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_ patent application derives priority fromU. S. Provisional Application No.
"~ 60/ 266,172, filed February 1, 2001, and from U.S. Provisional Application
No. 60/ 301, 706, filed June 28, 2001. Federally Sponsored Research or
Devel opnment [ 0002] Not applicable Technical Field [0003] The present
invention relates to laser triming and, in particular, to laser trinmng
thick or thin filmresistors with a uniformspot froma solid-state | aser.
Background of the Invention [0004] Conventional |aser systens are typically
enpl oyed for processing targets such as electrically resistive or
conductive filns of passive electrical conponent structures, such as film
resistors, inductors, or capacitors, in circuits formed on ceram c or other
substrates. Laser processing to trimthe resistance values of film
resistors may include passive, functional, or activated |aser trinm ng .
t echni ques such 8 PEETH SMALE UNERQRM $BOT5, 685, 995 of  Sun
et al. [0005] The foI | owi FROMABOJIDBTATE 1HY ABERd herein only by way of
exanple to thick film resistors. FIG 1 is an isonetric view of a work
pi ece 10, suchﬁ a}é)I’JOI’ art thick-film resistor 10a, formng part of a
hybrid intBg PRICEORE device, and FIG 2 is a cross- sectional side

el eva i t onventi onal
acer VR ShiF ol BhOR R YcE e} plillibaRbE' s Er0yhRg AbRieaoR 00PN O
t hi cknfo, |6mzree817sz dled Babruf 1cm01y 2fi@ ik BES. Proviicdel ippiichyer 14 of a
rothanate or rfuthiniumoxide material extendi ng between and deposited on

porti bles 661f30t1h7é)6t,cﬁée%bm€=a?€ﬁe§081 metal lic contacts 16. Layer 14 and
metallic cq 6 _are,su ted qQn_a ceram c substrate 18, such as 1
WO 02/ 0606 38°8&+ S8 B30 S84 tihY MBereR e 1 ut hi ni um based thick film
paste Wfﬁ'ﬁﬁ‘ émzed to be stable after laser trimmng with a 1.047
m'cro !‘r) LF laser or a 1.064 m Nd: YAG |l aser. . [0006] Wth

parti cuI ar Teelwicgideldt o FIG 1, the resistance value of resistor 10a is

| ar gel
J (}1003] The present invention relates to laser trimming and, in particular, to laser trimming
thick or thin film resistors with a uniform spot from a solid-state laser.
Background of the Invention

.[0004] Conventional laser systems are typically employed for processing targets such as
electrically resistive or conductive films of passive electrical component structures, such as
film resistors, inductors, or capacitors, in circuits formed on ceramic or other substrates.
Laser processing to trim the resistance values of film resistors may include passive,
functional, or activated laser trimming techniques such as described in detail in U.S. Patent
No. 5,685,995 of Sun et al.

[0005] The following background is presented herein only by way of example to thick film
resistors. FIG. 1 is an isormetric view of a work piece 10, such as a prior art thick-film
fesistor 102, forming part of a hybrid integrated circuit device, and FIG. 2 is a ¢ross-
sectional eide elevation view depicting thick-film.resistor 10a receiving a conventional laser
output pulse 12. With reference to FIGS. 1 and 2, a conventional thick-film resistor 10a
typically comprises a thick film layer 14 of a ruthanate or mthinium oxide material
extending b.etween and deposited on portions of the top surfaces of metallic contacts 16.

Layer 14 and metallic contacts 16 are supporied upon a ceramic substrate 18, such as
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function of the resistivity of the resistor material and its geo_nst?y‘, O
I ncl udi I Jg 22, wdth 24, and height 26. Because t:}J ?Elvf rcult
to scree °t°§ﬂ'8‘§ i se tol erances, thick- filmresistors a ?f{lﬁﬂgﬂ %nal | y J-
screened to | ower resistance than nom mal values and trimred up to the

desi r egluvsihs e ddoddih rmplumeassised tick fila phstvd RvedRE OpinEEiea !ty bk bRbRTRT
resi stance values are manufactured in relatively |arge batches and then

subj eclaser trimming Wit égl .0ph2 prieton{sm) NE: st les¢rrrrae k864 am MdpVihGdasst. t he

oGl Srot e TR o BT SRRR 2BS hRl

renove | fHsis¥ | T IS bW t hi n
t he spot ?ﬁetcﬁgg éong Szgﬁtﬂ)? f Fﬁfsﬂg?ﬁ@g%%%@pﬁsﬁes?% g‘%l,%ﬁ%’ngﬁgu&y%t lgﬁp%iﬁr%gz *spot
di mnensinid 28 aho height R6r BedBuseAhsy afel difffonltaonpleei to isenslemacesh ¢hicks nred

through the resistor material of a resistor 10a to fine tune its
r esi st SiladesigoeareSaHomilysescened ig lowarsesisianeg thigpneminaritajues padi st or 10a

neets a. predetern ned resistange,.value. [0Q08] EIG 3 is i, sonetric view
0F * pBimeief gt S e PG st Bl ¥t AR ke Vg anSrnimREn B RbE c oo
patter dthdBe B | : en net al
cont ac?esSﬁ 16. P@%ta?@gg?ﬂfag%rgcgpi ctiﬁ‘g&t {%%%%a%ﬂ%ggg? lmll ér%au&egﬁﬁo‘égl §ication.

I n an trimgting apédraBéns t@ eimost incremental smoigts 36 thefresietor shateridtmntt el i s

removed in a direction perpendicular to a line between the contacts to
make al@PYRRGE is#Leashe o 2 desirevalugi st ance val ue. Then an adj oi ni ng second

renova .38 ' he _first removal..stsq , may be

r em)veh{I @gﬁ rﬂg‘g Pﬁiﬂlﬁﬁgg&éﬁ%ﬁ heﬁ%@ ?O%P%gr r%%ogé gaggrn@gs%;aﬁu%moig.. serpenti ne
cut” padtanithligiend AfBhelFRt IR e Fu¥iktof idtert] WidGPheagbt/@intions 28 of laser
serpentine cut 34, resistor material is renoved along renmoval strips 40 to
i ncr eagutpUhpulsehgi,rﬁI@fOwerllapplpgtspom@mcnmﬁalfom pikpef HD Arsimpddwcomplex a
desired resistance val i s.reached. Renoval .stri.ps , 8, and 40 are
Cypi caPRySB R R Grafa B8 SREMer SRR of &srudin 04 IR ERt P 461 ve

" Ni bbl ik AGstaiple el %&e?buﬁ&@&ﬁ%ﬁ?hﬁ:%ﬁ???@ﬁ%ﬁﬁﬂ%eﬁ&o} ho4 nfegiigve nearly all

of the resistor material wthin the p ribed patterns. Thus, when the
t ri mmi predepemmhddoesistancongiet ed, the kerfs 30 are "clean" with their

e AL S S e e ot "
e e S R T S
As il petveehahailsconemtis. s Bidu€t path Behiepicts A ipiel MeveindOl maiifidadd. chip

resistors, smaller_spot sizes are needed. Wth the 1.047 umand 1.064 m
| aser In an L-cutpath 32, a first removal strip 36 of resistor material is removed in a direction

perpendicular to a line between the contacts to make a coarse adjustment to the resistance
value. Then an adjoining second removal strip 38, perpendicular to the first removal strip
36, may be removed to make a finer adjustmént to the resistance value. A “serpentine cut”
path 34 depicts another common type or laser adjustment. In a serpentine cut 34, resistor
material is removed along removal strips 40 to increase the length of film path 42,
Removal strips 40 are added until a desired resistance value is reached. Removal strips 36,
38, and 40 are typically the width of a single kerf 30 a-nd represent thé cumulative
“pibbling” of a train of overlapping laser pulses 12 that remove nearly all of the resistor
material within the prescribed patterns. Thus, when the trimming operation is completed,
the kerfs 30 are “clean” with their bottoms being substantially free of resistor material such
that the substrate 18 is completely exposed. Unfortunately, the formation of conventional

clean kerfs 30 necessitates a slight laser impingement of the surface of substrate 18.
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_Wavel engths, obtaining snmaller spot sizes while enploying conventi o_nﬁll JuL Na5
optics and nmaintaining the standard working di stance (needed to avoid |
abl at i owodehsesszand to clear the probes) and adequat e de@r/sefo3bicel d

. (ceramic, for exanple, is not flat) is an ever-increasing challenge. Thel

desire for even nore precise resistance valuesal so drives the quest for

t i ght E}008] iAh g Egsisters Pecpmo sorallpn, syEh peincths\perep (0% e QER, entitl ed

"Laser_Resi s ri nal f hey- u t Poj ew, " | EEE

- asere R L ARE sk SRRl R DS RSO ETRR et Oy Slp g EE
1972, wiQelhiie SobTRasy SR dpobsiess Wik &iflogiieadindafforal optidsngda
solid-state laser for trimming thin filmreSistors. [0011] Chapter 7 of an
NEC i nstintainingpihe stendatd weslong ldetanchenekdad ke agrd ablation dtemneendifvericarthe ng an
infrared (lit) Gaussian beamto trimresistors, . partiﬁ,u,l arly thick film

r esi sPERLES) QA SePRUOL Beld {cqrppes. for pxample, 8ot fat)is ap eer@meagingt he

probl e t qar . : .articl e entitled
" Redugﬂ%betngg's tﬁ'? ﬁe%ﬂ%?ﬁ%gfm#%%? ﬁ]glzsgeug |AIE g’?‘ﬁl reg %?@?F ﬂ?ez‘i“ﬁg{ f%\G Laser
Qut putighhaiagt@ldraidess. © | EEE Transactions on Conponents, Hybrids, and
Manuf aCturi ng Technol ogy; Decenber 1978, describes using green (532 nm
sol i d{80HY A1 aticie B3 ddinamddiwgnson f entitted i“ToaserRasistance Trimmary Somrthe t o
reduce, HAZ and_post dm dri [0013] U S_ Pat. Nos. 5,569, 398,

5, 685 Measuremgt Eogg et ot T TxAr A o e S, %?’eef@{gmg: Vol.

nonco i Qna e SUC : -6 ,0r

devi ng-ﬁ?_g' fz]g\'/(b)'f ?ﬁgaa%%jgﬁg\ﬁt%%)&% SEPTG ann{gﬁgéﬁsr ahttfﬂéaﬁ%%g?égreghﬁ{éée Sttli ng

time duyndRetd Meetfop Mammihs ikiifieh resBfbkd] | nternational Publication No. WO
99/ 40591 of Sun and Swenson, published August 12, 1999, introduces the

conced00BH] Chaptesi7oof an NG mytrirtion manvaldesarites dee ¢hallpnges encbemieredavihsn
output.. Wth refer to.Fl 4 hey enpl oy the ssi an laser output
o abiisiaf pteaed (285 BahSisn S o, RSP Prs, et larl SRR RETRTRR. ¢ e
sur f aqee Ak ERctaM doRe@NERAZE crAs! afd ARH FEGHBE OF thSBRR GhRIR Ghafds§d, CS. By
intentional |y retaining a depth 46 of resistor filmin the trinmed areas

44, t [1893.23 omn dl_‘timtﬁ/bmg“@nsaﬂ etal. , teméitled ' ReduingRest A& im derift of BhimFilal | y
Cher eSS BY (RGP ASY DHTE R PHAC TGRS L d5ae i it er ac | on.
o e 0 i R ST A
car ef rksh (B2 eim)aolid-statel lasen Gaoddiatottputafos itdmeding kidh &lmersisms @f rddnee
restst Ozg«.ZfalnldrBost trim drift.

[0013] U.S. Pat. Nos. 5,569,398, 5,685,995, and 5,808,272 of Sun and Swenson describe

the use of nonconventional laser wavelengths, such as 1.3 pm, to trim films or devices to

avoid damage to the silicon substrate and/or reduce settling time during functional
trimming. .

[0014] International Publication No. WO 99/40591 of Sun and Swenson, published August
12, 1999, introduces the concept of resistor trimming with an ultraviolet (UV) Gaussian
laser output. With reference to FIG. 4, they employ the UV Gaussian laser output to ablate
an area 44 of the surface of film resistors to maintain their surface area and conserve their
high frequency response characteristics. By intentiopally retaining a depth 46 of resistor
film in the trimumed areas 44, they avoid having to clean the kerf bottoms 48 and
sul-:sta.utja]ly eliminate the interaction between the laser output and the substrate 18, thereby
eliminating any problems that might be caused by such interaction. Unfortunately, surface



[ 0015] M crocracking is another challenge associated with using a .
solid-state Gaussian laser beamfor triming resistors. M crocfgkdULwtilen
of t en oaxoo2ievsshe center of a kerf 30 on the substrate, PEENUSSX0IBHE | nt O
the resistor filmcausing potential drift problems. M crocracks can al so
cause shift, assocjated wth the tenperat ur&qeﬁoeffi cient of resistance

(TCR) .4 HIBEERE S ATRPVEY HBW Prpresh BeriBet e Jaser @aramgiers ausbbend 0201

chip resi r ' : ' W th a

Y e P e TR o U
tradi tjpons] Miesicsdckisg isMpotiee challengd aisdciaR@Seith HsiAp arsolidwhsd Gatkiandasegt or s
can propagate and even result in catastrophic fajlure-or physical

br eak afam porr tricouing 1epistaren dlicrasracks nwhish fofigo ocedr inkbe ceeseior ketti B0 mg .
subsequent . handl i n

M ki | at e "pref d" break |i}
Chat o6 HBREAGHIAD GREEE WRARE Fhislo s vabsing il grBapPus: br cak |1 nes

I n sna ] | | o chhi :

ther of o7 Sockek: pap 0 cal h Bt il ch; AR ARHER offstmes,

I nvent (KOR).s Suéthafiefooraekideds Py iptenclificddarthy agwey840nami00drchipedsixosksf or
solid-state |laser trinmng 0018] Anot her object of the invention is to

provi déat prst fabricated gn thinssr subsiated 1Bnwith attypiesl heightiosrthicknsss pbebard09, such

as 0402 0201 chips resistars...[0019] Sonme of the.mcrocracking nmay be

o usedtuDt e RrgRetiaEriet Halmahfeblren® " Betock Atk B RELRRT, U0Y Dhe

sane t | ' : | he center
stRtreSisfory e gi;:lplagﬁé“aﬂﬂvéifrésﬁ% wemﬂ@%ﬁagﬁfgﬂ%ﬂ[yg%%

of a blind viain ala rilling operation (a ts and
subst r ateakage, partiduflaie alongdhetrim ks)f. 30|, of drenasiston alurifg subsequen hahiding\O

00/ 73013 of Dunsk t at, published Decenber 7, 2000, describes a nethod
for cr MHETOSERCKINS B FIFgicaPreieRisde drapkdingg Batarsi mareiuaRouIsch Hap the a

uni f or gy J: ' ¢ via drilling operations.
[ 0020] %#@ﬁ?@@gbg?e%g%%%%géﬁ}%ky entitled "Laser Machining in
El ect r 0016} Imiveli aesistor igmnfngitethoiguesire QirtefoRiydesiBMIE s 4Th Annual

Meeting, The international Synposiumon Optical Science and Tecl nol ogy;
July 30-Aug§ﬂmm_ﬁ&é§_§‘ﬂ bes an inproved surface scanni ng et hod

usi ng uni.f qr f ormed b | ens_descri bed Dicke t al. in
U s oA i AAD ShvenBOS ahteBre, AP s a0 ks S Beo B sAuPR R0 G021y
The pr geeiHd fob ¢6¥d-sate RE&T ©haRing. enpl oys a uni form spot, such as an inaged
shaped Gaussian spot or a clipped Gaussian spot, that is.less than 20 min

di anet §018hdrotiparobiect of Hiedinmensioarigyo providesspoh sizboof bess tanL0len fto aGm
ther ebgmanhgrl c 5 res st&rg,e She gsné403na%d803\6? rclhip% resistors.

[0019] Some of the microcracking may be caused by the high intensity center of the

Gaussian beam spot in much the same way that a Gaussian beam may be responsible for
damaging the center of a blind via in a laser drilling operation (although the targets and
substrates are different materials). International Publication No. WO 00/73013 of Dunsky
¢t al., publishked December 7, 2000, describes a method for creating and employing an
imaged shaped Gaussian beam to provide a uniforim laser spot, particularly useful for via
drilling operations.

[0020] An article by Swensor, Sun, and Dunsky, entitled “Laser Machining in Electronics
Manufacturing: A Historical Overview,” SPIE's 45" Annual Meeting, The international
Symposium on Optical Science and Technology; July 30-Aungust 4, 2000, describes an
improved surface scanning method using a 40 um uniform spot formed by a lens described
by Dickey et al. in U.S. Pat. No. 5,864,430,



. of mcrocracking. Were appropriate, these spots can be generated in an
. ablative, nonthermal, UV | aser wavel ength to reduce the HAZ and/ Brjl?qbi'lﬂ]%
in TCR These techniques can be enployed for both thin_and thi % frim
resi st YO PHOOEX%i ng. [0022] Additional objects and advaRtagEd?Ei®% his |
invention will be apparent fromthe follow ng detailed description of '
pr ef efoped) THE @ekseRNiS chile pAfferablyCinplbPe L aifotth bPot, ehels@RGRiabed shped
acconpanyl ng draw g_s. Brief Description of the awi ngs [0023] FI lis a
f r agnSausriap $pobaeeclipped Sausdiamespohi Gkt Sileshthas 2@ oy in Jignger aFl Bpatsi s a

cross-sectional side view of a.thick-fi|]myesi.stor, receiving | aser output
that L 80 i Beip thebatiire 68 & dethac thefby Ribiiving 156 soutt sp acvertys o

¢ . {1 : _ : : . Cotri
PO rtod SR Whett irOpridle BEMGRE CBY Bhel il SRR O 1L CTT
sur f agghthéiio®il] UV laserwapdlength o rdd0e tle RAG aril/oSsidftdh MUR.f Taekesi de

el evation and partly schematic view of an enbodi nent of a |aser system
enpl oigebinifjees eani bnmemployed fer both slsioanddhick fikin 1¢sistoe P5PeESHRE. | nvent i on.

0028], E .HBA-6C s as ence of simlified irradiance profiles of a
I[aser h%éﬁéjglt?qm?ﬁ&ﬁﬁe%ﬁ% B%WS\Fgf npd?"%‘%’?e‘ﬂic‘i‘ﬁ%ﬂ’éq% OB ¥he | aser
syste : : El = ; LAl uni form
séuar @@%@% ?gt&?gcrl h?%%ogn@rcféﬁgg :8 es0 &IF%E% IE—(i C?M Qf?{;d&gé%rdé%hi cal
conpafdferencoio theéertompugise déiwsings.but i ons at the aperture plane for imaged

shaped output and clipped Gaussian output at several typical transm ssion
| evel s  undiEIEt &IESRMPRON 01 WedPTaWRgfessi ng paranmeters. [0031] FIG 9 is a

¢ i (9
graph.Q la~taper ratio as .a function of surface location relative to
Phe” niftzalrie 108 & ey SomttBE bW ot MR IBLEARIR | 2°0 et er as &

funct }m&h@w DKs 8WrbACRHORA SIdRViEW oFlal MR IIMIm Fd3RtdrAeLeIMng 1886 Suifudne.
[ 0033] FI 11 is an electron mcrograph of kerf showi ng mcrocracks forned

i n t héhat serbevasdhe folf thickwess of vesistori matedizby a Guassi an beam 5 WO 02/ 060633

- P 2 4] .Fl 12 | ' h of

o e B, B AR08 S0 I 12 5. 20, Ehest on Il ogragh of
irim paths.

[0026]} FIG. 4 is an isometric view of a thick-film resistor with a surface ablation trim
. profile.
[0027] FIG. 5 is a simplified side elevation and partly schematic view of an embodiment of
a laser system employed for trimming filths in accordance with the present invention.
[0028] FIGS. 6A-6C is a sequence of simplified irradiance profiles of a laser beam: as it
changes through various system components of the laser system of FIG. 5.
[0029] FIGS. 7A-7D are exemplary substantiallsz uniform square or circular irradiance
profiles. ‘
{0030] FIG. 8 is a graphical comparison of ideal fluence distributions at the aperture plaJ:;c
| for:jmaged shaped output and clipped Gaussian output at several typical transmission levels
under exemplary laser processing parameters.
[0031] FIG. 9 is a graph of via taper ratio as a function of work surface location relative to
the nominal image plane.
[0032] FIG. 10 is a graph of via diameter as a function of work surface location relative to
the nominal image plane. |
[0033] FIG. 11 is an electron micrograph of kerf showing microcracks formed in the
substrate of a resistor trimmed by a Guassian beam.
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m crocracks formed in the substrate of a resistor trinmmed by a u,r; i@r
spot. Detailed Description of Preferred Enbodi nents [0035] WthH ence
to FI G VB 0406063F err ed enbodi ment of a | aser system 50 oPCT/N&I2/3Plsent

| nvent ion includes Q sw tched, diode-punped (DP), solid-state (SS) WV | aser

o2\ b A Rt 81 %E%%nawwii‘#eéﬁfe@cé‘éagd@@%tu@di aser

pul Seﬁglﬁi 2R Ybrmed M E@ﬁ’a@é eng b&ﬁ%mﬁ%a? ncy tripled
0266 kﬁm frequteb%g'y quad rup &éﬁ ﬁ§or 213 F‘nte(frequency

qw nt upl ed Maﬂéﬂ;bmmﬁnanufrﬁ-efehseddiﬁiﬁmmsmt ial node prof| le. Skilled

persons wWill appreciate that other wavelengths and their harmonics are

avai | dﬁﬂ%ﬂfwmrpﬁ@em%rﬂﬁ b @@rp‘@géﬁteglbomméﬁé#ﬂmr sqﬁt@népr@dhww .

wavel en I n rim erso

appr ecqr §H¥5Pﬁ%qu$‘%§g'§w§§lego "Puﬁﬂe?@?b (lﬁ S@ﬁ@%ﬂ’&& ? 54;
howevaga; dér@feré’d}j? \iﬁélh&&%esolﬁaéiﬁé &8t sacH S Nd??fm WNaYTHE! 6t N WDQGS cribe
the irradi ance profile of |aser output 54. Laser cavity arrangenents,

har norLasepg8h erefexabiy prvitte®@hsmnombalbypgenetateh UaF lsed pulses|dr dormivi4tabaper sons

skilled in the rt. Details of exerrpl&r% | asers 52 are descrihed in
| nt er FERYesmEth 3530 |IB]%(?FEI§<I“W-\EY tmapled BEBY ALD, 206 nandregpercyoRadruRies]

o PR PL o e S U TALD i oo b S0 1),

I s pr ahefié ﬁﬂ;ﬁ&@rsmea pedetiis WA AypTecihfe tha otk @Meﬁng&@ andehéif h¥@hohics

nont hermal ™ nature that reduces post trim drift. AU | aser wavel ength al so

i nher earalayaliﬁbm/fr@@ﬂ‘@ cshn:xllismdlamt:s sFmeemplh,epmfmedcﬂ.Efwamlwmsece 10

t han proyi.d n,l aser t he dept h
of 1§ Sgitar gas A &1 pE B PSAERS b3Sy b Bs6 Abbmsaa i S Rkl 5255

wel | - k&g_wg I SN YRR Lg&gjco |

conponent geéac?]%mg%ﬁtoﬁ tuegﬁeﬂpomet?l one ﬁg ong bbgg%?%aitsﬁﬁ%i Rérg Iaser
pul seslitetalsy to deseribptlefierdiznye giofite blhsthowpghSs Ehwpicavitaaimgementsgi ng
system 70 to produce u qiform pul ses or output 72 that is then preft%‘r?ably

di r ect RATmOBE SENEEAY HyoReytiE Ty 2Ll wel KRewR toAeiseRsskalachin
t hr ough, a sean df‘%&fm@%:;f H&@rscﬁ?r@ de@&?be'd%n%leg?l ol t)h ﬁ%ﬁﬁ%e o as a

"second i imagl ng, esired

| aser 0yAQSH] cﬁt&lﬁath‘Béhsah t he i mage pl ane on a workp| ece 10, such as
thick filmresistors 10a or thin filmresistors. Uniformoutput 72

pr ef er B9BG] Slthoush othenwlidetas lewnsa3ciougthtiSorhes EBEI6EHI3gdun) el out put
t hat h(%s bleﬁé‘ p}nr Hrnf%tzed )( o IHE %g mplgyceﬁsgwqgse(r: lvx}aggl%ngthslg%vpeq”gr‘reg for

trimming because it has an ablative, relatively nonthermal nature that reduces post trim

drift. A UV laser wavelength also inherently provides a smaller spot size at the surface of
workpiece 10 than provided by an IR or green laser wavelength employing the same depth
of field.

[0037] UV laser pulses 54 may be passed i:hmugh a variety of well-known optics including
beam expapder and/or upcollimator lens components 56 and 58 that are positioned along- -
beam path 64. - UV laser pulses 54 are then preferably directed through a shaping and/or
imaging system 70 to produce uniform pulses or output 72 that is the;'i preferably directed
by a beam positioning system 74 to target uniform output 72 through a scan lens 80 (The
scan Jens is also commonly referred to as a “second imaging,” focusing, cutting, or
objective lens.) to a desired laser target position 82 at the image plane on a workpiece 10,
such as thick film resistors 10a or thin film resistors. Uniform output 72 preferably



shaped and clipped. [0038] Imaging system 70 preferably enpl oys. an apertﬁge
-mask 98 positioned between an optical elenent 90 and a col | ecti-op fdL 20 .
col I'i matj on 112 and at or near the focus of the be ' eat ed by
opti cal %‘?8%@%‘790. Aperture mask 98 preferably bl ocks a%@)@ﬁ?@s‘)lﬁ{ able
" side | obes in the beamto present a spot profile of a circular or other _
shape chhffrises fast BEQALARE his heFAARMCRIR LlippRd)\@béused bhdeRppelDERGEE! or Varyi ng
the size"of the aperture can control the edge sharpness ‘of thé spot

prof i Ishaped gndoclipeda snal | er, sharper-edged intensity profile that should

enhance_t he alignnent accuracy. In addition, the shape of th aperture can
be pr é@@%ﬂl@%& % oYSem o0 pie CRRY§ @8 2petiieEdn Eﬁs}tl@cﬂﬁ’ﬁwg"&laﬁl or

S L A ek A e T R L 2 T
vwavel epgtwaikt bkatid BUb elethent $0.! ApeFRUINRIK 9D Arefférably. blédk8nfask 98 nay

for exanple conprise a reflective or UV absorptive material, but is

pr ef enmidesiratdel elderiobesaindhe beam td presenterspat peafié ofis civeulgr adethef slsape thitl i ca
or sapphire coated with a nultilayer highly UV ref|ective cqating other W
resi stihAPbseaREItyImaged ot ek k VEBCRE . SV FISVCBE%FE} egpre

outwardly | | Lt A { i € § y

conpr icgl’eJ P g%ais}t'h%géd(%gg F%%Dﬁéérs doea%%‘ﬂgjﬁ?@gqég%%@%ﬁﬁgﬁ%ﬁk’hﬁ%r %@E eric-

opt i CSntehSiky peofile @bdtishanl cpBihc@She dREM B ia¢enratylaly additibe he Shapdl Jffth@ct i ve
optics. Sonme or all of these nmay be enployed with or w thout the aperture
mask S@erture caebe prasissty cdocwarhurdilsebe changbd threctengiiag, elbipiicahedn ofbempri ses a

i g STASFRRE e (G ey o Hv AR S RO ot only.

; ; racy. . 2 i f
trans [9[112%[ ]E)Ar?igl]g i@@e 2 @Qﬁu];ﬁE@‘Q Eﬁflﬁﬁag @ﬁﬁb’ltl[ forfse &t fe @fveﬁ&gﬁﬁa%glggéaéu ITorm

I rradian I . 6BDb, I't al so focuses the output 94 to
a det €34 Ifdhdes cmtprapiacis flINé gthep otaskiSBemayBiurtexaples tappdsel @ U¥diedlectveponf i | e
94b and_the prescribed spot size are designed to occur ,at a design

di st and¥ SSOFRSNS TBRTEHAMbSF Seecay made e AgheleplricERIGRAL Gk Ay LY gradéent

DOE | - i . . ) "ol ud
mul t1 PSS eBe 8 sertile GRS EPE uiils e RBLAFUR 1ol ool PHler ™Y, L TC11S°
di scl ogedianficdating. Pihe apdaturd oBarksk 88 rady sptideally de fRed othiacdly ik $@ lighscl oses

techni ques for designing DOES for the purpose of beam shaping. [0041] FIGS.
6A- 6C gxildng sidei vely FIG 6) show a sequence of sinplified irradiance

0o a0 B S5k 50 b B e b BRI it

as aspheric optics, refractive binary optics, deflective binary optics, or diffractive optics.

Some or ali of these may be employed with‘or witﬁout the aperture mask 98. In one
preferred embodiment, a beam shaping component comprises a diffractive optic element
(DOE) that can perform complex beam shaping with high efficiency and accuracy. The
beam shaping component not only fransforms the (Gaussian irradiance profile of FIG. 6A to
the near-uniform irradiance profile of FIG. 6Bb, but it also focuses the shaped output 94 to
a determinable or specified spot size. Both the shaped irradiance profile 94b and the
prescribed spot size are designed to occur at a design distance Zo dow_r_l stream of optical
element 90. Although a single element DOE is preferred, skilled persons will appreciate
that the DOE may include multiple separate elements such as the phase plate and transform
elements disclosed in U.S. Pat. No. 5,864,430 of Dickey et al., which also discloses
techniques for designing DOEs for the purpose of beam shaping.

[0041] FIGS. 6A-6C (coliectively FIG. 6) show a sequence of simplified irradiance profiles

92, 96, and 102 of a laser beam as it changes through various system components of laser
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PCT/ US02/ 03006 system 50. FI GS. 6Ba-6Bc show sinplified irradiance profiles
96a-96¢c of shaped output 94 (94a, 94b, and 94c, respectively) asjajtj| 2005

function of distance Z with respect to Zu'. ZO is the ere
shaped WAROS2Z has its flattest irradiance profile shoﬁéﬁﬁﬁ‘ﬁf‘ﬁ?ﬂﬁgi ance
profile 96b. In a preferred enbodinment, Zo' is close to or equal to

di st agpeeR50.[ PRAL] 6DA-5Bc Kledve ksl icadaratianee floGles F5adod of shepedr @ftgutroad

enbodi ment of shaped imaging system 70 includes one or nore beam shapi ng
conpor@fa,S4bh and Sdpnasepectively) ana Sknobigh of dissmce Zhwith mespectoZaly auisshein

i rradi file 92 | d {and .f d) pul Ny 94b th
nave. Sge e SEe il iR s 1R gl ey SH Bk - Cause an

i rradi of il Lprel | 4: a r & downyst ream of. t he
beam ?ﬁapl ng(?b' c%nf%rggﬁg%@a@é%{’?ﬁo%sa% té%%ﬁ%%dl%r r ad?zaafnce profile 94a
wher e [@04Z40Withasferédce agatifo FIGSWS aud & xeprefared enodithemed shapdi imeigipc wher e

Z> Zo'. In this enbodiment, lens 112 conprises imaging optics useful for
i nhi bisy§teg 4} inchules pae oF mege beask ishaping pempoeneats,hal conygrs p@ﬁmaﬁt@d phlses 60

single i i ng |l ens component or | i ple | ens copponents coul d be )
el oyt TBa4aY G BB ARG e Erofife i BRyS suitl GRERGRE) pubBiot pBput o o
descri | Ledar B fe Er@gti’ | } ks 3 publ i shed
on mggﬁbqg%t%ﬁg%g%égh%gﬂnrﬂeﬁj vant %Pﬁg?%hgfg%ﬁgﬁgﬁ% |asc orgﬁérﬂgsgo

cor r espaddhogprdfite, iRgireximifpmpl ancaiertare Nask 99 46@0stafn of the Deaskshapingal . |

filed May 26, 2000 are herein incorporated by reference. [0044] FIGS. 7A-7D
(col | COmBPaeYt. Fil, 6B showhae sxemplary, irsadiance profle 92 whereo Zm L4y aed FHée

profil e AUSSI Ry t scri bed
oL, P BB ey TR LATRR RRGRTE - LB et et
and Fl1G2 comhpriseysmaging Yptiewhidesial! fot idhasting aerrRemdd tisys. THgNed pagbanemiprofile
of FIG 7C.is "inverted," showing higher intensity at its edges than

t owar dippresiaie fas 2 single neging tans caspanent appuigpledens eomponepspenkhbpi ng
conponent.s e%f can be designed to supply a variety of other irradiance

prof i IFPPYR i ght be useful for specific applications, and these

i r radiﬁpm PhOSHpETE AndPintAing/tecaian@iishssed 4H36¢ bR URErbeein dedlipipnce from
Z0' . i1 I"'ed perSons will "appreciate that a cylindrical irradiance profile
such dateshatianal Buplicarion DNd. SWOrG/23G13 putdishéym Detambari 7, 2008r Thepreldvanes 98;

Che HRBHRR §obe SioeloHE: ot aarrearsna ) -Sobperenedboato M BSKERA04 o o To.
i A O A MR 26, 0 e e et R 2 e i th a
squar goeadr FIGS: 1A+ 7De@k188iveUFIG.UE shapd enctblar§ sUBMARLNGGHBDm irradiance
profiles produced by a Gaussian beam propagating through a DOE as described in U.S.
Pat. No. 5,864,430. FIGS. 7A-7C show square irradijance profiles, and FIG. 7D shows a

cylindrical jrradiance profile. The irradiance profile of FIG. 7C is “inverted,” showing

higher intensity at its edges than toward its center. Skilled persons will appreciate that
beam shaping components 90 can be designed to supply a variety of other irradiance
profiles that might be useful for specific applications, and these irradiance profiles typically
change as a function of their distance from Zo'. Skilled persons will appreciate that a
cylindrical irradiance profile such as shown in FIG. 7D is preferably employed for circular
apertures 98; cuboidal irradiance profiles would be preferred for square apertures; and the
properties of other beam shaping components 90 could be tailored to the shapes of other
apertures. For example, for many straight forward via trimming applications, an inveried

cuboidal irradjance profile with a square aperture in mask 98 could be employed.



- 5 JUL 2005 PCT/ US02/ 03006 [0045] Beam positioning system 74 preferably
" enpl oys a conventional positioner used for laser trimmng systens§ Bilctitgh

posi ti QPbHRGesissem 74 typically has one or nore stages tg@gysgiRyds\Wor kpi ece
10. The positioning system 74 can be used for noving | aser spots of shaped

" output 118 in an overlapping manner to formkerfs 30 along trimpaths 32 or

34. [BoaSEBegf poeivnhQsiyisted 74 prafpbBNemeRys Beohwinfienilposiionsr Wdeor 2300,
Model 4370, or soon to be rel eased Mbdel 2370 Laser Trinmm ng Systens
comrelesirarinyningystemse $uchra pEEieening SYsiem dditypicallynkassine afsnorersages that

Portl and, Oregon. r _positioning systeng can be substituted gnd are
wel | BRGsOrEPiRRe 107 (A R Ronis wyatkes 12 LB SRR e b &

pr ef e | 5 iaked system
s B e A R T T e

syst ePgeférrat beins positiohmgsgstees canbeffesid ireaSy Mdder2300, Idods 4870 cor

I ndustries, Inc. in Portland, O egon, Persons skilled in the art wll

appr etsoatte berrelpased Madghi3 Zhlaser stempyeommecilly-avaiiabls ifeombeam

I nt | t fi.l f ' ' ' di scl d ' th
wevel BIGERSCraCAeareeg Ind et idBas ~aRand et BRRARISE Stie ity eq.
[0047§ubkﬁﬁ1?éd ﬁ@éﬁ@é@ﬁ@wﬁg@ggcﬁggﬁ%gﬁﬂ%qhgg JHaser system output 114

havi ng preterred paraneter resistor trimmng w ndows that may
i ncl ufd6pAnuxarple of etprefemed lasey ystemn 56fthatadohiaiidahumeof teabbved-801100 nm
average power densities greater than about 100 and preferably greater

t han Tihed sETHeR COMPONGHts FENOY HF Vslasen GFS pr) or 20G@s i Merdalt5280m t o

or o cpaps 3/ GpEaE diepyafis Blsf e Aol Bt SRR AR e oo
pul sepoMiadihOrégtal. Febsonbekilled if MRa AN tappRRIRS ,hmdeﬂqrﬁét%?mtuerflaw about
40-90 ns or shorter; a scan speed of about 1-200 nmisec or faster,

pr ef etypslhavingouGaussiaoeamimensity grdiiledbeforp imdging bf ghapbugies disclogedm? sec;
d bi t ' f about 0.1-2 f bly 0..1-10 d t
o e oheigty BHEE whyeRRR spelr o Th.con her 58 whhapsinn SerebS e Hh oIl 114 are
sel eCiR@d7] Nasdt F5leRIBO is OupBbleOF BB Hcih PlsEBysfim Ql]&lt?ﬁf 11#‘9%% FE’ef@&E@ge to
1 S |1 t these o

substrates 18. "Skilled péerson appreci‘ate t put pul se

par anparameteas of typieal degpistor tinnringl windevsdthat mby dhdiydet han plerafvimdetance
required. [0048] Ski)l | ed Eersons wi || also appreciate that the spot area of
| aser Wayalergth oprefcrablyDerween ahout dEG00 nony avgrage rRoves glgasigies pieetesthal sinpl e

shape |l , X ex beam
chapo i 100R5WE pBRERrANY ef G0 SG0 BRY; st 3 e E o YL RARAE)
coopegadsiofabsit H p teglearb tmagtit 50 %nﬁ@f?eﬁﬁomk of Breab¥r@h@{ dlgshtJpot

areas for laser trimmng, nore particularly for UV |aser trinmmng, are

pr ef ekHp} preferablygreatsn fhan about 5 or even higher than 50 kHz; temporal pulse

widths that are shorter than about 100‘1:13, and preferably from about 40-90 ns or shorter; a

scan speed of about 1-200 mm/sec or faster, preferably about 10-100 mm/sec, and most
preferably about 10-50 mm/sec; and a bite size of about 0.1-20 pm, preferably 0.1-10 pm,
" and most preferably 0.1-5 pm. The preferred parameters of laser system output 114 are
selected in an attempt to circumvent thermal or other undesired damage to subsfrates 18.
Skilled persons will appreciate that these output pulse parameters are interdependent and
are dictated by the performance required.
[0048] Skilled persons will also appreciate that the spot area of laser system output 114 is
preferably circular or square, but other simple shapes such as ellipses and rectangles may
be useful and even complex beam shapes a-re possible with the proper selection of optical
elements 90 cooperating with a desirable aperture shape in mask 98. Preferred spot areas

for laser trimming, more particularly for UV laser trimming, are preferably smaller than

9



9 - 5 JUL 2005 WO 02/ 060633 PCT/ US02/ 03006 about 40 min dianeter, nore
preferably smaller than about 20 ,umin dianeter, and nost prefgsa ly 2005
smal l er _than about 15 gmin diameter. Skilled persons vviljt(#].réﬁm{qg&ka e t hat
becauseMM’EPHP size of the UV Iaser output is smaller n the spot size
of conventional |laser trimmng output and because uniform output 72

per i tabokedd g8l dismieter cmotre pregérablysmatlor thawabbwt 26y prdyelkamaster, ahd snast

smal | er . resistqgrs |Oa n be rrimed_to {ol eranc t hat e tighter
t han tmsg?é?lmﬁﬂhsg%@ém & brin damdte Skled Reeety ¥ HECIRE Bt ques.
0049 ' e S S 0d - ed

ot putt T e S ERSOEL Y Taskl Gl 5 SicleO Rl ity 808 of FRERRGSIRTEC, 0g
at al llagitriisninpioneit had Gatase anifon bigpt 72 phradskdrtfsHEn e kaxigdensi ty or

"hot spot"'at its center that may increase mcrocracking and other '

undesiunifore walliaepedges aad Smse ol F43, xsistorhd04 paybeltrimuned do tajenapeas 118
consequently. facilitates formati on.of kerfs 30 wth a very flat and uniform
ot t ona e i HedRer Ao RS IS fo Cppvemingat bt rmpind echtind¥an 1 or ity
are n ' | Bt ggﬁa ' Hhpdh EEM{ g, .t he

[ nageg[bgﬁggggpgﬁfegéftl&;bl %ﬁ{ﬁgﬁg@ﬁg‘]ea f éelgjrld;m s‘TorSﬁé terltéﬁvl’?lrg olrsn t he

bot t onthecigse 9f utiferrkerifismathtathe aperoit oF etagk v8 tah all tpoints skile theuGa@sianabl e
darmage to the underlying substrate 18 because the uni form shape ‘of pul se

94 vi rauipnt 34 kasiadighecencs gie dersityidsi ot post atitwesmierghat may incgesse at t he
bottom center,.of the  kerf 30,.s0 the anpunt. and, severi of mi.crocracks
are mi'MAPFAGDE AR Ofhe 'ﬂ%s%ge%mﬁﬁoﬁ?mﬁg Sﬂ'@fee%eg%ﬁ\ﬁﬁgmgﬂ?shaped
out put ok DNRFonsEtRen A1 RARS FoMhirbrAdt kerfioi it § beSREESARA t 54

| maged shaped output 118 can be applied at greater |dser power than can
Gaussi ottdme d8at er o resypue Sulkirabs £3, ok ethisi ftnes s and endrmityn aeembt postible bit e
size, repetition, , and beam nmovenent speed ca e favorably adjysted to
et m SR an unmogisi Cap oo T | MoEr e 5E PR IR A AR, L G 8, be
enpl oyad,paxand ngﬁ oo ' ener gy
woul d ﬁave }égf@%g@gg@%r@ce tlﬁé) 0 %%@geﬁéﬁﬁ#&a}é e %@?ﬂ%&?ﬂ@@?ﬁﬁ%ﬁoﬁ h an

i mage dildne dodesirpble dahfhge Tt ¢hd nmipelyirp wubstiate U8betauks She ahiserupsieipe df's

cl eaner bottom edges, and faster trimmng speed than does clipped Gaussian
out putPules ¥ VEuaRy plimimeten i possiniliy of gealing p Joherot gt B1S betwmaeentereokiber t ur e

o 56t 307 SR BE CafiliR ha S He Gio PRI BB, Bt BlSERRY, o ¢

FI uencein! 2%Ebé ineeabie widIikidiced Shabdd dfhue 118 lovEdthat HaamaBletvAliead | uence
| evel s multiplied by the inaging de-magnification factor squared. In one

exanplwimedified Gevssian owputadrbr Imagedeshgpedwutoutabl®eaniheospplied ap greaterd2s01/ cni '

or less . " " . . .
power than can Gaussian because “hot spot” damage potential can be elimjnated so the bite

size, repetition rate, and beam movement speed can be favorably adjusted to trim faster.
[0050] Although a clipped Gaussian spot can alternatively be employed advantageously
over (aussian output 54, substantially more energy would have to be sacrificed to obtain
desirable uniformity than with an image shaped output 118. The imaged shaped output 118
also provides cleaner bottom edges and faster trimming speed than does clipped Gaussian
output. FIG. 8 shows a comparison of ideal fluence profiles at the aperture plane for
shaped output 94b and clipped Gaussian output at several exemplary transmission levels
under typical laser processing parameters. Fluence Ievels on the workpiece 10 are equal to
the aperture fluence levels multiplied by the imaging de-magnification factor squared. In
one example, fluences at the aperture edge were about 1.05 J/cm?® and 0.60 J/cm® or less
for shaped output 94b and clipped Gaussian output, respectively. Thus,-at workpiece 10,
the fluences at the edge of the imaged spot- (kerf edge) were about 7.4 and 4.3 J/cm? for the
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for shaped output 94b and cli pped Gaussi an out put, respectively” 5I'hlly$— 2@;10[5
" workpi ece 10, the fluences at the edge of the imaged spot (kerf edge) wete
about MO oMIe63d33 |/ cn2 for the 10 - 5 JUL 2005 WO 02/ 06EE3BSIREINNFIS02/ 03006

._ imaged shaped output 118 and cli pped Gaussi an out put, respectively. The

rate at which typical resistor materials can be ablated typically differs

bet waBaget sbaped 10BfPi d 8 dad clipped  Sausianopay, respeciivelys ulee ratg ¥crkishng of

each kerf, 30. can_he. | et ed. in se i t.h faster ni ng speed,
or - witt R aefoP R Thn B 3eadh PRy RS Benuelh i, e g RBY T2
shapeglcatd Rivelsl 185 airB&iile Prbitdsin O PARARFE30 BarPbd letdd08 Fdherpuigesanpl e of
a strategy for trimmng Wwith 1 maged shaped output 118 in accordance with
t hes ewitlo fistetescamning spesd, pr edthniargen\bea sizeh (drsombélse pulie dvéddpsywithtbe f | uence
across the entire irraaed spot . can be nmi ntained, for exanple, at 90 % of

the viERged sRapRAICUPUL YA e BCHRasESE BFUAISCIFRIPYat i on or dammge occurs, Fm

ypi QPSY Ko RERRE Otk SoaEly R SnBERE G el bt b Ieh PES 00 S
mat ericabrdafced BAA tR&ealoRdideiatioRS Sf preddtd iNVenfibn W ddschiBéd BAERE T Mhcesuch as

significant mcrocracking. In contrast, wth-the clipped Gaussian beamat T
= 50 #drossrike entidedmaged spotcantte maintagmedpfortdxampbmtat 80 % of thefvilnersd avhictm whi ch

case the edges woyld be at only 45 % of Fd.nmye._ Alternativel t he spot
edge WHGHPIHMC RRNAFIG PERAITANGR Orﬁéﬂh’g@ occurh R%HP% Fop §zampk, aestP@bleoul d be at

180% qf 1. f . ' ' S ' To[cH
vei nt SRR EREAIT 86 BALP e o Rl ) 10U A a1 TR
resi stheh 5ak £ IThel rebiiob enibRalrie ehelnr blatécha doatifrions §gachwilh nbeoadse datgse
pul ses, since_ _each pulse_renoves nore material. Thus, the trinm ng

t hr outishas significeat BricropEaskings uknrentragtgwithithe elippedrGapssiandeamigd =hat of the
clipp Gaussi out put . [0052] .l.n addition.to bein |l e to cl.ean resistor
at o TP+ PR R SR, oL o % et micbRraie iaoPuR sdec e 16804 Shove.
the i wBgIRGSHPRA4 OB UL, 8 Medtn@ Rl the bt lelife QRN Peeld ABI0% gl from the
bott om edges of “the kerfs 30 nore conpletely wthout risking damage to the
under Fathepgircwhizhi case thestenter evaiSd be at U&% tofl éheidarhagenthséshpld idenpe) se 94

bl B G ol a2 B e e b e
S hap?éhaﬂ}éts R rebibordhatePgl RV GS &gheh ROt 8458 WY Sade? ?Lrlllgsey,qﬂce

preci se laser spot geonetry and permts better®taper mnimz

per f ofarh putseatmbivemioré hracsrid p Mhus Athe sritnhding thivatglauaioff abbgedwhtpedaussi an or
clipped Gaussian output, thus providing crisper edges than available with

Gaus sPHPUtoUksRn beamugts greatnsithay thabpkibg pliaRsbS3usiH® BPtlom of the kerfs 30
and t E%Si]ofnn?&dit? n &:f bzﬂBé bR 5 deh 1%9 6 material from the bottom edges of the

kerfs 30 faster as discussed above, the imaged shaped output 118 can also clean the resistor

material from the bottom edges of the kerfs 30 more completely without risking damage to
the underlying cere-u:uic substrate 18 because the untform shape of pulse 94 virtually
eliminates the possibility of creating a hot spot at the botiom center of the kerf 30

[0053] With respect to kerf quality, the imaged shaped output 118 of the present imvention
also provides for a vefy p_rpcige laser spot geometry and permits better taper minimizing
.performance at ﬁigher throughput rates than that available with Gaussian or clipped
Ganssian output, thus providing crisper edges than available with Gaussian output 54. The
uniform energy across the boﬁom of the kerfs 30 and the formation of more precise edges
provides more predictable trim results, including enhanced repeatability and positioning

accuracy for smaller target areas.
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provi des nore predictable trimresults, including enhanced repeatability .
and positioning accuracy for snmaller target areas. 11 WO 02/ 060_6&{@_ 72005
PCT/ USOR/Pez/e506836 JUL 2005 [0054] FIG 9 shows the rati opofrukerdso om

width to the kerf top width as a function work surface location relative -

to the_pom n% i mge plane, z. = 0. Wth reference to FIG 9, the nom nal
| rage PPEAIGFIG 4 REOY s of ke SO Wi © 6 MeFIORBS9R 2 SRR IORk 1 1
bot owsitzcs REafion rH8H ek Wi Shasl Bibe, ¥ & U0 WES réfrchiod EOFES S o B2

from tooeniaXSto@iye QMecH thdRRatiths vaaeah®kerfs 80 at@inotNapdick e, vith e nidke 3a
error bar is shown for reference because bottomw dt nmeasurenents may be

di f f i cherply defipedstapeedges.i Bositive Yalued olf gyeepredsot plangst pbow &hd norpal imagehi eved |
at the,imge plapne, where .z = 0. Thyoughout a. 400 pmrange, jLhe bottonitop
Fat i o BEE 1oy B0 GRe SOEPiFseat0 Blacel SR H e SHBRBAPLS SRESISIR.000 shows
kerf wi : GLi | | nom nal

g oy AdoR whertP I 0TI 3¢ Ribe B A8 Bu P Bab bR el WA

nom NahedsiPeitends 82§, bel dicficanad apeasieerkliAllp. it lardeBiiR@astopSiatiadd | y. For

| ocations below z =0, the top width remains fairly constant out to 400 pm
bel ow achievedaythepimage plansevheza zvidt. hTheoughgetrie tad 00/ Limgrage, shebottem/top t m of
t he aveﬁacﬁ;ﬁ? v Iues Wit h ex%%iagﬁiha z,= + 300 pmand z = -300 pm For
the bJREBMEHAWAYS Brrated farnsl” 5 BU%Gal ue  decreases steadily from

| ocat i ' I ' \ . se the

w dth o er T R e P Ao Ry R o

t he simeninaf indpe Haxd, whepe z+=h@. Batthe morkpitle 16 issinovedd fusther efevechee onl y.

Statistical_ process control techniques that coul d be applied tq | aser
syst erddsping} ageians, dheaverpg karh Mpewidsh dncseaseh segliber Fatt Josaliare BelRW ker f
tops. | Q0R6 sl u |5 h 0
managiing g'elp]}eﬁgﬁﬂ %ﬁrl%ﬂh 'szsﬁﬁls n%%ﬁ%‘gtc@s‘gﬂf’%%l}%ﬁ \r?gglg.mﬁggg%g@w%es to
mai nt e3dwadthe afe gdterdBr field epwithili B DY@ of thRraverigevalue| wath éxaestioreates and
machi ne conditions, it would be advantageous to set up the process with
the wot & uBblem istare P pghtFoyr the botomheidiuincantrasiaife ayerage value say z =

+200 m_Thi s ul. ro . a_zone of 00 of .z var. at.ion'that could be

ncconmshrEts etk BpS iR 38V Booiom Belogh ofh ke R e U Che ot ner

hand, Bécauge fHeidtH8SiHeARl LhdtROmRY HEMiiBaiyCR05d difficdteiof cdafol BiFhttRE sBanet er

ratio, it would be better to set up the process with workpiece 10 | ocatéed

exact | of the ketigopothierbaittormmaigish i shoevn bhirsfevenek dnlye nStateticah processecdnttalony t op
o) 0,

At O i Gu e E BY aPplichto Sadel 2y stom 20 arer therdfote Aglichblcto the

characteristics of the kerf tops.

[0056] The data in FIGS. 9 and 10 suggest several approaches to managing depth of focus
issues for process robustness. If one wishes to maintain a constant kerf top width over

_ varying material thicknesses and machine conditions, it would be advantageous to set up the
process with the work surface located slightly below the nominal image plane at, say z =
+200 pm. This would produce a zone of + 200 um of z variation that could be _
accommodated with very little effect on th; top diameter. If, on the other hand, it is more
desirable to maintain a constant kerf boftom/top diameter ratio, it would be Better to set up
the process with workpiece 10 located exactly at the nominal image plane. This would
ensure that the bottom/top ratio wounld decrease by no more than 5% over a z range of at
least ++ 200 pm. The viability of either of these approaches depends on whether the other

- kerf characteristics remain within acceptable limits as workpiece 10 moves away from the

nominal image plane.
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" least 200 pm The viability of either of these approaches depends rorjuL 2005

‘whet her the other kerf characteristics remain within acceptable lints as
wor kpi egpo éflodieyes away fromthe nomnal image plane. 13c1aimoddheng005 WO

.. 02/ 060633 PCT/ US02/ 03006 [0057] Moreover, beam shapi ng conponents 9D can be

sel ected to produce pul ses having an inverted irradiance profile shown in
FI G TiOS7adorepvet,ifspmdshapingi abenpashis $Ol danéde seRoteldo pfachice pulsechavingval of

i stor. terial,. al h t f kerf 30 th f h
| epr o IRUEGI LFPHIAEES BEHE ShAR AR FOv per it Clppedufsie ergeg et L B ¢ han
80 %% al.. . I e 55 .
subst?&zftl%ta&& an tg{g%%@atlogm giolpﬂgﬁj%aater t%anbggg?/ori?%%ﬁi or\gvﬁ%spectr ratio

ker f s idfpovarigpar0SEhdpressit titesitriod peemits ahhper dai® oL preh@r GmBU% asabst rate 18.
Better than 75 % taper ratios are even possible for the smallest kerf

wi dt hspaxfimom thspighpst wghentyndlesirahle damageic cargpic pibstrate 1§eapbiapekeatios 30,
i th t ics. Alth t tio.is typically. not i tical
- Vohe SLSRARILRTBRAR 5 pil AR b it Bl Bl cf”
achi ouapranie siosiel! 18, BubRiah 7208 kel rlios P pv st L WP AR REE o
uni f orgitithe, frio@Patdut BRES Ll width gt theddesf wpeof tiesdbepeast ttetfe86] withan be enpl oyed

for both thick and thin filmresistor processing applications as described
i n anyobyentivaak omtics e fdipughiteperiTatio ketyPiralK @oba saitistl consideriieniq swny

o S B8 o Bibe b el DB e b b el b1

resi stihSieitibh Sapel TARI AdMdvadIe wile i ireQint idlealif e phinbesAdélanrakett 200
pm the preferred trimmng criterionis to renove all of the ruthenium

wi t hi reottbm kmEfdreni30 with a minimal  anobunt of penetration into the ceramc
b T desj r.abl e kerfs 30 . I h i C.

mat or [100581S i AR, e AN IS IEo TG BB VP PRI DT POCBE PO 1 o, -

Such ean) tald: Saqd ' raty | 3 mc to a

dept h IS eatr b GiRsfg BpliZaroh 3R oA et aR) R W PlRriiBhehs cRELEEHAT T, L0k

118 caackground ef thecimecmtionq inclodingipattéal kiepthsridtinitigt Hiith respeat tondiick filmi f | cant

m crocracking. UV is particularly preferred_  for processing resistor :
nat er i16$iSeve PAEIRFRE TUtARRIBMGXIde PR EETaRHG pcdndpg sha g0 2nand @%f@»}@d. [ 0059]

Sbous TobisBre bR A RS lin TAR: REIEITRE liEfnodt e 165 MEMEREN00D WO Bided 2
trim yedfingdrBericiiiito 38mb&hil oithe rutBénidANwithihGH: Kbtk S0 RviD EEARES

especially Tor trinmmng
amount of penetration into the ceramic substrate 18. These desirable kerfs 30 are clean

such that ceramic material is uniformly exposed and the bottom of the kerfs 30 are “white.”
Such cleaning often entails intentional penetration into the ceramic to a depth of about

0.1-5 pm and often at least 1 pm. The imaged shaped ouiput 118 can provide these clean
or white kerfs 30 without creating significant microcracking. UV is particularly preferred
for processing resistor material over ceramic; however, other wavelengths may be
employed. )

[0059] Although a UV wavelength can be employed, an IR wavelength, particularly at
about 1.32\ pm, may be a preferred w-avelength for employing a uniform spot to trim
materials, such as NiCr, SiCr, or TaN, from silicon substrates, especially for trimming
active or electro-optic devices and in applications involving functiopal trimming.

[0066] Skilled persons will appreciate that the uniform spot trimming techniques disclosed
herein may be employed on single resistors, resistor arrays (including those on snapstrates),

voltage regulators, capacitors, inductors, or any other device requiring a trimming
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active or electro-optic devices and in applications involving fug}cm%hs -
trimmng. [0060] Skilled persons will appreciate that the unifor t
trimm ngve epdsoszpues di scl osed herein may be enpl oyed onPETA§IHIIBEEI St Or S
resistor arrays (including those on snapstrates), voltage regulators,

capaci i ndu any ot her .devic equiring a trimnm 13 - 5 JUL
2005 hB BFoadess it B BRab bR bemles rehied cithebmpro AR st s por
tri miRthdoRatitirAigSorciertpABRIdRY Sthet e SHhbet ha a@bﬁ{%’upms ddedHoRg or ot her
applications where the i naged shaped out put "118 goes ot penetrate the
subst rpenetrdig thesubstiiate B asheellbgspthe epplicatisnsvivber sbitsate peretpadortis at i on i s
desi r?gl.e. L0061] FIGS. 11 and 12 are el ectron m crographs show ng the
di f f er®AE®¥Ci n m crocracking between a resistor 10a trimed with a WV .

(i g dOSFERS 1nd o ledsonSpleR o hart Ponils FEHtleh g etk i, 1,

was t rjet@esh Adsibter 104 Gaunsd YRHALUNUGa R4 HERNITAG. RVSOROSraaRwWRI10af 0.6 W,
at a repetition rate of 14.29 kHz at a trim speed of 30 nmisec with a bite

si ze dfinpmadwithra UPheniforsu(itiage] sheped)dame@iGhiley Nideraferenes torbi&t.aldk s
substantial m

m,crocracks 140, a stantial | | de kerf edge 150a, d deep
penet raAFHFOT AP Wk nyith g&@ﬁ%gﬂﬂlg@ﬂ? VlE%ﬁJEléVefége REWVET %@% Wt h
ref er t € i t Lol ] i shaped
ot put T RREyEon S of 14 28130k, ¢ 0ty Wi dr IR el uh ¥ SHERRE D 2 1TPE
at a jmhl IMTiEpesstiap k3Z 308 S@ibiwi dufncfowl tairsdracksafubstantial nlibcrRESI1U0Ng Kker f
30b exhibits no undesirable danage with few if any m crocracks. The kerf

edges subsgntadly widedtaredse 1508y eapopenREaBeb ite Heccepamstsibitiadm 18 at fieal | ow

d ial i f. 0062 il b ' ' Ki l |
"0t neeahe Nl 40 aRLR bRl B e regSiof ik $AF ipRmed AR Y ek
above-gaped bwpdr mﬁﬁﬂjiﬁr%aﬁ avéthpé Pbwed HVEBE Wkt WirkPQitlondaRAJS K9z bt @M t he

underlying principles thereof. e scope of the present invention should,
t her eftine spasd of Fét mmitascdithnbitelsizetdfed fml | The reguitingikesf. 30b4exhibils oS WO

02/ 060633 PCT/ 13S02/ 03006 Cl ai .1 | as trim fil
Fesi SUBHEHERRI SRBAET PO BN f AR FFOGRER. (B0 Ko e At e anet or of
the I Girdvnd B sibBirbiHRRefaddd HLhaRwhAd ﬂ}@ﬁa@%&?gﬂ rted on a

substrate, the filmresistor material cont eterm nati on of
t he i ni0D62] Itwweillitee obvious to those having skill in the art that many changes may be made to

the details of the above-described embodiments of this invention without departing from the
underlying principles thereof. The scope of the present invention should, therefore, be

determined only by the following claims.
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of the paranmeter, the nmethod conprising: ' producing a Gaussi an_bea]mromngt
| east one | aser pul se of Wradiation having an energy density -spatral

profi |l ayofezmgersss al | y Gaussi an shape; propagati ng t he Gaurgiaseiosmsn al ong an
optical path through a beam shaping elenent to convert the Gaussi an beam
into a transformed beam having a & substantially uniformenergy density
spatial profile; propagating a majngn\i‘ﬂt i on of the transforned beam

t hrough an aFl@rA%@thb@of%@ﬁ/&hh:diﬁghﬁﬁﬁr@si&tﬁfﬁ?éhaﬁ 8%dnb 8k idigfI R far get
spot with a substantially uniformenergy density Spatial profile; '

di r ect nomyirtah ealie rgerathetanob theaesistoa tipe includes adfilm resistarl materssl saipportedit er i al
to ablate _ the filmresistor material_w.thin the target— area of the

resi SAbR SERSTRfta KRR MR SeSIHPT MEferiAl CORTIDBUNE Foa AeiTRERTom Pl Biedpliab¥alEe r at i ng
LEin 3@%5’%&%&8&%’%%%%&0‘&%’3% %r%‘?%gh the filmresistor nmaterial and

f the substrate within the target area,
the subst antyrgdicing!n (20564The BOLA Of dERA Iohe IRAE palse RE UV k&iifiod RidAEget
spot having an effective energy density value that m nim zes fornmations of
m cr ozneagk density tspatial wnefileatfegengrallyHeaussahekipef claim 1 in which the
substrate is penetrated to a _depth of less ,than 10 m .. 3. The nethod of
claiml in wirePREIHEE nhGrrwian heanhalaeg pnopHcal path teensh abeam shaplgt 0.1 m

ess AR RoBber it Ghhn il e AEaBAOPREThEch B EER il BppGp ™ ©

nat erygforeDeity P B8nsitytdphfidl prbfilen resi stor material that includes ruthenium
oxide. 6. The nethod of claim5 in which the substrate conprises a ceramc

material .  7.prapagabing Aodajef poitiimefithe tramkformed heam dwougloen eperpriedes a 0402
or 0201 chi.p.resi,stor,. 8. .The method of claim3 in whi.ch t.he resistor
oo canyer P ko3 Bt basts s St B et spatoidls tybpiap CBTSESH 33
PCT/ 135044 Q Poflehe nmethod of claim1l in which the substrate includes a
ceramc ﬁgtgé{%glp%n * the filmresistor material includes a thin film
resi stor nat 'efirezting ik tafgest bertalvmo aftargbiares 91 the filn cdvistdrembderial fo dbiate

resistor_material includes, a . .
the film resistor- material within the target area of the resistor to change its initial value to

=

the nominal value and penetrating the substrate to form 2 kerf through the film resistor
material and uniformly expose a major portion of the substrate within the target area, the
substantially uniform energy density spatial profile of the target spot having an effective
energy density value that minimizes formations of microcracks in the substrate.

2. The method of claim 1 in which the substrate is penetrated to a depth of less
than 10 pm. '

. 3. The method of claim 1 in which the substrate is penetrated to a depth of at

least 0.1 pm.

4. The method of claim 3 in which the substrate is penetrateﬁ to a depth of less
than 5 pm.

5. The method of claim 1 in which the film resistor material comprises a thick
film resistor material that includes ruthenium oxide.

6. The method of claim 5 in which the substrate comprises a ceramic material.

7. The method of claim 1 in which the resistor comprises a 0402 or 0201 chip
resistor.

8. The method of claim 3 in which the resistor comprises a 0402 or 0201 chip

resistor.
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ni ckel chrom um conpound or a tantalumnitride conpound. 11. The net hod&eof_
claim1 in which the resistor filmmaterial constitutes one of 5ndillt il '

sim | ar wegi/onssf resistor filmmterial nutually spaceficim@iiosbseom each
ot her and supported on the substrate and separated by precast scribe |lines

formed in the_ suyfhstrate . fqQr.  separafi the nmultiple simlar regi.ons;. each
of the miltipPe Seened cdslamel rokich e sosttiis ndpdes sotpsaic BaHaand

posi t m%gﬁﬂn : B [ cﬁ]}q{ - substantially uniform
ener gy ens?ﬁ/&@gat f%{afpﬁi}%ﬁeﬁg'{g#t eﬁ?“éfd&g‘?é'gﬁ%lf has an effective energy
density val uel®héthe mithodrio elirh 19 inhehistu tisd thart Alrh eesiasr arrial ingludear acks of

sizes and depths that cause in the substrate spurious break |ines that are
di st i miske} ehypmin componsd of ertansalum pigde gompausd. met hod of claim 1 in which

donsi ty. spati S pRBIPRBORH ¢ o guaich 31 R umeti o3RRG ofonsi 1y

val ue vl r c ,
pot 1 o Haple A fetfors U TRGMGH gt (RUCHATAR y SACES Tpgh ARl Bick Pz 18
subst aappatddyontbefsabsastaend yepdesnsd by prepet scaibe fihes fdrmedfin tiresubatrgetfos pot
has an effective energy density value that mnimzes in the_ substrate or

t he fiSPPATABRS Hicanultiptasimilon TeHons; crefeeldbr snwtipkisimbarnegions of Aoy materishuse
t ! i fit..f h inal value. 14 Th t fclaiml i
it o i po i Saft bhlibirBeryEo SR corfeyeirs: i olf S tRRL BRSAEL N bi ¢ "

t aper ehatg%mea&ir}a&pdmﬁoﬂé o%/@ﬁta{% 5Bt Hab RE QUBBIPVH enelsy ddidy ihfdada0f claim

1in whic he "t arget  spot w substantially uniformenergy density
prof i IEinjmEzenimiesnbstrite foiztions of tndecrberackhafsioes aguieptisch@Ccapse in th6. The

nmet hod of claim!| further c rising: generating the, ussi an beam from a
Q swi t%h%{ﬁwﬁﬁlﬁé%lsﬁ%%ﬁ?esstg??ﬂg t’ga@etPPPi AStICEDFEUARSD of claim 1 in
whi ch the Gaussi Bﬁ;ﬁgﬁ b3 ] | f t ptical

el enent. 18. %%'e?ﬂn%t 0 ‘%W?lg[?}n%:l %‘%\%F%%k#ﬁg&ggﬁ%n %gr?@éghn%ri ses a
wavel eapstimtiably 1alifortn éfebgyudensityd 4pataprafie ofithe trget Got hus.ankffectibe dhdrg 005
WO 021060633 PCT/ USQ2/ 03006 19. The nethod of claim 1l in which the Gaussian

beam HK&BSighvape thah mipgnzeclormater of BaaArTReks iiba sebitiateet tha PoBEmSEEIYYy t hat
S greb?ttﬁék&l&qn 50 % of the energy of the Gaussian beam

13. The method of claim 1 in which the substantially uniform energy density
spatial profile of the target spot has an effective energy density value that minimizes in the
substrate or the fillm material formation of microcracks of sizes and depths that cause
parameter value drift from the nominal value.

14. The method of claim 1 in which the kerf has a depth of at least 100 pm and
side walls that exhibit a taper ratio of at least 75% at maximum throughput.

15. The method of claim 1 in which the target spot with the substantially
uniform energy density profile has a major axis that is shorter than or equal to 20 um.

- 16. The method of claim 1 further comprising:

generating the Gaussian ﬁeam from a Q-switched, diode-pumped, solid-state
laser.

17. The method of claim 1 in which the Ganssian beam shaping element
comprises a diffractive optical element.

18. The method of claim 1 in which the Gaussian beam comprises a wavelength
of about 355 nm, 349 nm, 266 nm, or 262 nm.
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- 20. The nmethod of claiml in which the aperture has a square shape. éﬂ] ﬁw
nmet hod of changing froman initial value to a nomnal value wth Icﬁn I-t N
st abi | iy ¢/deegzaneter of a microelectronic circuit conpopenUsidasbos ncl udes

.. aregion of filmmaterial supported on a substrate, the region defining a

of the par amedsr TieEf DL clan b Which ACORITIARCE S an il U B 2
ener g¥arGenbédny hePah bpdruRe@bhdped @heiggRatab Fﬁm&%;ﬁ'ﬁ@% SHBPehergPRY @id | Ng the

| aser beam having a ussi an energy density spatial profile into a target
beam tGeaissitmbeaama t arget spot with a substantially uniformenergy density

spati al profibe; and directjng the target beam.onto the region of film
material to aBPatdCal Qﬂt’:’&ﬁtﬂgfl 10 cﬁi hARFATER g%fl 2 BQATHAMARE- i ts initial

I to th ' ' ' : . it
e O he. PR AHer(d HPenabBhe AR ARl Lty § BB INHEIIELY

spatial profi : ar ge aving an e ctrve energy

that eimiabaRg aiparidiees ubs iidlolepirohit ®irchit BoffpbRert thatliBE108s ORI of

m crocracks of” sizes and depths that cause spurious break |ine formations
i n t hdilsuansteriat suppR2ied Bmea subistrait, te rwpmndefihingr wiimdetrihspaseithat r at e

i ncl udes g ceram ¢ materi al ngd the fil terial includes a thick film
resi stCOBIHREES P4 determingtion %ﬁﬁd@h@r V%P%B)Fr@ﬂ?@%ﬁiséhe Eehadfomprisingy

resi stor matet] [ iBﬁHé ' :%ﬁ, jm21 in
whi ch the sub #?dﬁcemgc%%ggé%%a% cer runﬂ]gﬁég ?rel a w&ﬁ?%@??ﬁ%&ﬁg rial

i ncl udpsisgiahRhapef;i | mresistor material. 25. The nethod of claim24 in which
the thin filmresistor material includes a_ nickel chrom um congou_nd or a

t ant al um ni t r icERVEERE Simdserdeamiiyinge RisysHan epsxpyrdensifyrspatdl gro tegi on
of film erial .constitutes ope.. of ti.ple sim|ar regions of .film
ot er (et s SRS A bt B Mo wliebb ke tihe Serkr arely Bttt
subst I’Fﬁ.bﬁ_[e;@ﬁg each of the multiple simlar regions of filmmaterial has
opposi‘te ends positioned between netallic conductors. _ 27. The method of
claim 26 i n wiirepting)thertatget ptam ontu tharegiegiof fdmahateribhto abldte & imhntiyeof

separat eq, by precast _scribe,lines formed in ,the substrate. 17 WD ,021060633
-5 JULtﬁe%é@fmg%%feéézﬁ%%Mg.V%wrﬁﬁﬁaw velug: fexostantalycpniform

subst r kLot BGlsHY 85art G5 ARI6F i fSEd: Spot having an effective energy density value that

minimizes in the substrate or the film material formations of microcracks of sizes and

depths that cause spurious break line formations in the substrate.

22. The method of claim 21 in which the substrate includes a ceramic material
and the film material includes a thick film resistor material.

23. The method of claim 22 in which the thick film resistor material includes
ruthenium oxide. -

24, The method of claim 21 in which the substrate inclundes a ceramic material
and the film matenial includes a thin film resistor material.

25. The method of claim 24 in which the thin film resistor material includes a
nickel chromium compound or a tantajum nitride compound. .

26. The method of claim 21 in which the region of film material constitutes one
of multiple similar regions of film raterial mutually spaced apart from each other and
supported on the substrate, and each of the multiple similar regions of film material has
opposite ends positioned between metallic conductors.

27. The method of claim 26 in Which the multiple similar regions of film

material are separated by ﬁrecast scribe lines formed in the substrate.

17



and the filmmaterial includes a thick filmresistor material. 2%; -{]2620051'
met hod of claim 21 in which the region of filmmaterial constitut s‘l n :
el ement o oB8kogdd @y of electrically interconnected el emepCsiuseniabodar t her
conprising multiple arrays of electrically interconnected el enents, the

arrays mutual lye s tﬁ'%? . r .
substrate. 30.218]‘hgﬁrgre 0 é#d%:'ﬁﬁm%@f%%%%ﬁaﬁeeﬁgﬁag{é%%15 ei gﬁéﬁq%ally
i nt er canhhetffith materimt Miduds @ BRRITIA REishy nutegdst scribe lines forned in
the substrate. 31. The nethod of claim 21 in which the mcroel ectronic

conmponent is a29.-r d8pseathod ohelaign b i which the regips oé fille maedalicRestiiuigs @pat e
includes _a ceramc material. 32. The nmethod of .claim?21 in which

{ ar gt SLEPBRE G 2 =AG oF Elsciealty HpirORtcra Arunds TRl ORPIPRE iR,
maj or | I : claim
1 1 ur B s e ey e el o ok

di ode- pthep ead swwjorttdsiramhe shiggeae, 34, The nethod of claim 21 in which
converting the Gaussian beamto the target beamincludes passing the beam

t hrough an ape?Q-ud@emeaihod of claim gRiimghichode iaprags af elepisicelly inteeonpetadaussi an
beam ~ The neth fi._cl ai 34 i.0 ilch co rting the |laser beamto a
t ar get g%ggﬁg ?ﬁé%@f%g?ad:’gs@ﬁ%} f‘f‘\-gjel lﬁO%MWBWH%E-beam shapi ng

el enment, posi t3pNqthe4RetBbd SAERRA 21 R S HARCHE YhRrdBiskronicOéo hivg o he | aser
beam 36. The nethod of claim 35 in which the beam shapi nd el enent

conpr i sesdstar, thi panaaeterie regitarca) aml thewsnbstrd inchiddes meelmmlicahatedial, m 36 i n
whi ch converti nzq E@gq%l aser beamtq a_target beam incluydes, passing the
-0 |

beam t hr ough a3 ghed efelaim 24 38 iwhighig target s AvitoresHRSEagRalY ur e
k, ' dehs: 38. t oGl Qi i ich th
gﬁgstarﬁlﬁ'{fgﬁ?lﬂu formt%ﬁg(&gg:/ﬂ ensﬁf(?/c a"g@ﬁ%%ﬂ% mlag Og:‘e%(]ampgrgeltcspote

has an effectis® mrxggmgens&mjtugalfuﬁhéﬂwmljﬁmgﬁ zes in the substrate or

the filmmaterial formation of mcrocracks of sizes and depths that cause
par anet er val ugenerating Grestanthsamdioma Quitsbed Jfoderramped rolidwtate jagemm 21 in

Fosistor 18- S8 FhES0bEe SEMRSR AT Ga SR btk B SRnbat Sm iR o o
cl ai m ghabipesh Blehides passisy the bRahShRABR tahHpefufOomasiRp idlipping a peripheral

portion of the Gaussian beam.

35. The method of claim 34 in which converting the laser beam to a target beam
includes passing the laser beam through a bearn shaping element, positioned up stream of
the aperture mask, for shaping the laser beam.

36. The method of claim 35 in which the beam shaping element comprises a
diffractive optical element.

37. The method of claim 36 in which converting the laser beam io 2 target beam
includes passing the beam through a focusing clement, positioned up stream of the aperture
mask, for shaping the laser beam. .

38. The method of claim 21 in which the substantially uniform energy density
spatial profile of the target spot bas an effective energy density value that minimizes in the
substrate or the film material formation of microcracks of sizes and depths that cause
parameter value drift from the nominal vaine,

39. The method of claim 21 in which the microclectronic component comprises
a 0402 or 0201 chip resistor.
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| ess than 10 m 41. The nmethod of claim40 further conprising: &0 r:rjutggg{];
- kerf having a uniformly exposed substrate at the bottom of the kerf.. 42.

The ne aim21 in which the substrate is penetr 0. a depth of
at |e§’2§%6’8§°6§11’ 43. The method of claim21 in which th?@ﬂb‘éﬁ“&?% i s
penetrated to a depth of less than 5 m 44. The nethod of claim21 in

whi ch conver tiqg Thembaoa of RRAMA10naviih SR suBSAIR id frkHIRA DA ASHMGLst he
| aser beam t hrough a beam shapi ng el enent. 45. The 'nethod of claim2l1 in

whi ch lesstmanbdéammconpri ses a UV wavel ength. 46. The nethod of claim35 in
whi ch the | ase am c ri.ses 1R wavel ength. 47. The met hod of claim
46 in which ta‘ibg&%&gﬁ&%%% Hriien RATERIYIRE0f  about 1.32m and t he
substrate conpgj b L . Jhe i[{n”ﬁ; ' | nky a top
quantity of th%“bo_i%%ﬁﬁ%%ﬂ ﬁmi@@ﬁgbggq%bﬁ%en a Pbs&béegpgﬁeéc}&gtth t hat
the substrate 4B S BO80IREH 2148 wHibS tHERRBALtO s Sdrdtrited o hMeph ¢uct he

| aser beam conprises visible wavelength. 50. The nmethod of claim21 in

whi ch lehg i mel ectroni ¢ conponent conprises a capacitor or an inductor.

19
43. The method of claim 21 in which the substrate is penetrated to a depth of

less than 5 pm.

44. The method of claim 21 in which converting the laser beam to a target beam
includes passing the laser beam through a beam shaping element.

45. The method of claim 21 in which laser beam comprises a UV wavelength.

46. The method of claim 35 in which the laser beam comprises an IR
wavelength.

47. The method of claim 46 in which target spot comprises a wavelength of

about 1.32um and the substrate comprises silicon.

48. The method of claim 21 in which only a top quantity of the volumetric space
of the film material is ablated such that the substrate remains unexposed.

49, The method of claim 35 in which the laser beam comprises visible
wavelength,

50. The method of claim 21 in which the microel_ectronic component comprises

a capacitor or an inductor.
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