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- [0002] Technical Field [0003] The present disclosure
relates to | aser processing systens and, in

pwot2oeswhas, to | aser processing systens havipogus2007/074340
capability to process increasing nunbers of target
structures for unit tinme. Background I nformation

[0004] Q switched di ode-punped solid state |lasers are
W dely used in | aser processing systens. Laser
processing systens enployed for single pulse
processing of dynam c random access nenory (DRAM and
simlar devices comonly use a Q sw tched '

di ode- punped solid state laser. In this inportant

ndustrial appl i catfon, a singie laser pulse is. HII1IH\I|IIHIII4IH\III\NIIIIHII\
commonl y enployed to sever a _ conductive |ink fe6lee*

structure. In and?/MNREN FHFHOME AMEEIER al
application, Qsw tched diode-punped SO|Id state ”WWWWMW"“
| asers are enployed to trimresistance val ues of
@hﬁ rete and enbedded conponents. [0005] As demand xacTion*
i nues for |laser processing systens with the
capability to process increasing nunbers of |ink
structures for each unit tine, alternative |aser
technol ogi es and alternative | aser processing system
[@002]i tectures wll be needed. WO 2008/014331
PCT/ 1JS2007/ 074340. U. S. Patent Application Pub. No.
US- 2005- 0067388, which is assigned to the assignee of
" this patent application, describes one such |aser
technol ogy in which |aser processing of conductive
l.inks on nenory chips or other integrated circuit (1C)
chips is acconplished by | aser systens and net hods
enpl oying | aser pulses of specially tailored
intensity profile for better processing quality and
yi el d. Tevbpiep! Hield, patent Application Pub. No.
0ZP 05T OSSR diskBsGB rél&te@%&lagé}qﬁoééasm? la@sté\%lasale@ of

hi s patent application, describes.a nme
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REmbs Botarget bir@i@res A @Rt BMese tenporal profiles to
process_seni condyct or. wor kpi ece structures on one or
nore s r rs. Summary of the Disclosure

[0004] Q-switched diode-pumped solid state lasers are widely used in laser

processing systems. Laser processing systems employed for single puise
processing of dynamic random access memory (DRAM) and similar devices |
commonly use a Q-switched diode-pumped solid state laser. In this important
industrial application, a single laser pulse is commonly employed to severa
conductive link structure. In another important industrial application, Q-switched
diode-pumped solid state lasers are employed to trim resistance values of discrete
~and embedded components.
[0005] As demand continues for laser processing systems with the capability to
process increasing numbers of link structures for each unit time, aiternative laser |

technologies and alternative laser processing system architectures will be needed.



[ 0007] Enbodi ments of | aser systens described herein
advant ageously use pul sed optical fiber-based |aser
source output, the tenporal pulse profile of which
may be programmed to assune a range of pul se shapes.
These | aser systens inplenent methods of selecting
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per pulse at a specified pulse repetition frequency. The combination of the pulsed
fiber MOPA source and the DPSS-PA is referred to as a tandem solid state photonic
amplifier. ' |

[0009] Use of a diode-pumped solid state amplifier to amplify the laser output.
power of a pulsed fiber MOPA enables achievement of higher peak power than the
peak power reproducible directly by a pulsed fiber MOPA without output degradation
resulting from nonlinear effects. Moreover, use of a diode-pumped solid state ias'er
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acconpanyi ng drawi ngs. Brief Description of the

- Drawings [0011] Fig. 1 is a block diagramof a
preferred arrangenent of optical elenents of a tandem
photonic amplifier. [0012] Fig. 2 shows in greater
detail the optical elenents of the tandem photonic’

anphiokomssiof Fig. 1. [0013] Figs. 3A, 313, @Gvus3idzoRbo
and 3F show alternative gain elenent-optical punping
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enbodlﬁiﬁmmdilﬁm anplifier that enploys
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shager of Fig. [0018] Fig. 5B shows as an -

amplifigs 9419 Ve errbodl ment a tandem photonic anplifier
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processi ng he tan
-thwﬁeﬂltr@thedendar@phqomsa@nhﬂeoyfeiaig 2.0022] Fig. 9 is a

[Ogil) @Er 3. SBUNRE 22 a7 SR CARIMGH U GINBME tah@th PAotBRic birpiifier
that employs the dynamic laser pulse shaper (DLPS}) stage of Fig. 2 and diode-
pumped solid state (DPSS) amplifier stages of Figs. 3A and 3B.

[0017] Fig. 5A shows an alternative embodiment of the dynamic laser pulse
shaper of Fig. 1.

[0018] Fig. 5B shows as an alternative embodiment a tandem photonic amplifier
that couples the output of the dynamic laser pulse shaper of Fig. 5A to a muiti-stage .
DPSS amplifier to form a pulse-picked ultrafast tandem photonic amplifier.

[0019] Fig. 6 shows a pulsed fiber output applied to a diéde-pumped solid state
power amplifier that incorporates frequency selecting elements to produce desirable
spectral output characteristics.



- surface a target alignnent workpi ece feature and
sem conductor |link structures. Detailed Description
of Preferred Enbodi ments [0023] Fig. 1 depicts in
bl ock diagramforma preferred arrangenment of optical
el enents- of a tandem photonic anplifier 10. Tandem
photonic anplifier 10 includes a dynamc |aser
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Fig. 2 FsJ;hows a series-arranged first modulator-amplifier stage including a pulse

modulator 34 and pulse gain module 30 posmoned in cascade relatsonshlp with a
series-arranged second modulator-amplifier stage including a pulse modulator 36
and pulse gain module 32. The first and second modulator-amplifier stages
cooperate to generate a tailored pulse output at a first energy per pulse and a ﬁrsf_
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optical isolators, are positioned at the inputs and
out puts of the conponents of the first and second
stages to prevent feedback of |ight propagating in the
optical conponent train. The tailored |aser pul se

out put produced is suitable for anplification. In an
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and a single pulse gain nodule 32 may be enpl oyed
puieg 9bd§lepsowurwnh|arﬂraroumut fajorediputsalshapes eimpoo! grofi@ ata first

hat o )
PP URHIeE st Pl RBELEPHPTAE W oy B et sBie R fi
oaﬁbad: aolatoes, [ar&)gmsurumed atihelinputsartd-outpuwi$ of the womponeasitsefdhe

ﬂrs? g&j géco\rﬁg EQ toD;H'E&?%t ?&%HA tnﬁ eéht?b Vﬁ%tli’&?mqﬁe &gtfgg,uce

PEEEr I ed
comppmﬂns traigaiThe rcmlduaddssemuba @upat produasidtis Bwtabteh‘er

amgﬁﬁéé%ﬁ O a%faltggﬁgéé %‘H&ﬂ %@ég%mp@ e%@cf ét@rs3dj§r§i' 4 ed

out put from e pre erred
s@wmmn whdwie 32 mayi ke, enzoloquéogerﬂaerrsmtﬂrlnféwepmg sgtical

it 40 1 Fn%?b I|$%dl |8ser Bhl@@ B@lgui tﬂ&ﬂs §u1fﬂb%ﬁ£mf:liﬁ@§ﬂ‘ fon.

power anp I ncor por at es
[0Rekr Zagdeni ar@phf@() gtmt@"gr 2&1%&“ bl nr@swammeé*c\wﬂb%mafﬂxme

cOMhRAE sigha@dldRRvek? t@Ms@MB@MEt%rsf 3@£ﬂmrpr@dﬂéélafrlaﬁ§e of
| asers into a gain

punp
lager pulksBiRFiles oV felt wberRAREs ﬁ%au'%ga'ﬁ thoghfes 3Bawé P2, ffestifi

tl?éTPr'oUuétigﬁ oﬁgﬁgf&ﬁ}%dﬂé’éér B@Ise B*oﬂ%@@e@iecﬁéd A@put@Deh DIPS 12. -
ends o e

ad
[99480 1 fnctne p&%%rﬁde?@b%vewéh%ﬁ "b'éa ?ﬁ%gi"ﬁ?&°fﬁ@ﬁ§e’ﬁeaﬁtput
fﬂohﬁ[ﬁ[P@ ep Jsdlﬁj;éctbﬂ gg% béliibd uld BB poler amplieei(FPA)ad4l )FPPFmgduIe
SNOWS nodadul ar C i er
14dNGPRITBIET PPAEEPIBET sauplers Pat gmswea%a’vﬁ J{ep%ﬂqg% g
MUFEC eTamesmes frbm\/p!_ﬁv]ver amphﬂef pemnp dztsagd uitzosa WM pEieragath
es e | ve e 0 ahln
Bt o T KR naterBY RS aftsivet BBl icpaters pray pe
pﬂz&earaeelamp Encdr hath saqimofahef ibérn PudtipleodddrinBabweT hamplifier
t _end of APLs 62 and
Byp Bt mEnte Hickh o B8 18 brlfe RLPAE afiied" 7L B2 an
[am?l]l f Mzl BxdRSicallt, pig: 2§bowab10éulfaoFPAdélcpmp§ect<af agpower
t
AR e 'f‘j*'b%%ﬁé%@?f@w;?@“pﬂ*a%ﬁé?g???@‘?ﬁ Cladtd ikveen power
ariydifisracouplerscPAESHE2 andjﬁﬁgeane@tlw ple Q}ﬂDLFPADLﬁgdalaéd the
fﬁut%@i&‘ve ﬁ’f%r 55&‘% '&%&% @Aﬁsﬁfﬁ"%@ﬁ@ﬁeaapbﬁéd t%rs%Earate
sSecon ene U se and second
It of A B2 pam putppt wdapfféwn@ogwf B oUIRAHS o AL 521286 64
0 %Fﬁleﬁqggéﬁa%temﬂfté J)fEPAd“QIl X3 a%hﬁdﬂﬁLP@butﬁut{Jﬂlﬂatﬂéfﬂ?

e input tailored pul se shape tenporal rof|
ety 2 @ CoAVIF Ee BRORRE RO TS BIoEEROSG Frubler (DFSShA)

W&Bﬁég@@éswm 8h B0pat SO 5O lviidhZatinsMOteB RS QYR FPAber
i ncorporate fre sel ectin ure

mwg% ? 4Bt RURMPeAF FAACed L 14 ﬁefﬁmtﬁ%\eé@ﬁr HPURAA a
é@cbrﬁd §rhér?]y09erfﬂuh§éfarﬁ<§e@ordpf§lﬂ§é Mdak bowar witie arskeoridaispud Ritored
[g:ulsae shvgpct-:- temporal profile that is substantially the same as the input tailored puise
shape temporal profile at a first center wavelength.

[0028] PAGF 50 is preferably a single-mode polarization preserving fiber and may
incorporate frequency selecting structures. A first embodiment of PAGF 50 is a

waveguide device with silica fiber core doped with rare earth ions and clad with one
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WD 2008/ 014331 PCT/ US2007/ 074340 or nore concentric
sheaths of optical material. A second enbodi nent of
PAG- 50 contains concentric claddi ng sheathes that
have regi ons doped with rare earth ions. Athird
enbodi nent of PAGF 50 is a photonic crystal fiber
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{0032] In Fig. 3B, the output propagating from FPA module 14 reflects off a

dichroic optical element 82, and into gain element 74 of a DPSS-PA 16b. Gain
element 74 is end-pumped through dichroic optical elements 824 and 827 by their
respective associated diode pump elements 84, and 84,. (The optical pumping
éomponents of this embodiment are also shown in Fig. 2.) Pulsed light propagating
from gain element 74 reflects off dichroic opfical element 82, and exits DPSS-PA
16b as the tandem amplifier output.



fromgain element 74 reflects off dichroic optical

el ement 822 and exits DPSS-PA 16b as the tandem
anplifier output. 6 WO 2008/ 014331 PCT/ US2007/ 074340
[0033] In Fig. 3C, the output propagating from FPA
nodul e 14 enters gain elenment 74 of a DPSS-PA 16¢c.

GabRobRBRNt 74 is side-punped by a di ode PpERys2007/074340
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dichrol c_optical el enment and kes 'a second
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S

punp el e ass yl sed
5k DRy R gk ORRAG TG e it Sar e Uiies SropsiEopssal
elkffenaz6 Iarhtﬁﬁb?éﬂi@%o’éﬁﬁ paéd Wm@ﬁ@ﬁlﬂalerﬁ%ﬁiﬂ] Gl élleﬁh@ntt 74is
rsons,w ogni ze e arrange ns
B prapretvouy diydhanice dageaaibdt ot B SRR
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[G0S7F ho8killedpdrs@s. wilBec8gnizathdt, bysLitahid argaemeatsosfesfiesting
Ln Fi , of . t.f nts of
SRR 0 R b baf e imeBich 2 ol R PREREAR O o
esbbdlmeatsaxae b@amplemdtaqlmAdd“mn@lhmm'napasseerabqthm«,—:‘nts would

m%)é; e e elmgl'e% toe?;dtrh ezygg%lt?% sﬂaﬁ?ﬁ eslhﬁ}?rbg?ﬁﬁs aﬁ'fj3E) and
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I ol
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F

- whighpeay ki yipd@f dists, qtre@amgw%mawﬁbé'peml@ng&ah&s
tailored pulse output at a third energy per pulse and third pulse peak power with a
third output tailored pulse shape temporal profile that is substantially equivalent to
the input tailored pulse shape temporal profile at a first center wavelength.

[0038] Fig. 2 shows, as an option, the output of tandem ampilifier 10 coupled into

- a harmonic conversion optics module 90, which is depicted in dashed lines. .
Harmonic conversion optics module 90 incorporates nonlinear crystals for the
conversion of an incident input pulse to a higher harmonic frequency through well-

- known harmonic conversion technigues. In a first embodiment implementing:

7



[0038] Fig. 2 shows, as an option, the output of

tandem anplifier 10 coupled into a harnonic
conversion optics nodule 90, which is depicted in
dashed |l ines. Harnonic conversion optics nodule 90

i ncorporates nonlinear crystals for the conversion of
an |nchdent i nput pulse to a higher harnonig¢ fre uenCﬁ
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i ncl udes a frequency- st abi |

tcé%rﬁn@o@fda@?c& o, e asspearal baneEIBR! RGN, r?@é‘f‘at the output of
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3 mm x 3 mmx 15 mm and is pumped by a single DPE element 844. Single DPE
element 84, couples about 30 W of 808 nm semiconductor diode laser pump power
into gain element 74. Amplified DLPS output produces an approximate 500 ym

beam waist diameter in gain element 74. In this example, about 6 W at 100 KHz of



nuneri cal exanple, about 0.6 Wat 100 KHz of anplified
DLPS output is spectrally well-matched to DPSS gain
el enent 74, which is preferably 0.3% doped Nd: YVO4.

In a preferred enbodi ment of DPSS-PA 16, gain el ement
74 has dinensions of 3 nmx 3 nmx 15 nmand i s punped

bioaoshiigdie DPE el ement 841. Single DPE el peBid2008474340
coupl es about 30 Wof 808 nm sem conductor diode | aser
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e ?

mmamel tba g&rhmratuee of . whidhRs mtmdewgtrhllewbygamn aapiflee ngtreiler
a4, L S M 1 S g0
phasstragtchingtemgatatgresf  har noni c converS| on optics

[dﬁﬁé}“ eF:BO%AYENov%easoérﬁéiFe%dthé mﬂl‘b@ﬂ'ﬂ@g% tHndem Bfo‘ﬁw ﬁﬁtrhfrer

unts e tenperature o set an contr
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toqho@é&ée\aen @d?ﬂem%tov& Jrﬁ;ﬁm@awsrlmnﬁ FRP22Fig 9A shows a
reci sely control phase-natching tenperatures.

DLPS 12' configured with a first modulated gain module stage 92 positioned in

cascade relationship with an optional, second modulated gain module stage 94.

- First modulated gain module stage 92 includes a pulse modulator and a pulse gain

module corresponding to, respectively, pulse modulator 34 and pulse gain moduile

30 of Fig. 2; and second modulated gain module stage 94 includes a pulse

modulator and a pulse gain module corresponding to, respectively, pulse modulator

36 and pulse gain module 32 of Fig. 2. An alternative implementation uses a single
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[0043] Fig. 4A shows as an alternative enbodi nent a
tandem photonic anplifier 10" in which certain of the
optical elenents used are different fromand are in
addition to those used in tandem photonic anplifier
10 shovvn in Fig. 2. Fig. 4A shows a DLPS 12

cw&f vvi th a first nodul ated gain ‘”Ddukgwﬁ%z"él&%ﬂ%go '

0
p03|2t| one cascade rel ationship with an onal
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pl'icﬁ%”+ sﬁenf@?m e royp Bi P8 nﬁé&er%fs&nab.emd rﬂ@w @Pbst Sntifier

at or at or pre erab

stagen, 4t \Ublé"pPF§St€W}§'f‘%f§t1 Sﬁ@yd Aﬁ S B@pgptlve ﬂf rst and second
s@b@gbsg é?rﬂiilhérst YRet stégét mrgs Efnﬁmeﬁmg y? Ally S8diides a signal
[

couE i nt o DPSS- P esthetangg
93Rg @b%ﬁgeoamrmtm%' 'a%lgfef% %ﬁema\ve"ed[%@zs?utwao RBESS
ambméfss e@a &y ot Gﬁ@@éUp‘M@g e;m@@deﬂeéﬁ 100 érarpdﬁmmcatm ifiputs
oSS mpliiers 16 and TR Focdie ORI MG ip oA qemaidm |

[oolae] orFIQ F0EHdWs sefandém photoniciamplifie. 102 corBirusted with a dynamic
sults in . a tande |fer

b t 1l
AR O Bl
skeaper 2. Specufﬂ:la&,gm SArshwhs dimdoRSBsanpllise shaper ‘IIT)‘amalamemﬁd

w@l?rsp Pra a%E&SI Yc?s er l eF I%Eﬁ%né%cﬁlgﬁmw thséE %glﬁs Ep% atlaI pulse

witittodiesssthan §0§ pabut ggeater thén alfmita B@/ele@gth lamﬂham@tz Mmbut

g%% "fﬁa‘ﬁ%o %%aﬁﬁséc)qudg&) 'n’%g%q o@élllatt(f}el Ogléhﬂtté at%o f§§t power,

lers cou deV|c es
P1.G0d arfestriwuemm%doadelwa@ t¢ ﬁmrmdsﬂat@ﬂ OMI%@mﬁme@r s

b%f?%ﬁ@%&;ﬁ@& iQoibBRUFD. | ABSHrol SigiHh 108 L8IVeRSS By ERddM amplifier
controller 28 to modulator 106 produces for laser pulse shaper 12" laser output at a
second power P¢", and a second, lower frequency, fo. The output of laser pulse
shaper 12" is applied to a narrow spectrum power amplifier 110.

[0047] Pulsed fiber master oscillator 104 and narrow spectrum fiber power

amplifier 110 preferably incorporate frequency selecting elements to produce a
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[0046] Fig. 5A shows a tandem photonic anplifier 10"
constructed with a dynamc | aser pul se shaper 12",
‘which is an alternative enbodi nent of dynam c | aser
pul se shaper 12. Specifically, Fig. 5A shows dynamc
| aser pul se shaper 12" inplenmented wth an ultrafast

pwbenisher | aser master oscillator 104 tha¢r/688hd7974340
pul ses at a pulse w dth of |less than 500 ps but

najroaedpebtréltbandwdmamita desivable centgi Wavetamtit fidtab2.f& pm but

s BHERR] oD lab AP SSHITE GlshEeolBR) Sk g Abgt may

mélnmaeggy berfgtatnfgsror fretuaney ytabmzaﬂ s&edluisallaﬂorsl@& shbat in s

o AR A SRR PS8 bR P fhauecr 0o
toctimiter dﬁWrethe b&heofrem@ub\atfo mage6 omll@dmwgout tra Ioafseirequency

fa HH%ﬁ?m%rba&%rf ?‘Cﬁefﬁc@& Emgﬁﬂcgﬁgn %rbé(e?ﬁﬁﬁ’g% @Q}ers d) MHz

a secon ower requenc ut Of aser

toZP &z, gndpe examplafyy apgsrfifelg 106‘“‘!12 920z spletadrrargons will
rel e tA5Ithé félﬁfon%ﬁ&befm%@ﬂman%bf% %egq/efn' J&% fﬂﬁisf}r\%f'e nis an

~ 0sCl | at or narr ow spec rum f
integpl vahieerThf-mltm# &f _aTEMY sPecHfiBer %ﬁ"‘éeffamﬁﬂ 669 is delivered

th&%&'; %tdoUSh Fdalile 102 QEHEEs BosifiGh D ARNES/ &%ﬂﬁ%lators
[ US2007/ 074340, narrow spectral bandw dth and

43 PPRBIRA te AT PPiRReENEMGRIA C@'EHGE%'F gPtics F"Odé'l?b%oequent
[oamql I fmg:ais mmms@ﬂ%ie%tldéem&mmeﬁﬂmu@émbh&ah.e@tﬂpnmer

| ude B
e I et P e e e oushas ¢ i
stehegDPSH, arr_tpam}eml-rgmhbétmﬁéd 20 mnsejl%rgpsuﬁ?& %myammgﬁhotonic
control, si o _di,VIi 0
arter,faBPR e o, Thif Sotiofietbn Tesis I apuse Bk Farast
taazfjeifzmmotoﬁib Gq'ubraflﬁfrym wl'féh mIt;IiLﬂlfrorrﬂJltm‘aet dysarhid| Ias‘eo pulse shaper
fficient. a fica e
156} bR nB IR HaS8 e P8k IR AE YRR S Lo
sulisiequemt Bpiield to Sandnwbopeersnnsapmsl rhoduleBbgim azfgst hat

rj\ggd |é\\/§$taﬁwhf?r§£5éomp§é \Qﬁﬂg)ﬂfgr% Sﬁﬂgclﬁgﬁsﬁ&/o%rté?en? ér?d' [;um Oped

N Y6 mnhﬁergaucb@wo @HﬁSrFrA &2 arioP$S-Pdel ﬁbv e e@econd
e%g&f?ﬂdgm ﬁ\gﬁl% d AHpIRBl Y& HEREH% ﬁuolﬂngm-%é Céﬁd'-p%gggd oA

I ohe notca | sol ators
Nd. e{vaa @mbﬁerarsallch laamm) RPESdtm 1&fr Skilad @ptsp@%ww@@gteéla%that

ln[tpé)ﬁ?é]rnaﬁ?vg snﬁieepéhﬂ&isN@W aﬁ{(gﬁlﬁérg ﬁr’idy\b% SHIQRU R arfdther
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safig stale a@n Maskim. o As yﬁ%@ '\@r“ﬁ@*q VP e M @nbldarAP,

orTNkJJ Luvo,§ &eldR !;yapl ifier 16m is substituted for
hﬁ?l er 16 of tandem o oni ¢ I@glPlifi er 10"

108ASkan Wi GHGWSsHAndam ShEGRP FGUAT 161 WaGh fiers o andem

pidtbi€ambiFlee douh i harkd fibeHeqMidH MR isCappigd tofd BPSSIFA
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165t o9
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DPSS-PA 186" to provide feedback to narrow spectrum fiber power amplifier 110 to
assist in frequency locking its output spectrum to the gain spectrum of the gain
medium of DPSS-PA 16". The use of feedback causes multiple passes of the input

tailored pulse through the gain medium of DPSS-PA 16",
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enbodi nent, nulti-stage DPSS anplifier 16m i ncl udes
two singl e-pass, end-punped Nd:YV04 anplifiers, such
as two DPSS- PA 16a or DPSS-PA 16b. In a second

enbodi nent, nulti-stage anplifier 16mincludes two
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ut ectru n ect
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o A AT, B PSS ok L B

opEx&titphledoynrb e ad whlcplﬂérﬁierrsdimnﬂﬁer ddmarbllered dne a h@Eaodposiion

oDyttt 26t reborid JanGe PRotohd ayfifigl ik Edhrolied py tandem

amplifienchnfBilerr28, whiotlirvkdiebgoramiaas end gatasegistha 208 aofl txtriees

2‘hytﬂgt ﬁ%ﬁ%&ﬁﬁ&ﬁ%ﬁ??&ﬂ%ﬂﬁl?&? '{Mtﬁf@?i se QS\'L §I£0t25§

ape rnput to a
[0864er Ganyoliari28recasomyyands froaxempadded Fpiral gomputer (ECC)

2005y ﬁéda@af‘flronﬁrﬁ@:g\'ﬁ%suﬂ&y rﬁr%‘l&Q@Pé Q@’@arﬁﬁ%%wﬂ@éjéﬁn%hé% to

or externa atil on O t he |ngr power
taden iphpleniciaypities J9tfor R emisiom |t @v%egsmattngger

cdmrqgrho%ls ah$ puaé@gﬁap@tdoﬂnolofm BlﬂﬁeferFéHmnM\ﬁéntséﬂhﬂjoll@QBt 0
power anplifier may al so B‘?oedtofurther

reﬁﬁ'a?s spmmﬁ@%f&% BF% Z%ﬁr@én %a%e JEH LR HYPOHR aser
oA 18 Bxtelr) frifheSonASVR tb lﬂanﬁb@\ phdtondifigiiePtmihoni ¢

*cquBnptondtindPd 5o RS bresk e ar e BORioR et dodyHior
ccﬁwy@??rmecwhmk thequmuifeméﬂi\ agﬁ@%adas%f:pg:;al em;ftme:weﬁal
o Ao TR O ARt 1<eE PRSI SPpaRF SEeRE
plbmrpometpm tinoothiat il cbmmL(nBB@)il tléz gfﬁwtrcmepm) &CCT20v enboth
S contro
(0]

050 BT P B T 20 e e
erdited Iarsegpu!!;eewsﬂ b208cidard] talhdaal shotonlc amplifier 10 is commanded by
ECC 204 to produce a specific temporal pulse profile. lllustrative examples of useful
temporal profiles are shown in Figs. 7A and 7B. For example, for scanning a target
alignment workpiece feature 220 on a wafer specimen 222, shown in Fig. 9, a
comparably much lower peak power and enérgy per pulse may be beneficial, so as

not to damage the feature. Semiconductor memory link structures 224 might be
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210 that directly or indirectly comunicate with ECC
204 and BPC 206. [0052] Controller 28 receives
commands from enbedded control conmputer (ECC) 204 and
si gnal's from beam position controller (BPC) 206 and
provi des conmands to tandem photonic anplifier 10 for

pyoSspMsssi on (through external trigger CoaTB&IHI74340
and pul se shape control. In a preferred enbodi nent,
mestradvaitagaousis pracesssd/eingroabeTdSak POWSEDY maher ghRergy per
Ji&sponse issues froma nmodulator controller 212
external trigger commands to tandem photonic anplifier
[0053]i n Asctbesecskilgd ibievrt will BprTeciale. & apge QlorRisIrad aeak

pdviRid, lérnSrdQ%%{Juh{%rbed ELI@e e{waqé’ﬂnﬁérﬁfene?@nﬁrbﬂbé ﬁfay%@%ttractwe

control s the times em ssi on and aeso p
fOéwﬁ@rtmace@ymgpamﬁ?rpﬂ%t%ﬁP%O@ﬁfﬂypﬁ ghwptpieces. Therefore, a

me!hb& hAdkh \éﬁbafatug @J}Cbﬂmvia @t@er §f aa:apérl prb@ssihg s?é!érh&o
pu ses Wt i nterpul se tinme 1S comTunl cated t

ProgiRfT Be tepP sl Pref 02‘@)5'49‘“B‘Py‘ii’off’ha‘ spegficLlasser &’PF‘&Q@C% that
mﬁﬁbah@hé&mteredjﬁpﬁ REAFr Gr wafetr@s highpedeairaer kpi ecedf eature
on | daen

(OB 5o GIBRINGS B APEATaip TIELRE A pmaa rtBY for ERferastary
miegsUpéraehiced aakiipattinf of thd anpe bfaxtermdnSlaserrmbcéss parameters,

Sl A e IR oS RS o TRy Bl =
attréoutpst Assshbgnireffig. Sysyktpinempdics 228 meg p@igablp irelugafaer
pl%&(?&ét&%gn ﬁ‘l%%ule%gv\@rél%ﬁ] n@&%e e?ng;lc@ed? @H@@Eﬂ/onrﬂf ‘H&dent

tab@mﬂm raadi pf lsger asitpuh tﬁtﬂect@d éramg@wprl@swf@a@ uPkotodetection
12
o508 P4 3y TR RS0 A B4 Sbuf edpdbieianeC o7
dipitizatios b the dstenipcdlight sineals. suglk apthidncidend and milested fasegy
omﬁ’cgut sigfals %eréb@%&lnnﬁ‘?o rtthé’ ﬁx@ld@#t' én'dq'gflédﬂaci ﬁLﬂseﬂKléve‘MrHs to be

reC|ate a W eran pre erred pea
ef&cév@ydlawé%tmwetw@é apaﬁratqsa#aw%n sa&ﬁe?tggv rmaf’qu@t

of TRY irleRieAt dHoaehd & 1ab&Twd\afoRins FHII@@%@%'aI%gIa%n and calibration of
senm conduct or and other t g{ es o

ce
theriepeeral riofilg, tempergbaroigya '%pﬁ‘é{?%?'ﬂgﬁf‘g‘? sigpifityvRyisp eperay
sttalsuﬁtry &ld e leﬁ@t@f/ pBF QOS5 SASGoSY SHilRIAN i memro@m agadghiee,

or al [ to be e or.as
e BSOS Rl L SR hRB a e i B Sape

Ia%@ff\ﬁé\&ldngﬂi‘d@hh% preside abrhethod 00 bvhs Bemenbantedaathtian df the

an_a at us u nstrunentation for satisfactory
for?ﬂ%ﬁpé’ 'A% a%rllpdx aqi%ber 257" 8598F the range of pertinent
[d08SEr Ipragwefesret amboditrens of las plocassingesystera R0p embickieg

ener [ . .
P8 Aol MRS, AL SR MBI Wiy s
topesdreaibdptics RBC budieystem phmsaiét @ﬂntm ﬁomgtee‘! angs 2dhisch
dPBYedSy &0 ANRS 259 toldI a%h&Hoh B HtchhREHAR! which may
incorporate a lens assembly, for subsequent delivery to a work surface 236 of target
specimen 222 for laser processing of workpiece features (e.g., target alignment
feature 220 and memory link structure 224). BPC 206 provides X-Y coordinate
positioning signals to direct an X-Y positioning mechanism 240 to a location where
the output from Z-positioning mechanism 234 can process a desired target feature.

X-Y positioning mechanism 240 receives command position signals from registers
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- laser output and of |aser output reflected fromthe
wor k surface. Photodetection nodule 228 preferably
i ncorporates a photodetector circuit capable of fine
digitization of the detected Iight signals, such as
the incident and reflected |aser output signals,
thereb& aIIOMAng for the incident and refleg

ul se
K% o be  effectively digitized. Thik 8W@PEBQM&W
o RPN Dot AR O bsiRenoRgRka oPbCP

t an ected | aser waveforns, allow ng
Z%wah andusies arramparatesaeduism24§ that determings G Rasitigp &fﬁer@ce

v plft—:{% &P hr{'t@rs\éaib' "ﬁdté"@ 21 @t@sﬁ@n@ﬁ@ééﬁdﬂﬁea ﬁﬂb?@' shdnbv,

ul se energ st abi | and the energ
annﬁ@ry@t@ktimﬁ%@ QH?f%tﬁ@ 'atqr rwt pRtics 8%%@% ?%%us %R,“&rﬁ‘?f?dh’bat‘trt?és

thhtaﬁgﬂu Ié’t@@[ﬁe&ﬁﬁ;ﬂﬁ ﬁoﬁt tﬁlﬂf&ﬁbhﬁérﬂ@aﬂﬁhf@ﬁ a0 Piriosedkied th the art
lectivit aser wavel ength can tqgﬁgﬁrOVIde

| w'ét rﬁ@gn@a thaé¥hq1%&$§lﬂ%ﬁi% fremtaader el % ABWIIRG
difeREddSAd reﬂﬁ&m@bare«eabtddmmm@so eﬁd slRehasrely deparad BOOSHHf

R bR PR R G SR PRSP OB BrS £9t T N orL Bre
pﬂoBesEir@ of&aorupaitéeéata;@pl ifier out put is appl ied to

topB8E Dfist skl find SR Eooue IR b inE P g SR or

la@&rdrocusaing sgastZrin RishdritOman he matphmad ami 23dde vdnetylmfrmy
at
o L

phd@ﬁtampﬁ@mﬂ@ing of morkplece features (e.q. target

e S0E M T 50 ARt A aB B e ) e

miade ¢t the detaasm of)tha' apw*ﬂesenbetgemwrfaems withawg deparfing from the
f

Nk PRUIES B nk RReBHE e <008 e plesb R RRLon shue

thereforgolee déetemings m!y; ki Fiesaomdy ?'%'U‘ér ves comand
position signals fromregisters 13 WO 2008/ 014331
PCT[ US2007/ 074340 242 of BCP 206 and directs actua
position signals to position encoders 244 of BCP 206,
whi ch includes a conparator nodul e 246 that determ nes
a position difference value and sends it to tiners
210. Timers 210 respond by sending a trigger signa
appropriately tined to operate in |laser rail optics
230 an acousto-optic nodul ator 248 that nodul ates the
out put from tandem photonic anplifier 10. Those
skilled in the art wll recognize that the pul se
out put fromtandem photonic anplifier 10 may be
directed into harnoni c conversion nodul e 90 and
subsequently delivered by way of |aser rail optics
230 and systemoptics 226 to work surface 236 for
harnoni ¢ | aser processing of workpi ece features.
[0056] Those skilled in the art will recognize that
alternative arrangenents of
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| aser processing system el enents may be enployed and a
w de variety of workpieces may be processed by a

| aser processing system enpl oyi ng tandem photonic
anplifier 10. 10057] It wll be obvious to those
having skill in the art that many changes may be nmde
t wotbwdeiiai | s of the above-descri bed errbodlzﬁﬁngzs(momm
wi t hout departing fromthe underlying principles of

t he |nvent| on. The scope claihfe present invention

shou t her determ.ned only by the
fol | FPd‘dE'i“ ?WEO“'%%{" HEBBPEINE31 PCT/ US2007/ 074340

d aimn&eméntpam}e:ﬂhuﬁ&i@tonl c arrpl ifier, corrprl si ng a
t ande

i TRk bbb B sty SV 14 BT BB pte
ootg]mtjlutreépmnsequibe]mdelm anhpeifieéraguaieotienntpé Ia‘seepuls-sﬂapaigl er,
e_l as
okl 2P AR S b P BBt
aban operairer pallserrgrgiiios Qeq@m’v ithe terhoréd eufae aney:trah@tput at a first
pé% bh&%a ﬁﬂél Eﬁsé@ﬁe‘?@f ahg g%d%‘u‘éd @Fnlpg dJl Pﬂ@é prof k power,

rst u Se ener puI Se
pr ofa selid S@ats ohotdnics amehﬁ@h operalively mpclaﬂed emthdlpﬁalaaen pudgey

ﬁﬁ%?@‘&go?’\éma&m@ dnae?ﬁésu@r‘r‘ _§\?ele PBQ gener at or and

an em ssi on-wavel engt h: requency
sel exfrequengeselecive geviee pwaweésass@e@a@é witiijthenptlprs optical
fi 9é+|-b9a%gd ‘Pé%tef Sdthrce AARE sORPKEeREGRICE Qmpﬁf?er%‘gﬁééﬁ%lf ebdpik

state photonics anplifier to effectivel cou

thedpispd aulp®, Fe@t@b%wté? thepmstion WagRnatpidas bpld state

pHEXBBICS Bﬁ\ﬁf"ﬁé?farfdhs tHePdycbrabRitBe sEIRQHAB pAGoA® binbiifRt to
and to ereby enable’'the solid state |§h0t

PERRHFS £ @F‘pl'ft? B35 QUPAT eharagipized P gubsia P”Ya%ﬂthM repiication of
trman@éa enpoesl pméewwé &fthé ﬂillbbédfpalsbfﬁbélétrdl QOthtCa’Hal ol
e tailored tenporal us%groﬂ gtheta ﬁ-gf‘t

pB RQWEI 08 3 S5O R tR e'getf%t Sl e ‘Efe‘ BRREF Rl i TS
psacombrmmbllsme mngfpuibéltahe@ye greater t hautnh

res ive e firs 0 n e se

i 22 S Bt photen s FialGEET SKET dnh A0 SPEEH foer
bated Iasdr, sourzeilales puasee dsmhﬂtoudadat i§ biteaty &:mtpﬁxdi t!:) asoptical
figgrﬂar fWer aﬁghﬁé(??os rodc%sﬁe pH %8& Hasg}; gutpﬁthat Is optically

ano power  anplifier to
pr od&uc'éhet tzedpuipbednicavwiifiendf plaim 23in whids thekdenoscillator

,&mg?%h}g oﬁ%éé{)&élaé’érsd aim2, in which the |aser

OSCl udes one or nore diode |asers. 4. The
t andénT pshiendem ehatepiciampdfiersff clainail nin whidhrthekbised opisal fiber-

bR PESerdlicEhcifdeRShoptical fiber power amplifier having an output that
provides the pulsed laser output with a tailored temporal pulse profile, the optical
fiber power amplifier including a power amplifier gain fiber.

5. The tandem photonic amplifier of claim 4, in which the power amplifier gain -
fiber is of a large mode area fiber type.

8. The tandem photonié amplifier of claim 4, in which the power amplifier gain
fiber includes one or more dopants selected from the group consisting of Nd, Yb, Ho,
Er, Dy, Pr, Tm, and Cr. _

7. The tandem photonic amplifier of claim 4, in which the power amplifier gain
fiber is of a multi-mode fiber type.
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based | aser source includes an optical fiber power
anplifier having an output that provides the pul sed

| aser output with a tailored tenporal pulse profile,
the optical fiber power anplifier including a power
anplifier gain fiber. 5. The tandem photonic anplifier

in which the power anplifier gain
|§03?°8}é{14?3drge node area fiber type. 6. The ?%Tﬁ‘ﬁ?é?ﬂm““o

photgoRing 1&HRh phdRéniCimeitiRl 8 daimi4) lﬁ"@hlﬁllf'thte%tl%‘ﬁﬁér power

anplifier gain fiber Includes one or nore dopants
a@@lnf'ébmé'ad¢€r%ﬁh@tﬁ@cejwe@bf hepAawhfiiar $tgd8f Nd, Yb, Ho, Er,

Dy, gPrrheTéndeanﬁwcﬁasmc Zmﬁl‘faed@éwhemm\bmbwme%paamkbéﬂ wer
of claim4, in

lifier gain fiber
amglifige ingluies W'“ﬁ'scp@mntséwslt%eer a@ i@ SBAP8/ 014331
PCT /1 Usaﬂ@?érmﬁmt&m érrhﬁrrbmﬂhﬁimbrﬂthé@hd étm@r of

e e oAl 4 A6ns Buraped sdilAthin Boreh v Bemge. o,
Th $_1t1 arrdfe mbrm@m wmcaambllrét &frcleih 1@{ ﬁmd which thfz rd;dd@p@hwptebe
ot i i ber power er i des, multiple
sflstifpener il R Lean pemepl ot ade Pigefhg one or
mbadieds pins eleimensnpl i fier of claim1, in which the
I t Ml i
S0 3heengel L S RL LT 1 0 googpumoes
sdlid rstitepphatapnlifiecingLddsi aegasméle(ﬂeat tmatli® end pumpéed by bimeor .
'qﬂ&j &%@ggbgﬁﬂild state power anplifier includes a

ga n e si de punped by one or nore
di odé. ﬂ'lhamareieemdmtmac arpplifighef Ctlsamd@nnphlmmthed!c@ﬂmunmeér

s<:9|fd sﬂtégml%o%mﬁlﬁemélﬁgb trﬁ&uﬁlég 9 eaéﬁ)l}f vgh &t i@tsgj .

es a emendt that Is en
ptpnmsie!w or‘@yorme@rﬁer&md@dmpumeﬁaalepweet%rrents 13. The

tanohamme% %rflﬁghé éan@rrepsf A 18, %%h.amthmrdae Cf;unﬁ;ed

|ode- ower arrp fier inclu
safidistatp p@wgaampl@weln@w%s midtieln OB aigeNS.jeach piphichisARed

pURM w&,mem&e@id‘d&%ﬁ%d@maounped el enents. 14.
The t andem photonic anplifier of claim10, in which

t he '3 Jée- ﬂlﬂ?ﬁb@“"t%? FraPlfies Peciamid: iInwpieh the doderpimpgds
sdiid | stdt® b@m@eampnﬁé.eunaaaef& m@lﬁ.ﬂb p@és \&nuzbhm!pad gaad elemm@d

hotBni Be SABIeT FTOTE: SEPERPIAm 15 TR Pclode Bumped
scﬂﬂd@t&e puwpeshplsiol indugdsaheltipiowass, aml—ptfmped gaimcdierdensts.

T P BB SR FRELE Gl TR el B
filskir deleeglasgresdurce includes a diode-pumped fiber master oscillator emitting the
pulsed laser output having a pulse width of between about 1 fs and about 500 ps at a
wavelength of between of about 100 nm and about 2.2 uym.

18. The tandem photenic amplifier of claim 1, in which the pulsed optical
fiber-based laser source includes a fiber laser master oscillator optically associated
with a fiber power amplifier emitting the pulsed laser output having a pulse width of
between about 1 fs and about 100 ps at a wavelength of between about 100 nm and
about 2.2 pm.

19. The tandem photonic amplifier of claim 1, in which the pulsed optical

fiber-based laser source includes a fiber laser master oscillator.
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solid state power anplifier includes nmultiple-pass,

si de- punped gain elenents. 17. The tandem photonic
anplifier of claim1l1, in which the pul sed optica

fi ber-based | aser source includes a di ode-punped fi ber
master oscillator emtting the pulsed |aser output

hawho@ofzAul se w dth of between about 1 fs paguab@etasso
500 ps. at a wavel ength of between of about 100 nm and

abo0. ZThe tpremiBhotohirarelifidesh gidot foin whigntbeidynamicddser
| aj ' Al pul sed optical fiber-based
pLﬁ%esseh?pingL#fe@g?’%%nrgpmggsgesa fiber |laser master oscillator -
opt iaceddtsr assiiaior tiatidciudis at Ieast pieemopuaier-aaniiier stage to

geer]'grét% LN asidl s Mi: ?ret%nf#rgé E{lla@ U%@Hlt atlh%:\/dlﬁyer%r@u L $BisWipdhk

etween a
pmemhagtahor@ﬁ pb@em;vpramgftle at)a)flrrsmem%f wayplengthpard pm

J*ﬁ%m&%@ g:ﬁ fﬂp@ﬁ‘ ‘ﬁBé’rrHo&e?‘grﬂbl'lffe'r ﬁ{at gfodﬁéé?s' H‘rés'pohéb Mhé: h

the f'i ber - based er source incl
mgstey m"atoaéﬁ regeiiiseroutd alfibat mwerﬁmpv@rzwsam%%utput at

a BQI& Ql%fg? 7 [9] é‘égﬁ&k%weﬂ—%d ta@ﬁiﬂﬁgﬂ piNed @Mﬁbré%ﬂﬂé‘ thSlrls af

[alm1, nan c | aser pul se
thgélrﬁélcamtefwewﬁwfs@gd Isau attiapy qu%ttwettﬁ@fe m&ff%des
teﬁipo#a@éﬁiﬂleocﬁ@hé?ﬁ’l@%abwlraﬂmﬁulbfdd%uIéiatcﬁﬂﬁntt0 gener ate a

mast er OSCI |lator tail ored gul se out aéﬁ qu
enerdly, Thg tafesurhntonic ampiifisr of ciaien 20, t 6’? Sat §t§te
phROMEY @hplfiePintlu@edd s@.dfstétstgameﬂécﬁmmwmted gptdd fraam thean

ook iy MBS Rl MU ReAT N Rt Bl Egene

Natﬂqu a fiber power arrpl ifier tailored pul se output

oul 2 PRI Bt aRPHET e, P fher P ol leper
wautedha rsg:tdmzam by tr@ s btahtEty fathfu) repdjoatioaloftie tairédemporal

f .
ol T PR ol B, 3R Sy o
optivat kermonigrgphvédriee pptiﬁallycawonm@@ withrthesplighstata @hstohicsl

aﬁé@‘f ef to %Q%RWeCf?rs ter giafélerbg?ﬁ hH@Sﬁ)dﬁC@thﬁncﬁﬁ@écﬁwQ@# &

I'S se ec roup consistin
owuw@zsecm NG vikelength thd: lsratmrtemracyt%ssfyst qattar wmlength-
and 23'\|dl‘h(é%{ m él?otoré]rg Smh@ﬁqﬁmIQMQrH \ﬁhn@l‘m'le' ercﬁfctu@rﬁ of the
claim1, | aser
h@mmna:cqoenwerzegd:uwt teseltsineRegk oWl that 'ﬁld!ﬁ*?ﬁﬂt from the second
éﬁpﬂ)d\n?é?‘to'f e r@ﬁhcfahfh dfahd RN&Ed ﬁaﬁ@@ &rAporalbie ofthe hvpBfids
produced at a first center wavel ength, and further
‘|3ééh?5-rtht§| ng an optical harnonic converter optically
assoy, aﬁi@damérﬁ] Pﬁcﬁt@n@ Bhiofifies bREIBINPN O GRick She guIBdd dptiesi

to convert irst. center mavelng and g ?duce a
fiberaaAsad @se{)wléqq ¢gmprises multiple stages of dio d

amplification to form the tailored pulse spectral output.

e-pump ber

25. The tandem photonic amplifier of claim 24, in which the muitiple stages of
diode-pumped fiber amplification include first and second diode-pumped amplifying
fibers, the first diode-pumped amplifying fiber producing a first output pulse shape
that is coupled into the second diode-pumped amplifying fiber to form the tailored

pulse spectral output.
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out put at a second center wavelength that is shorter
than the first center wavel ength. 23. The tandem
photonic anplifier of claim22, in which the ,
production of the harnonic converter output results
in a peak power that is different fromthe second
peak power of the replication of the tailored

"t 8g0PA Profile of the anplified Iaser oubpl f{?52002/374340
The JEanGRTRRH AionieARbirel 8 il £liPhAToH thel st loplicdh e

pul sed opti cal er - based | aser source conpris
fibgrtaised @sertsavgéc@ % pplifabitassgeifisd dvithi midtirle siages Pf diederpytnped
szslfa sftétélsmp%ah&h {o%ﬁﬁtre%.ﬁﬁeosmgé épﬂéctrawm 25. The

tandem photonic anplifier of claim?2 I'n which the
mul t47pl é\eéﬁmpwomea@a@ep%%@ t |“b’é’h'°5*ﬁﬂ §ofid &aiq on

ph&sh.aéﬂsm@ifres had8gaif %ﬁeaﬂmd 'aﬁQﬁT\PHiHP% wlgéldld‘pman fber-based
fibers he first diode-

laSELIAEGETMPriEes 8 diogRasat f?@mgsaé‘ %nglﬁé*vﬁ?\/'ﬁﬁgsth.a@d AIBpT Ryver |

ahfﬁhﬁérhhﬂn@@%@m%pébtﬂﬂﬁ-tﬁél pRec v@dmldnbw cﬂ%é‘ Hib&d 1atdr Heigm
the tail ore

| se s ral. out 08/ 4331
cloesly RI8Y K0T B TR SPECha ALne Shldoeh 3B o P%?tat?f
phbtahitd dmplifier.Whi ch t he puI sed opti cal f| ber- based

o S o Aol 2580 07 T P o

chtindb b eateiybe aadlismptissly spetéd @l aredtipaitmodiifator that modulates
tan rp?@gtom c a a|f|d|er ?)fs claim1, in which the
ocfl‘|%“§ gontﬂ}%’f’% EL9%HB A er has a gain spect rum

and 2% Ve taindenin phqﬂuﬂus echplifigr oteldinf 24 ér whials #@ diddedager is of a
Iggéfyg conprises a diode | aser having an out put
Piave ngth and a fiber power anplifier having a gain
speclQ. ufhe tamdeno pihqionic aeoplifies ngclaimof, in ybict ithedievidedsaptical

PG slen BlePted LGRS, b DR LaFERE) bPa BlotbilEerysta
f‘bwpvweru er. 28. The t andem phot onic anplifier of claim

27, 37 ﬂ@tsﬁuér#sh&{bmesmbmw biginP1, iRwhieAid HiQYaerave
type and is optically coupled to an optical modul ator

phplabiceamalifier easeiven an gpupiationsd puise dedyd fram the-tajlpred pulse
sgéaeeoutg&eand @aherTJb%rﬁ'@éBjé? iR RS @pmw béuperd t@fthe

claim 27, di ode |l aser is
BRI SgcHR oK Eh (R ARG Paar Pt Peinul euies e i n
bl gHene lgginréd@d, opt | cal fiber-based | aser source

i ncl ud [ifi in fjber ph

cr y st TheBSa pyclahc sip ies 87 By FomRas B AR BREAT P
la3kr ploaégsin, sylsﬂ@m/\ihbbdlrebim)rsdﬁsmdg #isat sutput corresponding to the
amplified laser output to process a workpiece feature of a target specimen and

includes:

a laser beam position'controiler providing command poeitioning signals to a
beam positioning mechanism on which the processing laser output is incident; and

a system control computer providing operational commands to which the
tandem amplifier controller and the laser beam position controller respond such that
the processing laser output of a desired temporal pulse profile is directed to a
location of a desired workpiece feature of the target specimen.

33. The tandem photonic amplifier of claim 32, in which the processing of a
workpiece feature includes semiconductor workpiece micromachining.
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photonics anplifier receives an input tailored pul se
derived fromthe tailored pul se spectral output, and
further conprises a gain nmediumoptically coupled to
the frequency sel ective device to cause nultiple
passes of the input tailored pulse through the gain
NRAI2b0¥0143322. The tandem photonic anplifier opcElLdH0%s340
conprising a subsystem of a |aser processing system
t hat34diThedarsiepr ploeerss agplifes eff clajot 3 in which thepemtiondudty
b rkpi ece

wplBjec@ B i g ol Akl A RS F) Scer
beam position controller providing connand posi tioni ng
signals to a beam positioning mechani smon which the
processing |aser output is incident; and a system
control conputer providing operational commands to
whi ch the tandem anplifier controller. and the | aser
beam position controller respond such that the
processi ng | aser output of a desired tenporal pulse
profile is directed to a |ocation of a desired

wor kpi ece feature of the target specinen. 33. The
tandem photonic anplifier of claim32, in which the
processing of a workpiece feature includes

sem conduct or wor kpi ece m cronachi ni ng. 18 WD

2008/ 014331 PCT/ US2007/ 074340 34. The tandem photonic
anplifier of claim33, in which the sem conductor

wor kpi ece mi cronmachi ning includes sen1conductor i nk
proceSS|ng 19
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