8 JUNE 2006 LASER PULSE PICKING EMPLOYING CONTROLLED

AOM LOADING Technical Field [0001] This invention relates to lasers

and, more particularly, to a method and an apparatus for providing high
repetition-rate, stable-energy laser pulses on demand with a load 8 JUNE 2006
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quality or positional accuracy of the laser beam. Background of the

Invention [0002] Lasers are widely employed in a variety of R & D

qreyatieas Meilgding spectroscopic and biotech study and industrial

operations including inspecting, processing, and micromachining a variet
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are randomly located, the links that need to be severed are located

randomly. Thus, during the laser link repairing process, the laser pulses
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achieve greater production throughput, the laser pulse is fired at the target link

without stopping the laser beam scanning mechanism. This production technique is
referred to in the industry as “on-the-fly” ("OTF") link processing. Other common
laser applications employ laser pulses that are fired only when they are needed at
random time moments.

[0003] However, the laser energy per pulse typically decreases with increasing PRF
while laser pulse width increases with increasing PRF, characteristics that are
particularly true for Q-switched, solid-state lasers. While many laser applications
require randomly time-displaced laser pulses on demand, these applications also
require that the laser energy per pulse and the pulse width be kept substantially
constant. For link processing on memory or other integrated circuit (IC) chips, an
inadequate laser energy will result in incomplete link severing, while too much laser
energy will cause unacceptable damage to the passivation structure or the silicon

substrate. The acceptable range of laser pulse energies is often referred to as a
1



8 JUNE 2006 "process window." For many practical IC devices, the

process window requires that laser pulse energy vary by less than 5%

from a selected pulse energy value. [0004] Skilled persons have taken

various approaches for ensuring operation within a process window oB f8NE 2006
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METHOD AND APPARATUS FOR GENERATING AND EMPLOYING A
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lasants exhibiting a reduced pulse energy drop-off as a function of PRF
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maximum PRF. U.S. Pat. No. 5,265.114 for SYSTEM AND METHOD
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DEVICE, which is also assigned to the assi of this application,
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levelSaua SBRIA PORA DD REO Wi R AN BT RS for
SYSMEM_M\E[SMETEH@UJ{(DRVSE_E@CH@LQSLASEHMB@G@E%MMEA)fTARGET
se ntrolli e curr
ST e N e L Al o MBI AL
MUIETIRRYER RHISSER RRibelievaRboa IGrard3® khtz a¥ighéd lag this application,
above-described laser processing applications typically employ infrared,
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.demanding much  hjgher throu t, S0 laser l leqf
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OUTWILEP Ve EdRtiST ABHIY AR Nrogeishingaspighieadion s igreirapso e thynics,
employing ultraviolet ("UV') ene avelengths, which are typically less
dos R BRCHOG i SRV A BLArh ST SRSEEkBIAcaTigTing (RS burrent
of theupjeiinegadi dBdasEheotadhmioumio@isarvalian practisalthppkitiaticla¢esmploying
the d, third, or fourth nics of the IR laser. Unfortunately, due
a Ia?grtll?egﬁgﬁﬁjg\gfq 8%?\#@&#@& eration, the pulse-to-pulse energy levels
[0005]sTich &b aseesaridapbldised oty ceswsiity @ pp litators iginics in dtRitaniafrared
noldser pulse interval. [0006] U.S. Pat. 6,172, for LASER.
(IR e S0 BB R T OB SRt ARG A B ot
mordIEEH @QBoE VIR BN KHZREBIORSEIN Broduction needs are demanding much
higher throughput, so lasers should be capable of operating at PRFs much higher
than about 25 kHz, such as 50-60 kHz or higher. In addition, many laser processing
applications are improved by employing ultraviolet ("UV") energy wavelengths, which
are typically less than about 400 nm. Such UV wavelengths may be generated by
subjecting an IR laser to a harmonic generation process that stimulates the second,
third, or fourth harmonics of the IR laser. Unfortunately, due to the nature of the
harmonic generation, the pulse-to-pulse energy levels of such UV lasers are
particularly sensitive to time variations in PRF and laser pulse interval.
[0006] U.S. Pat. No. 6,172,325 for LASER PROCESSING POWER OUTPUT
STABILIZATION APPARATUS AND METHOD EMPLOYING PROCESSING

POSITION FEEDBACK, which is also assigned to the assignee of this application,
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POSITION FEEDBACK, which is also assigned to the assignee of this
application, 2 8 JUNE 2006 describes a technique of operating the laser

at a constant high repetition rate in conjunction with a position
feedback-controlled laser pulse picking or gating device to provide las&dUNE 2006

desiites @QE%%@W%@@‘@@@Wrﬁﬁdrﬂéﬁ\éﬁém% &éﬁél‘i%‘ﬁ @fe in

the laser pulse interval, with good laser ulse energ sta ity and high
conipgiigRvih R)G@?]“RWEEQP%@%PBGIEQ B%m&b?@éﬁr@%‘\ﬂ:@ﬁ% g device
to pRAAYSIRSStISURRAbIEKHg CAQYMRIde l8CH P=rRIdhMPAE @ 4 Cdt |§l§5<mult|ple

referred to as a Pockels cell). T |caI EOM materials such as KD*P

of the, IFs&l RS H SMERYRLIVER 998 %&H{ﬁﬁle%fﬁh\é 8%530@@%1@ throughput
[OO(WWIAWQ&}HISEIQ@ Iass griKiageoitasheldeliteeisnatedicd @tdheptic modulator

wavelength used and a local heatl long the laser heam ath within the

("AQIRY eleeiRsPaNSTgas WRiRe (h'é R GERAR 6t eP Q&S cell).
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devig gy g BOICH S R DR TR THAE XOUADR AR AR another
disadisadicdigagere’ FOM NSt stiteb Bty foatkeieoneyvaéiphpdtrepetition rate
75-90%. [Q FIG. 1 shows a typical 0 emplo ed for a laser
overy B g %or BRag BT RSO A PTESS VS 18 REBCRPEPEICS BJakiyiot 250
nm gprr@?eb@nalm zmoaﬁmtlmmcmaaphsfwféas@wwwﬂcﬁnﬁmn throughout
o-fre uen es 18, and AO ulses. FIG, 2A shows
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the desimwlpamtag s pnlé‘é@l\dtl@rcﬁb@nmﬁ] depwisipptesitieoy ByeaelalHz. One
schemes fo Ises M 10 to.select
disaglan AR, TP BRI oA T iP e cehRd At
[000BF Pi@se dlbonle 5hwwahﬁdamaad enasidy ed tndethte covigedickinpesiaghting
ha include 14b, a V¥ ol d in a second scheme
PR AVELE s atiaD Eoe N e G b aEIRe orRAR o" ar
timiog\ga s fespastive dises nenauswaamm@qmmammlm 118laand AOM
FIGS. 2C a Wthe respective first-order, beam 20
U IS bR OIS LOREPTAS T bl IREe (A That are
emibddyce lisBFandsaepdgaiedad thOGDWII(D [FICR]2Bitteratarsinatetotwo
d2A MlOlsdrl 2. When n ow
oxet ST ABKAREVING HeRH ga b lioM 19 e fsNpie oFhe
laser pulses 14 are propagated toward a target. In a first scheme, a single RF pulse
18cde shown in dashed lines is extended to cover a time period that includes laser
pulses 14a, 14b, and 14c; and, in a second scheme, separated RF pulses 18c, 18d,
and 18e are generated to individually cover the respective time periods for laser
pulses 14a, 14b, and 14c. FIGS. 2C and 2D show the respective first-order beam 20
and zero-order beam 16 propagated from AOM 10 as determined by the presence or
absence of RF pulses 18 applied to AOM 10.
[0009] With reference to FIGS. 1 and 2, AOM 10 is driven by an RF driver 12. When
no RF power 22 is applied to AOM 10, the incoming laser pulses 14 pass through
AOM 10 substantially along their original beam path and exit as a zero-order beam
16. When RF power 22 is applied to AOM 10, part of the incoming laser pulse’s

energy is diffracted from the beam path of the zero-order beam 16 to a beam path of
3



AOM 10 substantially along their original beam path and exit as a

zero-order beam 16. When RF power 22 is applied to AOM 10, part of the
incoming laser pulse's energy is diffracted from the beam path of the

zero-order beam 16 to a beam path of 3 8 JUNE 2006 a first-order be&dUNE 2006
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[0011] With reference again to Fig. 2, RF pulses 18 are applied to an AOM 10 only

when a working laser pulse is demanded at random time intervals, in this case at
random integral multiples of the laser pulse interval, and, therefore, results in random
variable thermal loading on the AOM 10. Thermal loading on AOM 10 causes
geometric distortion and temperature gradients in the AOM 10, which cause
gradients in its refractive index. These consequences of thermal loading will distort a
laser beam passing through the AOM 10, resulting in deteriorated laser beam quality
and instability in the laser beam path or poor beam positioning accuracy. These
distortions could be corrected to some degree if they could be kept constant.
However, when the system laser pulses are demanded randomly, such as in laser
link processing, these distortions will have the same random nature and cannot be

corrected practically.



and instability in the laser beam path or poor beam positioning accuracy.

These distortions could be corrected to some degree if they could be kept
constant. However, when the system laser pulses are demanded

randomly, such as in laser link processing, these distortions will have 8h&JNE 2006
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0012] Test results on an AOM device, such as a Model
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link processing system. Laser beam quality distortion due to the random
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the Invention [0014] An ohject of this.jnvention is, therefore, tQ prqvide an .
enelf oIS AT AT PRSI HEIRALS AR BT Flhhigh
PRFepeiitidin-isth Rudsachi@asat. (S Hfsogme oidecti vt hisarastondsitriety of
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asCh MMM ZE BigoriSH 15 P pR QU ity ShAPositiShifgPrications,
suclhesuizsnt. [[BQ 1St singite nodjectyot tips invention is to provide an
apparatus and a method for generating system laser pulses on demand,

having stable pulse energies and
Summary of the Invention

[0014] An object of this invention is, therefore, to provide an apparatus and a method
for picking laser pulses on demand from a high repetition-rate pulsed laser.

[0015] Another object of this invention is to perform such pulse picking with minimal
thermal loading variation on the AOM to minimize distortion to laser beam quality
and positioning accuracy.

[0016] Still another object of this invention is to provide an apparatus and a method
for generating system laser pulses on demand, having stable pulse energies and
stable pulse widths at selected wavelengths from the UV to near IR and at high
PRFs for high-accuracy laser processing applications such as memory link severing.
[0017] The present invention uses a laser with high repetition rate pulsed output in
cooperation with an extra-cavity AOM device for picking or gating the laser pulses
such that selected laser pulses are transmitted to the target on demand, while the

rest of the laser pulses are blocked. Instead of applying the RF pulses to the AOM
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stable pulse widths at selected wavelengths from the LIV to near | R and

at high PRI's for high-accuracy laser processing applications such as

memory link severing. [0017] The present invention uses a laser with high
repetition rate pulsed output in cooperation with an extra-cavity AOM 8 JUNE 2006
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pulses are transmitted. to the target on demand, while the rest of the laser
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with the correspondi aser puise. e )ulse In noncoincjdence wit
prefﬁ’f@%)é%?ﬁﬁ&% BFB%%@%@ tﬂBdsJH{@tIQﬁ ﬁmﬁ&%ﬁam&% tifES&s"
coinditfsnteVitih pésRigergunsidenee iihtheHAasBemvess AedonicisifRF pulses
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negliggisinghaering AQNeritiIScheiAg d Wik AQRTieThasshestaDiBW INexperience
therma] loadipg varigtion, regardless of how rando the working laser .
sub IRy By R ALIP SIS 412 B LSRR e OB working
laselagalspgises degriziakied or gated from laser pulses generated at a
canstant high repetition rate or at a constant laser pulse interval. Such
100 B R TRt i QIR o ESRERALES AU B pted from
laseapdiiselsgavidthigdQiH Sondarht, ilgthAgpdtidmpesiadast at a sobstantiddiyer pulse
., _constant RF power Jloading ,or constant thermal loading, regardless of .
e oD S oA DNt & O CODSRIvEay n their
enesypatanpalyewidtherse effect on the working laser beam quality and its
inting accuracy, to having a randomly trapsmissive A 0020 ,

o0 B S e R AR SRS o S 16 TR stAh g BBt lgacing
or censiagyt thatrohivhdiveysesgardiebh ded\oevtrasidio paytibel avaRplg tdser pulses

eeds. To, ayoid an adverse effect on the working laser beam guality due
are QSO o S QR RN FUVRIF TP R TAg Ies e
beaerneugyityaatia it S REn g i settagtidnectnHay imgp dulateib adg drdireyhissiod AOM.
[OOéH?tI'Wee ﬁﬁogﬂgec’fpg\ﬁeﬁgﬁuggo be controlled to perform working laser pulse
energy control with the same AOM device to suit particular application needs. To
avoid an adverse effect on the working laser beam quality due to the random
variation of the RF pulse power for performing laser pulse energy control, the RF
pulse duration can be modulated accordingly such that the product of the RF pulse
power and the RF pulse duration remains substantially constant, or an additional RF
pulse can be added such that the total RF energy applied to the AOM during one
laser pulse interval remains substantially constant.
[0021] This invention is advantageous for generating stable pulse-to-pulse working
laser pulse energy for applications that ordinarily require randomly shutting the laser
pulse on or off, including applications such as IC chip link severing. This invention is
also advantageous for stabilizing the working laser pulse-to-pulse energy of a Q-

switched solid-state laser that employs a nonlinear harmonic generation process to
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power and the RF pulse duration remains substantially constant, or an

additional RF pulse can be added such that the total RF energy applied to

the AOM during one laser pulse interval remains substantially constant.

[0021] This invention is advantageous for generating stable pulse-to-p&I$eNE 2006
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that employs a nonlinear harmonic generation process to 6 8 JUNE 2006
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[0023Y ity Bleaspeets bad aadandgesvsrkigiheamidOOdBbadsiiemneht from the
aspects and advantages of this jnvention will be apparent from the .

follog Rkl R A UL b o LA R SORt e B KRR GBS et

refevétite ebetieneedoriipangrryranyig drawings. Brief Description of the
Drawings [0024] FIG. 1 is a partly schematic view of a prior art AOM

device and an RF driver, transmitting a zero-order beam and/or a
first-orgaebBawcip0dh]dftES avdhBsare corresponding prior art timing

oo LGB D R e
trangrainirsgad |aeeo @utiprtbelm pudies adindtverdenpdaser outputs as

I dj f d bodi ..[00271 FIGS. 4A-4C | i
o0 g S A e e e R S ranls o BEREATRes, RF
pulsesrking faseandtpets-thraled @i sitapei thaseseolfske AOM for energy

[00%@3&]%% e%#g Sr%r' “%%?ﬁgﬁ%;&%%ﬁ%%ﬁ@@@@?&&% 8ﬁaser outputs, RF

pulses, and working laser outputs as employed in a preferred embodiment.

[0027] FIGS. 4A-4C are alternative corresponding exemplary timing graphs of laser
outputs, RF pulses, and working laser outputs that demonstrate the use of the AOM
for energy control of the working laser outputs.

[0028] FIGS. 5A and 5B are alternative corresponding exemplary timing graphs of
RF pulses and working laser outputs that demonstrate the dynamic control range of
working laser output energy afforded by the AOM.

[0029] FIGS. 6A-6C are corresponding timing and beam position graphs that
demonstrate how working laser outputs may be randomly demanded for an
exemplary link processing application.

[0030] FIG. 7 is a schematic block diagram showing a preferred embodiment of an
exemplary laser system employing a consistently thermally loaded AOM to provide
stable pulse-to-pulse UV laser energy on demand to process unevenly spaced links

selected for removal.



RF pulses and working laser outputs that demonstrate the dynamic control

range of working laser output energy afforded by the AOM. [0029] FIGS.

6A-6C are corresponding timing and beam position graphs that

demonstrate how working laser outputs may be randomly demanded f8rUNE 2006

an exgrafiaed INksasRssIoRRRYAREPANIBR3RhENE 7 is a schematic

lock diagram showing a preferred embodiment of an _exemplary laser
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links selected for removal. 7 8 JUNE 2006 Detailed Description of

PulseferéraniicB saintteMs! A MetkngAaser UiEs 2A8RFECsfdf fPe. and 40i

(gerfsfERspandiRmy riseraaphn adlaser pawiioutsr2Fac2 4N geoaricrIbelesetputs 24
outputs 24), RF pulses 38a—%ﬁ(§]§enericaﬂy RF pulses 38) applied to

that 2k P Tt P BRET 25, (g BbA CAHS 4 SREANGR Al and separated

by s(amgﬁ'ﬁgﬂy ‘ﬁ@miaglImr?%wtﬁ@ﬁem%%émgﬁ@ammgg the laser
outputs 24 that are emitt aser . at a con nt repetition

Ul R o Sl P, KO AR H A MRS R SO o S TR ary

lasehypinplereprdinoentatdselasge aeinuaiepation sateimayhadramabmsit

Hz up to about 500 kHz. mplary _laser output repetition rates are
40 Kyr aférrQﬁ%%t%rbmﬁ”z%lh%%ﬁéiéﬂ?ﬂ%?uré'B&Rr&?G%ﬁ%‘,go? %é&?ﬁ{ﬁﬁ’ each

worldhguhdePdiizu 90 inkierappsiiciidetadypralsingkhlaserkingBegih a
ut 40 preferably includes a typical sin r pulse wij

t le | h .
Ul AR R SR e PO P bvEl g Bl SRS Jiappaaizehat each
worvltheg Ragh dmpu'nhgdaﬁaymn@mléa ﬁmtiroﬁilude 'ark;nrﬁ’edheeemﬂ?@@reach having

ser pulses, eac ving ,an ultrashort pu i S as.disc in
an (a7 CRCBRE LR on AlB e Yo S for LASER
SYFROCASS METAMUBEVORYHERFATHEG BUAEMOBE LASK /AU AEBYURST

| “whichi ned ,
or LA G R IR B S T oo
to absiveencitioist dfphiznretandsuasid ab ounconemaropaeh AP pEISE widths
3B shqws eferred embodiment of an RF pulsing scheme 30 that

Dot A e RS SE L AL g et TR 5 m 22
[0032FREEC3l SRbWwslagrishemnel aR)dtahent sbiastRRiplysirgWeh@mne 30 that

if t intaj iati f | loadi ON.10 to withi
e O R BTN T - R VA 7 421 JOSPELIAIY RF puise
intethalisTs) dlagt \aedavbshan tibéypregsizig ne d hifemancemadytailsvariations of thermal
loading on AOM 10 to within a preassigned operational tolerance. Such tolerance

may be a specific thermal load window, but the preassigned tolerance may also or
alternatively be windows of spot size or beam position accuracy. In one
embodiment, the thermal loading variation is maintained within 5% and/or the beam
pointing accuracy is maintained within 0.005 mrad. In a preferred embodiment, at
least one RF pulse 38 is generated to correspond with each laser output 24.

[0033] Whenever a working laser output 40 is demanded to impinge a target such as
an electrically conductive link 60 (FIG. 6A), an RF pulse 38 is applied to AOM 10 in
coincidence with a laser output 24 such that it is transmitted through AOM 10 and
becomes a working laser output 40.

[0034] In FIG. 3B, the coincident RF pulses 38 are RF pulses 38a, 38c, 38d, 38e,
and 30i. FIG. 3C shows the resulting corresponding working laser outputs 40a, 40c,

40d, 40e, and 40i. When no working laser output is demanded to correspond with a
8



alternatively be windows of spot size or beam position accuracy. In one
embodiment, the thermal loading variation is maintained within 5% and/or

the beam pointing accuracy is maintained within 0.005 mrad. In a

preferred embodiment, at least one RF pulse 38 is generated to 8 JUNE 2006

lase?QTRSHRONY, WHFEFpD IS 8By RMb IR EBOSBMMITR ENBREoYRINERcESAth laser

output 40 is demanded to impinge a target such as an electrically

outrirftictived |k 8 (BRSO ARTRENbEIEP SRS ReA B Arotiesodab. 38, 389,

38h COB)|AARIBEKViIN @.|IBERE IR it ﬁbqhdhﬁh? iaderrsumites AoresaB M with
10 and becomes a WorkB%Iaser output 40. [0034] In FIG. 3B, the
the RERRNFERE RNdUYSES 32 RF pulses 38a, 38c, 38d, 38e, and 30i. FIG.

[0038} Thews HeoifRaYEATOERRRBE grw/ pHERIIBREH BEEP oM Qe 4Ritiations of

40d, 40e, and 40i. When no working laser output is demanded to
resRESHEBRANIHPYE 400K R BBGOTRE Asuliptt '$400Rgk M abau!iQ-S
micraiedrmde ASKISE persiieontidepeecidte thseivalEnihadoffadtit BBrdk®own

noncoincident RF pulse are RF pulses 38b, 38f, 38q,, 38h, 38j and
t0 10l RS SN B T tES HES GRS ol B R scede
lasen@ugpinsidersyRir Slufﬁ?]érﬁairf@ﬁéﬂiif@%}@m@ﬁﬁll@@géﬁ@ R ReBKISAERs er

referably offset from the initiations of respective laser putputs

Ut B RS GG Al OLE O B AR R H 5R:38 may
be shirrRpPIERLAtaSIRE WhikstimeroHResPA2A16 Shayvimde fiedavdéasroutagts RF

40 in FIG. 3B, the time_offsets 42 could alternatively precede las
PUISE BT 4y ST A e Hosh ROP o At RGRh FUF WGP HG PadsP
intealiBLd 2. Jw o RE Prilsthirianals/3ragie RAMSLIRE: anmenedsBRient RF

Ise.38 may be shorter (s ulse intervals 32b, and 32h) than
100 A T a et A OrE A SRR ISR A S e 50
betvasdongerkisigclasesr Rbtputsel datankhsidRand Detwed3aipiking the @vengyets 40d
ulse intervals 32. [Q036] With referenge again to FIG. 3C, th

and AR B R A A RO SO B 61 D6 R SR LRE G AfnsThe
nonifficiagent dotamva lbeSdm anavbodrg:tagesrowpikis g Rk ersLiffiets 40a and 40c and

respectively, are about the same as the laser outpuyt interval 26. The | .
Dot GG ARG T 200 Hond SeheR IR o e LP LA diles of the
laseand it mteniz¢@@en working laser outputs 40e and 40i, respectively, are

ly multiples of the laser output interval, 26. [0037] Skilled persons .

100 R P RS SUER SR T A crERD Ra DAL G e At 40 i
preftreliystier dies tbeaier 2@ &m 120 $0 apisdopis stimhsas lictk asdirdsprogeldsing, the
working laser output 40 may be the zero-order beam 16 where leakage is tolerable
and higher working laser output power is desirable.
[0038] In a preferred embodiment, the coincident and noncoincident RF pulses 38
not only employ about the same RF energy, which is the product of an RF power
value and an RF duration, but also employ about the same RF power value and
about the same RF duration.
[0039] FIGS. 4A-4C (collectively FIG. 4) show corresponding timing graphs of laser
outputs 24, RF pulses 38 applied to AOM 10, and working laser outputs 40 that
demonstrate how AOM 10 can be additionally employed to control the output power
of working laser outputs 40. FIG 4A is identical to FIG. 3A and is shown for
convenience only. FIGS. 4B and 4C show RF pulses 38’ and working laser outputs
40’ with the corresponding RF pulses 38 and working laser outputs 40 shown

superimposed on them in dashed lines for convenience. The energy of working
9



working laser output 40 may be the zero-order beam 16 where leakage is
tolerable and higher working laser output power is desirable. [0038] In a
preferred embodiment, the coincident and noncoincident RF pulses 38

not only employ about the same RF energy, which is the product of an8RBNE 2006

IaseP@M&)’ut@h(F %@@H&Tmtmwlﬁ%gﬁﬂp et samVRT0 for RF
power value and about the same RF duration. [0039] FIGS, 4A-4C

pu'S&%r’F&ﬁb@fVﬁf@'ﬂ%ﬁ&ﬁﬁ ééprBQW&hdhﬁTﬁ%@#%@éf‘}&séred[]fﬁeﬁs%d for
RF 6141685381|§%r3[$1éFPﬂh%ﬂJFQt&QM%@WbWW@QHﬁ‘SQU@@@B§%Qﬁbﬂitaln a

demonstrate how AOM 10 can be addltlonally employed to control the

SUbaHA RIS IBNVBIRATRIR bIRAVE" MR kS ad i gtatar g Eisies o
maiRRAhiSShoWRtiaNy CEhaRifnEe PR | GAGRg4h AOMG GhoKiRI pdras a8yl

and Workln%Iaser outputs 40' with the corresponding RF pulses 38 and

appPGGHRIATAL P'éd&ﬁh@'%%wa}dw RGP ARSI YCREIRGHATL G & GRfnuum of
outgar p@%@l@@ﬁ@eaﬂnmﬂ&r@wﬁ@w&tr}q@ 200 6NED 200 [asstisyitrisial 4@riance

is attenuated by em er to | OM 10 for RF p
i g RSP AAMAAD U PR E A SR RRYel PR e
powBFRERs %@Erdbﬁ?%éW&@ﬂﬁégﬁmﬁg%ﬁ@émlmmw be kept as

. _maintain a  substantially const roduct.o ower v
oA SRR T B S A e T orging
vari&yeoh dfqhgldtbmbwﬁpm;\pws@gmsuate that this technlque would permit
1004 e GG R T LA ST D8 G0, ALTD B o
micrdeddd %I@@U}Dh@ﬂ?ﬁhbw&l lalser apppetinie thal 260 ﬁ&@p?%k%morter
rations 44 of the no (o] t RF pu an be ke

tharf s A INEIAIEE ARl A M Bl ARl Goft B BT RN rate is

50 Kelading thariaisen ofifet ¢oiocidenb RE-J0uRS B cEHEK) [t mﬁlpalse duration 44
can B AR e S S ARt Rhe Esgee e
durddi$h o4 tealieteemingplb yritesviab26 phiwesieeniplg tifib e ras iy epspitnse ailee of
POV 102 Soh O EL U il AL Eie ar 0 S SLRIRU2 o the
middleepoimtimiLimeRToplsse G@raﬁm Adrisalebident&Fyuise B&eit [puseferable for
e B e e e MR PSR B il o
the kvﬂﬂiaei%&dwmoone&mﬂmm@%mﬂmﬁﬁmms preferable for

[0041] FIGS. 5A-5B (collectively FIG. 5) show alternative corresponding timing
graphs for RF pulses 38 and working laser outputs 40 that demonstrate a large
dynamic control range of the working laser output energy.

[0042] With reference to FIG. 5, a very low-energy working laser output 40a; can be
generated by applying an RF pulse 38a; of a near minimum of RF power sufficient to
permit targeted propagation of working laser output 40a. The RF duration 44a
coincident with laser output 24a may be kept short (such as the same duration as RF
duration 44) to minimize variations in RF pulse intervals 32, and one or more
additional noncoincident RF pulses 38a, having higher RF power, but also a short
RF duration 44a,, may be applied to AOM 10 such that the sum of the RF energy
loading for RF pulses 38ay and 38a, substantially equals that of RF pulse 38b. In a
preferred embodiment, the offset time 52 between RF pulses 38a; and 38a, can be

from zero to a few microseconds. Skilled persons will appreciate that RF pulses
10



the RF offset to be delayed by about half of the minimum RF pulse

duration 44 from the initiation of the corresponding laser output 24. [0041]

FIGS. 5A-5B (collectively FIG. 5) show alternative corresponding timing

graphs for RF pulses 38 and working laser outputs 40 that demonstrat& ANE 2006

38aladiae sbaacaie BeNielgaadateTdRmyRIRFIJaRRY SRiipid: ARy USMEIRF power

With reference to FIG. 5, a very low-energy working laser output 40a, can
afteblé‘%ér?é’r*&t\éhzﬂgaé%ﬁ%@'%ﬁ?%F%ﬂi?@%%F%W ISqrARRIGCIR At RF

pulsROSERL,FHHICISRIded O T M b iRe P88, NrRRsaR P RoNbwaikiRg BRAEEWEHons will
40a. The RF duration 44a coincident with laser output 24a may be

APPSHIBPAa AURHD D Bl al G HEror ARG Pl iaTRitees I B interval

32aVanatiRrsmieRfaRUWseiNligivalaade 2t Pneplimaliet RgehBPReAding variation
noncoincident RF pulses 38a2, havingﬁ\%?her RF power, but also a short

fromRIAQIBRAILAT MY, Sh&s B8 AFHIRHALTADIRFEH RERR YR the AP PO tHER

acc%rlag@sgifpleggianlnw,%?%%ﬁ&&m ga@%@&;&m@ﬂﬁ%@%hﬁm&% RF
. uise .ina preferred empodime t,t eo set t ,etV,Veen
Ity AR B G B N SERF IS 2N LA (e (S o

preawgt?@‘d Wtbb@?%ﬁ@ﬂﬁ@lé'ﬁ&iﬁ&c MF@i@%&IMW@eﬁﬁREM@@@Bb can be
.can be merged.into a single RF e 38 ramps up the RF. power
maiRSgaE) LA ALE CHA SRSl RONE i S cPh B e
modbiit&Finots e 38r2rmmnprese e Rt SF3ids 88w ahwBaaing it.

i ers will recia dye to the thermal inertia of AOM 10,
100 ST et o BNl o, SR QeSS QuinA i@ Gnment
posifioy MedaisgkidnarmppsitbroAG#Ien 7 emdhiespaitikiriyiewserfoutputs 40

.deterioration of the laser beam gquality and pointing accuracy. .
during ) FRGIPIAL Fas SRENEP e A Piasss ARty Grtl-pipogesing of
eledinieziiplsciRiteineitiisis Bota6I0K$goribavad) lrd G RNACMAGKHIWE @ typical
. reassigned.operational tolergnce. T riginal noncoincident RF gulse.
ink BEERC R BB VIR RO RARE S LA AR SRP R REHEBFSton 54 by
a tangdtialighimhean fssitioedpiatd cibdhmgsosiommy ey siethe WasddRénpilseesults

38a, and 38a2 [0043] FIGS. 6A-6C (collectively FIG. 6), show timing ...
of R D B S AT B LROR T (R4 AL AR R PRy tioed
linkg fBlGthat andisthiseveerkéngd asaepaiptts Kdduidagoamxemaleyidasel 20 (FIG. 7)

.mjcromachining prpc such as Jaser processing of, electricall
whilg Jhg Tea I R B ErRnler RIRG i o5 dR RO SR skl the beam
posiln'i_dn b@lky@%haumg bae/eelytspm:eddh:tb_a_ﬁ@rtbam e mnas&lémgwiable such
that ARy A R A 76 4 OS89 8L AT Loy
constant positioning intervals, and the laser 126 fires laser outputs at a substantially
constant interval, which equals the positioning interval. Thus, with the right timing
coordination, whenever position 70 crosses over a link 60, a laser output 24 is fired.
For convenience, the links 60a, 60c, 60d, 60e, and 60i are designated for severing
such that FIG. 6B, which depicts working laser outputs 40, can be identical to FIG.
3C. The working laser outputs 40a, 40c, 40d, 40e, and 40i, therefore, impinge links
60a, 60c, 60d, 60e, and 60i. FIG. 6C shows links 60a, 60c, 60d, 60e, and 60i after
they have been severed. The laser outputs 24 are fired in synchronization with the
scanning position 70 and at the same constant interval such that each working laser
output 40 would hit one link 60. Thus, with the help of the laser pulse picking or
gating AOM 10, whenever a link 60 is selected for removal, the AOM 10 transmits

the laser output 24 to sever link 60 as working laser output 40. Whenever a link 60
11



of chip testing, the positioning system is controlled to target randomly

positioned links 60 that must be severed to repair an IC device or other
workpiece 120 (FIG. 7) while the remaining links 60 remain intact. For

example, the scan speed of the beam positioning system can be set t8 BNE 2006

is NGOESIEETEA! f75 ROITOTY RS #ied traHaRIR BichadbRbipURLIE R IBTEMBIR 60

position 70 crosses over each link 60 at substantially constant positioning

remaipshaiRChntn S aapRek Hiedasse ! 6 s itingabasHisig idhsranstant
repefitRyivahteRifl B RIsdhe RPSItEoPINBANECElibERMs: A CBIstiahtitifeivel 26, but

coordination, Whenever%position 70 crosses over a link 60, a laser output

the wRrkiRgldser RUIBHIR AR RCSURL FARSEBAsH'8dntesuRISpid i ager output
inte@sigpated for severing such that FIG. 6B, which depicts working laser

outputs 40, can be identical to FIG. 3C. The working laser outputs 40a, )
[00‘%&% %ﬁd? £HAVEn @961 FERBIBIE; ﬁﬂdﬁ&é‘m&@aé@é{?%&%@ﬁ, Bbd 18 smploying

RF 160idinlcdErshewa bms1 602, $esidodif8le, mnecty-plirte thayAsyedirRedy on
red. The laser outputs 24 are fired jn s\énchro jzation with the

Sev .
demgng Foh PRGSO S ARYEEY P ESHRL b A HRERAT MY Bser outout
40. WodgBEBIASEIO0tBYeRRIHdIiEonm ik 60.2TAwS anithibedwda ebiiteol

con AL A s T AR L 4R bosvon

infom?ﬁmd‘m;ﬁfa?g@m g@si\d\ﬂm@ﬂm mﬁnbﬁiﬂtlitﬂr@ dMNEk@z@@@ 1'52h0¢|talell<ti(\5/8 to a
selected, the AOM 10_does not transmit the laser qutput 24, so the lin

targ R A AL O S AN LR E BT ol ORI S vt 40

mawprmaght@eﬂ&tbtli@h naéﬁcmﬁidbﬂdfls@relmépwqadt ls@wa)a‘ummﬁ'taaﬂyo the fold

._constant interval 26, the workin ser outputs 40 qccutat random

i AL A0 e TR Rt A dhe SB0 S AL PORdipgeyd23 that

mayabecxaupidel ndithehipdnk sevesiagsy Nevhpbkliempiayisds isFefeeslingbased on
contral on AOM 10 to provide le pulse-ta-pul la e

2 PO B DR U R o e B AL G oD HIGH

ACCasRAQXIMUKTI-BTHSEMQOL ROBWHDNNG @ ¥ STEMewhichdscesigned to
embedded ctg]ntrol omputer 114 co-act to control a beam position

the %8%‘@8&&% 'thaPPECENRY: position information from an X-Y positioner
[0045]3 ihaigesiltimtimandridibt¢at20 salsdistdmal 2drpesfaligbipantiposgiarQ-

i SRR PR AMANIS, Motkio el BT, DR RLORIERl o
switnhie@Ndmvaelabewanmmwpm&fmrddmgayr@atirigcmdh@@ﬁlpudémedulating
the (352 é'@;‘ét@”%agff@f%@re’ﬁzté’; P DRSNS SRS 1 8BS HCESAERR the IR-
wavelength emissions from IR laser 126 into green and/or UV wavelengths by
employing well-known second, third, or fourth harmonic conversion processes. AOM
10 may be alternatively positioned after frequency multiplier 130 as indicated by the
position of an AOM 10a (generically AOM 10) shown in phantom lines. In either
embodiment, a laser controller 134 controls the transmissivity of AOM 10 to transmit
or block the laser outputs 24 from the laser 126 to propagate working laser

outputs 40 on demand toward workpiece 120.

[0046] System control computer 112 conveys across a bus 136 into embedded
control computer 114 position coordinates of workpiece 120 locations requiring laser
processing. In a typical specimen processing application, workpiece 120 includes
regularly spaced-apart device structures, such as fusible links 60, only some of

which require processing. The locations requiring processing are referred to as
12



a positioning system described in U.S. Pat. No. 5,751,585 for HIGH

SPEED, HIGH ACCURACY MULTI-STAGE TOOL POSITIONING

SYSTEM, which is assigned to the assignee of this application. [0045] In

one embodiment, a UV laser subsystem 124 preferably includes a Q- 8 JUNE 2006

“tar§ayitebatorRlid StatehbRdeses A RobHEHLATY PRILSHIAPELL referred to as
acousto-optically Q- switched Nd:YV04 laser; an AOM 128 for picking or

"intesatRRARIOSRAMe-FBRERARR CRTRISeRBRKIAL I RaddertasBe dakpst location

cooftReiiesGriEEdiate R Mopcsteiding ibe thit Wayelsisl apusstonadeynIR
IR laser 126 into green and/or UV Wavelen%ths by employing well-known

lasegdahat ffRTNoP RIRHIIMAG O c ProriaiebsORBACH b i fPpeys the
targattarpiivelrreniiensskaiier fstdanaesutidntion 1oReatindicatridmnihed rate

position of an AOM 10a (generically AOM 10) shown in phantom lines. In

aCrOSHa Pinbtidiih £59 S185e Ao RIRMROS LR BRFRIIEE A L Rk Riyfitaneously
load’@bhiBItadransriba blosk Hreirsegistsmitid4rimaethedasend263e. The

ropagate working laser outputs 40 on demand t rd workpiece, 120.
predB e AP IO ARG ST b He T Gk R O3B, 5. and the
contﬁmwﬁa@bi@@mrwhmnmm ééérﬁﬁﬁt@ﬂb@@ﬂﬁﬂ?ﬂg@fﬁai’@éﬂd@ﬂ@ﬂ iz0e

ocatigns requiri ser. processing. In a typical specimen processin )
PrOGESSchABR, WRYURRE 196 i RIIE AR | YRt R A HAEE Miormation.
[004tucidesconteblias igsiigdnite SOnmly so6@ eftivdrigh raujselse mode or a

processing. The locations requiriﬁgjﬁgc.essin re referred to as 12

8
Pulsq RIEDS5E MRPGet RAKBAY'SS M@&ﬁﬁ?isiﬁo??é'q@iﬁﬂﬁ%%%%égiﬂbe control
dataiie rejesred th4as Antk imackate s alionagdt miwil]ernepstidlesmanuteresponse
114 adds to the target Io@ation coor(?tin e]$ intermediate I(Edé:ai%a .
10 MUY RRAR P BOUPACER S 1P TG r1§§er“?rﬁ 4SUPRIEIR N RRAD
positiderealstZilcl mig:ddedidontem asepsite3 2L ilieamiqyssitiontacgetclied 116
... Intermediate position_¢oordinates one at a tim a predetermined rate
incic (R GORTRAT ) b B R ST SOk P L1 &g when the
curreimnpidaitenusiatidedsticopositmiecaordisatelustidréd o registers 144 iposition
. laser controlle . The predetermjned rate controls the ement
coIngRRER 1309 2815 A6n 1 CHr e KO DR HHE RUCRa A BUREPRRLY
positionktinare ecatigetip asiticged lanalioe to beiapsquesitiod . and coayifigith e
include qutput mode, timing, and amplitude information. [0047] Laser
wor R AR St o AT A RO vy
opemjtsaaerﬁlamﬁtmmdlﬂ _Iawtmaelaedrmte%@hdbt@ 1d @ startsm iesiperstatéoby
app@?ﬁs%ﬁtrﬁh ‘ﬁ:@ggﬁség%ﬁ?ﬁ%?e%%‘%e%f’néﬂ He poler An L Rdsn s
AOM 10 such that a working laser output 40 passes through AOM 10 and hits the
target link 60. If workpiece 120 is positioned over an intermediate position, timers
146 operate the Q-switch in IR laser 126 and apply an RF pulse 38 with
predetermined RF power and RF duration 44 to AOM 10 only after a predetermined
time offset 42 from the Q-switch operation. Thus, the RF pulse 38 is in
noncoincidence with laser output 24 and no working laser output 40 is gated through.
[0048] Since the movement velocity of X-Y positioner 118 is preferably controlled
such that the positioner 118 moves over the combination of the targets and
intermediate positions at a constant rate, the laser Q-switch is fired at such a
constant repetition rate; or in other words, the laser output interval 26 is made
substantially equal to position move times. Therefore, the IR laser 126 is operated at

a substantially constant repetition rate, or the laser output interval 26 is substantially
13



to receiving a position coincidence signal 148 from a comparator 150 in

beam position controller 116. Position encoders 152 in beam position

controller 116 indicate to comparator 150 the current position of X-Y

positioner 118, and when the current position matches the position 8 JUNE 2006

con§eprcipates staredinugnysheigligifle ROSIHBItieQiNcideBe® §ip0ALYI4EE in laser
generated, indicating that workpiece 120 is progerly positioned over a

Pulsg ARG GRRYEIRIRtcIRtnLRe pERiAIRN AL BRIIASH!, FURBHBIeEEL 36-

FurtiseP@EtaNSER @ digr o at Mesitiaa tHARSA g B fSAONIane sy eoeiianng. S.
Pat Sgéwitch in IR laser 126 and set AOM 10 to a transmissive state b

yinb/areRe 10156 38 Wil Ederaiaed PR oY ARY R STABMRATION

APPERAAGS/ANDMETRE B FRTRINO YARES, PROCHES SRSSER USPIITNAEEYDBACK,
10 and hits the&frget link 60. If workpiece 120 is positioned over an

) t
WhiGRS RS ARR BRI SinRYL S8 BEerate the Q-switch in | R laser 126
[0043]dTaRPRRIB MmgLEeR B8] Wethrieret Vit ifamp v stadt RicawimEtioading on

4 to AOM 10 only after a predetermi time offset 42 from t -switch
AON AT EAPRUE ST e 35 1 AN ADoIn ERIBRIIE D LB ARG P 40
whth’é\@MtWﬂléﬂﬁg dﬁﬁe@f \%ﬂaufaﬂ@éﬁcgatﬁ(bth@f%@rcljﬂ?wrﬁ&gﬁbfhﬁlg :]aser

movement velocity of X-Y positioner 118 js preferably controlled such that
Ut BRI B B B oL GG SN ATG Sie T onergy to
AONNtEgBatiatadresiiittidaice Gostdat lader tiapase4Quviviiehdplsitdorer 118 is

such a con%éant re(%etjtion rate; or in other #\’ordsh the laser out[iut interval

ovengNdMEMe LA RPRIER Q4uld ?&BEBL%&;W SuhRILE WRRIDIBSHIPHEPUL 40 is
not thsaahdeds Filetegartchsutifitappedyisensianiviapstitarsdisiantidlsy constant

laser oufput interyal 26 is, substantially.13 8 JUNE 2006 const o,there
thertiaT ARGNG AR e e T HLER AR 55 SeEts PR AT L of the
qualgrarehisosttivirgjarcduenty hlewsraip mebtmulpsedoutput interval 26.
rther, detajls concerning.on-demand triggering of AOM cah be foun
r00g e o P A R R R ] B B BRS GRIAOM 10
can Hé&48|LtAd t6 bo M FIP AfeAehid () A DDV g M3 ér B4 G meet target
PROCESSING PQSITIO EDBACK, ich4s.incor ted herein
ProGER I A0081 TR d e b e 0 A el Y g o bR pontolled
accoahstiyntehaumabioat nghetariai ¢0rxy=myisgern\Rbr puiterizditopAdaMct of
in coincidence wjth laser. output 4Q w. the itioner 118 is over a
the B RTAPNA ST LT AT St e RSB 40 is demanded.
[005#]dShyl eppeirspas W @dsgridentihitbe siams dR fhisgrngsrido M@l e but
._in nonco'noc}fienc? Wf'th thﬁ]laser Pur%out 24 Wh%p the positioner 118 is
implementéd ditferently from the implementations described above Tor preferred
embodiments. It will be obvious to those having skill in the art that many changes
may be made to the details of the above-described embodiments without departing
from the underlying principles of the invention. The scope of the present invention
should, therefore, be determined only by the following claims.
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over an intermediate position or, in another words, when a working laser

output 40 is not demanded. Skilled persons will appreciate that with such

substantially constant thermal loading on AOM 10, there are minimal

adverse effects by AOM 10 on the quality and positioning accuracy of8 JUNE 2006
Claim@rking laser output 40. [0050] It will be further appreciated that the RF

power of the RF pulse 38 on AOM 10 can be adjusted to control the

energy of working laser output 40 to meet target processing needs, while

the1RF dupatiomdthed b hibymdse B8eapfesdysmiadnacerititatedpulsed

maintain a substantially constant Rf e_nerg)’éor arithmetic product of  the,
R

laseRPRISHIONARAHICKAR ARHON P 5MRe WREGR N0 S8/3I59] BIQYEYN. In

resRRISONS vahtieteanizadhas PaRtonpaf tRipdnvieMigataatihe papamenied output
differently from the irg&laer_nentations described above for preferred

1o PEIRBEAMLEMETR GilPHEOBYINGS R ThB5Y REUIG 3RAN RUIRMLANA A APt

blockiiaaegertam becdasenianthestetailsoibamripisiesgitigdrom propagating
embodiments without de&arting fI‘Ole the underlﬁling principles of the

“th
towatddnGJATaRTe e R THE'BREGAR YIRE SHEINGS TS GReTRERLYRIYIRg thermal load

con@ﬁ@gﬁﬁb&ﬁﬁ@&@dﬁ;ﬁt@ﬁ%@@bﬂn&@tﬁé’s@&ﬂﬁé’é&lﬁéﬁb@?ﬁrﬂonﬂhﬁorm
. met employing a laser-based system that generates pulsed |aser -
into R BEER Sl asaur BPEL AR SRS S otatas LY eaiaag Ganditions

causiRpansesiraisietens rotivnasidhcamorking i dxussoiitiog statettiwd perediscing the
Joaser output to ate toward a tar n the form of working laser

ropaog eti n .
load Yaratianand HiedioBRAnE QsRriom o e RATKNG BRer PN Sampising:
|aS§|épet%tJh§ @@M@E@Qﬁ@ér U rti;tbﬁé%ll?ﬁé,tcléhﬁéﬂggfmm?llaser output

N ring Its operation varving therma ad. conditions to the
repelfipa talnarhich PUiALYREGens A0S Rinbe 15 kiRt 2T seRRLated
fronbetweeastisaicop v lipuhifenanigsgsigesinfeevesying load conditions
A e TS A A e Pl TRy JamEa g series of
outdase’anstpiﬁﬁr@st@rﬁrm:@eﬁﬂ@ﬁjﬂ@amf da’jﬁe'rmhh_rtﬂﬁ]utsraumlally adjacent
S antia nstant.laser Qufput repetition.rate in which mytua
one§ St o He e s B el R A S PHIRE Pl R pulse
inteyate ulbutiifermuagermitypiat intenvails;apialtiorg RFthelsesl todding of the extra-
.extra- it tical dulator t d i f it itti
cav B R A S R e D S e oAl e AR rahd
thetionitpytlisap sooitiotio s et ¢iseaRFSepidsx e i dne erciecitien oy RRE [@dseoutputs

in response to control commands to achieve noncoincidence of an output

transmitting state and a corresponding laser output during a noncoincident RF pulse
to prevent working laser output and to achieve coincidence of an output transmitting
state and a corresponding laser output during a coincident RF pulse to transmit
working laser output to achieve impingement of targets at different working laser
output intervals.

2. The method of claim 1, in which an RF pulse has an RF power value
and an RF duration and in which the working laser output has a power value, further
comprising:

changing the RF power value of a coincident RF pulse to cause a
corresponding change in the power value of the working laser output.
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intervals of sufficient uniformity to maintain variations of thermal loading of

the extra- cavity optical modulator to within a preassigned operational

tolerance; and timing the production of the RF pulses and the generation

of the laser outputs in response to control commands to achieve 8 JUNE 2006

nomcoincigeace ey A PEinranpMiiRe Sl e eANes Fmgivedasiue and

output during a noncoincident RF pulse to prevent working laser output
RF duiation samginsiHERIGRERIY SANSIRPLIN R RPARSRG OstaRNQiRp4he RF power

valueosrapeORHipgaser output during a coincident RF pulse to transmit
working laser output to achieve impingement of targets at different

wofking 1257 BEHANHAIE. S N HERIL AP EFUMRWOTK IehtRRGL P RipULS
produdse B eepBELne WeInGKent R AIHRE Huvatigntarshirpelhishdiges.

working laser output has a power value, further comprising: changing the
RFhower VFUBDNLLaheiand Hi Whish 1o thriena! eadiBgoriiagon 's
maiGhange Witkia poyver value of the working laser output. 15 8 JUNE 2006
3. The method of clai , In.which the product of the RF power value and
Rt RO B LA A A YR Lol e ARG
non&dmeesi RelyrilebthRdvE Bitfeeerdt RFeImretimsof claim 3 in which

consecutiyve working laser outputs praoduced by respectiye coincident RF
puldes haVBRTRSERCLRA LR T WIS ESRERRANS CRFISHLAIC the

nontoemaiaklaadingiaestieivis diffaieiai e poihér 65hués. The method of claim

2 in.which. consecutive coincident angd. noncoincident RF. pulses hav

Cifthront NG PEIBAG 0 Gl At TP S S o RO DL AR
noncgoincident Rfpieeediavidenhidr RESseWeveatliderant RimilewRFvalirasions.

8. The method of clai in which consecuytive coincident and .

o Secimed e RO BE ST S AP e PateL Lol lgqigeident RF
pulsadrat®rsmaleil tteametbdrIFop clagm\ilneshit i the dbth@vesvwairesdyint RF

coincident RF pulses are s algﬁaan the RF%{\) alues of conseguti¥?h

e

PUlsESn AL GRBAE RIEVBLIQUIC SRR HMELQNRAL SR Bt BHE # ey SRH
samidRputheaticve AlnthethensansiBF durations, further comprising:

i;;]ﬁg 08RG SPRR B A AA N AT HERCSIRGIRt AR BEISS ARG an adiacent
laser pulse interval to the working laser output such that the sum of the products of
the respective RF power values and RF durations of the respective coincident and
additional noncoincident RF pulse substantially equals the product of the RF power
value and RF duration of the noncoincident RF pulse.

10.  The method of claim 1 in which the difference between the laser output
intervals and RF pulse intervals is sufficiently small to maintain variations of thermal
loading of the extra-cavity modulator to within a preassigned operational tolerance.

11.  The method of claim 1 in which RF pulses comprise RF durations that
are shorter than about 30% of adjacent laser output intervals.

12.  The method of claim 11 in which the RF pulses comprise RF durations
that are longer than about 0.1 microsecond.

13.  The method of claim 1 in which noncoincident RF pulses are offset
from initiations of respective laser outputs by a time delay that is longer than about

0.2 microsecond.
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laser pulse interval to the working laser output such that the sum of the

products of the respective RF power values and RF durations of the

respective coincident and additional noncoincident RF pulse substantially
equals the product of the RF power value and RF duration of the 8 JUNE 2006

nonepincigegt REtRoEef @irhheimathied aftelaianbistwedehhrudferaeent

between the laser output intervals and RF pulse intervals js sufficiently

working IBSCHHeY IS HRRERS B R Huia4ans BtRPekeealfytegral multiples

of tHEogskAtentsUY MRy eassigned operational tolerance. 11. The method
of claim 1_in which RF pulses comprise RF durations that are shorter than

abde 3094 1 RpedabsEBJo RSN A8Neongide Rl iU S esRrcHL While a
posifowitighs jideeRfrclesstaiesis I Erd Hiatins stbat aedangricéan about

0.1 microsecond. 13. The method of claim 1 in which noncoincident RF

puldBs ard BRIBENBMIhRIAITNS B YELp G SHUE SapITapySalmadapted for
on-tHelay th isdeaasindgian about 0.2 microsecond. 16 8 JUNE 2006 14.

The methqd of clajm 1 in which interyals between mutually adjacent
woing L3S BIRUIRG Gl EHRe! ARV e R AR STl adapted for
mictoiegeaimmdtiples of the laser output intervals. 15. The method of claim 1

in which noncoincident RF pulses occur while a paositioning system
ol B bl G e R B o st e e Sy AeRpd for
spedtiosabisb, b rwhiyor RAMandskare adapted for on-the-fly link
processing, 17. The method of claim 1 in which the laser-based system is .
P God 19Ne raedom o AT RS BRI POITING A% ey s maintained
withlasgenbasadaslystem is adapted for spectroscopic, biotech, or R & D work.
1 in which beam pointing accurac aintained

AR .00 TEINGE AL b Gh LR e R B GRSale
grearpehnonatpdati2tgkerter than about 25 kHz. 21. The method of claim 1 in

e G A T b S
greater than about 40 kHz.

22. The method of claim 1 in which the laser output repetition rate is
greater than about 100 kHz.

23. The method of claim 1 in which the working laser outputs comprise a
wavelength emitted by a UV, visible, or IR laser, or a harmonic thereof.

24. The method of claim 1 in which at least some of the working laser
outputs comprise at least two laser pulses.

25.  The method of claim 1 in which the distortion of the working laser
output comprises variation in beam spot size on the target.

26. The method of claim 1 in which RF pulse intervals define timing
windows having continuous RF power at an RF power value and the working laser
output has a minor power value, and in which applying the RF pulses comprises
applying RF pulses of a power value that is smaller than the RF power value such
that the working laser output propagates toward the target at a higher power value
than the minor power value.

27. In a method employing a laser-based workpiece processing system
that generates working laser output, including a positioning system for controlling

target alignment of the working laser output relative to a workpiece such that the
17



greater than about 100 kHz. 23. The method of claim 1 in which the

working laser outputs comprise a wavelength emitted by a UV, visible, or

IR laser, or a harmonic thereof. 24. The method of claim 1 in which at

least some of the working laser outputs comprise at least two laser 8 JUNE 2006

workiH e &oiRtMapiagey slaisalddiow ks teadistanancivB1nke siported on

laser output comprises variation in beam spot size on the target. 26. The

a SeMMABE HeRATE inANAIHIVEIREISE PIERAR VI RIGRT P HIRiBWSr providing

in ré%@dﬁgeCWBBH%Sd%ﬁmVﬂsaér@BlﬂﬁuPWﬂéNﬁitﬂﬁgaél@t@@n‘dpﬂéﬂﬁll@ﬂﬁéer
ou;[ﬁgt has a minor power value, and in which applying the RF p

outRiy Hgé%a%‘}ﬁh}%%iﬂJ%'@96'99%9%1‘\%%%8{‘@%ﬁ%{‘(@rk@iﬁﬁ%'% the form
of wBFkip@nessabigrieindna BeetkioedinsestatsnHbhpReasaipRin e lants

target atahlgher power value than the minor power value. 27. In a
worlﬂﬂig

HBEAY Hgﬁoéﬂééré?PBQ@BBQ/Jé}mﬁch@%PHEQ&%‘%%}E%Fﬂs?ﬁétyStem

appweﬁjﬁﬁgmmmﬂaﬁ@n Vi gincdeiag | adepebinditiths)etene xtra-cavity
controld % c%ﬁtt algnment of the workln laser ouﬁeutr lative to a
opti HEQy

REeOH8NAGINOE B! Wé’?&ﬁ‘.ﬁq &5 SeYREMBHRRESSive
outpan fﬁﬁ@’ﬁﬁé&lﬁ?@éﬁ@@élytﬁ@ﬂﬂ#?m@Ibﬁkﬁ(ﬁ!ﬂ@ﬂ%@m?ﬁr@eﬂméﬁmam@w|stort|on
wafer, and including an extra-cavit cal madulator for ing i
of 1y WK AEBH BB ARISUR0h G HgeSRblR ferdn oa
varidaRer apitplistisrisarRdgateionang Ms@b@msatlyc@mdmw;e Ilnk ona
workpiece in the form o \9l rk|n laser output and an?ﬁut ut blocﬁl%lgestate

tha¥ ’P&&%‘}’Hﬂ%ﬁ?/tﬁ% H&ffa%te? SHBS YrOpSERR Foutput
repatit datftelwmﬂtﬂlwle(gﬁutb%lllﬁa@‘ a?o@teh Bnépplying tﬁ#@ﬁ@l{ﬁp@tﬁﬁﬁé@bparated
var al load conditions to the extra-cavi cal modulator as a
trom, EHGD BRE P b RLRL A I AT AREE BB A ve outpur
tranmiying Bamsémmaher@(t@@dzmndmmtmmwawﬂasﬁmce a series of
distortion fthe rkin ut, a method of r du
outRy AT TR AL R S SRt UGyl aciacent
one@uﬂpwiemnmnsmsgaﬂm@tm@te&@msapfdmmrmm@amhaosh@st@nﬁmmuIse
o A S T AT e o
cavut@amtmamtddt&avaﬂstoapmmg Pleassipte dhe etivaaiaaiyrapteal
modulator;a ?serles of . qutput tr nsmittin tstatesla% antlehpuIse
oG e R R A En e ST B ORGSR FRBhA 8

workpiece to address selected electrically conductive links on the workpiece;

timing the production of the RF pulses and the generation of the laser outputs
to achieve noncoincidence of an output transmitting state and a corresponding laser
output during a noncoincident RF pulse to prevent working laser output from
damaging the workpiece whenever the positioning system is not addressing a
selected electrically conductive link; and

timing the production of the RF pulses and the generation of the laser outputs
to achieve coincidence of an output transmitting state and a corresponding laser
output during a coincident RF pulse to transmit working laser output to achieve
impingement of electrically conductive links at different working laser output
intervals.

28. The method of claim 27 in which the laser output repetition rate is
greater than about 30 kHz.
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ones of the output transmitting states are separated from each other by

RF pulse intervals of sufficient uniformity to maintain variations of thermal
loading of the extra- cavity optical modulator to within a preassigned

operational tolerance; moving the target alignment of the positioning 8 JUNE 2006

system refeiyerothaRl srikme OB th aekleestheahesias fiRFiiealn addresses only

conductive links on the workpiece; timing the production of the RF pulses

a singlg fleErRILFEAINSr Bkt Ut EcRIE9E noncoincidence of an

outpolt trarsiRNigHBtheERET arin? 291iesRnarias REgiuRePsHHIFFower value
noncoincident RF pulse to prevent Workin%aser output from damagin

and @B b RHIGLO AR JBe MG IRSE PUIRLE BAS/eRqMELVAIle, further

comilerigd electrically conductive link; and timing the production of the RF
pulses and the generation of the laser outputs to achieve coincidence of
Hﬁﬂ'li

an SRPH ML TRGRPY STV AP L8 RURTREMy TARY SR RAHSE] a

corres|ssHidRng Bl%@gl?ﬁqwﬁémwdwgrw?ﬂmm%qﬁm@ lasﬁi*fbfﬂﬁut.
Impingement of electrically conductive ljnks at different worki aser
bl i ERETRER RLAUhaL 0t IR 354 PHALRL L TR ot vlue

andrRpetiienionedmarsatebliantrRguicHiidnz id 88 goHNE #208arGinghhe RF
met%)d of clain‘qj:S in which the positioning system addresses only a
DOW%& “@é&?l&% cBHlﬁ?ctive link during an RF pulse. 30. The method of

clagp.28 imwginbtaodrét plise BasmwRErpeayRevaliee atikangREser outputs
uratjon and in which the working laser oytput has a power value, further
ProdHaE GRS GUE M TP Ut 1 4o U e RA BB E-
cag® a qeesphdimefatiargsditheiioweny ®eepoiibe wanrkinoflasaicident RF
output. 31. The method af claim 30 in which the product of the RF.pow
b e R s
pulseangit gHbedtisceavias valueidéithamirurseirdiddmeRRgibdohelaémabout the
31@& hich. conaecléé[ive Workirég? laser outputs produced by respective
SAM&OING gﬁ?tl'-?lg% SR EHE D hEe, power values. 33. The method of
claimra3ducindiehl dastRine additionakesarfocdinbdientiFFpplgseiudrg an adjacent
smaller than the RE power.values of consecutive ngngoincident RF
asehHse, LNET VL G RS 0L GO U AT BE AL e eiagbits o
the miEpddinee RF power values and RF durations of the respective coincident and
additional noncoincident RF pulse substantially equals the product of the RF power
value and RF duration of the noncoincident RF pulse.
34. The method of claim 1 in which the working laser output comprises
zero order laser output.
35. The method of claim 27 in which the working laser output comprises
zero order laser output.
36. The method of claim 1 in which the working laser output comprises first
order laser output.
37. The method of claim 27 in which the working laser output comprises
first order laser output.
38. The method of claim 28 in which RF pulses comprise RF durations that
are shorter than about 30% of adjacent laser output intervals.
39. The method of claim 38 in which the RF pulses comprise RF durations

that are longer than about 0.1 microsecond.
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same RF durations, further comprising: introducing at least one additional
noncoincident RF pulse during an adjacent laser pulse interval to the

working laser output such that the sum of the products of the respective

RF power values and RF durations of the respective coincident and 8 JUNE 2006

addigonalmineeicitent BEiRUSS i RURRIGN HRINC BRI MR pdisd LhB fiset

RF power value and RF duration of the noncoincident RF pulse. 34. The
frony{g BF QhiRSPHE G RS AWERKIS P S B HE RSO NS L BRfeRbOUL
0.2 IBRebSEERME 35. The method of claim 27 in which the working laser output

comprises_zero order laser output. 36. The method of claim 1 in which the .

wofking 1a53¢ ARHRL A PALBLHE Whieh RRINRRIHNG AcrrEamLtAsRaRtained
withiann @3 radpich the working laser output comprises first order laser

output. 38._ The method of claim 28 in which RF pulses comprise RE,

durtfions T BEINGGRSIHEN 2SI B0 Bre-liiatBat I3adinaLyatiation is
maifiigehedl wid9n B . method of claim 38 in which the RF pulses comprise RF

durations that are longer than about 0. 1 microsecond. 19 8 JUNE 2006
30 o w58 TAT SIS WG ARBIHCRE FRE TR L SR 42

from initiations of respective laser outputs by a time delay that is longer
than about 0.2 microsecond. 41. The method of claim 28 in which beam
pointing accuracy is maintained within 0.005 mrad. 42. The method of
claim 28 in which the thermal loading variation is maintained within 5%.
43. A laser system employing the method of any one of claims 1 to 42. 20
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