RESOLVI NG THERMOELECTRI C POTENTI ALS DURI NG LASER
TRI MM NG OF RESI STORS Rel ated Applications [0001] This
w@adosns1sappl i cati on clai ms benefit of U S. PropdEUSIIEH031909
Application No. 60/609,852, filed Septenber 13, 2004.
Copyright Notice [0002] (c) 2005 Electro Scientific
I ndustries, Inc. A portion of the disclosure of this
pat ent docunent contains material that is subject to
copyright protection. The copyright owner has no
objection to the facsimle reproduction by anyone of
the patent docunent or the patent disclosure, as it
appears in the Patent and Trademark O fice patent file
or records, but otherw se reserves all copyright
rights whatsoever. 37 CFR 1.7 1(d). Technical Field
[0003] This invention relates to |aser trinmng and,

et moel ectRESObSHNE Pl ERREL ETRIERATEN AL

trimm ng of resistors. Background of the Invention

[0004] The ehaRINGY ASERTRIMIINEGDF RESISTORSSY St ens
totrimthick or thin filmresistors to relatively

desired resistance values. An article by Albin et al.
ent i t Relpted Applicadionsst ance Trinming fromthe

e e

60/609,852 dfled ISdptembens$d 200t i ssues and the advant ages
of using a solid-state laser for trimmng thin film
resi SQ&M” cle by Swenson et al., entitled

[Ooéﬁe?um@m 0 g%,ct g 5 fIé uf&&[hbe fric, nA?I ﬁtiso?fé’frtEE@fsclosure of

aser aracteris
thusTprawnstadﬁdthnn&inwmama thatyibrsubfect &ndopright @odstecimg The

Technol ogy; Decepber, 1978, descrjbes u ree
copyHghIVNeL B%06 OPRSHPN Eadis e TH @%&CQ%H (rten@fﬁhe

patén’(})tlsc%'ﬂc{u‘fﬁénﬁgﬁrtlﬁe b8 é&ggﬁéﬁﬂﬁ‘?@ta@ﬁ '{aﬁﬁbgr% iA Qﬁ‘% g’aﬁég'llg@ndaﬂ%demark

OfﬂBe Pateridite onretobds; it DieroiseSwsenies ak/mwouhdegmswdwtsoever

f,. nonconventional |aser wavel engths, such as
37 éEg gﬁ?ﬂg totrimfilnms or devices to avoid damage

to th¢e§hrl,,b§|qr]e§,ubst rate and/or reduce settling tine
duri n% passive, functional, or activated |aser
[0003] mm hig ineentisingelates to Bseptimmirg asd .58 pariailan, to resolving

errog%%;?lﬁ?%d § é@%@oﬁ%@% ?)%’?erﬁg?s fﬁ%?o8éuradd+mg 1358} ﬂrﬁﬁfng of
resistors. '

Background of the Invention

[0004] The electronics industry employs laser systems to trim thick or thin film
resistors to relatively desired resistance values. An article by Albin et al., entitled
“Laser Resistance Trimming from the Measurement Point of View," IEEE
Transactions on Parts, Hybrids, and Packaging; Vol. PHP-8, No. 2, June 1972,
describes measurement issues and the advantages of using a solid-state laser for
trimming thin film resistors. An article by Swenson et al., entitted “Reducing Post
Trim Drift of Thin Film Resistors by Optimizing YAG Laser Output Characteristics,”
IEEE Transactions on Components Hybrids, and Manufacturing Technology;
December 1978, describes using green (532 nm) solid-state laser Gaussian output
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abl ati ve nont hermal wavel ength to reduce
m crocracking, HAZ, and shifts in the tenperature
waeowbh3isrent of resistance (TCR). [0006] Sone PEBUS1005/031909
trimm ng techni ques enpl oy a neasure/predict trim
nmeasur enent process that neasures a resistor's val ue
for {fmmingHbin Hatresidersdoiredres ARa-aRGICHZeAPRE (HAKORNFPORTTNM
driﬁadditi onal laser trinmng should be conducted to reach
a4 desired value. This predictive trimprocedure may be
[0008) f oUS. P atn NpsoBE569B98, Bg686,9985, artchb,808i27# ofgSun and Swenson
] operation or repeated several tines,.,and is relativel .
desefiag, e Hee of Rencenvedfighakiase WavelPhgiSoSHe at 45 Mg Ens, to trim
fiImF 8)681%9%%‘%&8 aRbRVASRagE fo RASiIESR s IRALE BRBIYr rB8GEE 86tMling time
] Some resistor trinmmng techni ques enploy a
duringgzasivg, furiatiooal, oo activated saser timpriag éechniqurserU.S. Pat. No.

6.5 PAER G st detpgf Mk P8l R hiralfh J8E Yl g cBrerally
ablatiVderoritBeimal Vel éth td eed @& MicdocrackingTBINZ, @nedshiftd inthe
the resistor is being trimed. Sone tracking or anal og

temeraimmg?%fﬁqienégfs@rs' e JiResses nmeasure a
oobE S R e e

meadferRmt proessenaheeatinesdemsistor’' s edlue with the laser not cutting and
Measure/ predict trjmmng can _be nore accurate, sin
therpredieteow 1ehaddiiang! faserdiBmiaGs 0P BRHR Sondisie i reach a
desieAYSINY ThiSBrediciv@triRlbrdcddipt fhay PEpbHBHNEA lovly\drede during a
nmeasurenent seftling delays are m'nim zed. However, _
resistor temming opeodticnuartrepeated spvesaldimnes and inirelativelistow since the

certain transie evi.ati.on effects .are not .
resiBdT U BT ShIZ6 I Brder 15 Bt Thd Blauirer fpgasurement
acchhfcg}. enperature of the resistor. This added heat

afféects the neasured resi stance due to the TCR of the

[0008Ei sSome tesister tnimmoing tepknigues empdey atacking rigr eegontinuous
. (EM= : | .
trim ok, PRPeE ipicH 1o RiNG1Ser QR BuBRY W s lurrent or

voltBgetiy Bpplidd o therresistardidviceusndey tast (DUEY arebithe resistance is
neasurenents. Offsets caused gg the actuyal | aser
-C

monierediwhjlehe rasistords beinaUrimmed.c Sprmecacking pr anpleg tjmming and

meéﬂr}e!@ﬁt@?@é&%@gﬁe% rd SSre iSRGV A& OftEr @!}@rgrﬁ%ﬂ@e. In these

0 correc ecause the transient éeffects
teckrigaes| thy ldssatgulgiogisstopped psaobnce thy radistarssadhésthe desired
tracking trimprocess in addition, nme nernmai_effects .
valie, Megsves/ e d¢iBring caB 50k B4RHIFts SInGs BIIBLIER & ayailable
to qﬁ%% @a&ﬁ%ﬁeﬁéeﬁo\k@véﬁﬂ%kiﬁg&hﬁ i5 Q%iéél%@te?%%giéufah? when

ue resistors. These heating effects can
mepasuremarit setting deglays iacaminimizéd.g Howgiver,dhe accuracy of such

critically-hal.anced circuit ' . 0 ' S,
tecEiighes Eap beEr iRt Wheticrgar fallen i e EaiEhel 5
consfier8@s. Low-ohmresistors are frequently enployed for

current sensing applications and as ) )
[0008] The laser trimming process raises the temperature of the resistor. This
added heat affects the measured resistance due to the TCR of the resistor, laser-
induced thermal electromotive forces (EMFs), and currents such as those caused by
Seebeck and Peltier effects. Fixed offsets in measurement can be typically
corrected by using auto-zeroed measurements. Offsets caused by the actual laser
trimming are more difficult to correct, particularly for low resistance values. These

errors are more difficult to correct because the transient effects caused by heating
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nmeasur enent shunts, and may have val ues of |ess than
or equal to 0.1 ohns. [0009] As the ohm c value of the
WOHEB/BIIGV?S being trinmed gets | ower, induced tHer/usd005/031909
i.e., thernocouple) voltages nay becone Iarger

ared to the ohmc voltage of the resistor.
canm@r”Ba@@ct@auY BBRERBCH N ARG WEh BERAESST ) ABCUGM, Ipanerma

effe%gé/ﬁtl |8Rle\%|lgé( ré&ki gto?{rggﬁ%?e %né) O%r gﬁé}'ﬂig?ﬁﬁinstb%e %ﬁﬁg@@@@ed to

erved | the invention is
meésureahe resistaaca agtnsadhedoﬂvmalna repisiors: eBhasednaating effects can be

| b
parfiedaty SioBiicant i WHRRBLPbtaicaly EEined Prete ZRAUR G hm
resisﬁﬁ@r?ddH é@}éﬁbtofsol%\ﬁﬂi LaIues tesy @i drestiual td1€0 ohms. Low-ohm

signiticance of the voltage deviations due to |aser
resistarsiang frmyebtéy gepioyedier curentsensiNg /aprlicgéions and as

f I
megSiBISra S 5. ARG 1oy At elbER of ik (8 5P BBt G ohms.
[0099pl i ad-thé fonhtie valur of the gesisiorsbeinghtammeed yotst lawyes, induced
t hese heat-induced voltages are used to determ ne

therraalli- Py éhgrmaroupla) ielagea mayheqamRatargsr epmpaed to the ohmic
voltrﬁgézoffn.ttlg% aé@i@tﬁ? TREmhAS/JRBLLY ggpﬂlt‘a\fé‘?ﬁ td/ ?é\'&é’fﬁ?ﬁé&ent of the voltage

f rear zero I n-or o performt

devieloped Ing0120ampk ire adpohim cesistor haghbees pbees/edAl |
resistors with the same configuration and sane desired
par aneU8MBa0N the sane row, colum, plate, or batch

[OOQBE . ?a nt(FBAQHF& the it@&nkBnlid'td fé%lll!ﬁb@ﬁ?h’@béfed Ay of resistors or

cation to achieve relativ accuracy
othenelebtrichl cainposertady: resalving Iaescwredlas@sgt:@mwvtblth@@noelectrlc
trimed resistors. Alternatively, the

eﬁqcéq;&{lq?@gpgmpﬁgymm [WRMIAY- | ocation of each resistor

[0017] t e, 8AERMBVMIMEAt, YR sighifiafce Of tiaysitageadeigtions due to laser
determ ned i ndependentl , and the determ nations and

heatingmmiy decdgtermaingd biydn aguvmtag@m@asyr?mg@ts Sﬁfqrﬁ@nd after

T e T e

the%léféﬁgnm&dnt tlh@rrﬁah‘iblta@‘éssthebbeldaa-iminmed\mlltaggs ase ased to
to a zero or reference val ue, Then,

|
detarmine alatively trwg@alreswa%mat@arprb@er@ v Gedhe thermally
mdéﬁé:(l? Q%I'tég?g' rﬁh%?’éeaecfrq{e%r%% ér‘abr ﬁ?g@rfcl)rﬂ*?ﬁf f?h‘ﬁr%%g to-value

operat1 on. e pre-pul se vo t age
operatioe at langa\eespgedh V\Atl hegistord with the samet cqnfigumtianeand same
volt‘?ﬁgre value to obtain a bas val ue

|
desfirepATammtern e SABERNE GBIt e Ob BaER ST LBS trimmed to value
in tHQ'rél%Q@eN@lhé&?nélQle%Waﬁlo@aﬁor‘i E@é&ﬁbv@%bﬁ&él?h@ﬁéé@aécy in the

A'test resistance val ue under an appli
fmamsteady-stata desiredbesistnne Values pﬁ@ertémr@e@resasstpé& Alternatively,

r ul S8 | a
el e AR R e RTRR 55 hi R Sfe beoiymn. pite
or b&ehchA Hé"@ét@ﬁhm@@‘éh@ép@rfdémw ane theadetermitations laedttesiming can

resi stance value is within a desired rantge of the
be pe[fogned injasingle pass, or the determinations and frimming can be conducted
in separate passes.
[0012] In another embodiment, the current and, in some cases, the balance
voltage are set to a zero or reference value. Then, pre-pulse and post-pulse voltage
measurements can be respectively taken immediately before and after each laser
pulse during a trimming operation. The pre-pulse voltage value is averaged with the

last or next pre-pulse voltage value to obtain a baseline voltage value, which can
3



resi stance value, the laser trinmng of the resistor
is stopped and the process is repeated on the next

WO e®6®38r7t o be trinmed. This enbodi ment al so PCT/US2005/031909
facilitates obtaining relatively high accuracy in the
final, steady-state, desired resistance values of t

then pe ﬁﬁbﬁ'af'@gl g the ppeloryse VRIt5gR ValEtIRAPIRIRFHECABAL ¢ 8&waon
voltégg%@gl A ?ésﬂ?é]gﬁaﬁf:é Al ndét dh %@Me@ifcﬁ%rﬁect %*%BS taken

sequen to mnimze heating ef
frontrtightesidtoeaftersevery taser pursesarxi mmpaxmi wéls aodesmdajdefcrmhresistance

valugdighpag beenAdusted o BRBRISAUEAH (RaMPETRLR ighon voltage value.
Whéiﬁ&l'?é ee%@ réjs‘?%f’(%ﬁb@ HRB IQfWIﬂPﬁr?E ‘?fersﬁgd ‘?ﬁr"i’ééjbf‘ﬁl‘étéd u¥Bt Hesired

roce erence to acconpanyi ng drawi ngs.
res@aneé vabes thetasen tmﬁmmgwMag@ﬂ@@@]peldl amd the process is

"ep?ﬁtgﬂ &bs@étr%gg?é%gtpg iy éﬁ%nmg\&%mﬁ]g ﬁ%&ﬁmgb §lls§%6ﬁ{t%tes
Obté'ﬁg‘b@}l}!ldﬂ\/@ y Fdh @eBLicy ir 1 fifdl, Steabig-stateatiésingd resistance values

for nmeasuring a resistor's resistance val ue.
ofﬂﬁ@tlmfﬁ'leﬁlreslsmsdepl cts probe | ocations enployed for

004 i LA AP R REREh Hoh o cour

canl t%:mmmea seqneayaly tbQﬁmﬂ‘ﬁﬁéUTeemgg @flclcty thae heghtrotber\mse distort
vol tage associated with a resistor. [0019] FIG 2D

feS'étﬁb‘i%t@'@ss@? agdjacgeher NRarb¥£PEBINS showi ng pl unge cuts
[00?%]0 {\Eﬁﬁgﬂﬁ %g@én@%d@&ﬁab@?%%é‘é% BESHtFFIPh $he following

cts a set-o gener| resistors in a

detailddudesciption of pma‘epbdreynbncﬂmentm whtictt pradeeys avith reference to the
processed FN0021] FIG 2F is a sinplified flow di agram
accefnrmy M9P-reasur ement system set up. [0022] FIG

2G | SBRePDEBLfHGACLIthe Brélivittisam of an exenplary
Systemtest routine. [0023] FIG 3 is an

[ooesz]eonKB y1 depicts agenere mpistohshovingehrealternative plusge cuts at

aser tri 03|t|on on a resistor.[0024] FIG 4 is
d'ff%'ﬁ“L@%‘b"%Wr?b‘? S8 t her moel ectric voltage as a

[0046]'Ct FRB. PA depl®es typida® probesiechtionsémpldyedtforp@lasaring @
a resistor at high and low regions. [0025] FIG 5 is

resnator@ﬂ@ﬁr\@l%nqe\ga*%h of thernoelectric voltage as a

[00 es':g? or (9tek)| ngbg)br qé?en magh?’%rare&%{]%tasm aWfleffoelectric

voltage associated with a resistor. ,

[0018] FIG. 2C depicts alternative probe locations employed for measuring a
thermoelectric voltage associated with a resistor.

[0019] FIG. 2D depicts a set of generic resistors showing plunge cuts at different
regions on the respective resistors.

[0020] FIG. 2E depicts a set of generic resistors in a column and an exemplary
order in which they are processed.

[0021] FIG. 2F is a simplified flow diagram of an exemplary measurement system
set up.

[0022] FIG. 2G is a simplified flow diagram of an exemplary measurement system
test routine.

[0023] FIG. 3 is an exemplary graph of average thermal EMF as a function of

laser trim position on a resistor.



cycles. [0026] FIG 6 is a sinplified flow di agram of
an exenplary resistor trinmng process including
wao edbiosug7and measuring. [0027] FIG 7 is a sCheoEUS105/031909
di agram of an exenplary laser trinmmng systemthat can
be en(;erI oyed to provide |aser output as needed to
[0024r f o I63.thhis araexernplagpgraphefitbaeneelesiEisiage @sj siunction of

. Det ai SGLLPL ] L Rref i ;
G S L e S L R
[oo;_tss]t _ermm?_l?/s an em?aplew graibeof thetmoeledtritOmItagd eshey fumction of
_train o aser pul se spots 12 at different regqgions or
time wegspense tplaser pgat appiiedde 4 1gaIske %Hlﬂ%/d'ffs?ﬂ?i"&%sui%fj‘e“t
cyclRd 2 resistive material (typically paste or film 14
positi oned between two conductive pads 16a and 16b of
[0026]geNEIG .6 ises simplified Glow/diagrane fof aprexemplany resistar tauming

2A, the resjistors 20a-20j.are typically fabricated to
proggss; iRplUANGHESHREANT MeaRINGo - FI G 2A depicts the row

[oo%ﬁpi NFRS CPIsUScIhStd alaigpam JFRasecnsialy IBsePgmmmhgagystem that

ically connected to a probe card (not_ shown) and
canarecemployed| tbyprovde lasarautpy asomedad torrertaspuiietvageus
ads 16 or alternative test pads (not shown) that
appﬁ?%\'ﬁ'ﬁeprgﬁ'i‘lefiﬁbea(?ﬁkont act points across the resistors
20. [ petfldDegtriptioh of Prefepred Embodiatdnts f or ned on
plates 1n resistor networks of rows and/or col ums.
The rEhermeglectieExpeimeitsy trinmed in col utms or rows
gr S ' r i R
(0025}, 3 EKEH BppfeEk 7S pREmERYE pluh® RS 10, TO8, AR RO tde by o
traid of Riser palse(spbls 12 iatdiffenémtgegminsmrdocdt@s018a. dRboand 18¢
resi stance, measurenents are o{t,e nade vvit% f oyr .
(geneiicallydpcationgol 8) ORs? FRPISVEI8a eriah (HPICAbAPRRe Gy d4 Positioned
bet&??@ g\ﬁg 'g:oﬁHﬁétﬁ)ét pét%a% and @ 680flPg SRt reQiskGrats With reference

at a fixed point and cartry no |arge current,
to HGSt Hand 24 thetrasistars ROav20j ace typieallydabricaied 40 beiintereannected

i g 24 B A e 8 ol 22 g gl
prob&% 2 afe ByniGAyIeReted 1© ApRVEEIaROPSIN A at tybizally

conpensate for measurenment input/output capability.
positionedsxtargontact she zonduativepadsclsl emalieroative tastpads é@ﬂ}i ghown) that

114 prqbes fo , i
profie SEAIEcofad ol 3R e 280 202 260r obes. By
[0029] at Chip id¥istorsadre tbgig&ll;dft%mdsonotﬂeles in resafarretwotks of rows
woui a require opi ...[003 Resi
and/or aaimgs| S heeeIaTS Al RMIGAIBJFITTRS AN GEUETSaTr RS r Groups of
col 557 foud e 1 bl HERSEAOLER 4 S fiming pase
particularly for 2-terminal (2T) trim configurations.

[0030] Low-ohm resistance measurements are often made with four terminals,
two sensing leads in addition to the two force or current leads. The extra sensing
leads are attached at a fixed point and carry no large current, so they facilitate a
Kelvin connection that eliminates the voltage drop error from the current leads.
[0031] However, when Kelvin trimming, the plate may be rotated by 90 degrees to
accommodate probe contact to compensate for measurement input/output capability.
For example, a 57-resistor (column) 0603 would require 114 probes for 2T

measurement, and Kelvin measurement in the same orientation would require 228



sequentially processed. In an exanpl e of

colum-oriented trinmng, adjacent resistors 20a, 20b,
w@oeAE7Ret c. in row 22 are sequentially proceBsEUS20031031909

an exenplary actual trimm ng-to-value operation after

an initial resistance value may be neasured, a cutoff
prokesday Etaling hepiatg BY &d dagreptidrelY's e EHIENT MO uE!re onty
78‘%gsegesired resi stance value is reached, typically for

any given leg of the trimmng profile. [0033] A double
[0038]ungResistor itsmening ismost frequeritlyteanduictegl a8 afdolumnakprecess. In

an qxariys pf ow-ediested Bmping, B4d0s 207 it aliBreitRls etk
seq&éﬁ@ﬁo&@ééﬁ%. tiRain éxarRSler colifnilefiehRA trinftalng, adjacent

resi ce value. A second cut or leg 10c is then nade
resistors R@a 234, endr2Qretcoinbionn? are sequsriiain PEocrgsed. 1o ag

final resi t hat _i. .
<ol 7 T B\ el RBERH Widel¥ed s vlve may be
medsifed 'dlbgtofcomparataras oriitoretbisi gdet testopdhp ittimgehenthe

10 to be on opposite ends of the resistive teri

desisgd neqiﬁt_ancg yakierig rpg@p@daéy;gwwgpf ARy givendegof the tr%m]l'rﬁg profile.
[OO:Z:ﬁ:gh ?gﬁg[éséﬂy%g %F 3% eémprﬂn);lrffyglre%g tr[irgprﬁﬂ%; pForife wHre a first cut

cal or nor obe posiYions
or “legbh 0¥ ésinfade oreasesistog 28rto dhimgritssesistaroe valle o vithin a

oredgrane S eSh e b3 G e B (2EEr Bl A
secggcti Eg??rdlb@tﬁ)cqgm hfadel $letheeslstsH 20 & bR ité Peistartdalue to

or "applied current or voltage, and hi ?h sense
a fin@hs)sistadce valussthatis(hapefphowidkin anseptabledpviaien of the desired

s SRRV, 8 RABER R S Ml b e

oppbSité 8h8% of e rebidivhingdtemanse si¢iihaardtd tvicknaesyretrical and
probes 24b and 24 provide distant neasurenent points

as dastimeticadly pteasingops ppesiBE} FI G 2B depicts HS and LS

1oAY SFi6F Zh AP et 8 Mabe) B Toua BRSO EpRyed for
medRFing! aH shdlrebistandecsisé of aAgicalTesisr@0Ed I particutar, high force
se" mnmeasur enent of?ég_ther el ectrj.c vdolta
[

(H Figgeio\atf@r&qﬂﬂ Prohesr 2 iandorigeie Peitenad ¢ ihmegiate opposite
siddie¥ r‘éE%tc?r'(?(ﬁ 18 ?Pé\)f@e E@tr%r\“er Eé?liﬁd’&ﬁ‘?erﬁﬁcfr VddgéAand hié;h sense
on te oppo O

e
posi tone mredi te sides of reSistor 2
(H3andripvaeadef(b8) prakes 24nard 24karepasitionedodn apposite sides of

resistor 207 BuSHIE dptaly separatat BY s prbestistor 23T FeShRT 2qr. The
hig86n$&X A4S 4R low 8485 AiF)ProBed 248 HMdr2g ipsbnas ditant

' r
arranged 1n 55 rows_bg'%)g) colums on a’'substrate were
measutement pbingh framreresigtom2Qf. | aser at three or nmore trim

at | iua, . j i .0 )

100p8E 2 FES<78 ol R 0L o552 7% 24 bl fondy lpesic
siddd6f rlekister 208 Bub AR sbpfrateldebyr siesali registars @0 fabm resistor 20f as

O her laser heating nmethods known to skill %d ) _
employed for “far sense” measurement of a thermoelectric voltage associated with
the resistor 20f.
[0036] FIG. 2C depicts alternative HS and LS probes 24f and 249 positioned on
immediate opposite sides of resistor 20f as employed for “near sense” measurement
of a thermoelectric voltage associated with the resistor 20f.
[0037]  With reference to FIGS. 1, 2B, and 2C, in one experiment, 0402 size, 0.1-

ohm resistors 20 arranged in 55 rows by 78 columns on a substrate were individually
6



practitioners could have been enployed to provide

equi val ent results. [0038] The voltage between HS and
waBoposises of each resistor 20 was neasured j UBLT/P$3003/031909

to the heat application and at about 300 mi croseconds

after the |l aser beam pro&agati on was term nated %or at
heated Witk ai lnserratanrea f mereHim josatiphs THas1URi i ¢ afsnown in

FIGM %ﬁ'ﬁ%@ﬁ%gr‘% O Wfollised © erﬂ@ltérPﬁ\lter?sfitgq{éI&Nttﬁ’e trimming

conveni ence the vol tage change was .
thresholdasf e resistive mqteérishl Otheraserdneating methasisdmown to skilled

pragiienpeeruif Bave heehdbrinied Fontlyide Ay vaBat fost B o "
[0011’@r L‘;gh%g?ﬁadé@e%énqgs LS Protasest daht fegistéd 2w aheasured

ore the heating (nomnally zero). Separate
justtprioatetheeheat@pplicatiariand ahaboeut#10 migrosesansseaftaidhe laser beam

sense conngecti.ons ,use . o
oroRR Ba RS B (5584 BeEBAA A ASBPRE FE5tcan
transRht FbRErAAI bhéleeaboptival ffebisto Aiminlsty. daraohethientethe

indicated that the cuts 10b pl aced closest to the

voltagelghange wasiexprasiedAoan eauivelant pgigentage resistance change.

t her | ri G- | ' .
s 356 R EF o ) Lot o A Setfomy ot
me®(abmaht #as talertonadrifp tisatwhe okbg® has netucetitohetvaiiee that it
| aser turned off in i ch no_heat

lied he., .
S MO D T
far % seeaérer‘fjeér@%nge'c%ﬁné@tidr%ﬁrs%ﬁsttoerﬁééﬁﬂ'eﬁﬁé‘{ﬁé#'rﬁéélé@tﬁb vBftages.

€ neasurenent repeatability. The noi se measur enent
No veltagesasranereramere lapplied ko thectesistons2 threughethauprobent2d. The

taken during . th lication of laser | ses. . -
ot 5B By o OB 0ol A5 Pt ggton 160
proviBA R hitfht BHbrideRsdtiE-06itaRE REIPAIASCARMSSIS OR tHdtesistive

anot her experinent, single trins 10 were sequentially

mateside14.n resistors 20 in sets, such as one or nore

0§} B i AP BBIGES HOBRET i B8 b v

lasértuffedlé WEWRICHTNY hedtadas\applistl ouhefrésistorp@0atTite meaaurements
| aser distance limt to prevent trins froms '

> anni n
in therabsenas ethealireyepled theBoISedn g S¥stRmand seived Iestief the

I J S . i

el LSS R AGRIC A1 s U ABEH s el Qg trr
sub®@ctedfidin. the Mastiremtents jakenglriogttee applitationreflaser pulses.

regions on the respective resistors 20. The respectiyv
Alteraativaly,iBe ngiss ma WP:@PHJPOB%&F’@W@%&‘%@P@ 3 fggistor-by-
resiRiorBpectively greater distances fromcontact 16a in

each successive resistor 20 trinmed. Thevoltage _ _
[004@] wetman&handxpSimpent singls trisag A0 Neegeﬁe@lﬂelatnalﬁh@ade in resistors

20 SRR S0 45 on S Bl Bk % LB AFRLL ) e U o
typically employed for resistor trimming. These actual trims 10 were monitored with
a cutoff comparator or a laser distance limit to prevent trims from spanning the
complete width of the resistive material 14 which would cause the resistor 20 to
malfunction.

[0041] FIG. 2D depicts a set of generic resistors 20a, 20b, 20c, 20d...20n
showing plunge cuts at different regions on the respective resistors 20. The
respective locations 18 of the first or single cuts 10 were made at respectively

greater distances from contact 16a in each successive resistor 20 trimmed. The
7



propagati on was term nated. For convenience the
vol tage change was expressed as an equi val ent
w@enesitsage resi stance change. After the subj eRCT/US2005/031909
resi stor 20 cool ed down after the laser trinmm ng,
anot her neasurenent was taken to verify that the
voltage batyeealsS ead i h dmohes efirachaiesistenmed Wae measused ¢t prior 1o

e T ARSAR I Dbl S0) mSeRBERNS, ek srbean
pro iof Wwa e rnirested 0 For asaveniéhee theeroltageeatianige was expressed as

an b6 0o BGHErED DHSATAF He BTty 3cooed
domﬁ‘u% tﬁg?as%\ﬁlrirﬂ%n@férﬁﬁﬁe ?égiﬁemt% 2KEh 't verify that the
volta aser mJ | aser

ges on the cuto val ue of 10- :
voltagehgy rétuatdd togthen@lueathat ddvad eforesthet héatings(naminally zero).
uncti.on of trim i ti ect to the m dndnl

Separalpatisg e Srtlbied wilh Siierap 595 of phek talfsg Gernettions used
to mesupd ﬂfesthe?_r'ﬂﬁe@gﬁikﬁ&ttﬂtﬁ@bgp NPoltdRsadf eetentamsOaghliétoto the

per m cron chang € trimmng position. The
resistaxs 20 thraughrtheiprebes24pes measured were within 8% of

00481 455 2004 BUE BB O DSBS REDEE oA e tser
cutcHEVisBe GEABLHMS Er ehefdintraitiing (Ndriealf @rinuges ytrinowas a function of
percentage di fference | eads to, a concl usion that t&ﬁgohm

trimtpesitienewdls resrect tmthe widsle alimsipiveraaiepshb i< on A0
CFERGhIY T SRS SO 0L 8 i chonce
the trigA@OME posifion h&Fhe maximeine and invininolirmasieperemeasured weare within 8%
of theyayeraar: dier Goetedo PaTpelets eHEptrsapaisiaatep
bet\ké&?tr?é)fé?tsgﬁée %Bdtﬁrlﬁ"qr?éehgé‘&?egéﬁgﬁeht 8NRAIGHRS. This relatively low

appr oxi mately one I secon can be determ ned '
perderdagé differengs aids to laeconolusinrethat ére thesmogtastrigjnctions causing

the | aser | se rat 3.3 kHz. [,0044] .W
the pBpemEiacts arecosiy i eifESisky & 2BHIP ARA ] I prgbeto-pad
conhBétigme!l ectric experinents clearly show that the
thernoel ectric voltages sensed change dependi n% upon )
[0043] | B4 shows the timedepponsenef the theunealscisicyoltage gegerated in

sindf et 9574 hsPboblh BRI e g FiSieBgR e 0202 0.1
ohni EHiER resistBiserTH tirhd coastes of ther valtaigecsn coohMidwages

of opposite polarity. Simlar trends re di scoyere
approximately onetillisecand s Asan b%gﬁ@mn%vﬁ%@ tgﬁdlpaYez &t?‘e voltage

whégicﬁ%g?%’g}ds ot tﬁ@iﬁﬁgre&%@qatb:‘g%s ?%Cltl-li.eSi stor 20 has

ectric voltage-neut ocation 18 on the
[0044Fi sWitterefiereace &b F1@Swihel, thexdata obtaiheddoltie Beermoelectric
perfornmed to m ni m thernoel ectric voltage errors i,n .
expRagIEN S Rerly oW et B RETPERETErAaPR SAEREE Chayge YBpending
updﬂ#@ 16EAHR T@of filfﬁ?éd‘ti%'ﬁfjth%ﬁ&@fd“r 2eahd tHY 10é8tion of the sense

ortunate illed persons wl | ag{)recg ate o
probés 24adihet heatingtertatittingaonl diferemiasigesi abthermisidie of theoresistive

matrcra?'l%l q‘ 2? Y:gugeg n%rrrﬁ%%‘e%?rﬁcr \i/oqta\é%lstoq%%'ﬂ%gﬁé 3lolarity. Similar trends were
discovered for a variety of different resistor types and sizes. Accordingly, it was
deduced that each resistor 20 has a thermoelectric voltage-neutral location 18 on the
resistive material 14 where a trim 10 could be performed to minimize thermoelectric
voltage errors in resistance value determinations that influence how much trimming

is performed on each resistor 20. Unfortunately, skilled persons will appreciate that
‘ 8



| ocation 18 that deviates fromthe exact m ddle of the
resistive material 14. [0045] In view of the foregoing
wezpensisent s, an optimal |ocation 18 for perf oPei/mg2085/031909
trim10 on a resistor 20 can be determ ned that wll
mnimze certain TCR and Seebeck thernoel ectric
eack typs: thatchrandmrindiyidoal esiaipa2? max havesa firermpelectric voitage-

vel§E5E4Ri T3,y YRR Bl s fg Bl PR o

[OotffﬂnCt IanneW}‘of:thie fﬁtrégola%extpeﬁ&enw tam ogtinsali Iod:aircmai 8 or, performlng
e optimal location

a trigT 19 681 SFHLOLE0 62 b@edede&?’éiﬂﬁﬂ that W'ﬁsﬁﬁ)ﬁﬁgﬂ%hﬁ& &hd

See%%&ﬁ?ﬁecrnfgéﬁé&ﬂ%%ﬁé éﬁdmlﬁ’%gﬁpélﬁﬁﬁgﬁﬂ F&imd 9845k rksistor 20

pi ece positioning
ovesmﬁ Iengtrsofctheaesmtosﬂliﬂﬂ-' aﬁd;annaim\l theaiagnidude phthe thermoelectric

W RN A —
18 tW'th &Pé@stng o?%ai&l?oﬁ@@ts&% 2056k B defdimims®emidrhize the

ower e , connected) to the resistors 20, and
eﬁectsedum@mrmairﬁmmﬁyeg @n@QQdeQﬁ ned on an initialized as

o081 S8R REG sHFBIFRR B Rt st B yon oo

steﬁiﬁndlrgﬁégﬂ tabi¥el or dtﬁéﬁémbcémﬁehtElaﬁIat%FdeBbmabeda FBOVESR nes13tor
systemis calibrated based on the nonnal resistan

workpiege 46ioe pesilign wheeaihe tﬁsbﬁ{qqfﬁss?%\éﬂ"u Gme fighn ghihie contact
pacf | TR BRing 2 Srelloierelfitie | SRRSO g RodiROIP0 Sand the

meé;l_sf]tﬁéﬁfeﬂ_t ts?ﬁ_eﬁﬁlsltnmedadredn ||mt/naitzedmmdtoatecﬁﬁrocﬁe@@&&ip 60 of FIG.
e excitatign urrent an | t th

2F, Wit S SDUPIBG Tl J80rars Oh b AU TSI aS P

[004‘?1 f Og\gﬁ@??é}éﬂea% . Ifeslhétrﬁéasmenﬁzﬁt §{um istalbRRes Based on

his setting results in a near zero volt (or
the haarmhalrresrshanme)vahae aptesedhby aturerf ifrem this calivsalione teet

[ d
megusemést Boafl wif TRVeLhE arpti B ne gt ol sanging needec
to tmhasgbéu%efarfr@ﬁsmgwsqﬁambtwm fréssétep®i ne. [ 0049]
with reference to FIG when the | aser cuts

[004;8] heahe exnitations i(eureent 2mdier vqﬂagehtmgugmﬂpﬁ grsisiqr RS20 is set
to at%érpzezjgpttﬁ ﬁ) ﬁl.éﬁ%%lé Eor\ége / er ﬁé %élgt'ai 28t t%s in process

ste§ 661 amHensetting reswtssing epardtEro bett\@eebasmmewm@)gfalue since the
measurenents taken just befg r jis

frsiqff GRAaSUreImaR BH\pe-41can wheistat apgiotar by s giqaled frackBs step 68
of Ftallﬁg?ﬁig Which (@ Ea%‘ﬁﬁﬁ)ﬁﬁeﬁ fidw %ﬁograﬁif b2the InS&AUrbmieniBystem test

neasur ene second of f measurenent) may be
routiméen to determ ne vvhet her the resistor 20 returned to

its orjginal, valta v ef r|mnn ea .
100495 ur hihanits Eteteite8 TP 2Rohhen dhe 198k Rt Schgatg e resistor
20 5?%10%@8&% agﬂ/ 685 své m%e\tﬁéméié&nerv@negé diesiatibea attributed to

repeated at fferent [ocations its on tne sanme or
lasexi eatiogi can be determined by taking the difference (process step 86) between
the voltage measurements taken just before the laser is turned on (process step 68)
and immediately after the laser is turned off (process step 84). After a short time,
another measurement ( second off measurement) may be taken to determine
whether the resistor 20 returned to its original voltage value before trimming began

to ensure the resistor 20 did not significantly change resistance and/or voltage value.



resistors 20 as | ater described as indicated by

process step 88 and return arrow 92. [0050] In sone
weodedssent s, the | aser paraneters, such as | aBer/us2005/031909

power, are preferably set within a process w ndowthat

does not cause significant renoval of resisti

Therproeessis than spReaiFd b edtarent lpgalans 1 S PR NG ﬁéﬁ}ﬁ OFC‘HHﬁE%“
res@féltr%\gﬁgénsdgﬁgﬁe%ﬁy%&E@tlr‘?dl@ét@d rB’rbéé%soé‘teb% SH@P&8rn arrow 92,

stea state si mul ati on resistance
[oosml ueln sdme evmbomm!ants umwlasbopametetss spiehfasrlaser power, are
met.ers, such,. as

prefariaby SeCa A Pragess Wagow e SRrediPt s Use e OrTient Feioval o
res%ﬁxﬁ%%er@él 8 4P4RJ/6F abby n@ldd:éh%te%fjs@ﬁﬁ'baﬁt éiﬁé’\gﬂ BEtwen the steady

r test 1s not cut hr ou or open. The Trim
statbqng{slmukaannweSIanoeealuQ)a mstséﬂb-rséatﬁmst-%nwavn éesistance

vl “thS sRAAERY cah. o e Fab pertorRBl Wittt B 1958 Alorfily trimming
pardrhetdr80fidh dpowentnd BPEe€d Thellasganayp belfecudry bne@bt The trim
across desired | ocations 18 on the surface area of

lengtbs.age preferablyadiwsterliso e @sifbers4Q Under teat isHot cut through or

ot 35 Ao EBE Ao GREREDEIE 95 LA n
may,d6r exarhple!, beabout bﬁétqu@rter bgbp tobne halfrafthe wadthadf the resistive

dependl ng on colum- or roworiented trinm ng,
maiesal 14ve and negative voltage shifts fromthe original

[ooyﬁ[ “eTﬁ?'ﬁeQ?l i 8HVohtade c?%ﬁb%r ér%?te‘afa&bgybééi?é’d RJcations 18 on

ual having“diTferent |ocations 18 fromtop
the lsorfboe taoea obihet resistive matedalt 1#t. dds demanstratgd inctheraxperiments

h
s BEETors. Al AN BRI B EEHT 28 wogrr i
towaRd wm ¢ HoloRh, SreMBr Aght 6F thalreSister 20addpandiadioh €olumn- or

per d such that theriml effects generated fromthe
rowtarignted timming,masitive drabaegative wltage shiftsromr thertiging value

e U SRS D 0,
loc&tiond0tE froentap tb ewttofi sard thusfbeused td ¢étermpinengefficient tiermal

other trimprofile. The | ocatjion inforngtion
voltage deyigtiondoipematian & |ocggﬁ;ﬁ relatively dhefrpa quuéra? g}g@?on 18 on the

resgontro 4l 'iaes‘[;e'i'ltﬁmgg pelvakietd |%erét‘?oﬁ E%rg B@ﬁf rirld&uch that

er or- beam very corponent aser
thefmalreffbets gemgraae‘cﬂfmmtlhpl laser aJesmmlmlzedg system Such

[0055]?1”{ gglsltl\égzg r} rgg:} %@iqqrm%ee %@?ﬁqrgéﬁateﬁ set the location

Hgﬂag I GrifP IR SRENE Rcatsh 18%f $3etanamRIdHicHal féd“l@l'fn 10 of a

ing mrrors, or one or nore AOM devi ces.
muhilplza pladgé cobor other mrnrpmﬂEOrT hedacatianeinfermation garklee §erd in

SRR SERA PRSP SR RuAD St B ol g e
apﬁ?@ﬁlﬁétﬁl&o@l‘tﬂoﬂér anbesARIIVEs dorbarrim e thes Baser beam delivery and
workpiece positioning system. Such beam delivery components may include, but
are not limited to, error correction components, fast positioning components such as
galvanometers or other fast steering mirrors, or one or more AOM devices. The
desired location information could be handled like an error correction or integrated
with original beam delivery data.

[0053] Al resistors 20 with the same configuration and same desired parameters

in the same row 22, column, plate, or batch can be trimmed to value in the
10



in the sane row 22, columm, plate, or batch can be
trimred to value in theestablished relatively

wao bwsrosils7neutral | ocation 18 to achi eve rel at i pet/yShngos1909
accuracy in the final, steady-state, desired

resi stance val ues of the trimed resistors 20. %
establisbed relatiely thermalneutraplosation B 4 aghteve rfﬁlailaelygu% ceuracy

in 5745kl 31018, BTSRRIl AuEs UROR FifRfiod TedlBtofe 20.

[0054]G b orfskéinbedirpents multiplé kinaylptesicriense1® hatcht dgefrom 3 to 50
simulated trins 10 can ?8 al ternatj vel doubl.e

simgeiAsang @ PIuGs tYRestinEs 10,3 ¢ Miada Aenisgfhd Eespr 20 as

dentdHtiatel u(f‘fn' & OIFSSklﬁSG P?ngnr\ﬁ‘ll rédiafel thﬁ’éth@éﬁﬁﬂat@& trims 10

scan- c ace-ablation profiles; or any
candidwalterhatmelpbeaindﬂmalunga -aut prefies; Lt-r Jmor h&;cmmﬁle@@r their
In sonme e

h | d
variglre e B SO a Mgy Seh Pbscarmeut bl Byt poiating
profit§UredrRothet ffpeldt coMbiRatideof REEERiINAMINY Siefiledl |hisotne

resistors 20 i'n one or nore rows 22 or caolums, for
emlodiments, the simlpietehiatﬂmst Heaes penfererd oR iangingle resistry 20.

0088 HBfRvEL o SIS Pelfyrabni gy

resibidrs 280h oﬁ@foreﬁ@l@dowS Z2ohcolaminst for e&@mme,a/vltlmweﬂ%psrthe
colum nmay be tested with the sane simu

simplaggd trims E;themg gegfq)rr@@\q ps,a glpffqr@nptégpaqlq;{: ié %grptarfié\nrlegistor 20in
the gﬁg%&%t S Jé?ﬁoﬁ’sqﬁ Cﬂﬁgﬁ gett fF?G apl chgrséx%tn%lé, &8cPresistor

€ or in sef “ma
20 e airlcxblummma)ebmtﬁstedawnthttbe sape ammﬁiﬁedrt'rilme;arofile, butin a

shge&sxﬁ&feaé\%ﬂéé?é%gwﬁ@ I degraie.deies Rstigh AB3pe A Hésistors 20 on
the g pa8Lr W&%@at@ﬁe SiRH! §e@%5)plﬁe %Sétﬁéﬁtﬁally[n%‘h%@]acbﬂt resistors 20 as

ther enbodi nent, a single top-to-bottom sinul ated
deslcrlbed tatec oAdditionaloesisters 2 m.a@d(@@@t setsicopid,alge-haevaluated as

rofil use et. preferred trim

d‘ﬁ Pﬁ'e?rg@jeﬁa% ﬂaeﬁfpﬁ g?i}%gmﬁﬂfeaﬁttgg trimand

[0058R! UR AQGthBF BRMDDBIMEM, BSiRse ft@;f-madon@mminynaes mngloe contact-to-
resistor 20 in a col um, plate, or batch of |ik .

contagitémovertizal plmngevquéprommax @@Wﬁ@k’éﬁﬂeé?'&m@?ﬁﬂ? Riefgrred trim

ook 4730 515470 PGPSR 3l i
perfdried, orPonigra slﬁgleSrberssorm ata eqﬂpnwprplaateeort batsh af like resistors

20, GG R, HSLBIRIBHEN) S B GAEN. ek oeaale bl o be

peerr ac?rf on irakiior Z%Ooﬁ%efﬂe"si%‘tom f%)\f%]a'ebﬁtc%%mﬁ o@fplate or on

eva un beforé a trimmng run is performed on
resiatdrs 2@satsapprepridteitime benumleunaal mtermlat ¥When theamajarity of

wer__and .ot her a t have to,be s
resgggrwr@rgatetperlggg rb(im rﬁ 9 an en |r|e|(‘é>&ur8gr \g(phétg ciireSIstors
20 m glflrgth% é%lﬂhtéot iRadn évaliatith rfufhsbéfbﬁéfai’r@nﬁﬁh@ R performed on

| uated and processed before the subsequent resistor

all @(slst@rse'aihlnuhemltan@ op plade sedat lasen powerr ard athsr @afampeters do
not?%gpggtbrgg%vghéi} | o&?‘iwgﬁﬂ e \éﬂlrgggfo‘?% RIS sRifled Bersons wil

I'ndependent |
appreciate that a given resistor 20 could be evaluated and processed before the

subsequent resistor 20 is evaluated and processed. It is foreseeable that one or
multiple column evaluations may provide the fastest scenario for independently
evaluating each resistor 20 to minimize the number of probe placements. As

11



eval uating each resistor 20 to mnimze the nunber of
probe pl acenents. Asdescri bed above, the preferred

wo pooaioBiseat i ons | can De storea witn sopware OPCT/US2005/031909
hardware. [0057] Skilled person will further
appreci ate that the evaluations of the thermal neutral

desenibechabrye, deaPrjryed dMMIAEAURNS YhClM REISICTEN T BPTHVEre OF

har Veasljestors may be perforned in an exhaustive fashion
y teésting a predeterm ned nunber of |ocations 18 on
[005¥%]e OBkilied pemoemnléunhereapprambm thait thesevaluahenszof the thermal

neufsal R0 Ieedens TR iataer gy SalR Phitblels Fesistors, Tnay be
perfbﬁﬁggl | Sﬁcex%ﬁ Ve fd3Riomaby eRthd al preaéririmiiedlBumsder of locatlons

est ed wmthin a desited degree of certainty
18 cafxamqa) be mommemnermmed nusaker err§8l§83rar28 e‘vaﬁruatl\@!y dheaiata

g b BB e B RGBT B BER R At

oncé% theffaPsewtral Ydd4tioners usrestrétﬂrsheﬂ witHtin arddsuedtdegnee b8certainty.
have been evaluated to determ ne that the thernal

Forleélampiﬂ whemmuliiple ioatisns i §ase evaluated anasingle rgaister 20, such
nu

as f[%'eg{x? L%S\E@g’% %?uc bé@to I%cgﬁfﬁﬂéjf%(gqvg%gtgllufgﬁgﬁ ‘i@éy be terminated
as ddom &4 isaffidient auntbes of Bottorhlecatiarisitdae bave)beadmvalmhed to
detarmibs thasing SrargiAl RGULE] BRETABAS NARA b heTa T dap lAfg Anen
mulﬂglfefrﬁéﬁftfrs rZ?)Sér%t ade ta?dﬁﬁe?@rﬁt%éﬁldr{éa% iseh ta'éeffdfﬂ'the top

tra ocatl on MBS above the otton1|ocat|ons 18
locationei 1@astoythe wattoat ledatucpmas&} the eyakiation &f agdé@nahgﬂsystors 20

[myl ated tri b i :
may b fedopted 3 Shafbrs Ao Ubriprap ot \qtBroRSeg have
beel dvAiiatbd DnEASIENE FEitoFy 20 &itietbAdir that thedfherm@l neutral
nmeasuri ng systemmay be a volta gqe proportional to

locatiosi 13 was @bove toe botioarleeationsd! Enharieyioysinevalaatedo| t age

00k, BRGS0 1y o meabiid i o

las&ralednbff i GtleR @ MUNItOE and meodunitfor Avisadvithin dyemefasurement
t hi s_approach éhﬁ npared to observing the variation in

systesri dharsdputef ggeaeugmgwﬁt%mﬁyn & 8 Vifagg proportional to

s BTLh A PR e massurbnent

the svot!all#fg:(l ;eoL gan)snsagedanmwais aaphaiytlrte mmseees;dl will. hgvedtbe]same
reference a FI,GS., 2B and 2C,

Uity S RIS e e AR eEERFOE £ TS SPPIGRD (P FHALed to

obs%ﬁgﬁg ki@ dsridtiorfin: rer%ﬁadE%%H&ﬁ@Sng tﬁépékﬁﬁpéﬁsa’tmx foir F@Sistance

tconnect to the resistors probe p05|t|ons
valeais, autbmadit oTde rtmseugalues eaaY be m)thecrted a@ndgraeloyad individually or

’ ions, ar err ranS| ent thermal
ma)égeéioﬁlgcte nag%rﬁlge %Sﬁﬁ)rlé%e@?é'%%% M tri i ng for
[00SIRPINAth Fefdrepth Qitfaftitd IFIIGBHZEQaWHIZE Hi@esmemhowalué@ may also
in arow 22 connected end-to-end }/ preferred s
be impacted by the positions of the test leads (i.e., the measurement probes 24 and
wires that connect to the resistors 20). The probe positions can, therefore, be
adjusted to minimize noise and variations or errors resulting from transient thermal
effects. In some embodiments of Chip-R trimming for example, row-oriented
trimming with the resistors 20 in a row 22 connected end-to-end may be preferred so
that the sense probe connections can be moved away from the resistor 20 being

heated by the laser. The “high” connections may also be placed on the same end,
12



that the sense probe connections can be noved away
fromthe resistor 20 being heated by the |aser. The

w0 boogl31seonnect i ons may al so be placed on the BEIES2005/031909
end, such as the "up" end, of all of the reS|stors 20
so t hat the t hernoel ectric effects are in the s

suchliasdbe i“ap’ end! of lall o thes easisteesud® 8o Hat|the émerﬁmlefﬁgc ghgcts are In
t
the g%rheee@ é:? 8ﬁ qi@mgggaffsgﬁéq%%teﬁbdﬁasﬁkf&%%tﬁg;c?@gﬁgg8%\"1§(]\§tent and

correetaplécsHillad pbP@nsdﬂMﬁhpp@ékﬂateohoWheehltlgdit tbem@mt:ommsctlons
could vary fromup to down, Bartl cul a

coulihe BlACEH 2 doaroWE As of e BRRINGGIRNS GRYREY romLuP o
dom}?\r %éﬂ?cuﬁaéﬂ)gfg{]ﬂﬁé 9gr|§t DEGRHE GEE de@hh@'n%Pquﬁr&f%Hp‘&@ The

e card 1n order to mni'm ze
prolseszm efn;tldayedwfmrmeaswmupnt may aisalbetop thRsammdide of the probe
0060 Ref er.

2A |
car r En TS sl hevise Bk 1PaE s b IR s,
[oo@gﬂi Refeir Qé’wﬁg% 8fF180 240 bmd?fﬁa?&irﬁﬁm@opemanctﬁﬂn@rsmmany

ese resistors 20 are connected in
succeﬁ&WFmstem%@ susty as2a rawm@2iaf 55 ¢hipi} EQ%S'fﬂ@sﬂFSﬁ(ﬁd%%ar

oA SS AR A TR S300 DR GuP2 tre e

fron$'tﬁ'6 teidtysr 208 ahdéfgong erimAting bperatioh candesgiaipiheanext resistor
trinmng operation can heat up the next_resjstor ﬁgZOb

20bzantl wduence [t@@l]vafrmaaﬁowa" h§vmlﬁg"w heahtram thedrsis
f
undlegcic# @é grtnéﬁ'@l Q Jp%?%tle&smu%ﬁmééﬁjeﬁﬂﬁnﬁe)ﬁ re% iBor PR Bn.

Ing too close to 1t or

[0061]s PTekesiHavihd the IaeatsftcmsmbOearsmrgmwamnthe oneasusement of
whi ch can be of equal or

the SussaRsHEre31ORRD 35 24 oaEof PRAAC P Bdt Obls Profes 24, the
resn%gﬁ'é OJré rﬂ?@ﬁxﬁéﬁ‘ﬁ% g6, Whic#P&dh §§bf éﬁﬁalaér ridrfedjuanhumbers of

ace ocations in the colum. 'In sone
resietddenﬁhbsetseaml*tnmecﬂa Iremeieabuythﬁ)tﬁsﬁtfh@ 2Qeontaines ipgach set

t he t ddl d bot
aro g AR Fone Ao Aol o bl Brpgirepts, cacn
set ??efbféﬂ%@nt‘aﬁé RSRS 2vemdartthe té;@ middie aseidssttbm of the row 22 or
esistor 20 in the set to be trimmed is | ocated near

colurhe, $uaht that thefirst resister 2Q1in the sat e bedrimengd tsHecateddigar the top,

1o 5 B 29 AR 635 e DS PRI A pHER, ano e

third 8¥igtbor ¥ keardhe dRiddRs, foreexamtplef Thenmotess tlmnsrepeats with the first
20a- 20i gosn ti oned sequenti al %l n respective
resistyi20 oftbeggcand sat at 18It aRRNAFA PN ef erence to FIG

[0085]1 apEx 'e@fcg%grs%?ﬁ?ééﬁ@nc"(e@%’t%rfsoi é?@l%&ltﬁﬁiedosfequennally

e resi'stor tostart wt e processing o
in réspedtiosipvisitiond (Ra- Rmnrpasohmum Réth refienence ée F$Go2E2ani eaemplary

professing BrISHoRPgit 2 g6t Blibecesior e aopbSRL M st Pigossing of
the 98§1bfdr%a"?ﬁ p'&%h F@z? PheRSesRtbr M Afpoditisi REAh gﬁ@ﬁeqirocessed
sirtron Re m ght Ero essed fifth, resistor

secpndn tesmtorF&Ograghosm@w ight be prpsessedrthd skesistoneOkyat position
Rb g Qt)llggo qu%%s%g E‘?lﬂ'ﬁ} rg%lg%)??@E \é,ﬁi%*h% hAGhEBEprecdssed fifth,
resistor 20h at position Rh might be processed sixth, resustor 20c at position Rc
might be processed seventh, resistor 20f at position Rf might be processed eighth,
and resistor 20i at position Ri might be processed ninth.

[0063] Skilled persons will appreciate that the number of sets or the number of

resistors 20 therein can be determined in a manner that maximizes processing
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and resistor 20 at position R m ght be processed

ninth. [0063] Skilled persons will appreciate that the
wovhes150f sets or the nunber of resistors 20 PEBUSI0NS/031909

can be determ ned in a manner that mnaxi m zes

processi ngspeed within the field or view ca ab| litie

Spe@@ Withén 'F'T?sﬁﬁ'd B8 YIAVHERPYUNYLSHIANFA RS AP PYYEHIARG Materta
posﬁ%ﬁ flﬁ the fibfl O viet %wpsem bf hh@ef ﬁcéﬁﬁboﬁfentst Sn one

n one exenp ary enbodi nen e resistors
exeafplarnyeargbadijt ithe sesistoes 26tase gsouped into fivéeets; sueh that the
eated or,tr

ordqrzn };h re3|lssttor greﬁ teE@rt%mmquﬁ frgﬁfﬂg 35, 23,% 35, 13,

46, p8S8S! Q/hérezﬁ'ne' ﬂésisﬁ'@rs% Mffﬁe%hﬁﬁﬁ%ﬁeht@& v 22 @re sequentially
sequentially positioned 1, 2, .. . [0064] Different

posifisaedrig?, 8¢.. gr oupi ngs coul d be used to acconmodat e

iff t ' ' .
oo sV AT A LR 10 Sl grrn
nunisETa dif pesistors 26 iirs haowt22 mmgmorsmmwpemnbwtblalw appreciate

process or 1, 4, 2, 5, 3 process) can also b
thatftbe n%@m%@ht%ﬁtﬁfﬁmm%@féﬁqu%@? wngmég(;%%or ﬁe4d2 53

pro%(sgﬁ%?H@sf‘ongé %n%ﬁ P fr Yoot 5 E}H&@Qﬁgw Wherd ﬁ’fu}l/tlple rows 22

-oriente beam na
or o@ﬂﬂﬁ@mhr@bév\gmomdrsﬂmuﬁanewém Fbaemmplebem arcolumn-oriented
different rows 22 within the field view,of th
244

progrss; the,Reary MAY saayeYialy @9%?%*,1593&@& éPl?é’n%e in different
rowfs Wl NigkinIRE Fisfd é‘ft\ﬁe\fvhﬁtthé BSsM@ﬂlﬂ@Jaﬁ‘@e@éllvéﬁ,Ss%t@m Skilled

trirmm Nng process can used in Conmbination Wth any
persdng Wil futther apm@nmtqm toie sonadjadeniaiesistor triguelHp process can be

useg BepriurasinEny o T pnsd i I AR RS BoleR, o g
[00§§HU9R6§|S%P§ 2ONBRCinGRed®s AaAsndire evitidnalf@/2% (Joedenough

particular results were obtai ned using doubl e-pl ung
for 1% resisidrshusing the dommipg saguenca an@cem@to@dnafhogﬁcﬂﬁsc"bed

o RS 18 o Q515 S B ys AR B R

secbRf Widrigecouetn O ceritersd atfatau dncdheaﬂt&beomfhd rhaesxstors 20. Employmg

the EHECK GEITRLGHUR LOFAHEEL 1 oFP e IBRIRYeE BBSBrSRHE Sven further.

An(ﬂﬁ&bﬁaﬁﬁggg éﬁﬂe %Hﬁé Mol ded WES ﬁbth Both %BH'E,@ tbads of the

nor se erence again t
full-Kehdn sgnnedtion dmatrm(samatmdmoi htnermdbek:ar(hmnges tq mlmm@e

as. a function of time, particularly if the heating
indyetivglsCOHRISA PPISRr t he thermal neutral |ocation 18. This

[00 ﬁﬁf‘SUV\ﬁfFPféfer‘é@lbéaég'aWtd"PhG A, ftlﬁ?é?t'eaiﬁﬁ’g WithrtRe exeitation turned off
or Into the cal’culation of the trinmmed resistance

appealrsito varny asl a ifUTmtleh)DfrtmﬁJ carticuarhcié theabgatifig eerurs iavay from the
ol RSP SE. e B BB el Sl 88 Ruco o
errir?ﬁ%é@e@&l&ﬁéﬁdﬂﬁﬁdhe&ﬂhﬁné@fesistaﬂéelvaluenatrsj intimatélywoeduce the
accuracy of the final resistance values or reduce the yields of resistors 20 having
resistance values within predetermined ranges.

[0067] Conventional auto-zero measurements have two stages. One
measurement is taken with the excitation on and another measurement is taken just
after the excitation is turned off. These measurements are then subtracted from
each other in an effort to cancel out any offsets that exist on the measurement

board. Based on the findings shown in FIG. 4, however, the reading with the
14



measurenent is taken with the excitation on and

anot her neasurenent is taken just after the excitation
wo 2006081520 of f. These neasurenents are then subtT/ES10€8031909

fromeach other in an effort to cancel out any offsets

that exi st on the nmeasurenent board. Based on th

excifation ired o ARPEArsHCY/an) aspulagien ot H@er@ae.%amf% fom the
t

thertf ek aFickBlioh APLEG R, ncBRARASI VRIYEY Yoid LR PERESIrEor

decidysirgpwith¢irmeasur ement val ues coul d be increasing or

[00GHTr or £6 SAeRHior dies5ramors el deaidinpd o idedliTe fofgyed to as
“oda-ggae%fﬂoezerﬁ%@aéﬁr% éﬁiﬁﬁé’imﬁ@nﬁ‘éﬂe@e In 8B4RYBRE @dto-kéro

cyc aut o-zero neasuring, three readi ngs are
medsakiag, trAeeureadmgeasthntA fiest maesurement istaken with the

excgéqqrbq?ﬁbgporgfa;té@g tﬁ@t éﬁbéﬁ{) r}\&f aq(%éémc{ h]%taﬁurement is

takéh with 3hé eRcidtiondsr (dlﬁlnbftﬁettn’ miandathisd trlaalsdrement is taken with
nmeasurenent is taken with the excitation off agai

the eacnta;tontcpféagalnrf)aﬂesté@atﬂaa Becausadhe HF@r'{)EﬁN@J&%’%n each

e ESBEE A e ) o BBE ek BBl e 1 win e

exchgtidroofiehoukitiss fo atourately give anzauto zeeameasuesrnent, i.e., what the
what the baseline value was at t

Al h .
bashilas uelsRaKRS al I ime e meeapranemi i é@ﬁf'om’a@?s taken.
[00%%(2 gfﬁe?&ﬂa A BBdnentd, ie tHid rﬂeﬂ?@%ﬁﬂéﬂ%ﬁ tfé‘fék@ﬁ at a time

atinme | nterval suffl cilent for th
intesva) sufficteam fort tharmeostraigriifitantteansiand (th@nmabaanntéTemé@i)seffects

to diniArouE YTl testiigds copticbh 38 ArdubORirtsERpRY. then the detay
befbfRaRE tRiIfE AedstfeRBnBArEba atdreaicelivate Y @hoeteeed!to aamlnlmum time
mnmumtime interval, such as the tine associate

intenval hsuchnasithertime asspeiatachwitih @ npaszerepoint @ the graghd)f FIG. 4,

and Ty RBkoRR) b RS ApETEBE EoARABcE i Bbisiab, 1 ne
triminhiag R bom@ibted bnlthé ahéraial h8utrbhieoatidre 18] thenithe ¢imeainterval
before the third nmeasurenent can al so_be even, m)rg

befergrthrdhirdmeasuzement cayaisomeceven Mope fitthesnagingie
[ooZ@m’FPG 04 dgmsgawsegv ﬁar‘n V¥ tﬁ(;é rSrBSé&uﬂéﬁﬁW@ﬁfﬁ{Hs%

evenly spaced as a unc on O .
measwrendnteamieeerdyspased akarfuactiarhef htmelploe ntha $eqqnde
between the fir

d.t
megsRGIEY ioiekeBiat e Migpat in fES BebraRting:fistahd i
meQ:?Sjr\Ah{Etrftéj T8RS EhS ﬂb%fﬂ%@'\éum@ér athéla%ﬁag@@rrmélfrmtamtmrd

t'he neasur d (baseline) value would be in the
meaﬂsenmts)prtmdma ictasei apprmméloatofwﬂ@tﬁhweﬁ%w%(basellne)
econ

55U AR o ARSI HHLE o ap e P8 deparom

me§§l5‘r@h1écrﬂn¢llt'eﬂihttv@|)ﬂﬂﬂ§ HaediRicvilbe cah&waeﬂfaﬁdtﬁeﬂhwin‘gahn
fset such as seen in FIG 4. The tine |inter

exp[qmgnh@lagym ﬁtrgar\mmcptloylatp@qummodate the shape o ¥ﬁ'\e thermal offset
such as seen in FIG. 4. The time intervals for the measurements will vary with

different laser parameters and different types, materials, and brands of resistors 20
as will the extrapolation functions.

[0071] The extrapolated baseline value can then be subtracted from the second
measurement value in the auto-zero measurement cycle to provide a more accurate

value for the second or “on” measurement. Such an odd cycle auto-zero measuring
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different |aser paraneters and different types,

materials, and brands of resistors 20 as will the
wexdosapeiat i on functions. [0071] The extrapol aperus2005/031909

basel i ne val ue can then be subtracted fromthe second

measurenent value in the auto-zero neasurenent cycle

progesiuse @llpws the HEPRING PIRCeEE 1Q RIAFEEAA! & RS dahbeRuse
measflemBRESH tﬁg‘?g{le|re%J?{9%L€|\’gc?99n BeGhEdE diter 3%hBrter delay following

measuri ngproceddre a he trinmmng process to
a lapeopeise), iad. tike Tasventionat seftiingrtine capdsumeniminesi. ofhe Bstrapolated

requi red accu n be made after, a er dela
valueg| ganal ﬁ@%g qsgget%/) %ﬁqagge qccgracyhﬁu%mgq{tqe%gm 91e value of the
Cutgfpf;gﬁgggatéﬂsne can be mnimzed. The extrapol at ed
can al so be used to enhance accuracy, such as

[0072) sEIG.ifhis a sienplified Slow dipgears of enfexeptRiamesistor trimming

pro%gg@ ?:Igﬁi;%rtgg |r'§S 8ﬁdﬁ§%*{rf' e%éf%gééﬁé:@:tﬁgflﬁg}ﬁg ?@ Perlc testing

andaRfnRg e texs, tiehergisse 10 |§él€§ﬁdﬁ for pr@begplraeemnt and/or beam
testing and trinm ng process wor kpi ece 40 i s

posaiqngmeand the priobes 24 %r@ebfeughtanty %ﬁntﬁ%ta%%&q fqsktprsg20 as
A 88 b 31 SRRl Sof b edbrpieystem

turnedesH aniiYalizedeas dlbwsma!wiﬂemspecsswiﬂﬁnm-‘s turned on
an initialized. as discu segggit res
s

[0073l073fs iadicatgd in PERFESS SieR IB3eS Sterpig| pSater described
in F%ST &8sePto ?&dg@fz‘?{esﬁ@é cl‘ééé?%t;bd’c Eh@tesﬁng' i§ céﬁauét@d as

produce des aser output, and testing is conducted
dlsczussdd wdthsrespect tolF |68 2Erand le=] ﬂ& trgmwrgjtegts mAydnclude a no

pu S B ST b T 51 PR P Bl el G 6R8 0 P estea
the 58§li&fke ﬁ@ﬁplﬁ%w&%r@@l@ﬁbf&d)ﬁvﬂﬁ edﬁo@td@sml BEMay bb utilized

respect to may be utilized during the testing
durpgdbedestmg proogdgreAs indi cated in process step 124,

[ooﬁf arré% (yégt%ﬁlﬁn pﬁéﬁe%% st% ?I??bﬁ\tegg C%rr %s&érjn r'%"kggfor lélnstandard

rlthn? ®lin PaffioRds. pAliﬂg‘ﬁnmgtprdﬁ]el $udthas bq:ﬂlhmgegcmte'm (or a second
oyed actual trimm ng g&formsdl

pluags et 1051 o hreinariesheTHaNod Seuat HATENo 5 BArformashiadne
est:%llshg tﬁér?ri% n%% raP BRGNS ﬁ@%u@éet@f%ﬁs@rs 20, Su%h as a

resi ors € sequen oppi ng procedure descri
coluvnh lor iptstp @f tregistors 20. Z'Eeaawuehee d)dppmgqirecadmre described with

measurj ng,proce ure as esc res ect
resEB Gy FAPSRE Sifumens indiptese B a° estieg wih
R Bﬁl&" pl |ts of the subset of
res?%tgl gﬁ?SS | érsgnm;él Q@edcglt%g determined if their
[00758Fi sAann@cmuue@rm@swtenn R6t hectrignnaiag resulihef thesiybiset of

oo B B3P Shl b RIS Bt U0 R S lorance
If thd eSlRE BB etk nMiddt Prédudtippstaigstds) then| &s rficated in process step
128, the resistors 20 are subjected to a subsequent trim as described with respect to
process step 124. [f the results meet production standards, the remaining resistors
20 on the plate or in the batch are trimmed as indicated in process step 128.

[0076] With reference to FIG. 7, one embodiment of a laser system 50 employed
for resistor trimming on a workpiece 40, such as a wafer containing rows 22 and
columns of thick or thin film resistors 20, uses a Q-switched, diode-pumped (DP),

solid-state (SS) ultraviolet (UV) laser 52. Exemplary solid-state lasants include, but
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process step 124. If the results neet production
standards, the remaining resistors 20 on the plate or

w0 oobhgisbat ch are trinmed as i ndicated in procBSEUS1089031909
128. [0076] Wth reference to FIG 7, one enbodi nent

of a |l aser system 50 enpl o&gd for resistor trinmng o
are potlimited b NAYAG NG YAE, ar f\éYOeoh@%@rrﬁ%@am@V'ﬂf and

harr%é’é@ﬁﬁ@gg@ertagéoc%s% LREd o E'BL; tho‘gt:aﬁ %Qng@??chaas 355 nm

(freqricripledtNd:YAG), asem@are@mwlwrmed INKEYAR), or 213 nm

(requpneiauihPIas NSO W Proerhiy TrMorsrelabriogkirrafiey Skiled
persBHLSh At %gg%&é@t??%ﬁlﬁ \A%'i/efé‘r‘nb&#g ar'ﬁfloﬁfhéi‘r) H@r\"r%rﬁé‘sgéll‘é available

such as requency tripled
front fiecothen Ds'ted Llasbmip bad cNdIdeeS)ammmymasnmlt as eqyj@ﬁaj wavelength

tupl ed th TEMDQspati al nod
witrdy siapierigth rags petvasn Y 243 1 2o bt o hor
[oof*ﬁve' Pﬁ:géﬂ??d Culd \névéleﬁg?ths | GRS 849 i and\u®2 @hl eSkKillsehpersons

e ot Isted |l asants and coul d be enpl oyed, as
will aksbl appseciate that moshtasers hgde rwttqﬁmh parfaet /Gaesriam opt &4

nowiSeb GhgoReNerkic GAls BTy U ez HoEtly Bl EheRle e

irradibhte plstie aPRIsEE batpat Bhaﬂ_aﬁésta\hmmﬁnGWSnbarmmm
perfect Gaussian output 54; however, for conve%@
genezatios, andiQ-switeh operation areaell snwn (e persans giied in‘the art

oty P RPR B £52rd BERCIBM e opfscne. WO
00/40B9 1361 Sun ane Swdnsoal | known to persons skilled in the

(0075 o AURGUSIEPTEE 5P IKCBIENE foS6h WAYBITSH RO SYER A SBRTdR - 532 )

or |§Y§E§3f@tdﬁo&7sug@|ﬁ1@q%}2 Bhﬂ%otﬁ&'liedarﬁbl% &d! @w laser

as green (e.g., or infrared
wavelddgth enay be :pre)‘errmhfow sqm62r|mm|ng eppll@t@@s@g@ay%d has an

oo S Rl A I B AL

wa\féq’éﬁd}ﬁ ey mﬂéFéHtI? ﬁrBﬁHeé Qdngiferivpst sizeianthls sl t'facé\om‘\e

' aser wavel ength”al so i nherently provides a snal |l
workpeceﬂOthaatprowde@ byfanckR or grees laggniaalenath Qfﬂahé?ymg the same

d by an IR or green | aser wavel ength enpl oyi ng
depﬁhgyﬁ%ﬁe depth of field. [0079] The | aser pul ses 54

[00T9Y D¥hedsser puldesBUmay beapastey thfough 4 vbnehm'ofcymll -sown optics
i ncl udi ng beam expander ar\d/ or col I'i mat or

InClugB JIRAM SXBENRT ASHOT YRROI TP Elop [T RN Slts ) S8 fhat are
posﬁ%tnI%dGa‘}onJ Eebela‘?ﬁ‘ Sét%s?ﬁe s dFBUISR 8P R optRMally be dlrected

rected pi ng and/or imagling System 7
thrdﬂzrghOhJsleamng faudmrpmiagm systemt7futo ;Smdummmfernn nekses or output 72

it Shocia g oA A SyYEh PN b Byt P enroun
a s¢4H RRE 9009 4 H88rétiialkbr tdh§et pBRUfOrP82BLtHYINALR plane on the
workpiece 40. The laser output 72 may optionally be truncated (clipped), focused
and clipped, shaped, or shaped and clipped.

[0080] The imaging system 70 may employ an aperture mask 98 positioned
between an optical element 90 and a collection or collimation lens 112 and at or near
the focus of the beam waist created by optical element 90. Such aperture mask 98
may optionally be used to block any undesirable side lobes in the beam to present a

spot profile of a circular or other shape that is subsequently imaged onto the work
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wor kpi ece 40. The laser output 72 may optionally be
truncated (clipped), focused and cli pped, shaped, or

wa bmpesiisand cl i pped. [0080] The i magi ng syst enP@ODUSYS/031909
enpl oy an aperture mask 98 positioned between an
optical element 90 and a collection or collimation

surfaems MoTeoverd vaR/ing theesize ofi e aRaitirgoan RONYoh < EFaq snarpness

C j I q
of i, SR oK 18BFOdRe £ SFHEREH, Ao EluRNBIdtieg FBAL i can be
used _@@e&rémé tree @I;}aﬁmerﬁt ame&ﬁjyt a aﬂﬂﬁtgnpthﬁ "slh:rpe)pf the a:jperture can
circular or other s e that 1's, su e nt | e .
be REREIECIHCHE IS Fan e changes o dpStapgH{ar g Pl sgrdHgs nonciroular
shaé@%tl@a’??‘%bﬁeeué‘éﬁa th odéwfcﬁlas@isﬁm:ﬁmﬂﬁg of the

pot p e to produce a snaller, sharper-edged
[0081]t erihe yaskd8 maytdemprisera batekasuitablerfeatee at the wavelength

I t .l dition, «{/h

of i aptpaneh R nd P lard bl s fruy BenddR T b for

exakfplé, &Dniprisd 2UV-pdfldchié 6RUV-abserpties nizedaly outan be made from a
shapes that can be used advantageously for resistor

dielectrimmatgrial S.0313s tivegradeifused réiga 05 §pPPRIES GoARMYiIERA multilayer,

i Ve o8 st e bt ASBH ol T 388 tthe mask
98 By optiohalBXisefiared cutwardlg at its lyht-efitieg sidee or :
-absorptive material, or can be_ nade f

[008Jel b petisalialpment 80 EreYeomRes iRfSinguaRlicsidri beprayshaping
conﬁ@?ﬁgﬁr g%zgrlf’é‘é Qgg%rﬁ@oﬁtidgﬂ'réfﬁécﬁh(/%(/b_irgégggﬁtibs, deflective binary

ve coafl ng or 'of her i stant coating.
optitheorafiffractive optics.h8omestr &lBofthgse maybeakemployed with ed without

Gt ohiSh St PO b 4Ty g romoenn
conﬁ’pg ‘ quéimélgivﬁ‘?ilﬂfi%r@é‘rhénﬁ(‘ME?ma@%ﬁh?J”drfér@%drﬁﬁlex beam shaping

active binary optics, deflective binary optics, or
withdhighredfitieney apd acsurasynd herbesim-sbapinsompariiert@ot only

I dwith.or.wt t | . 98.. :
varPB A a0 iR il SOZBHS rint ane e, ot
als& RIMEES B%e Shabdd vaput 94 toptdetehinapetor(dpacficdspot sie. Both the

perform conpl ex beam shapi ng with hi g%h, effic encrY datnd
shaagdurwa@yncquofﬂe&ﬁpg@@gg)rg . §&e gfg designed to occur at a
oes PSRRI Boblid e 20 Kihgud Py Binge tomert
DOEHs paéferred, skillgdipeBbnswith agpteniatertbal thedd OEpwvay irickte multiple

spot size. Both the shaped irradjance profile 94 nd .
seperale RSB SUERARMeREBeRIale et GRGTOND Qiemaprgisgosed in U.S.

drsi i : i: . di
Patii), SRl S0areiAey SouTREPibospl) IR ERRlq 8 iscussed
abgverarertesaiibéd ipgetadiimteSt Ratent Ne. BAO 1:880 pheLnslky et al., the

relevanhb RS of S arefEM BeiHidleRas/ BidreRgg. P =1 ¢ N
[00B3P64THE beim HERKRY OalﬂH rasteridhpositieiihg Gystedh 7damuéfegably employs

techni ques di scussed above are described in detail, in

a con@ntipaakpesitieneraisedifor Beer BFiMmiNG:Rystemsa Such 3 gositioning
sysfel% zﬁgweiggw hL9BReYr MbYetllage & 1HEE Midve thBGRERBIeR:MD. PYne
positioning system 74 can be used for moving laser spots of the shaped output 118
in an overlapping manner to form kerfs 10 along desired trim paths. Preferred beam
positioning systems can be found in Electro Scientific Industries, Inc.’s Model 2300,
Model 4370, Model 2370, or Model 2350 Laser Trimming Systems commercially

available from Electro Scientific Industries, Inc. of Portland, Oregon. Other
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[0083] The beamdelivery and naterial positioning
system 74 preferably enploys a conventional positioner
was@d/o3er7 | aser trimm ng systenms. Such a posi t PONUSZP05/031909
system 74 typically has one or nore stages that nove
t he wor kpi ece 40. The positioning system 74 ca
Posiiioaing sstemicay b%%l&st%tﬁeﬂ @"Sfaf??%e ﬁﬂmt%efa&ufmﬁ% inme
Iasé AN over |l appi ng manner to formkerfs 10 al ong
‘ Jesn red trimpaths. Preferred beam positioning systens
[0084]n bAnfexantple of B preferredlasensyistéro S0that contains maoy ofthe

del del
aboygSESoTbPRY RE TSR BRReRG AR o7 AUV K TaBp 81 Poags nm) ina
Moc%l?ﬁoma s??&érﬁ'd? StRekd s fits 88ries AfanuFactBesd bpEtectro Scientific

rpositioning systens can be substituted
|ndmtdes,r|ecwerPo(ﬂam @regonadiérsposekided in the arhydll appreciate,

84 I f
nowedRt A Ak S e 1t by, HA LAY byl Bt foRle hahng
Ga@s’ﬁiﬁrpbéam ilérisas proflle Before imaditd onshapingas\isebsé@ferein),
| aser systemor others in its series manufactured b

other wavelengtisswchfasdR, @69&6}1’ ibeam expansion fRGtTsLaN be efnployed.

0052 Spe SRR A ) 2509 B el

one’m{ mbtenintredatity bhestea bawtyn@OM Gavises 400 Henbeamtpmsitianing or

o oL ko O SRR U5 550455 8585 11082, whic

is hg?‘eﬁﬁ‘r}'?do‘?ﬁoﬂ‘agéd BY?ef“e &ée IRTARArGREr, thdBBEdnal Uﬁ)f‘?l%@')rﬂ 00 may be
Ivery an ma

erial positioning system 74 may
emplopédyo cevhcerlaser power durog/simulated éumSatocm\ake)adA@unents to

bea PASGAN: BRI AN S e BePPERd P e terrefimnifii6cition 18; and to
bIo&@lalaé(' 6§|%e§%en\/@pp?rbpn§teher ein incorporated by

reference. particul ar, the optional AOMs) 100 ¥
[0086] enifhml@@ertaysm &Ods pa@@blem\né@dltﬁm l?gseg Syetem autput 114

havltgid( ggséé%rrgq %rﬁ?@r# §¥ g‘éﬂ‘{a? {éS‘??Eﬁﬁ@ h twrs trl?%t may include:

an Wagélehgth, tbfﬁefeaéo%)é getvt%m'abmﬂ%o m:mlaﬂg%@@am or up through 1.3 um;
appropri at e e | aser s i s 0

aveaggﬁi gewr#gdpaglges giratenihgnighaut t798 m 2hg R{Pﬁﬁf@ﬁ‘mﬁeatef than

300091(/9""%?? sgzeotfjlaFrYe%r“sac} #)%ﬁhﬁﬁ%[ortarxbg‘af RYoWt 5o %Fé%‘ter than

an wave eferably between about
abol® ﬁommaa depétdiommate otgreatardlu@rm abogt hid-lzapmfar@@lspgm@ﬁer than

oo L 5 o Ber bR, e AL BRGSO horter

abdiRi180 n%X?ﬁ eféfa %Fn Sb&IN4PnLt90 A6 dr'%ﬁﬁrtébQiﬂpréférmy shorter
a repetition rate of greater than about kHz

thapn@frm dbhs, qr&p%mrmhapﬂodﬁwn o ab@ufo*roc&,@;mtﬁsgqa@}ds a scan

e
2 Bk kSRR i e U el phr A BRL e o
1001ﬁ1nﬁ>/'se§ haid Aiost pfef@fdﬂfﬁt&@itw osimpi/sec td BamrhBets and asite size of
or 25 ps, or P own to about 1000 fent OS?COQdS'

abautfehpm to 20 pm preferably 0.1 ym to 10 um, and most preferably 0.1 ymto 5
um. The preferred parameters of the laser system output 114 are selected in an
attempt to circumvent thermal or other undesired damage to substrates upon which
the resistors 20 are supported. Skilled persons will appreciate that these output
pulse parameters are interdependent and are dictated by the performance required.
[0087]  Skilled persons will also appreciate that the spot area of the laser system

output 114 is preferably circular or square, but other simple shapes such as ellipses
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speed of about 1 msec to 200 mm sec or faster,
preferably about 10 mmi’sec to 100 nm sec, and nost
weembesabl y about 10 nm sec to 50 nm sec; and BCDHUS®05/031909
si ze of about 0.1 mmto 20 mn preferably O 1 mmto 10
and nost preferagI@%/ mmto 5 mm preferre

andgggt@mg{@rrgaﬁ]betqﬁgﬂpla eg;glcgm%%ﬁ B%@m@@pgﬁéarg aogglpéedwun e
pro%é} saene(ﬁﬁoo su& tlﬁélréié'r'i‘iléﬁfét ﬁéﬁ@btlﬁé witheHes Péiﬂé lab@fture

ates upon the resistors 20 are
shapé rtrpthd edisk 98L IFI’retherpm)L spxntsaraas fordagerdammiagt hare padinlarly for
rs_are nter

UV sl Siroling, BrRor STy SamLEr A GaR ¥ gn HmBlef aore
preﬂé?éb?? Bfhaltel thatl AOWRPY BRiiRdRarheRY, éd&mﬂﬂbreﬂé%lyﬂémbh@r than

'aser system output 114 is preferably circular or
abogq ETT: urbd:amtarersblle@ persomng el appeacials thal becausgiihe spot size

of ti()ﬁ @\lalaggg ﬁxtgu erﬂ%lf‘egttﬁ%% I%‘%P&Vﬁboﬁ %&H@ﬁg@ﬁ&ﬁb%‘ﬂ?ﬁ'ﬁmng

out;ﬁltméca‘?@emﬁh&iutm 74 pérmaitgiests #bkehape strargdﬂt uniform walls
shape in the mask 98. Preferred spot areas for

or edgemandghusersnaliartiAg resisjors #0 ean e depmed tﬁﬁplﬁan%ﬁsethat are

o 3580 1 TR Spobi LBl ey
[Oomsﬁwmﬁﬁﬁmgltgclsmqhésdlsblmedéttmem cHb bmemp)lojj%hfet éoth thick

andft?kﬁf'nlggrq%fég%%pvs%'nga Ao nliting PaAE: SehE B Ring. with
res é&?o %cl@ﬁl‘i’r‘(?&lé}g&a ; parfad rilééfdtﬁéﬁlﬂﬁ SHEPBh ctremiReRa’ing the

or m out put rfs to have straight
O402mrfd)®26)1/vah|p9'esnstceslg~&%1 anthenius layerheight orfiickness of less than

0 d
abouf Jh Pt thE pregedarEraE cC s 18BHE Al ing Fngpium
W|tH1ﬁ EI’?1 e k&b RetH &ﬁhﬁl'nﬁ’él%?nodrﬂ%%bngﬁﬁtléﬁ in&tig ceramic substrate.
ni ques di scl osed herein can be enpl oyed for_ both

Thasle.ctesurabte kerfn10 arercleasisichrthal earamis matenIis BRFPHMY exposed
and[tﬁCI quol ﬂf ﬁ{ e?t f@ QF(% a&l’ﬁlteg}]}%h %é@ﬂé%ﬁ%ﬁ?g)&%l lntentlonal

perefiafioh intbnkeé ¢drargicttoa deiith dlaﬂoﬂfzml wrhitp 5r}ﬁa|&rt¢mf$en at least 1
with a ruthenium | ayer height or thi ckc%s of

um¢ The imaged sPapethautRHe! 16 GAeProvifle NesRiCIRATYS whifE Brrfs 20
wntﬁo?%t FEting %f Qénttrﬂﬁ:{édféaﬁﬂgu'@]\)”"lst[mrﬂcﬁlaﬁ F?éféﬁe@l%r processing
W tHh a m°ni anount of pe

etration Into he ceram c
resstdrsmat@hel ovdreceeamis ihowelver, lathéswaelangthsireay beerhployed.

100B8F': o ibUaha Bt elasalh £an b arutioVefioar R el atn.
parﬁédlgf‘y ﬁf‘élﬁéuﬁ 32‘%13@“% Bk doﬁrré?ér’f@d W%K}eleﬂ th fdﬁ%n@;ﬁbﬂﬁ‘g%

dept mnmto mm and ten at | east

unlfbrmnmporltretnmm@tanausam@h aanmhel ahremide: (Iﬁthrmﬂlecqrt@y@mlde
(SGhEBeRa iR ot A s AL S5B B} 6 ANiming

actNéQﬁ%‘Fédtf&QopStﬁﬁdé\h@és aRd &1 applicati ehs ﬁmrowmg fur’mmaabﬁnmmlng
ot her wavel engt hs may be enpl 03{ 89] Althou

[0080] m%lllédgzqﬁsmwﬂieam@wag%@a the m? th'ﬂHeg disclosed
her&ﬁv@}ai%I ta%rﬂglo?&d %lﬂ {}glé réglsfgi% rEetdiearfay R (icidiRg those on
snapstrates), voltage regulators capacntors inductors, or any other device requiring
a trimming operation. In addition, the trimming techniques can be employed for
surface ablation-trimming or other applications in which the imaged-shaped output
118 does not penetrate the substrate, as well as the applications in which substrate

penetration is desirable.
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uniformspot to trimmaterials, such as nicke

chromde (NiCr), silicon chromde (SiCr), or tantal um
woRdosisis7{ TaN), from silicon substrates, especpPel/U§2008031909

trimm ng active or electro-optic devices and in

applications involving functional trinmng

[00%Wi | | Separating @srafs ICRUSEh Py Ehermal vA%II|HE \tqry [ﬁlmlﬁgj] wnen doing a
P
nor SEPBLNET €L STAPGH BRUALSLTID THerBh Y Sl ) Btk

voltsessan beesgsily wamm by qdkiigose ot apaeiactual or simulated laser
i nductors, or an%"ot er device

trime e A0 PAIGEUT eTIGREATHENEN AT APV BRI 5aEaDRkn g rosuts
of aBHP{e %Egnéé?d thdh téﬂstlﬁglc%hlumuééd FFaBmtE sgbesauent trim

ifons I n |ch he i maged-shaped output 118
plac;masntn Gthepenoberpasitianing, stumsitecmeecea@swéamcmmetaﬁgrement

oo dres el ity B AP ERER iRl rapiggyici. The
vari$@s Ei&ﬁﬁqdés éf@édl‘lb@dfﬁérélw rhayvaRo facilittge the'asewf higher speed
frackin ., _anal og or continuous) trim The error
traomgstemsmystqa@rcrfdowebsw%@bmeaanr%@re@é@|tlr"3V'Seva| uated by |
[ooﬁzf gr\f‘? I?&S oqﬁégflha\% SkifHh #h & 4rt tﬁﬁ?hahg'dﬁ%{)ges may be

curr ur errents as previ

madé & thedstails bﬁtrfe%dvfesdeﬁcrlbbd\&nmt&ﬂmntmwnhbmdﬂpartmg from the
testing can be used to faC|I|}ate subsequent t

undnsaRinGIPIan of (heoBNeNiT ¢ Toh Iolgwing FRTHs gt AL, Sxemplary, and

ues described herein ma

shog?dslhé"cgﬂg anceﬁﬁﬁ%%g gllﬂwt qand/ or yield. The d
vari ous technlques descri bed herein may al so
facilitate the use of higher speed tracking trins
i nstead of | ower speed neasure-predict trins. [0092]
It will be obvious to those having skill in the art
that many changes may be nade to the details of the
above-descri bed enbodi ments w thout departing fromthe
underlying principles of the invention. The foll ow ng
clains are only exenplary, and shoul d be consi dered
part of the disclosure.Clains 1. A nethod for
enpl oying |l aser output to trimresistor material from
a resistor to change an initial resistance val ue of
the resistor to a nom nal resistance val ue, wherein
the resistor material has a surface area positioned
bet ween el ectrical contacts and is supported on a
substrate, wherein |aser output applied to the
resistor material induces thernoelectric effects in
the resistor that cause the resistor to exhibit an
errant and/or transient resistance value that deviates
froma true and/or steady state resistance val ue of
the resistor that is neasured during an absence of the
| aser output such that the applied | aser output
prevents an accurate neasurenent of the true and/or
steady state resistance value imediately foll ow ng
the applied | aser output, a nethod for reducing
resi stance val ue devi ati ons caused
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by | aser-induced thernoel ectric effects, conprising:
posi ti oni ng probes of neasurenent equipnent to be in

W@ owwsiscat i on with a single resistor or respeRtT/Us2005/031909
resistors froma set of resistors; setting an applied
current value fromthe nmeasurenment equipnment to a
refdaidEe or zero value; directing respective sets of

ong or Thfet I‘?&f"fdl‘ J% |H§|I§§e?d?ftpuﬁéfiﬁm°r‘é%%rc{ﬂ? @l from a
respective sinulati % hs to apply heat to er ent
resmmm@change hodaitialnesistandehalgel of teeresistarstocd noménal resistance

ective resi sto

valig hgRVEP GES R RS HAST RUTTHcs BErapartighed Retween Sectrical
confa?ﬁfﬁﬁ& iy §u;5[§‘0°rle°d 8 & stibsfhtd, 'W\éréﬁ\ﬂ%éﬁ d&pﬁ?&ﬁpl@d to the resistor

eval uati on laser puI ses to obtain volta evi atl on
materiabindacesthermoetegtiic effectnén ther Ireét&mthaggpm theeresistor to

exny ) 3D e Dt R YR PR 8l

steédv étéf@r@is&@ﬁc@f/ams@f &S Rsidtor that esineasued d@ing an absence of
exXhi bits m ni nal voltage deviation; and directin

the {asemeuirytsuch daidhe applied Hres QUIRH HReVeDNts anAgsarHeat
meéﬁﬁsﬁ{e‘f‘\& gf e @ ‘éﬁg} 9'§t ﬁ&tesféﬁs rsgég?ﬁeg\édgge %rﬁé&?atelﬁ/ following

si'stor  an refe I ons on
the &pbf@d: faser eatpuft, & mHih@d fcarl rbdoélng mesist@ncefvaliesdetiatieng caused
renove resistor nateri fromthemto change their

by Iaﬁerrl.nguce@éh%rm%%ctv%re %Cttsoc%f“%ﬁ'f‘ﬂal resi stance val ue
by to%glﬂf\g%depﬁfb@e%f‘?ﬁééétﬁeh%ﬁt é&lﬁﬁﬁ%rﬁ‘ﬁybétnh @Bﬁmﬁﬂéétﬁﬂw with a

output. 2. The nethod of claim1l in
smgﬂamdaSIS’mr oofe&pm:ltmaireslstomjfreﬁsa eehpfrne§l§:§or§, single I aser

ul s h
Corpringcan BRI ST enkvayfs foffhelHefslubot Gel Ao
refct8hQEBE L& waieprof il e, or a surface-ablation
prodfghle e 4. The method of claim1 in which tne

si rditesting mespadtive sets ofr oreCEMORE EValuaken pylsesi A hasesputput

alo%ﬁ%sfp%rﬁpyé%r@ll?ﬁ%ﬁ gg{h@ecoéﬁ).\;ﬁﬁ@ét t@l@éﬁeﬁ r g%ctlve locations on

the \W0Habe Bigasonkealingle. resistos ocd’imremcave pslistorsscan of a
portion of the surface area of th Ie rtgsnsto

Thenaasyig mlta(gea\(ngqs acrogs the,sing gracpr g rpggeeqtlve resistors
aﬁe[?l’fﬂ\g?ésd&\’l 5e nsgt\S/fﬁ tfolﬁ%s Iéé‘ssfg &)t]‘éir?\%lta%% F&ligtfon

|can reS|s rraterla
mfolﬂmtahod fof eadhedfithé dlfferwht rdspebm/et locatiomgy | aser pul ses
lied jn a trackin trlmrocssvvhee

[ eISiG eV oHags: Hevalan ipthrmatips 18 BEIRTIAS BrTgferigication on
the rE$FBEHNE s'u"f‘t%%é a?é‘é§6f fhetespERREadsistord tRgSeNHslts minimal voltage
resi stance val ue and
deviation; and
directing trimming pulses of laser output along a trim path at the preferred
location on the surface area of the single resistor and/or the preferred locations on
the surface area of some or all of the set of resistors to remove resistor material from
them to change their initial resistance value to a nominal resistance value to reduce
thermoelectric resistance deviations induced by the laser output.
2. The method of claim 1 in which each set of evaluation pulses
comprises a single laser pulse.
3. The method of claim 1 in which the trim path comprises a plunge-cut

profile, an L-cut profile, a serpentine-cut profile, or a surface-ablation profile.
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application of the trimmng |aser pulses is halted

when the resistance neasurenent value is within a
w@e@dessrm ned range of the desired resi st anceP@HUSEN5/031909

8. The method of claim1 in which the trinmm ng Iaser

pul ses are ap{ol ied in a predictive tri mgrocess

Thé- net H&® Bethadetglaim | "M’“tqﬁ‘ PRSIMEguep Rang BﬁﬂPTrg%G at
d|ff(—‘{f}EhPI'o@aﬁ&§é Sh M surkdee {é% méfgﬁ@‘?é’s@lfor %étbfféllarbrbdb‘été?ﬂlally the

resistors conprise m resistors.
sarmaethod of cI aim1l in whi ch the resistors have a

G o AR A TP A B S} g o
scaf Qmérpo?ﬁorﬁ %\“fhel Sitfifce dréda o'fh!ﬁ?e BRighoesiftog! aim 1 i n

the neasurenent equi pnment "enpl oys a Kel vin
meds ur enfthet methatdnofoziaim 14n whigh hh@teW@JjJai!ondaaernMseﬁ have

ool A5l LBSR KRR iy g

whizth t iehedimetiRid efcclaiae atin ahidhsthe tpnsnlhgdaase]‘fpmﬁsaaﬁev@plied in
thermal equilibriumbetween the contacts

2 tragl NG §TD PropesSHWRSTOIN A (AUF DGR eATITGeR yaleds AGtaiped after
eacbrIﬁn{n‘ﬁﬁa?%é i.)zl ec?ft@ EofhalQf & 4 ABSirsy 'réélﬁlaﬁcé %ﬁjeoénd

urms ive resistors having siml
appﬁ@@t_idrgﬂft@bﬂnmnmg dasgrenildasciathattad wHen th@hesmtartuedneasurement

valiig:Gantig eprede eanethisnin o the Besied raoiznce Fb% et nod
8;08:1| ai frpk InRtHAY SclAie 1 rlﬁWh‘?érPfhe%ﬁﬁﬁm@Qésél' ;Qﬂ@@s 8fe applied in

chip resistor.19. The nethod ot claim!|l wni cn
a predictivBdrimgprecesspri ses a ceram u materi al . 20 The

mat od claiml in which th j St

r s heSmialon dai's St e eSisrirs TSR chipR tesistors.
" utﬂﬁm WRePMietifod &F dlainT hén Wiiidrotheresistars Boinprisevibiveshm
the resistor nmaterial includes a nickel chrom um

resistafpound or a tant alumnitride conmpound. 22. The

met hod g@}e tn% qﬁnlﬁ@ﬁﬁ; }Aﬁh& i 5r’e§fs‘?c5r§ Have asﬁgé\éé’bt Relistance |

by prec € substrate
valuehéf et fiiegh of e@haﬂltﬁth bhmehi ch the thernoel ectric

:]]: ;12?2: : 'Ighoen}rjmreltﬁc’oed (t)fe(r:}g% ?tlrlmj (N%lcqho %fef rlegls grts C%fmgnessg f%tur cads.

13.  The method of claim 1 in which the measurement equipment employs
a Kelvin measurement technique.

14.  The method of claim 1 in which the true resistance value is within 0.1%
of the desired resistance value.

15.  The method of claim 1 in which the preferred location is a position of
relative thermal equilibrium between the contacts. ‘

16. The method of claim 1, further comprising:

processing at the respective preferred locations multiple rows or columns of
respective resistors having similar configurations and specifications.

17.  The method of claim 1 in which the laser output is generated at a
wavelength between 200 nm and 2,000 nm.

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

chip resistor.
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24. The nethod of claim1l in which the thernoelectric

ef fects conprise Seebeck or enf effects. 25. The
woretohosiisof claim 1, further conprising: after PCT/US2005/031909

determning the preferred | ocation on the resistors,

setting_the a&\pl ied current value fromthe neasurenen

equiSprrerther BRI G h¥h YIS Val %‘é’sH@f%?%mar'?%sc?ﬁ‘?éd”“
matefibfm ng pul ses at the single resistor and/or any

respectlve resistor. 26. The nethod of claim1l in

whi2th ai heppethed dfdlaint @ ivehicigbevesistorimatesial comarises a thick

zero, or ef ore dL ecting the
fimgestedrang et ookasu et B e S rhe et hod of

cl 34 26rHgmekice ot dIginR P WeitHomeaasistoraha®gial keludesi Snickel

set to a desired value before directing the trinmng
chremiuse soatpound afiantgntalvmditidercamrPWId- any respecti ve

t or. '
v a1 RO aE i LA sistord 2 gebated by precast

scrib8%iHES fornest intthecabsatel. gni ficant alteration, after
the | aser-induced thermpel ectric effects, have

sul3. ded he methpd q)frﬁl@lﬂhﬂ in which the evgp%lgcmc affects comprise
te@ﬁg&hﬁi é&%*lél%ﬂf? s?én@é( é&ﬁpect ive resistor. 29.

the vol tage val ues are
measur edr Hehmethyid ofed:lalyn; 16 whighr thiesthefmoelecirieafiaatsreamprise
S prrentft tt are distant fromthe resistor being
eeﬁ%gk Clhe nethod of claim 1 in which each

§t0fo|+e3m'eﬂ€iﬁ108ffk9§mhyﬂmh@r@air®dusf f its particular

referred | ocation he nmethod of claim30 in
vm|aﬂerm&fmlalﬂgsthe rpr¢f§rredd@¢aime¢n the resigters: settipafte applied

cur;ﬁﬁ{ H@ﬁi’ y orE|t é’ ﬁ%ﬁ?ﬂ%&ﬂf %g]u@%@ﬁ\?g & t ! Eggﬁgn%ro \mﬁe before

dll’éCﬂHQ REMARAG bulsey alt 4 Qﬁlg@ﬁésiﬁtd)mmobéﬁy) I"@p’cectlve re3|stor
subSequent resistor is eval uated.33. The npethod of

¢l @6n 1 The wethad abejaian iamwhich-9a RpRlied balasice aitagg value s set
to %%%8$r§§%Q£nc$6alug ri)%f%tchr%%tlﬂé e g{/g}jégg’? Y}Eegrhtttll?@ resistors.

espective resistors 1nclu SOone

al |27C0nﬁEhE ethcsoitlains 26 35 whichibiehapbliedrbatamteoyoltage value is
| aser output to tri resls materia are

sot 6 3IRaTgE vala Belore BrpETIC g 1UETYED FLISs S1ibe e feetor
and/8r %Wﬁ{gp@e{lvé peglsq?'ance val ue, wherein the resistor
1 a

has a surface area positioned between
eI 28.r i CEtte metiatofclaiml 1iis waughpthet @caha)atm legbepulses have

ety b B B BB b0 TR SR brinauces
thefiAYSIBclritceffRtd RARS slifsided, in the initial resistance value of the single
resistor and/or any respective resistor.

29. The method of claim 1 in which the voltage values are measured
through relays of a probe of the measurement equipment that are distant from the
resistor being measured.

30. The method of claim 1 in which each resistor is independently
evaluated for its particular preferred location.

31. The method of claim 30 in which each resistor is independently
evaluated before any of the resistors of the set are trimmed.

32. The method of claim 30 in which each resistor is independently

evaluated and trimmed before a subsequent resistor is evaluated.
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exhibit an errant and/or transient resistance val ue
that deviates froma true and/or steady state
wo e®o®s@EnTe val ue of the resistor that i s neaseeBUS2005/031909
during an absence of the | aser output such that the
applied | aser output prevents an accurate nmeasurenent
of 3%he tThematipdef dawadyin wheh sequgniialy cyaluateg resistors are
ipediately followng the applied | aser output, a
nor‘lﬁ%c% ?'f or reducing resistance val ue devi ati ons caused
by 34serthenthetisd bhelamodlinathiche thef Setaif sespentiveiresistprs include a
posi tionin robes. of neasurenent equipnent to be in
set @b HAme A ?f?f‘%ctt%d SISt or; setting an applied
current value fromthe neasurenent equi pnent to a
reference or zero value; directing | ow power pul ses of
| as3F. ouA methad dorerapliying laseooutpet to frion rsigienmadetial from a

resohthenepoe shoPaL i siancs Va8l o rPoidiallth » AeFufh agistance
valY@Wiesrefft ieStesisher matdral Ris afdurfack s positioned weeneémelectrical
sets of |aser pulses to obtain voltage deviation

contadts amdltis sbpported ona subsirate.ovhenein laset puinyt pppkigd tnihe resistor

ol R LT SR O g
exHitihaR idrantaft/Britraneldnt essistarice value; thahdevlatesdtoma true and/or

hi gh- power pul ses of |aser output along a trimpath at
stead state resistance yake ofithe fesigtor @@tf'%wagﬁué%é gurpggn absence of

the:lg§ér56Lﬁf>uP§uc?1tm F@reoéﬁlﬁﬁrlggerl &ﬁgﬁi@‘t@vgﬂtsw a(f‘curate

espective resls e sane rate or froma _
measuenEitaf thd true sinsifarrsteady stateresistesces valuerimneediately following
fromthe respective ti}gai stor, tp change its,ini

theapies e UL e taon 6 1RakoPGGPEREAnGe VAl E geyiBtions caused

| f fie &ffest viations induced by
by {aﬁgpﬁ?gg?@gﬁ?gt@%%ﬂleA rre%saggmfbgrsm?npl oying laser & ,
out pogitioning probesaf measurement iequipmesthta bedpiconynunigation with a
change an initial resistance value of the resistor to
resi$i9foni nal resi stance val ue, wherein the resistor

mat g4tlidg aRapplied GUFrRREVAILEFraPe tid meaedrémrémesjuipment to a
el ectrical contacts and supported on a substrate,

refereaceion zees¥alugut put applied to the resistor materi al

ca BTG BRER S0, G o5 SRl HoRa ST ort Adth o
seduemtiallg applyesiat tanustiplaloativhabndbeisatfase farearothter iesistor

and/or steady state resistance value of the resistor
mateii@l; i s measured duri ng an absence of the |aser output

2o PR ANy B¢ FBY Ry etk tratr ot
sequesitiat sets of Vadanguisesddiabtaihwoltage deviaiion information for some or all
of the multiple locations;

using the voltage deviation information to determine a preferred location on
the surface of the resistor that exhibits minimal voltage deviation; and

directing high-power pulses of laser output along a trim path at the preferred
location on the surface area of the resistor or at the preferred location on any
respective resistor on the same substrate or from a same batch of resistors to
remove resistor material from the respective resistor to change its initial resistance
value to a nominal resistance value to reduce thermoelectric resistance deviations

induced by the laser output.
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the applied | aser output, a nethod for reducing
resi stance val ue devi ati ons caused by | aser-induced
wa besmmstectric effects, conprising: positioni FO/PS0EE31909
of nmeasurenent equi pnent to be in comrunication with a
resistor; setting an applied current value, fromthe
me?suremsnt equi pnent to the resistor, to a zero or
re en r
Vo s mehotffor BBl b achriddfpit I8 ADIeSkAor cichat rom a
resigtdrie shahgé asdnitialresistarate \tahee ot thestasistamioea namingl resistance

resistoyr; measu | t I
vl G Sk B A B PSS BPtBNF G lecrica
con‘t’é’été‘@né%h%?érté@%nra?§ul§§tﬁ:ﬁe WwRETRH iazer bhpurepbliédtsthe resistor
vol tage value to a function of the first and second

materigl induses tharmegtecirig aiiects in the easistanthaheppsrthectesistor to

xRS BB R AP Mt s oy e ancor

steéd%%t’ét@féﬁstdﬁéelealﬁeaﬁ tiee ragidtot that wnmsated dmng an absence of
hernoel ectric deviation. 37. The nethod of clai m 36,

theﬂaﬁqrmﬁptacwﬁhutaatﬁee applied laﬁé&wmu@r%@tﬁéﬁaw@@
me%fﬁ.lr%ﬁn%g‘né éfeﬂrire:tn SEB/O'?%té tsggig f g%ltr e \‘ﬁéloﬂg ‘érfﬂgié\?/jé%tégﬁfbllowmg
the mpplied lasgr bheput,ea; mae!thmt éomeduemgfremlatancemahne)dewatﬂ@m caused

appljed cyrrent; reset the applied current val ue

by 'ﬁggmaneeﬁ%mO@ﬁ%ﬁvc Sh(ﬁ&gn‘éﬁ’ff‘pf'g'gg zero or reference
val gyt BroBRAYH ek urEMeREEqUIBNTIME O BESS cbﬁirﬁ@ﬂ@atlon with a
val'ue; and conparing the adjusted resistance val ue

resisteasur enent to a desired resi stance value to determ ne

i rastine, o copfied Bl AalS RS REHHLETEh: FubRent . the
resi$frug 38erolberet@iehed vafues! ai m 37 in which a pul se ana
measurenent cyci e conprises: setting an applied

curmeasuring a&rstpre-pulseevaliageallieAeross ihAeHEtofo t he
r esdu;elﬂ?ég o&%l (f]’arﬁgrre plﬂée§ & I%EEPS?&;})ef‘EPﬁTe res st Crnaﬂari%l of the

pre- U€é across resistor; directing

resigtgrl se of Iaser out put at t he resistor rraterlal of
the resistor; neasuring a post-pul se, voltage val ue
acr’BeasyTing 7 Postpylse VQE@Q? ﬁalu[e faﬁ%thee@SEEQ '"ent val ue

L;ﬂﬂé?&ﬁﬂﬂ@%%@ﬁ@ Ble-paIdbR/BRAGe VaILR &G85S fitb REAREH, O

comparing the post-pulse voltage value to a function of the first and second
pre-pulse voltage values to establish thermoelectric deviation information; and

employing the thermoelectric deviation information to adjust a resistance
value measurement to compensate for thermoelectric deviation.

37. The method of claim 36, further comprising:

after measuring the post-pulse voltage value, setting the applied current value
from the measurement equipment to a desired nonzero value;

‘measuring the resistance value of the resistor under applied current;

resetting the applied current value from the measurement equipment to a zero
or reference value before measuring the second pre-pulse voltage value; and

comparing the adjusted resistance value measurement to a desired
resistance value to determine whether the adjusted resistance measurement value is

within a predetermined range of the desired resistance value.
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measuring the resistance val ue of the resistor under
applied current; conparing the post-pul se voltage

wo 2000031507 a function of the pre-pul se vol t age Pel/us20851a81909
a prior pre-pulse voltage value to establish
t her noel ectric deviation_infornmation;

I
| oo G Mesnariot o a7 i PV POIver 4oL a ARt remort cycre

corﬁpﬁ'?é sitance val ue measurenent to corrpensate for

rivoel ectric deviation; and conparing the adjusted
r eyettiranar applieck corasLvaine from dha mEssureentsqgiparend to the
val ue to deterrp ne whet her the adjusted resistance

resistofs %y @ #BIR OLLQIERENCE V@UShi n a predet ermi ned range of
th%@&%ﬁr@ﬁ g?é'pﬁk%r\ﬁta Yalvatue 3&osd fiee FRSigteel of claim

37 1n I'se and™“nmeasur enment cycl e conpri ses:
me aditgcting aapqueoplasee outpiut abthevegisistorampterial ohthe resistor;

t f t d
ai ragesrineen parsBue veledf ValERTOS TSR or
ety thef appirRd @it Yalue e uhé Measupesenpageipment to a
vol tage val ue across the resistor; setting the applied

dew@drmzef@b/%@efromthe measur enent equi pnrent to a

eSS AR, KAME AIEEB VeI SRR HMNE clfteHe

current; setting
aIO rédresaring thensostapulss vcﬁltagm \ldlmae teea Sumctivenof tbq lmr@rpalae voltage

to the resistor, toazer r ef
valye 54 & prprpTrRslsR Valtade valug ko 6siablish Hest eftric deviation
mforrﬁ%'tléﬁor for a subsequent pul se and nmeasurenent cycle;
aring the post-pul se voltage value to a function
of emploprr@-thelthermmmatgle dexiation informatianito edjust a resistance

t hernoel ectrjc devi ati i nf ormat,i on. e he
val%mq?@areaeepfpmmﬁ < o giiae e e it nf

I eséorh é’ﬁu@féﬁ%é@fﬁi&b Vialues e Dfsthéntftora desired

therm)el ectric deviation; and conparing the adjusted

resistanast valge ty detesminewhethes the adjus Qﬂe@eré@n%me@@afﬁment value is
I t det. t
with 2 ebRict G T ohBReshas (BdbREENalS! °1 2nce

t heaglesi Tiesl nictBb S bRolain B3l inavhidPa plise ard hoshsafernknt oycle

36, further conprising: applying an additional pulse
corapidsefeasur ement cycl e whenever the adjusted resistance

TG LRI SRR 2B e s iShiise anc
measurement cycle;

directing a pulse of laser output at the resistor material of the resistor;

measuring a post-pulse voltage value across the resistor;

setting the applied current value from the measurement equipment to a
desired nonzero value;

measuring the resistance value of the resistor under applied current;

setting an applied current value, from the measurement equipment to the
resistor, to a zero or reference value;

measuring a pre-pulse voltage value across the resistor for a subsequent
pulse and measurement cycle,

comparing the post-pulse voltage value to a function of the pre-pulse voltage

values to establish thermoelectric deviation information;
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preventing an additional pulse and neasurenent cycle
whenever the adjusted resistance neasurenent value is

w@e@ahErs7t han or within a desired range of thePdEE$2008031909
resi stance value. 4 1. The nmethod of claim36 in which
the | aser pul ses are applied al on%ra tri mgath t hat

cogpnplerisgdhe therqoeleatrie deviafian IRAMAYQR 1q,a¢)Hp] @ regstance
ti - i _ r .
val 5RGRtdifeidh Biterishte B therFiiciddfc Bl BlbR RS 111 o

pora?mp‘aﬁir@hhp-daqu&ed sésistsncdﬁaluﬁmem reonerdfto al daésgineﬁG
resip@ECGIue BdbterBneoV oL N N Sedderisnreaneafd eient value is
witry! eréaét%é@m @@é A FE UG FEifthhéd valhie. The net hod

o) alrm In i"ch

_ the resistor material conprises a
t hidek f iThe methcst efrclaim 86, farthenaemprigingdes r ut heni um

oxi de, .46. The. et hod of claim 36 j ' .

s aPolNiRS AR eRtne) RileR asd eRbdpmens Wb e s st gciusted
resi8far@elrABhsreMent Valudds BRIBWHAE nof Withithe deeirbd darsde of the desired

claim36 in which the resistors conprise | owohm

resistanicetvalug; an®. The net hod of claim 36 in which the

S8 e 405 SRR PR ¥t
residingd rhbasureRicHt vakieds gpsateetHamuor Widkidsa dédredTtamge of the

met hod of claim 36 in which the nmeasurenent equi pnent
desgpgire§istancRMaYe neasurement technique. 5 1.. The

metgyod thegh%z/@od?gft ﬂ@lﬂY‘@B?ﬁM‘l‘i& ﬁbqgséﬁl§é§9@ag@|éﬁong a

is Wthin e desired resistance value.b5
trimmathdbatodomprisesn 8 Blungevdut pofilacan hsait poofileua segpentine-cut

%enerat ed at %/avel eF th between 200 nm and 2, 000 nm
protlg, ofrg SURBEE@RIAIONRAfI& 36 i n which the resistors are

sepgy at ethdheliFatdiaims 36 e whidtethef residkstsicdnigise chip-R
substrate. 54. The nethod of claim36 in which an
resiafgysi ed bal ance voltage value is set to a zero or

o8] e Pl Dok S B AL At B o 020

chipfedigtonhi ch the applied bal ance vol tage value is

44. The method of claim 36 in which the substrate comprises a ceramic
material. '

45. The method of claim 36 in which the resistor material comprises a thick
film resistor material that includes ruthenium oxide.

46. The method of claim 36 in which the resistor material includes a nickel
chromium compound or a tantalum nitride compound.

47. The method of claim 36 in which the resistors comprise low-ohm
resistors.

48. The method of claim 36 in which the resistors have a desired
resistance value of less than or equal to 0.1 ohm.

49. The method of claim 36 in which the resistors comprise four leads.

50. The method of claim 36 in which the measurement equipment employs
a Kelvin measurement technique.

51. The method of claim 36 in which the true resistance value is within

0.1% of the desired resistance value.
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set to a desired nonzero val ue when the applied

current value is set to a desired nonzero val ue. 56.
wabmenstshod of claim 36 in which the voltage vetTIES2085/€31909

nmeasured t hrough relays of a probe of the neasurenent

equi pnent that are distant fromthe resistor. 57. The

met32od dfhecmnethadsefl ¢laimmB6 imwhidhuibgtlasen Qutpy igeperated at a

waniefigth ighyde PROP RRZ000 B i o7 ol rom & o) st or

i N 58,1 OWHY metHaddf clains B6ii whwrfethpe'eslsmsraee iseparated by precast
change an initial resistance value of the resistor to
scripeipgs fRIMedk iy thesubstratd. ue, wherein the resistor

matoy i aly eﬁgo}g{)f A5, 36 SR WhRH 4 Qgﬁﬁe@@él‘éﬁ%@ volta%e value is

electr| s and 1's supported on a substrat
set tharzere ok esferencetvalie whehithe apphem currest valoe iseetdpianzero or
i nduces thernoel ectric effects in nearby resistors for
refefepe@ValH§ed time interval that cause the nearby

r €53t Orihd Mefiidt &f dlaifh 53 \nﬁi‘tq{ e dppAiediRMdnce voltage value is

resi stance values that deviate fromtheir true and/or
set$d> aatgiret aonzeusvaluamhenthiearpliad ssitreat valketin sehigsa Aeaired
the | aser output and after the prolonged tine
noqz&f%yglgp such that |aser output applied to the

r esiest OITHY RiCBBE obElaing BBl whictethewaiagetvahied ae meaeured
and/ or steady state resistance val ue for the grol on

thrquglreretayfsi of @ probeeafitbe measuremant eeuiPEeng that @se ¢ ta'étgfr om the
res| fVI ations caused by | aser-induced thernoel ectric

&ect s, conpri sing: ‘positioning probes of neasurenent

equiRNMerThd metisod of claimB36iin athicmsequdntiaty timmest kesistors are

or colums of resistors; directing pul ses of |aser
nonagdjarantt o remove resistor material froma first

resistor to change its initial resistance value to a

nom nal resistance value; and directing pul ses of

| asE8. ouA mﬂthmd fori employingrlasemautput tontsim resistoamateyial from a

res;ggq{déj%arga@ag %@umeooffn%lmg%e li%ggggtﬁv(e?fr'ersg%rs to%tha'nae an initial

resfs A6 BPHEM[sIStSr tos he it PeglStanat ivans, iwrd;uemdhbye3|stor
aser output applied to tne TIGST. resi stor.

matEhreal has curiacedran posiionad etween ﬁl;eeﬁrlqaépoamtss,eeq, iysupported

on RSB VB Tab T 1y B Spaucos

thefrabeldBtrity éffedts Inoeshrby resisers farfa pnaﬂrbngﬁd tymdmstteaml that cause the
resistors and the sets are trinne uentla

nearhy rewislossityeXhibl BFABbaNF R ARRRICER S HERCE Ha ugééeafa‘?lev'ate from
thelr§R andIbFSteaf skt rEsistance values measured in the absence of the laser

output and after the prolonged time interval such that laser output applied to the
resistor prevents an accurate measurement of the true and/or steady state
resistance value for the prolonged time period, a method for reducing resistance
value deviations caused by laser-induced thermoelectric effects, comprising:

positioning probes of measurement equipment to be in communication with
one or more rows or columns of resistors;

directing pulses of laser output to remove resistor material from a first resistor
to change its initial resistance value to a nominal resistance value; and

directing pulses of laser output within the prolonged time interval to remove

material from a second resistor that is nonadjacent to the first resistor to reduce
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62. The nethod of claim6 1 in which the three
resistors conprise resistors fromrespective

whegonsisnyg, m ddl e, and end portions of a row BET/US2005/031909
colum. 63. The nethod of claim58 in which an initial
resistor in a first set is adjacent to an initial

thermagelecic reaistanseaviations. iNUCEdrhY M BREHOUPUL ARPIRTY te TIrst

res{s a{,v\/m ch the laser output is applied along a trim path
t conprises a plunge-cut profile, an L-cut profile,

a s9.perThemethod pf chirh &8 inwhachs thef firskand sacomdhresistors are in
profile. 65. The nmethod of claim58 in which the |aser

thepsameegovépécg'ﬂmﬂ ed in a tracking trimprocess wherein
a g st ﬁméfﬁ@&éfaaﬁﬁ%swawﬁch ﬁes‘PsHb% meaircﬁf/be&omﬁhare

| aser pul se and conpare to a desired resi stance val ue
groaped a'piplse&oi spatially distantaesistqralasdshe setmarecdimmed segaentially.

okt of i Begned PLERnsPal Sy a8 BeRBRE gt Ao

resRtore! ai m 58 i n which the | aser pulses are applied in a
predictive trimprocess. 67. The nmethod of claim58 in
whi&h t hEhe ewiteedpkclaisnBliis whieh thethres regigpes C%Pﬂ%é%'stors

T

i N 6% CHThémethidds bf elaim &8ripwiies an mhalarmsrstmanerﬁlrat set is
70. The nmethod of cJaimb58 jn V\,hl ch the resistor
adlﬁﬁ@f@rtpe'ﬂn ipighrasistar iy @ AP $6tm resi stor material that

n V\zﬁ.desT H%Hﬁl‘%d‘ﬂ’f eléir\q%e in w’hnclﬂ}% I@%él‘“@@tp@aﬁ |sCé;§bliéU5a30ng a trim

ich the resistor material includes a nickel
pathhhaincamprisespa phuhgercut prafile sdmibrout profile, 2 seprantioe-cut profile, or
The nehra‘ct;d of Ia|m58 in which the resistors conprise
a SYBAESA 'Qle:‘f? Fs. 73. The nethod of claim58 in which

t hegs esi RO hfethed Bf 8laftf TBriR WHIEH td I%@éﬁpl\.ﬂ@ésl%r@bpbﬁécﬁm a
than or equal to 0.1 ohm 74. The nethod of claim5

tragkingtring pro¢rssrwhlereina seistapee seedssiiemeshvalues Obtﬁ'fé,f?d after each
s 158 Rl G i e BB RO B e AR e o
pul8és [ FalfBdOShém thdredlistahes Maasureraést \ahoe iswaithia d predetermined
within 0.1% of the desired resistance val ue.

range of the desired resistance value.

66. The method of claim 58 in which the laser pulses are applied in a
predictive trim process.

67. The method of claim 58 in which the resistors comprise chip-R
resistors.

68. The method of claim 58 in which the resistor comprises a 0402 or 0201
chip resistor.

69. The method of claim 58 in which the substrate comprises a ceramic
material.

70. The method of claim 58 in which the resistor material comprises a thick
film resistor material that includes ruthenium oxide.

71. The method of claim 58 in which the resistor material includes a nickel
chromium compound or a tantalum nitride compound.

72. The method of claim 58 in which the resistors comprise low-ohm

resistors.
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77. The method of claim58 in which the laser output

is generated at a wavel ength between 200 nm and 2, 000
wmno6/88.57The nmet hod of claim58 in which the rBSI/ES®HNS031909

are separated by precast scribe lines fornmed in the

substrate.
73. The method of claim 58 in which the resistors have a desired

resistance value of less than or equal to 0.1 ohm.
74. The method of claim 58 in which the resistors comprise four leads.
75. The method of claim 58 in which the measurement equipment employs

a Kelvin measurement technique.
76. The method of claim 58 in which the true resistance value is within

0.1% of the desired resistance value.
77. The method of claim 58 in which the laser output is generated at a

wavelength between 200 nm and 2,000 nm.
78. The method of claim 58 in which the resistors are separated by precast

scribe lines formed in the substrate.
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