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BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to methods and systems for high-speed, precise

micromachining of an array of devices. This invention also relates to the field of

25 resistor trimming, particularly trimming of serpentine resistors on thin film block
structures. Laser resistor trimming involves laser-processing cuts in an area of

resistive material between conductors.



WO 03/ 082507 PCT/ US03/ 09323 2. Background Art Resistor trimmng (as well
as trimmng and m cro-nmachi ning of other electronic conponents and

ci rcui t s)woasesot ved over the |laser 20 years and i s now PUSAS03/@323
adjusting circuits for thick film thin film and other electronic 5

t echnol ogi es. The publication "Trinmng," LI A HANDBOOK OF LASER MATERI ALS
PROCESSI NG, Chapt er, 17, I?%Q&% §$§\-r588, 2001 contains contri butions

descri bing several 'aspecats or'Y ASer tri mmi ng. Figures la-Ic of the present
application are incorporated fromthe publication. Figure la illustrates

current flow lines of a untri.mmed resistor,. wheregas .Fi .b i trates
an effect of laser tri n&l%&togﬁruglﬁgngl S YeHas fpmpng 3 ir%lgrsoglﬂécl%ghﬁ%bﬁ:ﬁ&

sunmari zes sevgi@onicCothfonerts habtirdiit) hareeed @ner the tiser Z0geasy amd ismowar i ous
resi stor geonetries and cut types. The follow ng exenpl argyogés. atents are

rel ated to | aswedtfor npdingingneireibiss fom dhisk stilghs thig| Bliip, 66 -Cpppic

5, 796, 392; < 4, Y : AhmiB99 14 PR orakeg MR EERIAG. 15
U S. Paten @8@8@%&%&%?3@2%3?% mar%@gagd ects of sec; pentine trimm ng.
Basi cal |y, a sRrqumssiNge Gheples i dr pagss £83-988, G heonesdupetnrirabutiong 46T diREs and
a final trimcut is nmade rallel t.o t resi;stiar :

oiunge, 1t aeeerabatees Bdrdkuflalie’ IAeiS B o CHY Bres B upIRAUSE brc

al ternately frigsmpoateinfiom empabienionmiigunt s dhustraesi cmrenp flowgknasuaf an

| engt hs, a resistance threshold of. the 20 plunge cut or the trimcut, a
faster cutti ng¥PBEGIIEHSRN HHgEas iteyre H’n’gl“gtr%tf’ﬁg?}b‘?éfﬁpgaglaﬁﬁ%%mg PBW i t h

various r E@i stapese 3, GHes. | ENQEd 1t aahdnariZbek&etd rRsul@Nsiabilitpgspeeedarfdor
i mproved hi gh-speed, mcromachining such as precise trimmng at all scal es

of operation, tokmaicag) fitbrmatinicrestsiar geeme@igs @8d CYGYP&Sf er trinmi ng. 25
SUMVARY OF THE | NVENTI ON An object of the present invention is to provide
an i nproved nethod and system for high-speed, precise mcromachining an
array of devices. The following exemplary U.S. patents are related to laser trimming

methods and systems: 6,510,605; 6,322,711; 5,796,392; 4,901,052, 4,853,671;
4,647,899; 4,511,607; and 4,429,298.

15 U.S. Patent No. 4,429,298 relates to many aspects of serpentine
trimming. Basically, a serpentine resistor is formed with sequential plunge cuts and
a final trim cut is made parallel to the resistor edge from the last plunge. It
describes “progressively” making plunge cuts on a resistor alternately from one end,
considers maximum and minimum plunge cut lengths, a resistance threshold of the
20  plunge cuts for the trim cut, a faster cutting speed for plunge cuts, and a structured

process flow with various resistance and cut length tests.

There is a continuing need for improved high-speed, micromachining
such as precise trimming at all scales of operation, ranging from thick film circuits

to wafer trimming.
25 SUMMARY OF THE INVENTION

An object of the present invention is to provide an improved method

and system for high-speed, precise micromachining an array of devices.
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-2 WD 03/082507 PCT/ US03/09323 In carrying out the above object and ot her
obj ects of the present invention, a nethod is provided for high-speed,
preci se mvoroe/sxshi ni ng an array of devices. Each of the aeviusezodsas at

| east one neasurabl e property. The nethod includes the steps of: a)
selectively mcromachining a device in the array to vary a 5 value of a

measurabl e property; b) ﬁg@g@gﬁa& B %ot eBoREe &6 Bt KBlekss ITI e HPAEH Cielng:

c) while the step of sele m cr omac ng i's suspe [,
m cr omachi ni ngnedntioaas medinee istphevidetefor deghi-speedepracisaynicromaghiping anadriey of a

measur abl e property; d.d esum ng t suspended step of se tivel

ni cr omachi ni n t%V(%S%-iﬁécwaté%a%%?eé%ﬁ% %38"}5?9 %Pe?Wégbd%\Bfoggrtﬁ‘nt[?l ? Ir|&etl§0d¥/al ue
is within 10 jacides thediepaboa) sdb@ivdBMhicesmahynibe a [desics irnthe arrhpo vagiast or s
may be filmresistors. The steps of selectively mcronmachining r]'a 'bﬁl
per f or med i t Hahe qfeastm@ﬁ\érabﬁs@rron?é%(m fhi HRPERRE { HE JEP Obsse i‘%’“‘? e

met hod may furrﬁﬁ?&médﬁ?ﬂiﬂ%{ec)n@ﬁﬁé’ kheEleP0E s@i@é’tﬂé‘iﬁ%i@roﬁ’fa@l@i%iﬁgy is @kpaided east
one of the devices to obtai’'n a nmeasured val ue. The nmethod may further

i ncl ude conparsehgtivély miemsmackiningzdt leasinerpthes devisd ér terAirMEFdO VAYes INI0R o

obtain a conparison a m cr chiynj . t i ces
based on the caor%ea?ls’il@g%. P e?tgg a%gt nge&n%r)l/lhg 3@% hg{gﬁ?nﬁ% ugc}g[?sdgl gegécltg'gWy

m cr omachi ni ngmigtorh@hiting ENarph nteharafldhpropetey ot ths dbasedntdrtstvaberrewsthined
val ue. The met hod may further include determ ning not to neasure a

measur abl &0 pr Gp&§siE§d 54185t | east one of the other devices based on the
nmeasured value. -3 WO 03/082507 PCT/ US03/ 09323

The devices may be resistors.
The resistors may be film resistors.

The steps of selectively micromachining may be performed with at

least one laser beam which cuts the devices.

15 The method may further include measuring one measurable property

of at least one of the devices to obtain a measured value.

The method may further include comparing the measured value with
a predetermined threshold to obtain a comparison and micromachining at least one

of the other devices based on the comparison.

20 The method may further include selectively micromachining at least

one of the other devices based on the measured value.

The method may further include determining not to measure a
measurable property of at least one of the other devices based on the measured

value.



The nethod may be for high-speed, precise laser trimmng an array of
resistors, and one of the neasurable properties nay be resistance. Each of
t he stepswofo3sgdserti vely m cromachi ni ng may i ncl ude the step/Uso$/09323
selectively renoving material. 5 The array may include at | east one of one
or nore rows and one or nore colums. At |east one of the steps of

sel ectively m cromachinifig rHPc}(ocPFnay B@"f&q{igﬁ@pé@dE Bre%is@'léééfiirhﬁxﬁirfgfanfa@f?alysed

| aser pulses to irradiate a plurality of devices substantially

si mul t aneous| yof rdgstats, hadene oftbe ofeasuiable peqperidds m@ e rasistAnge.m cr onachi ni ng
may be perfornmed with a plurality of focused | aser pul ses. The net hod may
further include distributing the focused |aser pul ses. The step of

di stributing may incl udeEdchef geapps of sehtctidelyimigramachinitgrmipuincinde fetstepr n
with a plurality of |aser beans and focusing the | aser beans. 15 The | aser
trinmng may pEoelgedvely sanpgvang Bateiator digited cuts in an area of resistive
mat eri al between conductors of the resistors. At |east one of the steps of
sel ectively m cromachining may include the steps of positioning a |aser
beam at a Jocation of eabie astaythey telide asleay qne of gne O MAEA FEYaRthepe or

sel ectively i%@r‘gic%h{ at least a portion of each of the devices 20 to be
m cromachi ned WwWth a east one |l aser pulse. At |east one of the steps of
sel ectively m cromachining may include the steps of generating and
relatively positioning a,| aser beamto travel in.a,first irectiop wthin
a field of the array and*s&P¥cq, gt (e ?tF%tgdPﬁts?lﬁgwﬂy ngrgfnaghlggfgt fng% Bc%‘ at
| east one devigerownbdivith afurhligl f fhéusbd Rker RRAks t@readias @ plupality @f devicadD

03/ 082507 PCT/'US03/09323 The nethod may further include generating and
relatively posiubstarially simpliaspueamto travel in a second direction
substantially opposite the first direction

10 At least one of the steps of selectively micromachining may be
performed with a plurality of focused laser pulses. The method may further include

distributing the focused laser pulses.

The step of distributing may include the steps of producing a

distribution pattern with a plurality of laser beams and focusing the laser beams.

15 The laser trimming may produce a series of interdigited cuts in an

area of resistive material between conductors of the resistors.

At least one of the steps of selectively micromachining may include
the steps of positioning a laser beam at a location of each of the devices to be
micromachined and selectively irradiating at least a portion of each of the devices

20 to be micromachined with at least one laser pulse.

At least one of the steps of selectively micromachining may include
the steps of generating and relatively positioning a laser beam to travel in a first
direction within a field of the array and selectively irradiating at least a portion of

at least one device within the field with at least one laser pulse.



within the field and selectively irradiating at | east a second portion of
at least one device within the field with at | east one | aser pulse. 5 At

| east onewofossxsost eps of sel ectively mcromachi ning may iPatlusdgossehe st eps
of generating and relatively positioning a | aser beamto travel in a first
scanning pattern across the devices, superinposing a second scanning
pattern with the first qﬂ&h&ﬂm@fﬂrﬁn@f‘m@iﬂ@e bédeRMin gtahﬂgelﬁﬁvell)eﬁc%ltloﬂﬁl%
device with at |east one laser The“second scanni ng pattern may
be a retrogradda&m@amnamdasdamassnmédnoﬂKmH@bﬁmﬁR@a§mP@ﬁ@th@géﬂdpﬁﬂgw
irradiating the at |e e devi P I an
speed of the fllrﬂgP tlge @%ﬂlaﬁ s%lg?tfvey ir zliastleggé}leggtaySeC%ngg)Mt?ozlo(ﬁghgg\%?ta@%d at
the at |east walcewuﬁletﬁeomelammrat@ehsocbnetlumpmsager than a period of tinme
associated with only the first scanning pattern whereby throughput is

i nproved. 15 The second scanning pattern may include a junp froma first
device tosa second devig@eastdfe 5t fiSteps oﬁﬁill(ﬁ@iklbby%ﬁérdﬂlé‘dhﬂﬁﬂghia?llﬁwudéﬁy be
performed with a plurality of |aser pulses, and at |east one of the pul ses
may have an ertbe gtﬁps of ghreratingnaful mﬂatlvmlymww @laseipbeam YTPY‘ild‘%llaégﬁ 20
The neasured va Y may be
substantially ¥ %%e?ﬁﬁ&r ﬁél&%ﬁg%a Q/q ‘é{n %g&gxb%\a}gmg gtg%rg%gtrl]l

ot her objects thé ﬁtrshecarmhfgsmitern amcbmadmumgat b;lstimdeyimrwivli alddast one laser

hi gh- speed, | aser-based, precise mcromachining an array of devices. Each
of the deV|ce§’ %s at Ieast one 25 measurabl e property. The systemincl udes
a pul sed | aser subsystem An optical subsystemis coupled to the pul sed

| aser systemto selectively irradiate a portion of -5 WO 03/0825&

PCT/ US03/ 09323 a devi ce The secand seamingupaern mayoh # SFiredais ScugPedao t he

subsystens to %&{5 b Ehﬁast%ﬂp%‘%{r@ﬂ& - Oidiafhg 96 AGLdsY She/ddViE QB R @
device in the rray 0O vary a
a corresponding scan speed of the first scanning pattern. Laser energy may be
concentrated at the at least one device for a period of time longer than a period of

time associated with only the first scanning pattern whereby throughput is improved.

15 The second scanning pattern may include a jump from a first device

to a second device.

The steps of selectively micromachining may be performed with a
plurality of laser pulses, and at least one of the pulses may have an energy in the

range of .1 microjoules to 25 millijoules.
20 The measured value may be a measured temperature value.
The devices may be substantially identical.

Further in carrying out the above objects and other objects of the
present invention, a system is provided for high-speed, laser-based, precise
micromachining an array of devices. Each of the devices has at least one

25 measurable property. The system includes a pulsed laser subsystem. An optical

subsystem is coupled to the pulsed laser system to selectively irradiate a portion of

-5-



a nmeasurabl e property; b) suspend the selective mcromachining;, c) while
the selective mcronmachining is suspended, selectively m cromachi ne at

| east onewotodms2567 device in the array to vary a val ue of @CTam:esnsbs e
property; and d) resune the selective mcromachining to vary a neasurable
property of the device until its value is within a desired range. The

optical subsyst [ b ik 168 L&siPh
control ler for G%g]ncgr%%){}hl ﬁ%&ﬁ%&bé%&égﬂe{egﬁﬁﬂeg@gg%nsgggllmgser beam aleong a
10 first scan sphdysens toha)celactivdlydesrosmciinef deviee iethe aewytto vary a value of

m cromachi ned. The system may further .include.a nmeasur nt..s St to
measure one Jf TERART 35?15?%%’(3 tﬁr%‘ﬁ%?‘fji g SS%CQYC Inggrso'ti!n agﬁgm}éf C?E‘Z%%\F/Hlp ces.
The m cr omachiggjebdyeTardiRachassy istsubpBtiad) selectivdiemidromychise arleat oseyotherf
resistors, and the nmeasurenent subsystem may be a probe array. 15 Tg\%
optical subsysiesier inyhe AR VHYsEEYRE OBédﬂ?aé‘él’laplécIBBPert% a“éltféetrefur% a

hi gher - speed, s%ﬁi?@vrbdmﬁ?ﬁﬂaotﬁﬂ{i%foma?}n hﬁ@su&iﬁl@?r&?@ﬁjﬂ oPfkldeide WG i&BMIue

t hroughput of the systemis | roved‘?l The con | I'er may be coupled to the
subsyst ens so it hathitt hdesiedosyst ens are controlled to generate a trimmng
sequence for at |east one of the 20 devices that reduces device
tenperature during m cromachi ning. The above object and other objects,
features, and advant agesTiaf optical sysgstemt mayvienhideom beare deflactpt yndip fmemnt

f the foll ow detailed.d i pti f ot t de f i t
Lhe nvent | on HBHOT SRBHOLIER (o GRABRITE AR delseOE db s rengean alohade. 6
WO 03/ 082507 RGI SR 34RA932%icIPRc R DERERI R @Vidd (J bE niBAWaNGReE| GURES

|la-1b are schematic views which illustrate current flow 1|ines before and
after laser trimmng, respectively; FIGURE Ic is a chart which illustrates

the effect of various CUpel sxlgtgﬁl may further include a measurement subsystem to measure

one of the measurable properties of at least one of the devices.

The micromachining may be laser trimming and the array is an array

of resistors, and the measurement subsystem may be a probe array.

15 The optical subsystem may include a second beam deflector to
superimpose a higher-speed, second scan pattern on the first scan pattern whereby

throughput of the system is improved.

The controller may be coupled to the subsystems so that the
subsystems are controlled to generate a trimming sequence for at least one of the

20  devices that reduces device temperature during micromachining.

The above object and other objects, features, and advantages of the
present invention are readily apparent from the following detailed description of the
best mode for carrying out the invention when taken in connection with the

accompanying drawings.



5 on several trimparaneters; FIGURE 2a is a schematic view of an array of
chip resistors arranged in rows and colums and which illustrates results
usi ng | aswo 0B/82501 ng steps in accordance with an enbodi neatr/usbh3/edses pr esent
invention; FIGURE 2b is a block diagramflow chart further defining

trimmng 10 steps corresponding to Figure 2a; FIGURE 3 is a block diagram

flow chart further defini ?guﬁf;eb gémlgﬂggg}ggmmﬁ gures 2a and 2b

in a systemof the presen nven 1 on; 'S emati c view of an
array of chip resistors arranged in rows and col unms and which illustrates

cmbodi ment of the. pr esemCLRyon - oh Aetoeapaic BIHE ERal o AR PER: ey

chart further 19§ befoRgald fferilasgr rih@Rg, éepeabpbndi ng to Figure 4a; FI GURE 5
is a block diagramflow chart further defining the trinmm ng operations of

Figures 4a and 4b in a systemof the present invention; 20 FIGURE 6a is a

schematic view of a | asefiGUREE RG SYELATHN LS Paes TR 61 WS @atidul catiyp@ast
one enbodi nent of the mvgntl on; -7 WO 03/082507 PCT/ US03/ 09323 F?%URE 6b

is a schedhtlcnmmemmbﬁnmpmagwgﬂmr whi ch has geonetric properties to be
measured, specifically edges of the resistor, using data obtained wth the
systemof Figure 6a; FIGURE 7 is a graph which shows position of a |laser
beam versus 5 tinme duriFIGUREZmis Agclodmagic viesw eﬁmarmyrdychiprresjsterselmbogﬁdnent
wherein a fast scan with

def |
el ect ro- mec hariPéﬁWS Iapﬁéﬁwng’éa?ﬁ‘dt‘%‘ ltégl ngf‘ﬁ%\slé?ec tFo‘rlSIrW% %B%E{Igﬁosegms &

Figure 2 or a@%ﬁaﬁ’ce%tﬂ REEABSAMeRPsRe Felséiwl%ﬁve&ubﬁ a schematic view of a
system del ivering multiple focused beams to at | east one resistor so as to

i ncrease trimmng speed; and
FIGURE 2b is a block diagram flow chart further defining trimming

10 steps corresponding to Figure 2a;

FIGURE 3 is a block diagram flow chart further defining the

trimming operations of Figures 2a and 2b in a system of the present invention;

FIGURE 4a is a schematic view of an array of chip resistors arranged
in rows and columns and which illustrates results using laser trimming steps in

15 accordance with another embodiment of the present invention;

FIGURE 4b is a block diagram flow chart further defining trimming

steps corresponding to Figure 4a;

FIGURE 5 is a block diagram flow chart further defining the

trimming operations of Figures 4a and 4b in a system of the present invention;

20 FIGURE 6a is a schematic view of a laser trimming system which

may be used in at least one embodiment of the invention;



10 FIGURE 9 is a schematic view of a system which provides nultiple beans
to at least one resistor in a laser trimmng system DETAILED DESCRI PTI ON
OF THE PREBEBRBEIS0ENMBODI MENTS Hi gh- Speed Serpentine Tri mipag/tRogesss | n
resistor trimmng, the cuts direct the current flow ng through the 15
resistive material along a resistance path. Fine control and adjustnent of
the cut size and shape Pﬁﬁ@)‘?@&%ﬁ@a Eﬁﬁrﬁh@%&vbf)a%ﬁﬁéf (Afn'Ak YBomésic
illustrated in Figures la-lIc. Typically, chip resistors are arranged in
rows and col umpmepestiesatoshebmieasataal, speifically edgesabilie rasistar.rusiigefitn Ob@Eei n a
row of resistaor. ... RN is to be processed. A probe array, having a
probe 200 and %@bﬁ%tsgéewfﬁ%}'g@a, n Figure 2a, 20 is brought in%/o cont agt
202 with the conductors of a row of resistors. A matrix swtch addresses

the contacts for a first i.r_of conductars (e.qg.:.contacts across Rl) and
a series of cuts and rrea@ﬁﬂéﬁ%gtl%aig? SVhigh ﬁ%ﬁ”st SR ea]?ﬁeéq%ﬁé@ivselr%%ce
between tdie GRRAMGHR scRRBidg 60 RsHR? a8 inVélelgnbodliesht bherdin 4 AR fegn Gfitha
resistor is conplete,, the matrix switches to a second set of contacts at

the next row el enfignstate eleflectordy sursrigmgsedhwithrg pleftagrmschaned lingay 863850ed.
VWen a conpl et eS| r ot B¢ tnbiedt®dpe&pnt act is

br oken bet meﬁ%%egtgygé}ga%rglc?%%gﬁﬁ tegggrplilggil(?za?ﬁ:g%}l&?ﬁe - Se WO %/ 082507

PCT/ US03/ 09323 substrate is then relatively positioned to another row, the

probe array is brought i nt act,. and. a .sec [ i i.n the
manner as the preceding P:HC;’SJRﬁF elst?isﬁl?ﬁr?fgmo‘fle‘ge(?fggr%&%’%l ?ﬁ%%glﬁﬁnﬁqﬂe

resistors, forfokiisd BBGSs @Sat lédsl oed fegik@d sb Bs fu BureaselEimmingapeal ahdser
processing to create interdigitated cuts in an 5 area of resistive

mat eri al between conductors. The interdigitated cuts direct current flow ng
t hrough t resistive i i RRulgprRuUnd
the cut s.ﬂ?Thi S geonet p?lgﬁlgivxg%agvg\?l g@a?i&%ﬁ%d@g@?ﬁ?{a&??ﬁo%@be c?eat ed
Wi th a singl e beamead aff ledstmboe nesistaran al lases Gtimniagsysggpt-oach out | i ned above
woul d process a sequence of serpentine cuts with nmeasurenent steps at a
resistor site and then nove to the

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

High-Speed Serpentine Trimming Process

In resistor trimming, the cuts direct the current flowing through the

15 resistive material along a resistance path. Fine control and adjustment of the cut
size and shape change the resistance to a desired value, as illustrated in Figures

la-1c. Typically, chip resistors are arranged in rows and columns on a substrate.
Figure 2a shows an arrangement wherein a row of resistors R1 ,R2,...RN is to be
processed. A probe array, having a probe 200 and depicted by arrows in Figure 2a,

20  is brought into contact 202 with the conductors of a row of resistors. A matrix
switch addresses the contacts for a first pair of conductors (e.g.: contacts across R1)

and a series of cuts and measurements is performed to change the resistance between

the conductor pair to a desired value. When the trimming of a resistor is complete,

the matrix switches to a second set of contacts at the next row element (e.g.: R2)

25 and the trimming process is repeated. When a complete row of resistors (R1...RN)

has been trimmed, contact is broken between the contacts and the probe array. The



10 next resistor. Referring to Figure 2a, an initial laser position for any
cut is depicted as 205 and a beam positioner directs the beam along the
l'inear pawboshsxsoyh the resistor material. |n accordance Pairtusos/ms2pr esent
invention, a new paradigmtrins a leg on a first resistor (e.g. trimcut
204dof R1) agd measures the resistance. If the 15 resistance is below a
predet er m ne C } i roi&glisbor s
B2 RN T e e e e R e g L L T ow | s
i|lustrated atogaer, iand Fisgrond row,is pragesshé i temeansenas g PHEc6EIETON- i s furt her
defined in Figure 2b. In at |east one enbodi nent of the present invention,
a subset of resistors may be neasured to determine thin filmconsistency
across the substrate, 2@Heutrimirighef tstipentinel thin Sfilof résitows, donsisteaneady one
measurenent may be sufficient.. The next coll.inear gro of. t I
resistors of tHeHEY INEigHIRLC, POl Fdlases REOGEEHR [ Ca{gggllftbi%rqlgﬂa%gf%tsgifl %E?gure
2a and furg herrdefipasivatmibentbevtn cofdutiopd!r BhinterdigRate@suts tiveéct BNTo®i Ng
trimred initially. The process is repeated as shown in 212-213 of Figure

2a with corredleonitg goualy theessistes maEalalong wrrenpine pathshas avigps PPt Wezp, |
a measur enent OWs, : Mol L he row
R1.. RN procee sﬁgwwflﬁg g@z&%ﬁ%ﬁ&ﬁﬁmﬁﬂe&gg@ resiesslt§t g@é?%%ﬁ@r@% % ghg%al ue
bef ore swit chiangl fion/tomlucex fayoets i Bteappiodelppetinel 2bove wpukitpritess k SERaNCe

Limting the nunber of asurenment s _an I nt aint col i near
trajectory bot SFW@P%’ES‘%? iy Igi?élérgmepgs% %3?6%?@%#‘5@?1 b fg%éﬁl%%%{hg]The
fl owchart1®f Heguregisdrfurther defines steps, corresponding to Figures

2a-2b, and additional processing steps used in a trimming system(e.g.:
i ndexi ng and loading). In at |east one enbodi nent, cutting steps may be

carried out based 5 Up%f&'&iﬁg@?ﬁ%ﬁf@lh‘?ﬂnixﬁﬁﬁﬂiﬁ@ﬁb&ﬁtion%r WRycudfs eeyiateal e,
for sonme resistor types, a fiIrst series of elenents nay be cut befagre

resistance i s ar@@§unratia bedre positiorercdirects the beam along the linear path through the

resistor material. In accordance with the present invention, a new paradigm trims
a leg on a first resistor (e.g. trim cut 204 of R1) and measures the resistance. If the
15 resistance is below a predetermined threshold, similar collinear trims across other
resistors R2...RN in the row are made. A completed collinear trim along the row
is illustrated at 210 in Figure 2a, and the corresponding block 220 is further defined
in Figure 2b. In at least one embodiment of the present invention, a subset of
resistors may be measured to determine thin film consistency across the substrate,

20  but if the thin film is of known consistency one measurement may be sufficient.

The next collinear group of cuts along resistors of the row is made

in the same manner as shown at 211 of Figure 2a and further defined at block 221

of Figure 2b, the resistor RN being trimmed initially. The process is repeated as
shown in 212-213 of Figure 2a with corresponding further defined at blocks 222-223

25 of Figure 2b. If a measurement shows that a threshold has been crossed, trimming
of the row R1..RN proceeds with measurement of each resistor so as to trim to

value before switching to the next resistor (depicted as 214 at block 224).

Limiting the number of measurements and maintaining a collinear

trim trajectory both increase trim speed.
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based on pre-determ ned paraneters of the resistor (e.g.: geonetry) and/or
known filmproperties, (e.g: sheet resistance). Simlarly, a nunber of

non- neasWwedw3ostss? may be determined in a | earn node at tREeTiSNF0932ESi St or
(e.g: including at |east one 10 neasurenent, or iterative neasurenents). In
one learn node, iterative nmneasurenents are nmade and the nunber of non-trim

cuts is determ ned basedrh%nﬂéﬁgc%artg@aifiggl%r@%ﬁhe?%ﬁﬂgg &%S??O%%gmg%' I n

at | east one enbodi nent ‘a nunpéer non- measur ed

cal cul ated. Fdfigexaape, dnduxiditionsl prayessmgrsteps used hoa trimensg systaam(c.g.:
Referring 15 to Figure 4a, an initial condition 410 is illustrated wherein
probes are pl ABLFnE2ndlgadIB8% 202 with the row as in Figure 2a. Referring
to Figure 4b, the initial condition is further defined at bl ock 420. By

way of exanple, Figures 4a-4b illustrate an enbodi nent  of th«?1 tri nm ng
process wherein initial I af fapt Qhgresnbediment ecutpgslens MAY BE CARF r%’ébﬁ?egrrent .

As shown if?, F#?h?ae?ﬁeteﬁhﬁgéf 1rﬂ°ngmaqg)fn' BSSw gl?e)&'frﬂﬁ@,tf%f e desiidDgpesofa cut s

(e.g: four neasur enent, based o least  one pre-trimvalue or
condi ti on. Thdirscsariepatfteléments orapl et cuicbefararregisiarcei is megshrededhe aqUaWs. Then

determ ne 11 1Re o st bl TR et & FREARS ANEEr Wona

determne if tRE \ not ; ning resistors
R2..RN are  cuiin{ frofertietV (120 vlicctBaBWMEENE Bijnilady g puaberbfatondd@sufed cutser

defined by block 422. 25 Then the process i.s repeated, .beginhnin ith
triming 407 dRaRRE detgmpineErf ]@@l’i“tlgﬂge ﬂftﬁﬁflﬂﬁtff 13 %g:dgagﬂ%?t g‘ntawﬂf? and
further dgji nerﬂealgﬁrgmegﬁ,g o???tgratib@ NgBasu¥drhdht§achIc hafeggedri  diodectiteparivei t her

Rl or RN Is trimred, he target value i s not reached the remaining
resistors R2. .rRMsorenRiN-ar¢ madqand the syeberof @py-rimguis ig determingd baged op g’;ﬁ‘}

| f Rl - il brfber
results arter %gyreggggr?%a%?&lﬁpgﬁfegtﬁég ;’fﬂ!ayfeasé%‘ﬁg Qm'b@(ﬁhr%l f’{/ niriber of the'\O

03/ 082507 PCT/ connec rimmed sequenti a , I'llustrated
at 414 and f uridnemegtefddroacs myy bé calkulaw@4. The flowchart of Figure 5 further
defines steps corresponding to
For example, four cuts may be made without measurement. Referring
15 to Figure 4a, an initial condition 410 is illustrated wherein probes are placed in
contact 202 with the row as in Figure 2a. Referring to Figure 4b, the initial
condition is further defined at block 420. By way of example, Figures 4a-4b
illustrate an embodiment of the trimming process wherein initially four cuts 411 are
made without any measurement. As shown in Figure 4b, block 421 defines a
20  predetermined number of cuts (e.g: four), without measurement, based on at least
one pre-trim value or condition. The scan path for completing four cuts is depicted
at 405. Then the first resistor R1 in the row is trimmed at 406 and measured to
determine if the target value is reached. If not, the remaining resistors R2..RN are

cut (e.g.: without measurement) as depicted at 412, further defined by block 422.

25 Then the process is repeated, beginning with trimming 407 of RN,
and then cutting of R[N-1] to R1 as shown at 413 and further defined by block 423.
Hence, with each change in direction either R1 or RN is trimmed, and if the target
value is not reached the remaining resistors R2..RN or R[N-1]...R1, respectively,

are cut. A final step results after R1 or RN reaches a target value. Each resistor is
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Fi gures 4a-4b, and additional processing steps used in a trimmng system
(e.g.: 5 which includes the steps of indexing and | oading). In one
enbodi nerwpQ oalogazsei n pre-determ ned i nformation i s obtai ne@cTusosg3es erati ve
measurenents, pre-trimvalues are provided. The val ues nay be specified by
an operator, process engineer, or otherw se obtained. The software

pr ovi des Capa%{lﬁetcv df £ ¢ dfs\égﬁkgxtlgl UthddGrdane 4P §nd fu'rﬂﬁblt QéreiRl bX%‘ld&S S0
that the 10 app |e33test vol tag o current is controlled. This feature
is useful for 43¢0iding voltages that are high enough to damage the part
over the wi de range of resistance change associated wth serpentine
trimmng. When using a fast resistor neasurenent systemin an enbodi nent
of the invention, the volHeafiewepl bfeHigute b Hfertheredéfaienrsteporconesmndmgeot | s
decreased for the initjal | ow resi stance cut toﬁ%Ln]t 15 current through

and potenti al faweydars. apd addiipag] groceasing 5B Ysfehitn & (HRBMINGSYRERR (C-8rd t he
resi stances i NGHRAS §Rluded the B33 W EMRAIng W@l I&@engd)S | ncreased. The exenpl ary
trimand cut sequences of Figures 2a and 2b and 4a and 4b may be nodified
so as to allow for variations in material properties and ot her process
paraneters and tol eranc NN i:

the present invention, qﬁ gg{n@ﬁ%ﬁﬁ?wg&ﬁ%b&b@enﬁ@ln%lgér?pg rreasured
trimcut reachsmgt inerativar greasu\rahmts Iaadrimemjuets ars pmtnkieah Eheprvddat pRpibeed
margi n of the naxéq¥51allomed cut 8%%5 variation in
the material pPEPEFY P &N ARV PLOESHENENGCH B{JPéjer‘g‘ﬁ%PHP tﬁgets ﬁ‘ﬁ%’ie val ue

and require aqﬁb%tl@é"@épaﬁﬁitf for2§petiflyig for uSingNBE @re-trirh Nuget Salaéesorddethe
sequentially in a row of enents and the | ocation of el enments nat

reachi ng the tapplhes teglaioliegeprd/engparent WCPRroldh s s Esature 1siuseialifos aveiding

remai ning ele dmed I
"TTV0 03 Ceons et Aen BN atudiPoAbRES iR rrr%%‘}e bagg% rgﬁébe?]fge%lgﬁgﬁe\éao? =

the first el erchanget mssoeited with serpentine trimming. When using a fast resistor

measurement system in an embodiment of the invention, the voltage applied to the
resistor for measurement is decreased for the initial low resistance cut to limit
15 current through and potential damage to the resistor. As subsequent cuts are made

and the resistance increases, the measurement voltage is increased.

The exemplary trim and cut sequences of Figures 2a and 2b and 4a
and 4b may be modified so as to allow for variations in material properties and other

process parameters and tolerances.

20 For example, in at least one embodiment of the present invention,
additional steps may be utilized when a measured trim cut reaches the target value
and length is within a predetermined margin of the maximum allowed cut length.
Within the margin, variation in the material properties may leave some trim cuts

short of the target value and require additional cuts.

25 In a first mode, trim cuts are made sequentially in a row of elements
and the location of elements not reaching the target value are saved. With
subsequent trim cuts, the remaining elements at the saved locations are trimmed to

the target value.
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to value, the cut length is reduced to prevent the target val ue from being
reached and non-neasurenent cuts are processed to conplete the row
Subsequerwotosiosaseut s bring all elements in the row to thecrarsggoseal ue. 5
In a third node, the length of at | east one prior cut on an elenent is
nodi fied to prevent subsequent cuts fromfalling into the marginal

condition. In at |least qpg s%%@%ﬁ%&&‘é?%aseﬁdﬂﬂ the ®iath 6t @B Firfeeleriént dlimbdeaed
when the value of a neasured trimcut is within a predetermn ned margln of

the target valealue\whe hitdengtieisredugedio RraYanathiedarsetvausdrona baipg gac rties
may | eave sone el enent s 0 Si | :
non- measur enepratRs et Sy FEPDetac [PEATBIcARY o> Gibstdtet trim ey

s are m quenttally in
.a row of el eneingsll Aaderthén thecawitortheohrget eateait s not reaching the target
val ue are saved. Wth subsequent trimcuts, the remaining elenents at the

saved locations are trinmed to the target value. 15 In a second node,

based on tfie val ue nmeasyf@dnird niodde, the ldgtiebfiBest ond pieorciit oh @Mglemensis
reduced to prevent the target value from being reached and, non- . neasurenent

cuts are proceasehfied © PVt sulseqyrnt pewirogy Fdligg Wi themargmgt Ogiiqly  al |
elenments in the rowto the target value. In a third node, the I ength of at
| east one prior cut on an elenent is 20 nodified to prevent subsequent
cuts fromfalling into tlhat ksstgnaeanbaiameiitt adshitionaEstprsrhasebe wilizadwien fgi cat es

i nprovenents in throughput by cutting all the resi i hown
in Figures 2- iﬁal%SOf&dﬁB%B{fdt%m}% lsc‘gﬁt}lélr?tﬁ’rg%eg?rml ?éng’l(‘)’;eélrl é)g fllzettél%\é[% ?Ffshrlﬁé
techni que. By W@linOhe eXa50l, @ari@RPY @Xhéraiateriad profestiadrfag lavwn soma elehentsabl e

2

bel ow. -12 WO 03/ 082507 / US03/ 09323 32 RESI STOR ROW 20 CUTS PER
RESI STOR L@iserbegpmhthe tangpy yalus pips WRaqnameasuiemept €d8c) Row Trim (Sec) 5 39
28

In a first mode, trim cuts are made sequentially in a row of elements
and the location of elements not reaching the target value are saved. With
subsequent trim cuts, the remaining elements at the saved locations are trimmed to

the target value.

15 In a second mode, based on the value measured in the first element,
the cut length is reduced to prevent the target value from being reached and non-
measurement cuts are processed to complete the row. Subsequent trim cuts bring

all elements in the row to the target value.

In a third mode, the length of at least one prior cut on an element is

20  modified to prevent subsequent cuts from falling into the marginal condition.

Experimental data indicates improvements in throughput by cutting
all the resistors in a row as shown in Figures 2-4, as opposed to the conventional
single resistor trim technique. By way of example, approximate results are shown

in the table below:
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10 27 16 5 20 20 10 The overall trim speed increases with an increasing
nunber of resistors in a row, fewer neasurenents, and with reduced tine
for finalwQio3@s2s0fine) trimmng. Further, each resistor ra3/mdsiodsednal
time to recover fromlaser 10 generated energy. The sequence of cuts nmay
be determned to manage terrper ature change in an el errent (e.g. reduce
maxi mum el enent t gaperattre—turrhg—cuttiny)y—For—exan W tiT Tjef erence

to Figure 4a, the sequencélRESISﬁQRB@We%ﬂMEQ@QPﬁé‘Rﬁ& TQsRset of lcuts are

made starting near € ] [ Jr gssi 0. end of
the el ement appr odltASHRRAE KHRR | AREIC Byt I (SCh, &@:&ém sui tabl e
15 sequences may Re used {e.g: y sequengge of non-padjaceng cuts jhaving

advant age for t har.nml rmn:mpm:\n'r Preferabl V—a sboondeleppnt may be cut
prior to an addi t|i onal st)ep of rreasurl ng27 Range of | r esi stiance change for
serpentine cuts vares—tHromabout—t—order—of-Tagnitude—(e-g—10X), two
orders of Smgnitude typi €&l (100X), and up0to 20 apout 538X with current
materials. Laser Trinm ng Systens Tn at [east one enbodi ment of the
invention a laser trimmng system may be first calibrated using a method
as described in "Calibr al‘He”SvérﬁﬁthTrs#éEH‘ MBreadRPR{tRLAAS Incrddsig Iﬁﬂﬁlﬁﬁﬂtoﬂo
4,918, 284. The 284 patent teaches calibrating a |aser 25 tr|

appar atus by cesistons injarrgwa feves encapergmepss and Wﬁh rslused g feniinag (ln%v@n%)

| aser beamto & de15| red nom nal |aser position on a substrate region,
inprinting a @e.g., cutting a line) on a mediumto establish an
actual |aser position, -13 WD 03/082507 PCT/ US03/09323 scanning the

inprinted mark to detect_ap actual |aser position, .and conpari t he
actual |aser position wi t“ﬁqleﬁee gsfels’éﬁ)r #QPUOESEP{I}COW rnBe?refrgB]I 3[}1,Sert he

| aser beapy  generated energy. The sequence of cuts may be determined to manage temperature

change in an element (e.g. reduce maximum element temperature during cutting).
For example, with reference to Figure 4a, the sequence 405 may be reversed so that
a set of cuts are made starting near the center of an element and progressing to an
end of the element approaching the conductor and probe. Other sequences, suitable
15 sequences may be used (e.g: any sequence of non-adjacent cuts having advantage for
thermal management). Preferably, a second element may be cut prior to an

additional step of measuring.

Range of resistance change for serpentine cuts varies from about 1
order of magnitude (e.g: 10X), two orders of magnitude typical (100X), and up to

20 about 500X with current materials.

Laser Trimming Systems

In at least one embodiment of the invention a laser trimming system
may be first calibrated using a method as described in “Calibrating Laser Trimming
Apparatus”, U.S. Patent No. 4,918,284, The ‘284 patent teaches calibrating a laser

25 trimming apparatus by controlling a laser beam positioning mechanism to move a
laser beam to a desired nominal laser position on a substrate region, imprinting a

mark (e.g., cutting a line) on a medium to establish an actual laser position,
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operates on one wavel ength, and the mark is scanned with a detection device
that operates on a different wavel ength. The detection device views a
field thawowmowsass7 5 a portion of the overall substrate reg@conusoaoms23
determnes the position of a mark wthin the field. The " 284 patent
further teaches determ ning where a beamposition is inrelation to a

canera field of vi.ew, Qher. callbrat j : or in
combi nati on wreRigh e hREheR Gkl AR EFp T AU SEREAIAR R o)
"Laser Cali br akctuahlaséi®odiriparvitiuche aladradatantidal podition| dsefsrablyshhpgerdfeam
determ ni ng scanner coordinates to urat.el y posi.ti.gn focused. r
beam The focl}?é@tqségb?n%gé‘fﬁtl?@ﬂ&@&ﬁﬁgﬁmﬁ%F S¢ qudY %ha gFte?tﬁ ne‘r?eglé‘{ea[?%. g. an
aperture) on apepiids-oid fideferdWareleAGR! TheaddRetion ddace yiows hifiet 1t ¢dvers
focused | aser beamis detected b hot odet ect or eithﬁé at. . Er?det erm ned
dRt PPLEAE &

a
interval s df ta pertion of ph%évaalléﬁg&t?@éﬁp%&rsé@dldﬁfémﬂﬂfé pe 25188 ough
an aperture in,{he moidy Syh %ﬁ-rpa%ﬂﬁfu%&%m@s BAQ8ntihRB vHerd NBeanOpataRsh | aser

beamis used to generate scanner position versus beam position data based
on the positiigm oflationeolaaserersfeldrndvieat. the tine the focused | aser beamis
detected. The scanner position versus beam position data can be used to
determ ne the center of the aperture or the scanner position coordinates
that correspond with a desir edibranesldiques mdy bhesddoadusedr imsenbibeam

Subsequent to system calibration, whic referaply includ cal.i.bration of
numer ous ot herwg@%e?’(%“c’é‘ﬁ‘%‘ie?ﬁrs‘?s%&cel Qa@tf%%@uﬁéﬂa{k@ ﬁ%\??rngahb&%%nces to
be trimmegyis AGagdads i PlethdR, 't AiseBield nidtAdd SietdRifihg s@GintOcdor@uies G2,

partially incorporated fromthe " 284 patent 25 an i nproved | aser trinmng

system may i ncicoutelnposifionss Exupesslaser Hoam. _tfﬁlsif@%spc}/ lasgialGafy s ACHHGE O¥Fgt h
e Tase e DAt T
nmechani sm 605 gmitnsobshe dvaseddasen @am. isFdeteetpp! bycat pbotodaedtoi wrthergaiof
E)Blt gi T—]Lljmbya:j&%)éﬁét?{%ligé Epetgrrvgg of t\{r%t!i eOQ(‘:]stpt"lce()for g? ?tlljet fdc%g’ezd a.sgrr 58 g&yeapse
15  through an aperture in the work surface. The detected position of the focused laser
beam is used to generate scanner position versus beam position data based on the
position of the laser scanner at the time the focused laser beam is detected. The
scanner position versus beam position data can be used to determine the center of
the aperture or the scanner position coordinates that correspond with a desired

20  position of the focused laser beam.

Subsequent to system calibration, which preferably includes
calibration of numerous other system components, at least one substrate having

devices to be trimmed is loaded into the trimming station.

Referring to Figure 6a, partially incorporated from the ‘284 patent,

25 an improved laser trimming system may include an infrared laser 602, typically
having a wavelength from about 1.047 microns - 1.32 microns which outputs a laser

beam 603 along an optical path 604 to and through a laser beam positioning
mechanism 605 to a substrate region 606. For application to trimming of thin film

arrays, a preferred wavelength of about .532 microns may be obtained by doubling

-14-



WO 03/ 082507 PCT/ US03/09323 the output frequency of the IR | aser using
various techni ques known in the art and comercially available. The |aser
beam posiwioasioszzomechani sm 605, preferably includes a pai rprcTafSosmnesrs and
attached respective gal vanoneters 607 and 608 (various available 5 from

t he assignee of the present invention). The beam positioni ng nechani sm 605

directs the |QE§6ut§ﬁ§f¥%cﬁg§cQ£ B ALGR 1Ret BF 9AFs Ry TRk OGN IrblheGennal C or
|

non- telecentric, y achromatized at two wavel engths) to a
substrate regicomma&Qiglly evalabk. fi el d. The X-Y gal vanoneter mirror system may
provi de angul ar coverage of the entire substrate if sufficient precision
is mai ntained. O herwi se, 10 various positioning nechani sns may be used to
provi de rel ati ve noti on Tietlueebeatthgositonbgtmerhenism @05 heefesblyr inbladena fAor

i nstance, a twg-axis precision step.and,repeat ns il ustr d
schemat i cal | y MdnEHOFs ﬁﬁ‘;a @hﬁg é‘?fpf:‘gwﬁcgﬁ“taflgwetteﬁe%@ﬁﬁ%dt 5‘%5{)@”\%‘% ﬁY%l%@%e
field of gal vapaAeleslssiASEsk hHé preént Senboh)E OThea:8m( fosBionirgmédh@ni¥m¥605

pl ane). The | aser beamTpositioni ng mechani sm 605 noves the | aser beam 603

al ong 15 two phregerilie dascubean 683 tﬂlgf@ﬂélb9 lepso9aividch WY dertelieingiapt non-
posi {1 0ni g of 1595 prlEAR PR AELRAR3: LI wSIBAAY S0 hedh A RGionFach

mrror and associ a vanormet er noves the beam al ong its
respective x @06y oxei a fishdlerThecKnY rgalvandmeter orprot systémomay Ipramider angudar

devices 611 which may_he hal ogen ljahts.. or |ight em . [ r.oduce
visible Iight P8REFY TS SR el SPLLCHS ﬁpé‘%&“"bg‘/B-\g‘B{e)"‘glr%q‘sg‘ﬁffﬁ‘g‘rs&alz (a
parti al | y1¢ ef \@gbhy gosi¥idnir@ thedhanibias aiag e Wsédorproviberetaive aatiop dttwesh et 0

direct light energy refl ected back al o,ng the path 604 fromthe qs]ubst rate
regi on 606 to SHbHENRAR] di¢ laesyiteame 170T HRENGCHe AeOBHS BEGISKE B 204 EPHes a

camera 615, whj Y; L @el@lic TR CRIMP Ay (R whed t6 PoSitioR thdkasirawhi t e)
and associ amgﬁ{glraz;m;mmg?é%%(g%&lg%%{l%or dsi gital yf ramg bu?foerlopr ovi ded avm' th
the canera), 28ithihitbé fididgdft gahemomiater \ashdomirnprusysiemd 607,868 eRevinghdX-¥aner a

of the subet r d1BeT edror Edl R RaTep it QO TRRTLP A e BAR @ Abir | 07
frane grabper tGbGerpondicuinanes thedby peoviding two dimensional positioning of the laser
beam 603, across the substrate region 606. Each mirror and associated
galvanometer 607, 608 moves the beam along its respective x or y axis under
control of a computer 610. Illumination devices 611 which may be halogen lights

or light emitting diodes produce visible light to illuminate substrate region 606.

20 A beam splitter 612 (a partially reflective mirror) is located within
the optical path 604 to direct light energy reflected back along the path 604 from the
substrate region 606 to a detection device 614. The detection device 614 includes
a camera 615, which may be a digital CCD camera (e.g.: color or black/white) and
associated frame grabber 616 (or digital frame buffer provided with the camera),

25 which digitizes the video input from the television camera 615 to obtain pixel data
representing a two-dimensional image of a portion of the substrate region 606. The
pixel data are stored in a memory of the frame grabber 616, or transmitted, for

instance, by a high speed link, directly to the computer 610 for processing.
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i nstance, by a high speed link, directly to the conputer 610 for

processing. -15 WD 03/082507 PCT/ US03/ 09323 The beam positioni ng subsystem
may i ncl uae ootken7 opti cal conponents, such as a comnput er - eOmIUSDS/HEs3

optical subsystem for adjusting the |aser spot size and/or automatic
focusing of the |aser spot at a | ocation of the substrate. |In applying the

invention to thin film t’I'gf mﬁh Sgésﬁl@ﬁh QJbs%tEIﬁy%la alinQude astherOtitdll n

filmarray is supported strat The calbratlon data obtai ned as
above is pref epaipbyents eubhlas amompunaatmbmllwl,tdptlaﬁ subsystea for adingtimigribe 1apegi on

I h I
the | ocati on B s 110kE: SRR scBndind S pEaRk: $h e Ldeafaftl B %P R GLe

6b. For instance, the feature nmay be one of the horizontal edges 621

(e.g.: an edge parallel 10 to the X-directi and o t he vertical
edges 622 (e.g.: an edgelgBPHINEdNe RN to\Fg filglct(mx)ngfogm%stwr%& Psis of

pi xel datain l%f'@ﬁé’tbﬂ?flﬁgaﬁé‘)els%ﬁpwﬁﬂﬁliﬁe sub¥@tk afecatiBgion @4 Obiadivd
al gorithns. The edges may include nultiple edge neasurenments along the

entire perinetasrabove ds peeferabbyr used waegsnlaingiont Witheggayomated ragdinRe yisiom
NUMEr ous T esi A Sthnc%f tt())t l%gatg oeragl?i %g dt.0sf ﬁl’?%frt é'a?xta ran'dsmE;ﬁﬁfb fie

det er m ned whi% e tised the cutting typically as a
pr edet er mi ned lp@h@ﬂrttfaagdea:sf otmgem'nehria feﬁmm‘ ef aﬂnle}e,memhéwdjel:lgmeo@hmﬁdron is

obtained automatically and used w on d t o .contr

| engt h of eacHn%‘EficeV\Ithf?ar‘iuretIﬂ@ li’eo‘\’/\r/1 tﬁe 1201“ ‘E%?&%%?ée B! g%BEgtsaﬁglerrent

al gori t hmgy may AhSR-dRcHESd and\bR 6f the w&ﬂi@hleedgépszz @s¢.ansedgpaalld oo el ation
al gorithnms or blob detection nmethods. 20 Calibration nmay be a[%pl i ed at one

or nore pointsY élllﬁﬁﬁ@ort)l*féu%by analysis of |Rbsed dagmil BEBGE HERE DR PRy
poi nt of at | %ﬁflatﬁ@eﬁ%@ cj:Y\écLl)n baq%&‘?[ﬁfrﬁm elqlewb(ﬁ%é Iﬁﬁ* iRE188d QRulflpleaedge

Preferably, the lengt e starting point urality of cuts in
Fi gures 2 and meazsmelmebs dong thetentire perimpist of)aerﬁmtaxbwsammo diegrdgesrer

starting point dges ?rom %Hr&les:rolugl r551§ors SF the array. The width of the resistor is then

15 determined which may be used to define the cutting length, typically as a
predetermined percentage of the width. Preferably, the edge information is obtained
automatically and used with calibration data to control the length of each cut within
the row R1...RN, for example. Other measurement algorithms may also be used

where suitable, for instance image correlation algorithms or blob detection methods.

20 Calibration may be applied at one or more points along the cut. In at
least one embodiment the starting point of at least one cut will be corrected with

calibration data.

Preferably, the length and the starting point of a plurality of cuts in

Figures 2 and 4 will be corrected.

25 Most preferably, the length and starting point of all cuts in Figures

2a and 4a will be corrected.
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2a and 4a wll be corrected. -16 WO 03/082507 PCT/US03/09323 In one
enbodi nent, the first resistor (e.g.: RL or RN) will be calibrated, and a
corr esponwiong/oszmnT ecti on applied to all resistors (e.g.: RCI/USORN323 of t he
row. Conplete automation is preferred. However, a sem -automatic 5
algorithmw th operator intervention may be used, for instance where a
gal vanonmeter is positi O'Iﬁdoq%oe DRfimbRe (e TR% @ng&n@_%ﬁ_zqui or RNt figll fokel d,
then the beamis sequentially positioned along the el enent interactively
and the i nt enshliyrateds ofid 4 eorrespouding verr¢arionapplies torndli regiptoshEes- v B, - o RN

di splay 630 by _an operator. The use of the calibration information to

adj ust coordi r‘i’gt%?eesr ‘thin the 10 array region is valuable for inproving
the precision of |aser beam positioning wthout throughput degradation.
Measurenents of resistor_wi dth and the al i%rt]rrerat data is usef.ul fort. bot h
control ling the | ength JfOmPIRtt AULRHAHQRy 1. BISFHLTY: JOWBNA at RoVd-aF FBRAMC

linearity and ;opiRht RAGONREIAN PhetvBRidcH hyy Nl abbd/e (410 ihdiecsCanser aX, Y
coordi nate system The use of the calibration data for geonetrjc correction
is 15 parti culgahlapomeler ispositéance op thatdhe arrpyslement PR e Jeldydhehiieng one

or nore |inear r. i %%Tﬁ{dr r; I :
necessarily ré)ﬁflﬁalclgr}g{l%téﬂrug@é ?@’5}9&2‘%‘% e eésli&aﬁﬁflégg %Jdrt ggly?%gftgg?x%tansflty theta
| ens |ineari t yprofiknobdamvatioape NEatsitpnotstoed Dne display €30 bplaropere®rst ack- up
may generally be used to determ ne tradeoffs between the 20 nunber of cut
calibration | ocations based on expected position error. Wen fanning out

the beam especially W tinhd ik getheRaMrAGrRalRsaticRMYdfiBSidtdises ity thene i s
calibrated and aligned. For instance, when theeé:gépaci rt]g bet ween resistors is
rel ativel Y0 | aragery Egiannisl valeable fofy MHEOVRE; the Precdsiah @t A5eHPed™ RRSLIeng

errors in po%ﬁﬂoﬂ?tlﬁ&%@%&e&kmﬁ&g RMeaQlrEMBRE 8f rdsRid? Svitihtand eeadighMemar t
w th system design, theta [ nearity, fan spread conpensation etc.
Cl osel y spacedlacuissiseful forthosinsangrodlings the length of a cut and for correcting deviations

from linearity and non-orthogonality of the array relative to the scanner X,Y
coordinate system. The use of the calibration data for geometric correction is
15  particularly well suited for use in laser trimming systems having one or more linear

translation stages.

Geometric correction does not necessarily replace other useful system
design features including f-theta lens linearity, fan beam compensation etc. The
system tolerance stack-up may generally be used to determine tradeoffs between the

20  number of cut calibration locations based on expected position error. When fanning
out the beam, especially with large spacing across many resistors, only one is
calibrated and aligned. For instance, when the spacing between resistors is
relatively large, a single cut may be calibrated and aligned. Resulting errors in
position are anticipated at elements, to be mitigated in part with system design, f-

25 theta linearity, fan spread compensation etc. Closely spaced cuts of a transverse fan

are expected to have smaller errors compared with on axis fan.
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are expected to have smaller errors conpared with on axis fan. -17 WO
03/ 082507 PCT/ US03/09323 Further Throughput |nprovenents - Opti cal

Techni quewoloa/082501 east one enbodi ment of the present i nveRCIrarsos/bss23

t hroughput may be further inproved by increasing the effective scan rate
using one or nore of the techniques below 5 Further increases in

processi ng_ spesd il vl £ohbi 1Rkohiol CORibe TeasRARR! | Shed with faster
junps across t e € resistors of a row One such gap 216 is
shown in Figure 2a. Referring to Figure 7, in at |east one enbodi nent of

the invention, a singl eﬁﬁraitie gﬁ:gn%sé&()%%rﬁ cﬁq@%ﬁ}@g&tq eg[io,lﬁﬁg?tﬁ}ou hput

superi nposes a saw t oot scan pattern as the gal vanone scans
across 10 the mombafurdet msbeed byviakrasihy the0dfecfve soag rate usig vge dh@orRCGED
scans in retrograde . rmti?n 703, and, between trinms, provides a fast junp
704 to the nexhe kghniqyes Relowy | ows the gal vanoneter to scan at constant

vel ocity and mnim zes the contributions of junps to the total process
time. The use of acousto-optic deflectors in conbination with 15

gal vanomet®rs for speed Furfheoirsieases in Brogpwsing snsed mathagallingag trimssiag hee

u.sS. o Patent Nocomniids Wk e GARER AR iREAVEAERRAL AR B RRAIGRD.
melting, vaporizing, or cutting wor kpi ece. A two-di nensi onal
acoust 0- opt i ¢ siefi lgapt2i6 ispshowindedFigoorifaa Refetong of Higwe 7.mpr evisasingne n

mar ki ng speed. U. S. Patent .No. .6, 341, 029,. which i§ |

reference in i oﬁ%erg;ﬂf ﬂ\eé?‘ﬁ?ptl%ﬁ\/%ﬁgqﬁaﬁ %?Oél s@@?‘f&%@@%@?ﬁc@ﬁ%@t

havi ng sever al suﬁ@rﬁﬂﬁ@@@fa%awmtﬁ hinb@schepateesl 70 Nagthe @alvardractsy staasaarhen
practicing the present invention in_ a_ retrograde 1&){?@ bor i ncreased, speed.
In the 020 pahermw abems@Bl Gy 98r ILuEing Emmizg t BRo#SIpLeegieds an

associ ated co e S, SHolHaeE h ke 82 7S HeOhext REET This
patterning. Nqé%@iAeZéado@a’ gétwlg%er 47 Ig'rcl)d1 col . 4§;g¥lpt he ' 029 epat ent for 25
addi ti onal detadiols theegpyampmgtes (ostCanrRlCIONSRRIEIICHN and minimizes the contributions

of jumps to the total process time.

The use of acousto-optic deflectors in combination with

15 galvanometers for speed improvements is known in the art. For instance, U.S.
Patent No. 5,837,962 discloses an improved apparatus for heating, melting,
vaporizing, or cutting a workpiece. A two-dimensional acousto-optic deflector

provided about a factor of five improvement in marking speed.

U.S. Patent No. 6,341,029, which is incorporated by reference in its

20  entirety, shows in Figure 5 thereof an embodiment having several components
which may be used in a complete system when practicing the present invention in

a retrograde mode for increased speed. In the ‘029 patent, acousto-optic deflectors

and galvanometers, with an associated controller, are shown for dithering Cw
beams for laser patterning. Also see col. 3, line 47 and col. 4 of the '029 patent for

25 additional details regarding system construction.

The arrangement of the '029 patent may be readily adapted, using

available techniques, so as to provide modifications of optical components and scan
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The arrangement of the '029 patent may be readily adapted, using available
techni ques, so as to provide nodifications of optical conponents and scan
-18 WO 03w0R23mh850PCT/ US03/ 09323 control profiles so as tecprmos/isest he
retrograde scanning technique of the present invention, preferably with
addi ti onal har dware cal i bration procedures. In another enbodi nent of the

I nvent i on, oBAbE SIBERS obf Ric? BPRAbLAA KEsinfeOtechiBYe Hanapeqem! i shed
in a paral I eI 11(5)1?15 %Ststﬁ dSrr?tpli)p lg spot s lo’5 fajlsong t eeérowe A fa% out
grating or ot hevenmhlprefmswfygeﬁea@utmmgl kradwars dagbiagied preseduigat e a spot
array so that 2 or nore spots are fornmed and aligned according to the
resistor pitch along the row. For exanple, U S Patent No. 5,521,628

di scl os%s1 theI usle OL dithf areter vientydihes dfothei imuéritine abis lopllmeak trina tonpl e
parts. e multiple beaps may be | ower wer beans_genera edfr ma nor e
power f ul Iaserseﬁlﬁﬂﬂ%resﬁForiﬁla&d}?tﬁcﬁ%P E?Qg‘ﬁénﬂ)%‘ﬁﬁﬁllﬁa 13 &84t Sp‘?ﬁe scan
system scafs tfign L tHP! &y BRATR graig Jr Qe nﬁﬂﬁ%@a&@éﬁé&ﬁﬁngﬁd&%ﬂ@f&s&p@n | ens
simul taneously across nmultiple resistors. The trimprocess is simlar to

t he single spoireaies hpet aniay Hothad 201 IRIESPOLE atesfomecbamgalll@ed@e@qrﬁ@g to the

non- measur emenr%&gtgllt éﬁd?lga@'f GRS roW VN80 LI lé]rl?gh%tgnﬂ No. 4, S2£BoHdisdif&s st em
converts to a sin gr0de’t o serla imeach résistor to 15 val ue.
Simlarly, t heuseof ﬂﬁﬁmebplm:sm@mlflmnq:msﬂylmkmﬂulpie pags.niie msltlpdmb,@ml i shed

in a parallel fas nvvlthrru fornmed on_a t mak

paral | el cuts.D¥ 8 OWER PEVEL #’F?dgsbge f?ﬂﬂ’?tal mBé%ngﬁgEE’ts? ng dey %re is

used to ¢ eat@uifRYeamk F¥n ﬁﬂlttﬂl@iou?ce@r THelsarSgyelef Rass the fiilghle bdang spot s

being aligned to an 20 el enent with predetern ne IDaC| ngi bet ween cu}s. | f
S

a predet er mi neddnformerspers theerah ArcoONPRF s¢are lenp Sigultansqusiy ACEs RURIER gur e
4a) then, in Or@ﬁst%pgjoﬁ*h% rbfi8s 1s@&’rﬂﬁ§}r tonxe E’iﬂﬁﬁ oPﬁHih@d%tHWﬁoR’y 50%

(e.g.: asingle pass in eac direction hi s“enbodi nent nay nost
useful if resiatsom panatielséum@ manmwrandntt oltérgsices When vikd Fhré@phblsl shed.

The grating mal)éactfled the systgr?xtcloﬁ\a}erl Sto% sn%g?ehgpot %ﬁ)de 3 ger?zﬁly tPim each resistor to

15 value.

Similarly, the collinear trims on serpentine resistors may be
accomplished in a parallel fashion with multiple spots formed on a target to make
parallel cuts. A fan-out grating or other multi-beam generating device is used to
create a spot array so that 2 or more spots are formed,, the spots being aligned to an

20  element with predetermined spacing between cuts. If a predetermined number of
cuts are performed (e.g. four as shown in Figure 4a) then, in one embodiment, the
number of passes could be reduced by 50% (e.g.: a single pass in each direction).
This embodiment may be most useful if resistor process variations and tolerances
are well established. The grating may be in an optically switched path so as to

25 selectively form multiple spots or a single spot.

Published U.S. patent application No. 2002/0162973 describes a
method and system for generating multiple spots for processing semiconductor links
for memory repair. Various modifications in the lens system and deflector system

may be used to generate multiple spots for use in the present invention.
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25 selectively formnultiple spots or a single spot. Published U S. patent
application No. 2002/0162973 describes a nethod and system for generating
mul ti pl e wpaB®sfseT processing sem conductor |inks for neromusoepEsLs .
Various nodifications in the |l ens system and defl ector system nay be used
to generate nmultiple spots for use in the present invention. -19 WO

03/082507 PCT/US03/ 09323, (lp ¢ %dﬁt‘f%?dé g‘fnge ' lager u'i@lﬁ uk@cﬁﬁftrﬂh”u%eco'tﬁ/oused

totrlmuptotwore5|storsa one one or two cuts).
Referring to Fegduos aBQnetmne ’(eaguse,donesmtws c861. Befzrmgetoﬁbglrr@éf Bvo fogbsedut s by

i ver giny col P ARY BEAE aoeaoso RS D dp ARl 00 G0 it o

frequency contjel efRQD3 HePawadiversin b@llm&&:d(ﬁeaﬁa@(8051805op11ne:adjwmemsof for
spatially spli ttéerﬁ]ig beans in material processin ations i.s known in
T

the art. For tedifipreatial fagaapRey CopEpls SPOAHRY AL \]113‘59? IR GS

arrangenent f P K
def | ect or hav?{)lrgs’pgglfﬂly Islgg 11‘1@ Géa?ggggﬁgﬁr{e&sbl%&déﬁifg %gpﬁcdﬂ“g\h% gseﬁ)edgggﬂfﬁlar}:l gure

8 is pul sed atFoa gxasgbt, dammeajpatgpeqbstra@rm%&152662rﬁ1@ws61@@r apengemgak for

t hrough rel a t 07 .t
beam wai st i %tdoﬁlﬂllﬂé%égr@ﬁ%(fpl op%J IC r%og HP@P%%%%{ a%%ég(%ﬁpgln%ﬁgﬁ,%\ﬂawﬁeg%,

whi ch oper at edrdquefidies Br.adg regine, preferably is used to controllably
generate the two slightly diverging collimated first order diffraction
| aser beans and control 15 the energy in each beam The AOMis driven by

two frequgpcies, fl and £ Zsuhgucof Higde &9 Ipﬁls@cfl atdpreliéterinin€d epevitien fatelf 1s a
smal | percentage of the original RF sig frequency fly. The angle

bet ween t he t ideHasembenns g@pqaﬁ)@&ugherﬁ@wp@a%w that forms BR AyErmediage amigsoft o
nul tiplied by tﬁ{ A @%m TSt fﬁfa\{lh el §%ﬁé“1§ao&ﬂ§{o YAOMY ea?ehm%f TheaoN@ser

beans by nodulating € sig Itud requen y conponents, fl
20 and f2, in Sﬂﬁewﬂﬁhmpgnawls 2 Blagg gl grefeljablytisrased go tontradlebly generate

cross- COUpl ! r]g(he t\A'/Ag Ellegrhtlyxcfl\gérgnl g cgl 1ma gglfgrst drdérh(?lffb ac?igg la%gr tgg}n %Lﬁ%ﬁ cBhtrol

optional beam
15 the energy in each beam. The AOM is driven by two frequencies, f1 and f2 where

f1 =f0+df and f2 =f0-df where df is a small percentage of the original RF signal
frequency 0. The angle between the two beams is approximately equal to the Bragg
angle for fO multiplied by 2(df/f0). The AOM controls the energy in each of the
laser beams by modulating the signal amplitudes of two frequency components, f1

20  and f2, in the RF signal 812 and making adjustments for beam cross-coupling.

After exiting the AOM 808, the beams go through an optional beam
rotation control module 809 to rotate the beam 90 degrees so as to orient the beam
in either X or Y. In one embodiment, a prism is used for this rotation, though many
rotation techniques are well known as described in related U.S. patent publication

25  No. 2002/0170898.

Next, the beam goes through a set of optics to position the beam waist
and set the beérn size to be appropriate for the zoom optics and objective lens 810.
The zoom optics also modify the angle between the two beams, therefore the angle
between the two beams exiting the AOM 808 has to be adjusted depending on the

30  zoom setting to result in the desired spot separation at the focal plane. Next, the
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rotation control nodule 809 to rotate the beam 90 degrees so as to orient
the beam in either X or Y. In one enbodinent, a prismis used for this

rot ati on,wolewugdsomany rotation techni ques are well knownpra3/usexessebed in
related U.S. patent publication 25 No. 2002/0170898. Next, the beam goes
through a set of optics to position the beamwaist and set the beam size

Lo be appropriialp y%@ﬁse ERE: AROM;0ANEGENAEH QRIAGroYRE! BTRiCdOfocnsapsROM

optics also no ang ween the two , efore the angle
bet ween the t\801t89anen awit fenigtarhie TROWB 0Potsasret sepbrateldpysa distanepehaeti g on

the 30 zoomsetting to result in.t desi I I
e Toa  Shbio\ ol ol b e RS B 50010 AR 4 Bl 02
obj ective | engydlkamii The REBYErA@S akd padallelofmethodus@t be potnbine by 80Rinear t wo

resistors. The two spots are separated, by a di stance .that i a i mat el
equal to the ftHEERNNg ORFEIPEHINE SIS QPRs I@iﬁxﬁmﬂlﬁsa?’ﬁ%‘néﬁé?aém i?mgpﬁ{‘?ﬁ@ twoy

beans. The fettﬁ&ﬂ&@ﬁ%nﬁm A" Ald SlanfRl ROOS GATidE COWHIARReitOesi@kd hkear 5

trimmng on serpentine resistors. For exanple, a beamis scanned by an AOBD
then split i ntmmedaimulgandoustipandee powois sromheesisiosNjto rpsistoady -hE Enthe sl st or s
are trimred si rrulrtr%netgussly and the junp is fromresistor Nto resistor N +
2 to the next pabra(?r JF°fesi st ors. Alternatively, or with a two-di nensi onal

defl ector, a pair of spots 10 may be produced in a direction orthogonal to

the serpentine scan direction, For i.nstanc wi t h latively simpl

cont rol and pr ogr ammi ng ‘ShrBEL A g P Rl BRIF<Ut FERTH Y be
used (Wi tfyapppaPhé piciueed R dRQWESn 6@RYdoRhD tolthe seiprulifabe@Uditestipn OBsice at
| east two of the four beanms used for naking four cuts as. shown in, Figure

4a. As such, tihgameanvith rebatively siHDIC GeRrolepdpEOpEIRIEE ¢y gpeglimansiggaly
G ating. The TP bl e (S ruBE a8 e SRR G R POpR poreraleh, e
trimas neededmultancously produce at least two of the four beams used for making four cuts as
shown in Figure 4a. As such, the scan time for the cuts may be reduced by 50%.
15  As aresult of programmable deflection, the AOBD may be preferred over a fan out
grating. The multiple spots may also be produced during coarse and fine trim as

needed.

Figure 9 illustrates schematically an exemplary embodiment of an

improved laser trimming system having a module 901 from Figure 8 added for

20  either retrograde scanning, parallel processing, or a combination thereof. For
example, a signal 902 from the computer 610 may be used to control the AOBD or

other solid state deflector 808 in one or more axes, and the beam rotation module

809, if provided. The module 901 may include relay optics 807 and other beam
shaping components. Preferably, at least one AOBD is used so as to provide

25 considerable flexibility and ease of use, for example with a digital RF generator

providing the control signal 812 from the computer 610.

Furthermore, techniques for forming elongated or elliptical spots can
be employed with this invention to further increase processing speed or quality.
Improvements in trimming speed associated with spot shaping are described in co-

30  pending published U.S. patent application No. 2002/0170898.
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Figure 9 illustrates schematically an exenpl ary enbodi nrent of an i nproved
| aser trinmmng system having a nodule 901 fromFigure 8 added for 20

ei t her rewoagnszdes scanni ng, parallel processing, or a conpcratSowmseher eof .
For exanple, a signal 902 fromthe conputer 610 nmay be used to control the
AOBD or other solid state deflector 808 in one or nore axes, and the beam

otation mdule 809, | iy phayl 0ot The oM B niBYd fSkiieat Rho@p! | o5

807 and ot her beam shapi ng corrponents era east one AOBD
used so as to epthodiment 25 tho hsiatomabir enhdneiighiyisieny penfic nease and eass @f usc)r

e T T R i

elliptical spots can be enployed with this invention to further increase
processi ng speed or quality. Inprovenents in trinm ng% eed a soci at ed
with spot shaping are descri BERe HisteBbmay Proddeferc ¢1s SPY H%nt

appl i cati o N%lnfi?o‘%%éd%% @ﬁ%ﬁ%/nt%zﬂﬂ mél tW%OJSSFIgﬁ/ Q@Qﬁe@%@?& asﬁi'gﬁ&r @IUS

ot her design alternative e used in at [east one enbodi nent "of the
i nvention for thﬂpm&mtngvamsnemuptmtémrrmmel mbsyséqg@r@fldmgéor bath spehddep| e,

alternatives i n(r:ll u @Pag{ﬁp&g% Foé Se; g?sehqnénq& r%}% wing: 1. The system

may provide fdP &8 Spot si ze ‘or focus adjustnents.
U.S. Patent No. 6,483,071, assigned to the assignee of the present

invention, illustrates an optlc &1 stem OVIC%I r bot. |ze
control and dynamic focus forf iéf'ératﬁrélé%@ ﬁﬁﬁﬁ ‘?’é’ﬁgﬁnrenegy“ﬂ i aé-}a

al ternative | Soegﬁnattt%ﬁl!lat&j ﬁ%ﬁeﬁﬁ%ﬁéﬁﬁa)}"bé fin Qco%@ﬂokﬂﬁic@leﬂ@@@ﬂo@&ﬁﬁﬂl&%r@r The
at t enuat or e an acousto-optic deflector (or nodulator). 10 Neutral

density fi0t erNelmral pi@naty fisietsopr palsagatignchasehpBeIafaly MY O aved wBether
manual 'y O\r/a?:thg%}ql% liyi,fotarl au¥orﬁﬂlcldﬁ\g %g%lsteﬁ' LigSU R aﬂ’a‘%{ﬁt 665 ﬁ8185405(f19u1€hble

sui tabl e enua y way of exanple, 'having a
rotating hal f vasblelasteauatamid shown| layrwzy;lt)f empindiavinge Mmgshalf waveplate

and a polarization-sensitive beam splitter.

3. The pulse width may be varied using methods known to those

15 skilled in the art, with the understanding that the energy of a g-switched laser will
vary with repetition rates, particularly at high repetition rates. For dynamic
trimming, wherein a measurement is performed between pulses, it may be preferred

to maintain substantially constant pulse energy. A method for pulse energy control

is disclosed in the 6,339,604 patent which reduces the variation in energy at the

20  target as the trimming speed is decreased (e.g.: larger pulse temporal spacing),
corresponding to periods of precision measurement when the resistance value

approaches the pre-determined target value.

4. In at least one embodiment, a diode-pumped, frequency-

doubled, YAG laser is used to trim the resistor array. The output wavelength of

25 532 nm resulted in low drift, absence of microcracking, and negligible heat affected
zone when compared to other wavelengths. A pulse width of about 25-45 ns may

be preferred, with less than 30 ns typical. The preferred maximum laser repetition

rate will be at least 10 KHz. The pulse width, much less than typical for thick film

systems, provides for thin film material removal at a relatively high repetition rate.
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3. The pulse wdth may be varied using nethods known to those 15 skilled
inthe art, with the understanding that the energy of a g-switched | aser
will varwowswbsespepetition rates, particularly at high repetitsogmseat es.

For dynamc trimrng, wherein a neasurenent is performed between pul ses,
it may be preferred to mmintain substantially constant pul se energy. A

nmet hod for pul : I i i whi ch
reduces the valfrlglfae"gJ %Bg%g?ﬁ%%gjr%tgﬁlﬁg%} aavf[aﬁ%tﬂ!éigfg@? g‘%&%? : gﬂgeﬁehgg%%??%g@sseieﬂgd is
decreased (e. dhigh fepegeon qates 961l nlowdemlossspasspeigicd widighe éﬁﬁéﬁmer@tlﬁ)&p@ri ods

f i Si he .r.esi . h h
ot c” et e i netb B o Be0 i HEEE PERES MHEeA ot & ai ode- pumped.

frequency- doubled, YAG laser is used to trimthe resistor array. The

out put wavel ength of 25 532 nmresulted in lowdrift, ahsence,of .

mi crocracking, and negl i%i bl J%Qﬁeramﬁﬁgﬁefgc‘ﬁ éovﬂﬁ‘e?i’pé?fﬂﬁﬁfeeomﬁ&c&}%‘er
wavel engt hg. Auﬁﬁk%dsg%%‘sﬁEhTﬁ’écs Pout wAPryfiRallPbdRYs thf abéR 136rmhiefbns o 1d3s| €ss
than 30 ns typical. e preferred maxi num |l'aser repetition rate will be at
| east 10 KHz. Witlea preiferecdisipdt $ize lesscthan ghogt 2Gavicroygpiagd @ mask PRI sppy size

systens, provi. r ' il [ : ahn: : atively high
repetition ratlgeﬁe Ea%‘zye %@%‘}gﬁﬁ&%%éggtﬁ%ég%@gcg}rsabl y, the maxi num
avai |l abl e pul se energy at the reduced pul se widths and high repetition
rates will allow for |osses sociated with the diffractive.opti (e. g:
grating or AOBD) so that®mul talrsﬂpfﬁﬁ @ngr@ge\ﬁﬂrﬁé})oggn ?)\9{t Héedl.nvgr.ltmflhée‘ﬁ%gtél}e may
be focused to @ ARRNXKARAR, a sbirfel bAPATaNE inferdibitatk@dutss FdwsIeE £it isTtoebes pot
size will typically be | ess than about 30 m.crons or |ess with_ a

pr ef er r ed 1@ potunsiesstoqdethat anpdisatinoot MEOPTRSEEY SHENUIGR &S éohff‘ééricf)‘?deﬁo_efonr’é‘é}‘gs pot
size in the r&?ﬂ%l S{ﬁggg?irfrﬁerﬁglélcﬁ ﬂ&éﬂ&&riniﬁ?%o'a@% Zﬁ?g(ﬁlce 0prhrality 6 968~ 6.

In the illustrate of the Invention, sérpentine cuts are
illustrated asingersetingsitowithamrediced nimbarrodimgiasuaeroents taonsidengdyepe withini s t o
be 10 understood that .application of the present invention is not

restricted to PHSFPyET the mvention.

7. Further, embodiments of the invention are not restricted to

15 thin film resistor measurements, but are applicable to other micromachining
applications wherein a physical property is measurable. The measurement is not
restricted to electrical measurements, but may be temperature monitoring (for

instance, with an infrared sensor), stress, vibration, or other property.

While embodiments of the invention have been illustrated and

20 described, it is not intended that these embodiments illustrate and describe all
possible forms of the invention. Rather, the words used in the specification are
words of description rather than limitation, and it is understood that various changes

may be made without departing from the spirit and scope of the invention.
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parallel cuts. Trimm ng or mcromachining so as to produce a plurality of
non- intersecting cuts wth a reduced nunber of neasurenents is considered
to be w twbr3/sise7 scope of the invention. 7. Further, enbedirresas/eses the
invention are not restricted to 15 thin filmresistor neasurenents, but
are applicable to other m cromachining applications wherein a physical
property is ne‘gﬁltﬂjapée A‘EpleEmsurerrent is not restricted to electrical
measur enents, but nay %e enperature nonitoring (for instance, with an
infrared sensor), stress, vibration, or other property. Wile enbodi nents
of the invention have been il]ustrated,and 20 d ribe

i ntended that these enbodi ne énqtﬂllq%u@frhbgthéwgﬁcg pdg(gl 1 l?cergrélla%ﬁmfpr)l sasic%ﬁaé/ forns
of the inventiggaeyiBed, keeh oftthe dvateihavimedt lenstiohe neperatile paspeny, tae methodr ds  of
description rather than limtation, and it is understood that various
changes nmy BeMpEgEEhe BEPE Odeparting fromthe spirit and scope of the
Lnventi on.s- 23 WO 03/ 08230%; (] {SMLRARS 2 WWAE thShhhbMvdrPia vhlucofiTet hod
for high-speed, precise mcronmachining an array of devices, each of the
devi ces havi nq mtashesdrdd propertyeasur abl e property, the nethod conprising the

steps of: 5 selectively mcrqonachini | ' : ay to vary a
val ue of a nmeasurable pSPéppeéﬁ{n;%?tH‘!’sggggﬁﬁl%gx’?ﬁ@“lé’?%‘%&g?‘ﬁé 1 ectively
m cromachi ni ng; whil e t hehild thpstep obelleedtély aligromchining etsuspended, selsuiyplynded,

2 value of o THSHABEATELIE b He YRR e e L UHeA QAL R of 7

sel ectively mrﬁéagﬁﬁg[ylg}bﬁgt}t;qngary a neasurabl e property of the device
until its value I1s within a desired range. 2. The nethod of ¢claim1 wherein
the devi ces are resi st ortgsuming the suspended step of selectively micromachining to vary

a measurable property of the device until its value is within a desired range.

2. The method of claim 1 wherein the devices are resistors.
3. The method of claim 2 wherein the resistors are film resistors.
15 4. The method of claim 1 wherein the steps of selectively

micromachining are performed with at least one laser beam which cuts the devices.

5. The method of claim 1 further comprising measuring one

measurable property of at least one of the devices to obtain a measured value.
6. The method of claim 5 further comprising comparing the
20  measured value with a predetermined threshold to obtain a comparison and

micromachining at least one of the other devices based on the comparison.

7. The method of claim 5 further comprising selectively

micromachining at least one of the other devices based on the measured value.
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3. The method of claim2 wherein the resistors are filmresistors. 15 4.
The method of claim1l wherein the steps of selectively mcromachining are
per f or medweihsmd7 | east one | aser beam which cuts the devircaaisoy093the

met hod of claim1 further conprising neasuring one neasurable property of
at | east one of the devices to obtain a neasured value. 6. The net hod of

claim5 further conprising Cglﬂi%arrrlétﬂgd 508, m@ﬁ%@fgﬁn%%]ls &fer utuH%%otto

predet erm ned threshol d i'n"a conparison an onac g at | east
one of the ot hegasgevi mess@aﬂegr@ertyhﬁ at degsnones ohthe7othdthde vies thaskdodn dleai m 5
further conprising selectively mcromachining at |east one of the other
devi ces based Sty ﬁﬁ"&sured val ue. -24 WD 03/082507 PCT/ US03/09323 8.
The nethod of claimb5 further conprising determ ning not to nmeasure a
measur abl e property of at |east one of the other devices ba§ gl n h(?

qr lg §pee

measured val ue. 9. The rfbt hodlhsrmethes ef claighbaeisin the meghoddsy
hi gh- speed }bP&geClﬁ@r ﬂ'xt%rﬁfngt;{rf e);s]gf ?&m%xrs%d%hér@iﬁ' o?{eoéfsth@']ﬂea‘é'fi'ﬁblél n one

of the measur proper I's resistance. . The nethod of claim1l
wher ei n each gfropdreesisepsstaicesel ectively mcr orrachl ning includes the step
of selectively renmoving material. 11. The nmethod of claim1l wherein the
array includes at |east one 10 of one or nore rows and one or nore
colums. 12. The nethod @ -clHiethédhohef diim 1aWhérexa$tac1m~feh@sftepsrw saleaijyslyof
sel ectively mcromachining is perforned uralit focused | aser
pulses to ir rfﬁtfPF(H{l%Ch&“%g elides S}‘eéfepo‘éf\ﬁe@’négveébﬁ%‘%‘ﬂ?g 51?/ 135 nul t aneousl .
13. The nmethod of claim1l wherein at |east one of the steps of 15
selectively mcromachining is perforned with a plurality of focused |aser
pul ses and  wherein t he het hothefroethodef daimpl Wherginghe airahincludes atheast epeused

laser pul ?(? S of one or more rows and one or more columns.

12.  The method of claim 1 wherein at least one of the steps of
selectively micromachining is performed with a plurality of focused laser pulses to

irradiate a plurality of devices substantially simultaneously.

13.  The method of claim 1 wherein at least one of the steps of
15 selectively micromachining is performed with a plurality of focused laser pulses and

wherein the method further comprises distributing the focused laser pulses.

14.  The method of claim 13 wherein the step of distributing
includes the steps of producing a distribution pattern with a plurality of laser beams

and focusing the laser beams.

20 15.  The method of claim 9 wherein the laser trimming produces
a series of interdigited cuts in an area of resistive material between conductors of the

resistors.

16.  The method of claim 1 wherein at least one of the steps of
selectively micromachining includes the steps of positioning a laser beam at a

25 location of each of the devices to be micromachined and selectively irradiating at
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14. The method of claim 13 wherein the step of distributing includes the
steps of producing a distribution pattern with a plurality of |aser beans
and focuswog3kmsot aser beans. 20 15. The net hod of cl ai m ®CEhe0®09323 he
llaser trinmng produces a series of interdigited cuts in an area of
resistive materi al between conductors of the resistors. 16. The net hod of

claiml wher e'lnas?'é ?t?o%to h OF tﬁeh(?ev?ctggﬁ)sb Imcr%ﬁla@ﬁihbd’ @Jl NELPHRCRALG NY

i ncl udes the s?eps p05| ronrng a l[aser eama a ocation of each of
t he devi ces t@ube. m cromachi ned and sel ectively |rrad| atl ng at -25 WO

03/ 082507 PCT/ US03/ 09323 |east a portion of each of the devices to be

m cromachi ned wwth at |east one |laser pulse. 17. The nethod of claim1l

wherein at |east one of 7he srigPsetdibd of€lagatll weémimtclemmhionﬁithegstepsodfudes
the steps of generating and relatively 5 positioni a | aser mt.o
travel in a fiseketily epiqromachinipeninglydeg| e oftcRsh & ag Ne{AtIEd ag@rgiqnivgl& y

| rradi ating atpolsﬁ’i%ﬁ aa lg&rr%g% tﬁftra%l 1ﬁ§éf§§t c@fé@tl&?witﬁﬁl AMitlaion thehgrdyi #ldd with

at | east one lfaser d of claim17 further corrprl si ng
gener ating andselelce‘lzeijz ma;ilgm;g(mllcasmpﬂ@loa of at eastymgrdey ise tyighe the; fiel ﬁws‘i?cond

irection subst ntlaII pposite the first direction wwthin the field
and sel ectlvelag} af}%lé?err?alsgt | east a second portion of at |east one
device within the field with at | east one |aser pulse. 19. The method of
claim1l wherein at |east _one

th
i ncludes the steps of gelferat l??gmﬁﬁagfoglcgfm\}gl@‘rt&lgrgtg?rﬁgréﬁpgég%?fﬁa&%gl rgibeam

to travel in azefa'nwél Itﬁﬁﬁ{b'ﬁh@ga Aakt BEdm a6 rtASel ihe Reyid aiectbd sibpantidagosi ng
a second scanni ng ttern with the first scanni n% pattern and irradiating

at | east oDe dmnoelee thiet firstdireesion wishia thadisld pud selectpsly wradigEYdedy 2l ai m
19 wherein t he %O;po%lgr? 395'3 105t Bﬁé H&Filk within the field with at least one laser pulse.

19.  The method of claim 1 wherein at least one of the steps of
selectively micromachining includes the steps of generating and relatively
positioning a laser beam to travel in a first scanning pattern across the devices,

15 superimposing a second scanning pattern with the first scanning pattern and

irradiating at least one device with at least one laser pulse.

20.  The method of claim 19 wherein the second scanning pattern
is a retrograde scan and wherein scan speed of the at least one laser pulse irradiating
the at least one device is lower than a corresponding scan speed of the first scanning

20  pattern wherein laser energy is concentrated at the at least one device for a period
of time longer than a period of time associated with only the first scanning pattern

whereby throughput is improved.

21.  The method of claim 19 wherein the second scanning pattern

includes a jump from a first device to a second device.

25 22.  The method of claim 1 wherein the steps of selectively
micromachining are performed with a plurality of laser pulses and wherein at least

one of the pulses has an energy in the range of .1 microjoules to 25 millijoules.
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is a retrograde scan and wherein scan speed of the at |east one | aser pulse
irradiating the at |east one device is |ower than a correspondi ng scan
speed of we3fsrsst scanning 20 pattern wherein |aser ener @TiEs0s/093eent r at ed
at the at |east one device for a period of tine |onger than a period of
time associated with only the first scanning pattern whereby throughput is

i mproved. 21. The metotsof chal S WIS 71 hReSACEROSEMAAI REUBAL ber n
includes a junp froma first device to a second device. 25 22. The net hod

of clai m1 wheneiswretliemperatyse vdlugel ectively m cronmachining are perforned
with a plurality of |aser pulses and wherein at |east one of the pul ses
has an energy in the range of .1 mcrojoules to 25 mllijoules. -26 WO

03/ 082507 PCT/ US03/ 093234. 23.ThEhrethed hbdainf 1 stharain thevdeaices aret tubstarizalyr ed
value is a neasured tenperature value. 24. The nethod of claim1 wherein
the devices ar@¥Bstantially identical. 5 25. A systemfor high-speed,

| aser-based, precise mcromachining an array of devices, each of the

devi ces having at | east one neasurable property, the systemconprising: a

pul sed | as®r subsystem 29n oph Fysm &rpughsingsd, desapbased tRECeisanisIANAE BN Ngs e r

systemto sel eg -rfﬁgl&f deviles! 5zfcﬂ§}fﬂ{e%e@i09§)ﬁ vii%nat%as@o&efﬁéé%ﬁra‘Metﬂ}O&rly?%ﬁ:r
pul se; and a contr ple

I'Ter cou to the subsystens to control the sSubsystens
to: sel ecti velyytem comprasoigi ne a device in the array to vary a value of a
measur abl e property; suspend .t.he sel ective m cronmachining; 15 while the

sel ective m cromachi ni ngyﬁlgsegdgféﬁ@%%?ge?el ectively mcromachine at |east
one ot her device in the ardpéiyaltsabsyatein @upled uethepuBedrasaiyysbingo selectively

10 irradiate a portion of a device with a laser pulse; and
a controller coupled to the subsystems to control the subsystems to:
selectively micromachine a device in the array to vary a value of a
measurable property;
suspend the selective micromachining;

15 while the selective micromachining is suspended, selectively
micromachine at least one other device in the array to vary a value of a measurable
property; and

resume the selective micromachining to vary a measurable property

of the device until its value is within a desired range.

20 26.  The system of claim 25 wherein the optical subsystem includes
a beam deflector and a beam deflector controller for controlling the beam deflector
to scan a laser beam along a first scan pattern which includes each of the devices to

be micromachined.

27.  The system of claim 25 further comprising a measurement

25 subsystem to measure one of the measurable properties of at least one of the devices.

28.  The system of claim 27 wherein the micromachining is laser
trimming and the array is an array of resistors and wherein the measurement

subsystem is a probe array.
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property; and resune the selective mcromachining to vary a neasurable
property of the device until its value is within a desired range. 20 26.
The syst ewoaB/ogisai m 25 wherein the optical subsystem i ncl edegsozod3enm
defl ector and a beam deflector controller for controlling the beam
deflector to scan a |aser beamalong a first scan pattern which includes
each of the devices to e m-gr i L j 5

further conprising a neazgwen@g?%@ﬁo@ﬁ%@ny@g&&?@tl?réégétﬁcrglles‘ﬁgsr?gieg%ﬂ%lﬁges
measur abl e pr epecdrdéganfdefibctbeastuperimpode a ighatepesk secondcampastesyen thar of
claim27 wherein the mcromachining js laser trimm.ng and the array is an
array of resi stlfrétr%a%ﬂﬁtt%é“&gf ytth@%ﬁh@‘gﬁ?gﬁﬂfte%ﬁﬁ gqvggq. is a probe array.
-27 WO 03/082507 PCT/ US03/09323 29. The system of claim 26 wherein the
optical subsystemincludes a second beam defl ector to sutE ose

eri
hi gher - speed, second scaf- patkheryysiem afifdaim4y whergigiie san ieﬁl Pl o
throughput of tfx@%ul?s}g/&teﬁﬁ‘déos tﬁaargﬁgvsﬁgs s3fhs ABEoTYDIEAN T gcbbAitdTa 2BinhBEE! N
S coupl ed to

the controller i the subsystens so that the subsystens are
control | ed to sggracafe & keaitramenyf the dquieescthaf prduges {levaes tegipsraspreteingevi ces

t hat reduces device fenperature during mcronmachining. -28
micromachinng.
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