hod of ¢l aim~7 whez~ein targét material is’a trinanable connent and
de51red energy per pulse and the desired pulse width. At

15 low repetition rates, as shown in the bottom five

waveforms in FIG. 3, the laser will build up and lase in
a continuous wave mode output 38 during the emission
period, after the primary pulse 36 has been emitted. The
output 38 after the primary pulse consists of a series of
20 secondary pulses emitted from the laser followed by a CW
output. In the embodiment of FIG. 1, an acousto-optic
modulator signal 40 triggers the acousto-optic modulator
just before the primary pulse 36 is to be emitted, in
order to deflect the primary pulse towards the resistor,
25 and then switches the AOM off so that the unwanted
secondary and CW output is dumped on the heat sink as
illustrated in FIG. 1. Accordingly, unwanted heating of
the resistor to be trimmed is prevented.
FIGS. 4 and 5 illustrate the power of the laser
30 output, including primary pulse 36, and secondary pulses
and continuous wave output 38, as a function of time in
the absence of an acousto-optic modulator. FIG. 6
illustrates the power of the laser output where the
acousto-optic modulator has dumped the continuous wave
35 output from the laser onto a heat sink.



the step of presetting a pre-selected pul se shape is perfapsedesgEra®04d O
allow the tri nmabi e conponent to be cut au the way through the tri mmabl e
conmponent wu')bdmm:, undue heating. 80. The nethod of claim 6 % the
target material is a trinmmable cornpanent and the step of prese tlng
pre-selected repetition rate is perforned sa as to permt the trimmble
conponent to be neasured accurately during ~rrimmng of the trinrnable
conmponent . 12 DECEMBER 2002 26 8113 The nmethod of claim80 wherein the
step of selecting a pul se shape is performed dynam cally during trinmng of
the trimmuable m@@tﬁﬁatﬁﬁ afarl erdsewat e stireamabkercpapaaent to be cut
all the V@%/ throu(gm e tri # ,g{\rgonent W t hout undue heateégg 82. The
met hod BYIER & RREFEI FOPhECL ar gabs nEYBRY&FT i 5 PEFRIRHER YD nponent  and
the st epsihgsal beokngpatpblsetshppevide pen¢ ocoedeaty aswiaidly during

LT Gk Sfagbec LhLEBE) EncOHBRNeDL 2088 L1 ALLOIMAE LigdTab] @ component

to be cut a e way throu e tri corrponent w t hout undue
heat i ngco‘%‘lt%eah‘é?hEHOHFdéﬁthﬁMOV\ﬁ%‘F%l Binked stignat S ddte ng the tine

i ntervalomsaee1éet6Rd bAca Eﬁ@nébeﬁﬂ‘ébrtﬂéié PHOSES AlEPipstuced by the
| aser so ce at %13 !éFB' ﬁkep tition r te of the ?Aaser system 84. The
[

met hod Bt %‘?a‘f’h‘fl FPhedfifiki Eth %p‘eft"?’f‘?ro 2k 1% about 50
ki | ohertepeBbtidheraeehbdlolv chai ma#imuherepet ihtoputstes tleser systemis

puTped 8- SOUSLARL BRUR! cLe82Lalesscof (hD° bl BRI SHaRle el VgD the at

| east tWO SUCCTEsSSTive RS saro 86. The
met H&d ptal aenengyvmerepnlsheost ebeopuibsesmqitlmg tHeupr ecel ect ed pul se

shape i sn@pg{0n8EdvBYeA0RBULSE eeetéebr,SZheTaew@thp&@f Sh@i m 47 wherein
the step of “Selecting the tinme interval between the at | east two successive

transmi S8¢ oR826f PRHPEe8rEnEd*FRe 2hoFRPFERBL| ¥apaeF oPYiRd dYL conput er
controlreB8tifhennmetbed.of claim62. wherein the step of presetting the
pre-selected ti |nterval rfor such that pul ses are

produced by the %v%r%%eré %S%J;;fe%rﬁorve et‘ﬂ"llﬁeeﬁ‘prré’tvg of the |asef

systldm apparatus and techniques for controlling pulses in laser
systems. It is evident that those skilled in the art may
now make numerous uses and modifications of and
departures from the specific embodiment described herein
without departing from the inventive concept. For

20 example, while applications of the apparatus to

thick-film resistor trimming have been disclosed, other
applications of the technology are also possible, such as
thick-film capacitor trimming, micro-machining of
semiconductor circuits on silicon substrates, thin-film

25 trimming of resistors or capacitors, link blowing, etc.



89. The nethod of claim88 wherein the maxinumrepetition rate is about 50
ki | ohertz. 12 DECEMBER 2002 27 90. The method of claim62 wherein the

pul sed | aser systemis punped at constant power regardless of the tine

i nterval between the at |east two successive transm ssions of pulses onto
the worl cpiece. 91. The nethod of claim62 wherein the step of presetting
the presel ected pul se shape is performed by conputer contbekeeaitr2ddd€

met hod of claimb2 wherein the step of gglecting the time interval between .
the at |east two successive transm ssions of pulses onto the workpiece is
perfornmed byclédputer control 93. A nethod of operating a pul sed |aser |
system conprj sj -ﬁggti nuously punped at constant power, the
met hod corrpr%'s}l\ﬁgl:s&plrag%gﬁt?lﬁg{ﬁ? rough use of a processor, a pre-selected
pul se shape d#lasebpupp;oduced by the | aser source, based on |rnown properties
of a target g&gegrri 3l to be processed on a workpiece; selecting, through use
of a processorl, independently of the pre-selected pul se shape, a tine

i nt erval bet auefiactat integmséd betwestbe bsaipumptand thertasssrodnthrayigh ydiichanexgyit o t he
wvr kpi ege; ul sing, t ] laser system through use of a processor,
whi |l e tﬁrgmltg%n%‘ﬁggou ggtemrslﬁ%%%risrﬁ ously punped at constant power, to cause
the | aser sourautput ceflecioc @asughhwhitlnengegy isremitted flomathe {dser radir kpi ece, with the

selected tine i.nteryval tween at le t S Sj [ SSions of
oal Sos oat o TP ReareER e s tod ST dulin FAHERP Mol da W RELBRACTS
preset t@asetnepy tobe stheed in die lised red \farla desirdderivd eftiiae,tand ito bd ofiched toi e

I nterval affecting the se,shape. 94.. A nethaod of. qperating a pul sed
| aser s “é?ﬁ%rfﬁ?’f’§ ﬂ‘%ﬁ’&%ﬁ@f‘é‘&"ﬁ%ﬁ%‘&%ﬁ&w‘ unped at constant

power, the neédnad] devigelcofstingted b5 Slfodt i prigaryllizeopidde ansittedfrom thy lae sabr, a
pre-selected ting .interval ,between at | east fwo successive transim ssions of
pul ses the ¢IisHipR BEW atgggglag%?fl?gpm Proved ag?eaﬁt at‘ﬁ’l“b(’é’to%nmat erial to
be pr ocgessiErPRsdrkMisslnlost Ry afie ldRcirnigy piilse uiilg this@nigfiompdiioddams or |

i ndependentl.y of the pre-selected time interval, a pulse shape to be
produceﬂ“ﬂi%‘%‘/%‘é“@ﬁ #Gr e and

a processor programmed to cause the control device to allow the primary laser pulse

emitted from the laser rod during the emission period to impinge on the workpiece and to prevent
at least a portion of secondary laser emission occurring after the primary pulse during the

emission period from impinging on the workpiece.

2. The pulsed laser system of claim 1 wherein the control device comprises an optical

shutter.

3. The pulsed laser system of claim 1 wherein the optical shutter comprises an acousto-
optic modulator, an electro-optic modulator, a liquid crystal modulator, or a high-speed optical
switch.

4. The pulsed laser system of claim 1 wherein the control device prevents the secondary
laser emission from impinging on the workpiece by diffracting, deflecting, redirecting, or

shuttering unwanted secondary laser emission away from the workpiece.

5. The pulsed laser system of claim 1 wherein the control device allows the primary laser

pulse to impinge on the workpicce by diffracting, deflecting, redirecting, or shuttering the



12 DECEMBER 2002 28 pul sing the pul sed | aser system through use of a
processor, while the | aser source is continuously punped at constant power,
wi th the pul se shape sel ected i ndependently of the presel debedeEmBaERR002
interval, to cause the | aser source to process the target material on the
Wor kpi ece, while the pre-selected tinme jnterval remains as preset

regardl ess of the pul se shape, w thout Selection of the pul se shape
affecti.ng the tine iaterval. a~'ecting the pulse energy characteristic. 95.
A rretﬂ’&’a‘gf)‘fp"gﬁ%ﬁpﬁaf%g‘eév %"38% | aser system conprising a | aser source and a
switch configured to be closed to cause energy to be stored by the | aser

source for a desired period of tine, and tp be opened to al] ow energy to be
enitted fr@nfhgulsedlaser §Mﬂﬁ'€@fﬁlﬁ1¥lﬂgw§?¥e@rfg§ Q?IHJ?PRGQY‘PSBFWFH@ ekl

conpr L5HAG i 8ﬂ% ; - pul se
ener glf/%(l:1 reéﬁngralfghhsg&%ng elg%ér;% ucedp (E)cfalt-rﬁg | as 3&28%}%20%%?3&%% known
pr opeemissionalf the primanyshilse fonmpopinging en the workpiecarachi ned oa a wor kpi ece;
dynam cal ly sel ecting, through use of a processor, independently of the
pre-sel ected pul se energy characteristic, during trimmng of the trimuable

conponent, 7aThé plsdd Tasdr éfdtelaINOREA 1akhéreithe boirsl deties beyias preveatiagssi ons of
pul ses onto the worl cpiece,, so as to pernmt the trimable conponent to be

meas ufesanéary lasst emissionacngring idyrng hesmissien periodhiomdmpinging an the werkpisge si ag
the p | Hgﬂlgy f a processor, by closing the switch
for aw#)%(%&e?%fﬂée et e%s‘r%néﬂn%%dﬂ%grl 0 g‘?ls€i me prior to each em ssion period
regardl ess of the tine interval betweea the at | east two successive

transm ssi of es onto the.warkpi ec 0 as to cause th aser source
Lo m cr o o TrRuIBHLAEE efflid o v BB Rdne e iR prBbiteay fidRiiod

sel eckwtenii M i nterval between the at |east two successive transm ssions of
pul ses onto the workpiece, while the pre-sel ected pul se energy
characteristic remains as preset regardless of the time interval, wthout
sel ection gf i i b 0.g: ot riskicC.
6. " The. mot hok B Eec BYREN B B b e B M R s MIRAP SRR
pul sesysfam.gy characteristic is performed so as to allow the trimmble
conponent to be cut all the way through the trimmbl e conponent w thout
undue heating. 97. The nethod of claim95, wherein the step of

m cr o- machitu Tig gulsedtlssersysdm of olajin N evtierein Mis swigch ik i Q@ivitghof a thick film
el ectrical elenent. 12 DECEMBER 2002 29 98. The nethod of claim 95,
wherein the step of m c~co-machining the trimmabl e conponent conpri ses
trimming Oil.arﬂéﬂdkeh'lhd_&@}s@‘\?:ﬁbf&ﬁlm‘ibe,'mﬁhm%%%l,%cﬁ%Etﬁ:ﬂi edloddBe 9>,
wherein the '"step of mcro-machining the trimmabl e conponent conpri ses

t ri mivhen Birecgives gicontrpl signal and to open when the control signal is not applied to the Q-

switch.

12. The pulsed laser system of claim 11, wherein the control signal is a high-frequency
signal,

13. The pulsed laser system of claim 11, wherein the control signal is a high-voltage
signal.

14. The pulsed laser system of claim 11, wherein the control signal is triggered by a
trigger signal.



100. The nethod of claim95, wherein the step of m cro-nmachining the

tri mmabl e conponent conprises trimmng of a capacitor. 101. A pulsed |aser
system conprising: a |aser punp; a laser rod; a refl ector 12 DECENBER002
between the | aser punp and the laser rod, through which energy fromthe

| aser punp enters the |laser rod; an out1|%ut reflector through which energy
is emitted fromthe laser rod; a switch™i nterposed between the | aser rod

and the output reflector configured to be,cl.osed {Q cause.ener to. be
stored in AhelheausedTaser system of clarm do werein fogmitch s arrsfegd io, b EOSHLRER | o
al | ow I Rl dS B ; i nfify BSEQRIRESVR @
and aﬁrﬁ%r?%ééagar pro%tgggg%ﬁ%%\# ﬁggﬁtﬁ?ln{gi%?ﬂge gﬁe-seﬁiﬁdﬁbﬁlfg
shaperange lo€rgpetdomedesby t he | aser source, based on known properties of a
target material to be processed on a workpiece, to allow settling,

i ndependently of the pre-selected pul se shape, of a tine interval between
at | east twe, s luser byRema of shiirs, whereiil, aekvwordpetitidreratesrdfithepémagnd t o

cause_ the pul sed | aser systemto be pulsed, by causing the switch to be
cl oselpsgrgulse, m%@ayr%qlm@wmﬁ%@eﬁe‘?qﬂéaw ASST CERISSIRT QFCUETAN. eRyigsian of,

per i oﬁqéﬁaﬁarg&,ﬁffsa fRim {xﬁﬁngitn nl (RS Wo\‘l?dgg&‘?&&ﬁ%higﬂ%ﬁéﬁtfoﬁ%&&s bi\he pripfepsSi ve

transm ssions of pulses o the worKptece, so ds to cause the |aser ‘source
to pr lasergulseh thereisgotseaendary laseremission ognukmigderinghe lentisséorspariodiafier i nt er val
bet meen.st%%\ﬁ%tt Ieaséﬂt v,@sesuccessi ve transm ssions of pulses onto the

wor kpf"@%g, illleepriuﬁ p}’r -%el ected pul se shape renmains as preset regardl ess
of the tinme interval, wthout setting of the tine interval affecting the
pul se shape. 12 DECEMBER 2002 30 102. A, puylsed | aser, system cqonprising: a
| aser punpl?alhesudsedlaser syste é@%%ﬁ-WhF’&“b&@ééﬁ%BméﬁWW I punp and
the | gsfinub@&opdritidigh which energy fromthe |laser punp enters the laser

rod; an output reflector through which energy is emtted fromthe | aser
rod; a switch interposed between the | aser rod and the output reflector

configured,to0,b | . [ b A i laser rod for a
desired perllé‘oé‘%?&??ﬁggp‘%ggf%ﬁﬁé@o%é%ﬁ@% %“?‘%‘\?ﬁr‘ﬁe@g‘é‘%’%‘y"&’tﬁ]gf-be emtted from
the | aser pasidiag apolsadlaed ssteancqnprisiag a faser purpp,aclasas eod,@refedoied to
al l ow, presetting of a pre-selecjed. tine jnterval_ between at |east two
ucoeltbresebafisrndtf e TR UILEE st 19 HyBtativ itk coe dfbre Hiadasaap

Pr opegritk@Ihdlasér rbal AESutpRirelécidr thidoueR WHiSE &f2SfisUmifed kDI ter 0, 21 | OW
setting, independently of the preselected tine interval, of a pulse shape

L 0 beswiteltintespossd bph@eréhealasmgd ond therputpus refleeter configprer] de bie Plosed tospuseem t o
f . f - i
"t or SIRTEY 56 dorell T it 86 FOPRE o YE4iged VGHRAMISC dndo BpeRbicnfbFarstin) ' 17

each trbesamnitted fiom the ladearod durfrigancenisdop peri@t, arcontroebddvice, hitida pricegsol;se

shape regardl ess of the tinme interval be n.the at Least, two, successive
Cransni oo BREIGRE hEBrosHERr {4 e paiel dexiceto flgwiif Bmang s b our ce

to premftfed fdif tHelhd® rodBiudig Bk effissidiEptiyded i@pmge Wil the woligidieqma 8 E&b&st
time interval remains as preset regardl ess of the pul se shape, w thout

set t i #dewst apreion afsecendanelasgr|emigsiomercutring aftas thepames pulavgl.ring theil sed

| aser .S} 1S 0G0 i o | hat is operatable continuously at
const%@%@%ﬁ?@oﬁwnggﬁfﬁgﬁ%g?*@?"tgf i nt erposed between the | aser punp
and t he | asgdratirggithe ptsed tserdyistein sonay tycatiscolazdrienedggte be puuittededurings t he

| aser nd;.an_output reflector through which energy is emtted fromthe

Iaserpltuﬁﬂl,lyaf?WSP'GHHCHP%posed bet ween the laser rod and the out put
reflector gRifingWingry 188 Fa1es Biliticd ot R BEG 1Y dhfinPBachihiS8Gon Perldito! aser

rod for a desired peridod of tinme, and to be opened to allow energy to be
em t t wepingeoon a werkpiees; andd during an eni ssion period; and a processor

By The | astieveBined1EE Bigh e RiseoBvanar ity e pRg o8 HEisSpE e
pr ocepad aiter 8missiva JIthEPBEZHIflge Bdm impinging on the workpiece.




wor kpi ece, to allow setting, independently of the pre-sel ected pul se shape,
of a time interval between at |east two successive hansm ssions of pul ses
onto the worl cpiece, and to cause the pul sed | aser systemibosbemdtt Bed,
while the | aser source is continuously punped at constant power, so as to
cause the | aser source to process the target material on the workpiece,
with the set time interval between the Ht |east two successive

transm ssi ons_of pul ses onto the workpiece, while the pre-se| ec%oed ul. se
shape r enalhJbgamethedef claigy 18.dueher comprising thestep of gloging thepwiteh for @3@%9 of
the t}] LNt - af 1 : .

comprirEeiehiEd Berid¥ oleht Aaldligd raRuBRPR: of B iy el S b e
a | asdfirepetifionaatef | ect or i nt erposed between the | aser punp and the | aser
rod, through which energy fromthe | aser punp enters the laser rod; ' an
out put reflector through which energy is emtted fromthe |aser rod; a
switch i ntgy, Ipsetkthed $EERInk 19, Witdr6in the tixéd) prédeeermiticd eribe bof eififeds teonf i gur ed
to be closed to cause energy to be stored . in the |aser rod for a desired
per i danggst enargy staragedsrind thab earebe iraplgmentrd ahthedyshest repetitian ratepftherangs e

| aser frrg%tgg ifds an em ssion period; and a processor programred to allow
prese(ftl g of a pre-selected tine interval between at |east two successive
transm ssions of pul ses onto a workpi ece, based on |Irnown properties of a

target matgrial to b rocessed on rlcpiece..tq.allow,setting.. .

| ndependeril- gl of HREF L8 ieitintnd Rep BFbEFSine Wl pord Bt dst Fnissiga

pr odusRtrdiy dubig!the ehissiod petiod after érfissiod 9€ tidtRinRaty patbe fme impiging dalthe be
pul sed, while tﬁe | aser_ source.is contjinuously punped at constant power,

wi t h Werkpisge ispesforped ablow repettiontatas of thy primarydaser pulsecand vharei, atdygh va) |
SO a : I R oAl

wor ki EALRR AR bF fhe 7R iry IR0 Blst e 36 focofir) HSPimItS0f bodlrifg dhrif

r egartté emissivin penied piibsemissiopef the privoaty mddet i ng of the pul se shape affecting
the tine interval. 105. A nethod of operating a pul sed | aser system
conprising a |laser source and havi ng programrabl e pul se energy

char act er | 2, a8 induil SRsliat1 8, Miréisitiditep of AINHEEVRERIARAYasbe ptsaset t i ng,

t hroygh use of a processor, a pre-selected pul se energy characteristic to
be priBWNRESPIA WeHkpiges COMPESET Bicromadining s worksTase spty 8 cauirolied laser pulsean| e
conpgpRpl to be micro machined on a ruvorkpi ece; dynamically sel ecting,

t hrough use of a processor, independently of the pre-selected pul se energy
characteristic, during trimmng of the trimuable conponent, a tinme interval

bet ween at, 4 t two cessd ve tr.ansm.ssipns of pulses onto the workpiece,
so as to rﬁ;ﬁé “ﬁ&i‘%o‘%(?f?cﬁ%?}é “@b"ﬁ?&&ﬁ@%ﬁt% Spﬁécrﬂgﬁgﬂ?'@ aé’%%r&f %Fy during
f i mMmcogpeised Micrémchininge seaiigundacior caadt onh Silidgn siibseateul sed | aser system

t hrough use of a processor, so as to cause the |aser source to
m cro-machi ne the tri mmabl e conmponent on the workpiece, with the selected

time int erw*rhbﬁiéﬁ?&fbﬁéiﬁn@is,'vﬂ?e?éinftﬂ@stéﬁ’ﬁﬁﬂfcﬁi}iﬁgﬁiéﬁﬂﬁé?f)fl%e??ﬁlséhf toPul ses

onto the workplace, while the presel ected pul se énergy aracteristic

r emailmpings opracwerkpiesg gonipoises toimming ofiatsmmablde caxhpongnt. hout sel ection of the
time interval affecting the pul se energy characteristic. 106. The nethod of
cl aim 105 wherein the the trimuabl e conponent is a resistor and the pul se
energy i s 35alhe inclet Fairi 24, aiteiiashe 8 of Alsvifip tenstinirythset pulk@ftonher ei n
resi stor conprises,a |low ohm material and the pulse energy is about 300

m cr dEpiREsLN ayerkpinse cARPHses thimmingofathisk-filay dectrieal slesanéct ed time

i nterval between two successive transm ssion of, pulses to the trinmable
conponent is in a range of about 1 mllisecond (1 kilohertz) during

measur emer6. The netimg of2daini 24, overeindise §t&Hokallowiag the) privaryigseh pylsesstpeed

impinge on a workpiece comprises trimming of a thin-film electrical element.

27. The method of claim 24, wherein the step of allowing the primary laser pulses to



trimmng prior to measurement. 109. The nethod of claim 105 wherein the
energy characteristic is a pulse wdth of about 125 nanoseconds. 110. The
nmet hod of claim 105 wherein the energy characteristic i s tQHUEMBERRWRh in

t he range of about ~0 nanoseconds to 125 nanoseconds. 12 DECEMBER 2002 33
111. The nethod of claim 105 wherein tH energy characteristic is a pulse
wi dth | ong enough that trimuabl e conpon€nt is cut through to the bottom of
the tri mmabl e conponeat while substantial |ateral heat conduction is

avoi detingsher 2wprkpiecenomprisentiimmingefiagesiston.12. The net hod of cl ai m 10S
wherein the | aser source is a continuously punped | aser source and wherein
the | aser system conprises a switch configured to be closed to cause energy
to be st orgzsl The éthod 8felains 04 wherbmrthastep of albwvipg theogtirirytlasee pubesita o be
opened to allow energy to be emtted fnrmthe Laser source during an

eni sSPYNNERNT dForkpiece cpmprises HERMEIS ¢f|263R2CH95 wherein the | aser source is
di ode punped. 114. A pul sed | aser system havi ng programrabl e pul se energy
characteristics, conprising: a |laser punp; a laser rod; a reflector

i nt er posed2d Ehaanethodef ¢laine 24, uhgreinythe stee of oprratingibic pulsed lager sMstesh ener gy

from | r £0d; an output reflector through which
energ‘%’%ﬁsg%gﬁ?'ggﬁgtrhg%ﬁ%ﬁé“ﬁggggﬁﬁg)g?&a switch interposed between the |aser
rod and the output reflector configured to be closed to cause energy to be

stored in e laser rqod for a desired period of tine, and tq be opened to
al | ow eneré‘s} fAgn °@R?PP"§G"‘FE ﬁBW%@sﬂégngf%“W%BwﬁFpéﬂ%ssi on peri od;
and a procgReRiingh ?ﬁfsé&rl'ﬁgr dyRtedd é&ﬂbrﬂh’iﬁé@l&kér‘}ﬁmﬂi adad¥r fof 8lr8AdAsk Pul se

energy characteristic to be produced by the |'aser source, based on known

pr opanterpased betaveen ithalaserougimansh the laseryod cthraughovhiel pnesgyl fiom thedgsekpmpe, to
allo ' i [ - I

char nfoEP R s Sy s i SR UER Yo drdFiofts B LR bR NP BT e

i nt erswdtchlinterpoaed bétween tiic hye rediamdbtheioutput reflestor senfipeedto hpidtlosd tokhwset he

wor kpi ece,. SO 0 permt the tri bl e ¢connonent, tQ be neasyred
oo fo b hored i Pt 00k oF A deqireRraat Of BB a0 B Abensd ta alawy e

pul S%ﬁei%&@'bc%ﬁﬁ&é‘&ﬁbﬁl (he 1dxet ﬁﬂfhuran af®nlihiciPptifod Afd | aser source to
|

m cromachi ne the trinmabl e conponent on the workpiece, with the sel ected
time int eroRerating the pHlsed tasex systens overpragge eEeepetition rates offiagiivasion oftheul ses

ont o Jhe | j| - Efik E]z% -DE h@%ﬁ , QO |
34 energ%}’ C %ﬁg??esrﬁl%gﬁ?%ﬂg?gég@?%& esegaﬁjt%%ﬁm%ss %&F e |2r?gg%°r?t erval,
Wi t haepetdivinaate] atrleast aploetidn ofithe hisarenatgyadntitted dming the emissien periodsg being
charagteri,stic.. 115. The pul sed | aser system of claim 114 wherein the | aser
sour ﬁf’ef{?dio‘gﬁﬁ‘tqtﬁfﬁ?ﬁw hped | aser source and wherein the |aser system
conpri ses the Sidplofldpetihg e Rilsdddadee s¢didih @6mpHsiaia ¢oMrsINAE & YrintarP fassi MG by
the | aser, source for a desired period of tine; and to_be opened to

shape by closing the switch for a fixed, predetermined period of time prior to each emission

period regardless of repetition rate of the primary laser pulse within the range of repetition rates;
the step of operating the pulsed laser system further comprising operating the pump
continuously at constant power; _
the step of closing the switch for a fixed, predetermined period of time prior to each
emission period regardless of repetition rate ensuring that the primary laser pulse has a shape that
remains the same regardless of repetition rate of the primary laser pulse within the range of
repetition rates, without selection of the repetition rate affecting the pulse shape.



all ow energy to be emtted fromthe | aser source during an em ssion period.
116. A trimred conponent m cronachined in accordance with a nethod of
operating a pul sed | aser systemconprising a |aser source méchasgrzo2
programuabl e . pul se energy characteristics, the method conpri sing:
presetting) through use of a processor,, a pre-selected pul se energy
characteristic to be produced by the | aser source, based on known
properties of a trimmble conponent to be nmicro machi ned on a workpi ece;

dynanmi cal | §1.sEheamethad of claira 3§hwhersinghe step pbdisecting at losgtcpporiionwof thedpsarne
pre-s < Hul . .St i L ] L i mmabl e
corrpo%éaﬁ& %J@ﬁr@ﬁp gtﬁg{%s&gﬁ: \%g%%"ﬂg@ ea‘s’@lll é%ﬂ-g%t@lé%é@l@gse? &’gltr#s}ﬁ‘lmégl ons of
pul sefanetiéral bhpassivelifiingtifg of thedargbistietuse.t the tri mabl e conponent to be
measured accurately during brinmmng of the ~rimmable conponent; and pul sing
the pul sed | aser system through use of a processor, so as to cause the
l'aser sour g Fi Mbhbd ofBlaith 36, Wh&ein'th be opG AR @R pulidd 148 ¥Rkdm ece,
with the selected tinme interval between the at |east two successive

t r anseAnEpyiseh Fimmipg pEetinamablechmpeaikpi ece, white the presel ected pul se
energy characteristic remains as preset regardless of the time interval,

W t hout selection of the tine interval affecting the pul se energy

char act er i 33.i The théthod 6fielaim i32)wheremnthe step of operating the plifsediiescesystemy t he

met hod of ,opetating {he pulLsed | aseyr systemthe energy characteristic is a
pul sémﬁgmﬁ“%ﬁéﬂ;ﬁ“&ﬁé F‘?&W#ﬂﬁ%ﬁ‘?te conponent is cut through to the
bottom of the tri mmable conponent while substantial |ateral heat conduction
i s avoi ded, whereby m crocracking is avoided. 118. The trinmed conponent of

claim 116 WheFhe methad phielaina SRowhereindhe stap ofigparatingthe palsed daser sysjem em t he

| aser igl”gg I I AP l.aser source and wherein the | aser
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36. The method of claim 32, wherein the step of operating the pulsed laser system

comprises trimming of a capacitor.

37. The method of claim 32, wherein the step of operating the pulsed laser system

comprises micromachining a worksurface.

38. The method of claim 37, wherein the step of micromachining a worksurface

comprises micromachining a semiconductor circuit on a silicon substrate.

39. The method of claim 32, wherein the step of operating the pulsed laser system

comprises operating the laser pump continuously.

40. The method of claim 24 wherein the step of operating the pulsed laser system

comprises controlling repetition rate by controlling a rate at which the switch is operated, the
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a reflector interposed between the laser pump and the laser rod, through which energy

from the laser pump enters the laser rod;
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1098& p(c}i_ods at each repetition rate with at least a portion of the laser energy emitted during the
emission periods being directed toward a target structure, the processor being programmed to
control a primary laser pulse shape by closing the switch for a fixed, predetermined period of
time prior to each emission period regardless of repetition rate of the primary laser pulse within
the range of repetition rates so as to ensure that the primary laser pulse has a shape that remains
the same regardless of repetition rate of the primary laser pulse within the range of repetition.
rates, without selection of the repetition rate affecting the pulse shape.

47. A method of operating a pulsed laser system comprising a laser source and a switch
configured to be closed to cause energy to be stored by the laser source for a desired period of
time, and to be opened to allow energy to be emitted from the laser source during an emission
period, the method comprising;:

presetting, through use of a processor, a pre-selected pulse shape to be produced by the
laser source, based on known properties of a target material to be processed on a workpiece;

selecting, through use of a processor, independently of the pre-selected pulse shape, a
time interval between at least two successive transmissions of pulses onto the workpiece; and

pulsing the pulsed laser system, through use of a processor, by closing the switch for a
fixed, predetermined period of time prior to each emission period regardless of the time interval
between the at least two successive transmissions of pulses onto the workpiece, so as to cause the
laser source to process the target material on the workpiece, with the selected time interval
between the at least two successive transmissions of pulses onto the workpiece, while the pre-
selected pulse shape remains as preset regardless of the time interval, without selection of the

time interval affecting the pulse shape.
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51. The method of claim 47 wherein the step of pulsing the pulsed laser system
comprises micromachining a semiconductor circuit on a silicon substrate.
52. The method of claim 47 wherein the target material is a thick-film electrical element.
53. The method of claim 47 wherein the target material is a thin-film electrical element.
54. The method of claim 47 wherein the target material is a resistor.
55. The method of claim 47 wherein the target material is a capacitor.

56. The method of claim 47 wherein the target material is a conductive link.

57. The method of claim 47 wherein the step of presetting the pre-selected pulse shape is
performed by computer control.

58. The method of claim 47 wherein the pre-selected repetition rate is selected by

computer control.

59. The method of claim 47 wherein the laser source comprises a laser pump and a laser

rod, and the pulsed laser system comprises a switch that, when closed in an on state, causes
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and the laser rod, through which energy from the laser pump enters the laser rod, and an output
reflector through which energy is emitted from the laser rod; and

the switch is interposed between the laser rod and the output reflector.

61. The method of claim 47 wherein the step of pulsing the pulsed laser system
comprises preventing a secondary laser emission from impinging on the workpiece after

allowing a primary pulse to impinge on the workpiece.

62. A method of operating a pulsed laser system comprising a laser source and a switch
configured to be closed to cause enérgy to be stored by the laser source for a desired period of
time, and to be opened to allow energy to be emitted from the laser source during an emission
period, the method comprising:

presetting, through use of a processor, a pre-selected time interval between at least two
successive transmissions of pulses onto a workpiece, based on known properties of a target
material to be processed on the workpiece;

selecting, through use of a processor, independently of the pre-selected time interval, a
pulse shape to be produced b-y the laser source; and

pulsing the pulsed laser system, through use of a processor, with the pulse shape selected
independently of the pre-selected time interval, by closing the switch for a period of time prior to
each emission period that is fixed and predetermined for the selected pulse shape regardiess of
the time interval between the at least two successive transmissions of pulses onto the workpiece,
so as t o cause the laser source to process the target material on the workpiece, while the pre-
selected time interval remains as preset regardless of the pulse shape, without selection of the

pulse shape affecting the time interval.
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65. The method of claim 62 wherein the pre-selected pulse shape is a pre-selected peak
pulse power,

66. The method of claim 62 wherein the step of operating the pulsed laser system

comprises micromachining a semiconductor circuit on a silicon substrate.
67. The method of claim 62 wherein the target material is a thick-film electrical element.
68. The method of claim 62 wherein the target material is a thin-film electrical element.
69. The method of claim 62 wherein the target material is a resistor.
70. The method of claim 62 wherein the target material is a capacitor.
71. Tﬁe method of claim 62 wherein the target material is a conductive link.

72. The method of claim 62 wherein the step of presetting the pre-selected pulse shape is
performed by computer control.

73. The method of claim 62 wherein the pre-selected repetition rate is selected by

computer control.

74. The method of claim 62 wherein the laser source comprises a laser pump and a laser

rod, and the pulsed laser system comprises a switch that, when closed in an on state, causes
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the step of selecting a pulse shape is performed dynamically during trimming of the trimmable
component S0 as to allow the trimmable component to be cut all the way through the trimmable
component without undue heating.

83. The method of claim 47 wherein the step of selecting the time interval is performed
in a manner such that pulses are produced by the laser source at a maximum repetition rate of the

laser system.
84. The method of claim 83 wherein the maximum repetition rate is about 50 kilohertz.

85. The method of claim 47 wherein the pulsed laser system is pumped at constant
power regardless of the time interval between the at least two successive transmissions of pulses

onto the workpiece.

86. The method of claim 47 wherein the step of presetting the pre-selected pulse shape is
performed by computer control.

87. The method of claim 47 wherein the step of selecting the time interval between the at
least two successive transmissions of pulses onto the workpiece is performed by computer

control.
88. The method of claim 62 wherein the step of presetting the pre-selected time interval
is performed in a manner such that pulses are produced by the laser source at a maximum

repetition rate of the laser system.

89. The method of claim 88 wherein the maximum repetition rate is about 50 kilohertz.
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91. The method of claim 62 wherein the step of presetting the pre-selected pulse shape is

performed by computer control.

92. The method of claim 62 wherein the step of selecting the time interval between the at
least two successive transmissions of pulses onto the workpiece is performed by computer

control.

93. A method of operating a pulsed laser system comprising a laser source continuously
pumped at constant power, the method comprising:

présetting, through use of a processor, a pre-selected pulse shape to be produced by the
laser source, based on known properties of a target material to be processed on a workpiece;

selecting, through use of a processor, independently of the pre-selected pulse shape, a
time interval between at least two successive transmissions of pulses onto the workpiece; and

pulsing the pulsed laser system, through use of a processor, while the laser source is
continuously pumped at constant power, to cause the laser source to process the target material
on the workpiece, with the selected time interval between the at least two successive
transmissions of pulses onto the workpiece, while the pre-selected pulse shape remains as preset

regardless of the time interval, without selection of the time interval affecting the pulse shape.

94. A method of operating a pulsed laser system comprising a laser source continuously
pumped at constant power, the method comprising:

presetting, through use of a processor, a pre-selected time interval between at least two
successive transmissions of pulses onto a workpiece, based on known properties of a target
material to be processed on the workpiece;

selecting, through use of a processor, independently of the pre-selected time interval, a
pulse shape to be produced by the laser source; and
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selection of the pulse shape affecting the time interval. affecting the pulse energy characteristic.

95. A method of operating a pulsed laser system comprising a laser source and a switch
configured to be closed to cause energy to be stored by the laser source for a desired period of
time, and to be opened to allow energy to be emitted from the laser source during an emission
period, the method comprising:

presetting, through use of a processor, a pre-selected pulse energy characteristic to be
produced by the laser source, based on known properties of a trimmable component to be micro-
machined on a workpiece;

dynamically selecting, through use of a processor, independently of the pre-selected pulse
energy characteristic, during trimming of the trimmable component, a time interval between at
least two successive transmissions of pulses onto the workpiece, so as to permit the trimmable
component to be measured accurately during trimming of the trimmable component; and

pulsing the pulsed laser system, through use of a processor, by closing the switch for a
fixed, predetermined period of time prior to each emission period regardless of the time interval
between the at Jeast two successive transmissions of pulses onto the workpiece, so as to cause the
laser source to micro-machine the trimmable component on the workpiece, with the selected time
interval between the at least two successive transmissions of pulses onto the workpiece, while
the pre-selected pulse energy characteristic remains as preset regardless of the time interval,

without selection of the time interval affecting the pulse energy characteristic.

96. The method of claim 95 wherein the step of presetting a pre-selected pulse energy
characteristic is performed so as to allow the trimmable component to be cut all the way through
the trimmable component without undue heating.

97. The method of claim 95 , Wherein the step of micro-machining the trimmable
component comprises trimming of a thick-film electrical element.
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99. The method of claim 95, wherein the step of micro-machining the trimmable

component comprises trimming of a resistor.

100. The method of claim 95, wherein the step of micro-machining the trimmable

component comprises trimming of a capacitor.

101. A pulsed laser system comprising:

a laser pump;

a laser rod;

areflector interposed between the laser pump and the laser rod, through which energy
from the laser pump enters the laser rod;

an oﬁtput reflector through which energy is emitted from the laser rod;

a switch interposed between the laser rod and the output reflector configured to be closed
to cause energy to be stored in the laser rod for a desired period of time, and to be opened to
allow energy to be emitted from the laser rod during an emission period; and

a pracessor pragrammed fo allow presetting of a pre-selected pulse shape to be produced
by the laser source, based on known properties of a target material to be processed on a
workpiece, to allow settting, independently of the pre-selected pulse shape, of a time interval
between at least two successive transmissions of pulses onto the waorkpiece, and to cause the
pulsed laser system to be pulsed, by causing the switch to be closed for a fixed, predetermined
period of time prior to each emission period regardless of the time interval between the at least
two successive transmissions of pulses onto the workpiece, so as to cause the laser source to
process the target material on the workpiece, with the set time interval between the at least two
successive transmissions of pulses onto the workpiece, while the pre-selected pulse shape
remains as preset regardless of the time interval, without setting of the time interval affecting the

pulse shape.
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a laser pump;

a laser rod;

a reflector interposed between the laser pump and the laser rod, through which energy
from the laser pump enters the laser rod;

an output reflector through which energy is emitted from the laser rod;

a switch interposed between the laser rod and the output reflector configured to be closed
to cause energy to be stored in the laser rod for a desired period of time, and to be opened to
allow energy to be emitted from the laser rod during an emission period; and

a processor programmed to allow presetting of a pre-selected time interval between at
least two successive transmissions of pulses onto a workpiece, based on known properties of a
target material to be processed on a workpiece, to allow setting, independently of the pre-
selected time interval, of a pulse shape to be produced by the laser source, and to cause the
pulsed laser system to be pulsed, with the pulse shape set independently of the pre-selected time
interval, by causing the switch to be closed for a period of time prior to each emission period that
is fixed and predetermined for the set pulse shape regardless of the time interval between the at
least two successive transmissions of pulses onto the workpiece, so as to cause the laser source to
process the target material on the workpiece, while the pre-selected time interval remains as
preset regardless of the pulse shape, without setting of the pulse shape affecting the time interval.

103. A pulsed laser system comprising:

a laser pump that is operatable continuously at constant power;

a laser rod;

a reflector interposed between the laser pump and the laser rod, through which energy
from the laser pump enters the laser rod;

an output reflector through which energy is emitted from the laser rod;

a switch interposed between the laser rod and the output reflector configured to be closed
to cause energy to be stored in the laser rod for a desired period of time, and to be opened to
allow energy to be emitted from the laser rod during an emission period; and

a processor programmed to allow presetting of a pre-selected pulse shape to be produced

by the laser source, based on known properties of a target material to be processed on a
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between at least two successive transmissions of pulses onto the workpiece, and to cause the
pulsed laser system to be pulsed, while the laser source is continuously pumped at constant
powet, so as to cause the laser source to process the target material on the workpiece, with the set
time interval between the at least two successive transmissions of pulses onto the workpiece,
while the pre-selected pulse shape remains as preset regardless of the time interval, without
setting of the time interval affecting the pulse shape.

104. A pulsed laser system comprising:

a laser pump that is operatable continuously at constant power;

a laser rod;

a reflector interposed between the laser pump and the laser rod, through which energy
from the laser pump enters the laser rod; '

an output reflector through which energy is emitted from the laser rod;

a switch interposed between the laser rod and the output reflector configured to be closed
to cause energy to be stored in the laser rod for a desired period of time, and to be opened to
allow energy to be emitted from the laser rod during an emission period; and

a processor programmed to allow presetting of a pre-selected time interval between at
least two successive transmissions of pulses onto a workpiece, based on known properties of a
target material to be processed on a workpiece, to allow setting, independently of the pre-
selected time interval, of a pulse shape to be produced by the laser source, and to cause the
pulsed laser system to be pulsed, while the laser source is continuously pumped at constant
power, with the pulse shape set independently of the pre-selected time interval, so as to cause the
laser source to process the target material on the workpiece, while the pre-selected time interval
remains as preset regardless of the pulse shape, without setting of the pulse shape affecting the
time interval. -

105. A method of operating a pulsed laser system comprising a laser source and having

programmable pulse energy characteristics, the method comprising:
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dynamically selecting, through use of a processor, independently of the pre-selected pulse

energy characteristic, during trimming of the trimmable component, a time interval between at
least two successive transmissions of pulses onto the workpiece, so as to permit the trimmable
component to be measured accurately during trimming of the trimmable component; and

pulsing the pulsed laser system, through use of a processor, so as to cause the laser source
to micro-machine the trimmable component on the workpiece, with the selected time interval
between the at least two successive transmissions of pulses onto the workpiece, while the pre-
selected pulse energy characteristic remains as preset regardless of the time interval, without

selection of the time interval affecting the pulse energy characteristic.

106. The method of claim 105 wherein the the trimmable component is a resistor and the
pulse energy is ‘about 200-300 microjoules.

107. The method of claim 106 wherein resistor comprises a low ohm material and the

pulse energy is about 300 microjoules.

108. The method of claim 105 wherein the selected time interval between two successive
transmission of pulses to the trimmable component is in a range of about 1 millisecond (1
kilohertz) during measurement and about 20 microseconds (50 kilohertz) during high-speed
trimming prior to measurement.

109. The method of claim 105 wherein the energy characteristic is a pulse width of about

125 nanoseconds.

110. The method of claim 105 wherein the energy characteristic is a pulse width in the

range of about 70 nanoseconds to 125 nanoseconds.
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to be stored by the laser source for a desired period of time, and to be opened to allow energy to

be emitted from the laser source during an emission period.
113. The method of claim 105 wherein the laser source is diode pumped.

114. A pulsed laser system having programmable pulse energy characteristics,
comprising:

a laser pump;

a laser rod;

areflector interposed between the laser pump and the laser rod, through which energy
from the laser pump enters the laser rod;

an output reflector through which energy is emitted from the laser rod;

a switch interposed between the laser rod and the output reflector configured to be closed
to cause energy to be stored in the laser rod for a desired period of time, and to be opened to
allow energy to be emitted from the laser rod during an emission period; and

a processor programmed to allow presetting of a pre-selected pulse energy characteristic
to be produced by the laser source, based on known properties of a trimmable component to be
micro-machined on a workpiece, to allow dynamic selecting, independently of the pre-selected
pulse energy characteristic, during trimming of the trimmable component, of a time interval
between at least two successive transmissions of pulses onto the workpiece, so as to permit the
trimmable component to be measured accurately during trimming of the trimmable component,
and to cause the pulsed laser system to be pulsed, so as to cause the laser source to micro-
machine the trimmable component on the workpiece, with the selected time interval between the

at least two successive transmissions of pulses onto the workpiece, while the pre-selected pulse
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pumped laser source and wherein the laser system comprises a switch configured to be closed to

cause energy to be stored by the laser source for a desired period of time, and to be opened to

allow energy to be emitted from the laser source during an emission period.

116. A trimmed component micromachined in accordance with a method of operating a
pulsed laser system comprising a laser source and having programmable pulse energy
characteristics, the method comprising:

presetting, through use of a processor, a pre-selected pulse energ):' characteristic to be
produced by the laser source, based on known properties of a trimmable ;:omponent to be micro-
machined on a workpiece; ;

dynamically selecting, through use of a processor, independently lof the pre-selected pulse
energy characteristic, during trimming of the trimmable component, a time interval between at
least two successive transmissions of pulses onto the workpiece, so as to permit the trimmable
component to be measured accurately during trimming of the trimmable component; and

pulsing the pulsed laser system, through use of a processor, so as to cause the laser source
to micro-machine the trimmable component on the workpiece, with the selected time interval
between the at least two successive transmissions of pulses onto the workpiece, while the pre-
selected pulse energy characteristic remains as preset regardless of the time interval, without

selection of the time interval affecting the pulse energy characteristic.

117. The trimmed component of claim 116 wherein in the method of operating the
pulsed laser system the energy characteristic is a pulse width long enough that the trimmable
component is cut through to the bottom of the trimmable component while substantial lateral

heat conduction is avoided, whereby microcracking is avoided.

118. The trimmed component of claim 116 wherein in the method of operating the puised

laser system the laser source is a continuously pumped laser source and wherein the laser system
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comprises a switch configured to be closed to cause energy to be stored by the laser source for a
desired period of time, and to be opened to allow energy to be emitted from the laser source

during an emission period.



