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LASER TRI ANGULATI ON METHOD FOR MEASUREMENT OF HI GHLY
REFLECTI VE SOLDER BALLS CROSS REFERENCE Thi s

wap@icioeasT on clainms priority to U S Provisi 0nHtT/US2005/041768

Application No. 60/627,581 entitled A Laser
Triangul ati on Met hod for Measurenent of

Hi
RABEECTRIANGH LA OBRMESTH® P @RMEMEME%\[E OPBtAHLY

i ncorporated herein by reference inits entirety.

FI ELD OF THE | NVEFILEDITIVEE SOLEERBAIVENt i on rel ates
to a nethod for determ ning the position and hei ght of
sol der balls on area array packages. BACKGROUND

| NFORVATI ON Recent desi gn changes in fabrication of
area array packages (e.g., Ball Gid Arrays (BGAs) and

' Packages (CSPs)) have resulted in a change
Cﬁaégﬁg'?‘]éﬁﬁé@%w ty of the solder balls placed on
Thishfssicaton E@*ms:p;.oﬁf)ﬁw 96 F&bﬁ@.owal AYphesicRdo d@@/sg?fsm

sol'der ball surfaces were relatively uneven and rough.
entifeshAillasenl nangudlabon Methed forddaasuresientof tiglhly, Reﬂee:tlve

ol ¥l Ao MBS RhEF L Lo, Bl RRINRY refisPce in

its BABRAY. area array packages are characterized by sol der
balls that maintain a snooth and highly reflective
surface. Laser triangulation systens for the

Fll':‘ﬁ?%"—r?m%nl \y)é Sﬁ&ﬂer bal I height and position on area

array devices typ| cally use a light em ssion source
Thé @r@sent@&e&ﬁm)remds o aensthue foradatengiimanthe gogtion and
aser beam sensor). The |l aser projects a | aser beam
het@@t of sl etballzpn SFeDAETAK PEGKAGRS of the area array
devi ce such that the surfaces of the solder balls are
illum nated. Position sensing devices then record the
BA@«BRD@JNIﬂNﬂmMAfﬂI@Nt ed |i ght The position sensing
s in the recgiver arr enent of the sens

Repgit Ao Canaber Misba i BFara At barkasks@ SasabGid
Arréls YBG:A% fﬁh@'@ﬁla%&% PRk @ DPs)) have resulted in a change

in the reflectivity of the solder balls placed on these devices. In previous area
array package designs, solder ball surfaces were relatively uneven and rough.
When illuminated by a laser beam, for instance, the uneven and rough solder
ball surfaces resulted in a strongly diffused and scattered incident light. More
recent area array packages are characterized by solder balls that maintain a

smooth and highly reflective surface.

Laser triangulation systems for the measurement of solder ball height and
position on area array devices typically use a light emission source (e.g., a
laser) and a receiver arrangement (e.g., a laser beam sensor). The laser
projects a laser beam vertically down onto the surface of the area array
device such that the surfaces of the solder balls are illum‘inated. Position
sensing devices then record the position of the reflected light. The position
sensing devices in the receiver arrangement of the sensor typically are
arranged to operate at an angle between 20° to 30° from the normal plane of

the solder ball, but may also operate in a range from 10° to 45°. When the
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the solder ball, but may al so operate in a range from
10 to 45. Wen thesol der ball surfaces are highly

WO edolb®6i483Ve, as in the case of new area array BEWUSE®S35/041768
the intensity of the reflected light in the receiver

sect ri es over ry large range as the | aser
sQ8grbe] sviresRaBEal r@ﬁsgfwf Pl dn the CasoLBPYETORaNaY

t
AdYiESs, 18 18RSy OB Tof8ERRThD, ARTEcENBP s B Rrias ovor a

versy lgreaaabk yasriberasert learh dravesssi agos e ter sirésoa ofAbeasolder
brlgsul t of the positioning of the |aser beamrel ative
the sol der ball surface, as well as the
refl ecti veness of the solder ball surface, npbst of the

| aser beamlight is reflected back towards the | aser.
Wihes tbadaser baam a@@chﬁs hhleeapml (the highest elevationy) ofrihe solder

g, At SeidkhBah $hiote B aburtally hafBaCie e s GifingTaserheam

Ab 12t @86k by tNFoSitigmab to? thé Risee bea 1AMV tbQHb soRrfetibaling
in very |low signal quality. Wen the |aser beam

SYIERREH 8 Véﬁ'b@‘q‘» fe @fleph%e@eﬁsﬁrthmpldeg bell stifaghemest dithe

334 B oy RS L BBAE. 1o o
thl@efﬁm!e@aﬂtreeu@i; in sieimdl scajeriref beijhe dowlaideiik! recéivee
the recejver arrangenent. This strong reflection

apraRggment nlhe FﬁC@ﬁV%nﬁscﬁﬁgemerrtesﬂgr@éf%%ent@@ente@\@gmandgwnal-
o2 lsé ré'{'icggreslb%f1 %?Lg{r‘ﬁgg ﬂﬂ/é qu% flen the llasgﬁ .

ar rangenent ['aser
bedmeeaactaasia poad Mermml mag/dlmttherbiall surface normal
ositi.on sensi.ng devi ces,

S ae: “x‘?%tg@igﬁwﬁﬁgﬁ@ﬁ%@ewmgﬁp Binesastageet fate b e
|a§e+ S@émtaéls,{roﬁgwfs%%ula%?/ Sotbbichafl o the réceiver

progressi ng down
atrargdroenton fué strbegsreﬂ@kﬁrorbasuus imoa hight amoent aSefletiegHaser

e ight S84 S sTonaninéRT it ré‘&%wﬁéia?ta&%e'gﬁagﬁéﬁ@arge
amBdnter reaseRadhesr llgPﬁ:bﬁbﬁ%aﬁﬁﬁfésﬁﬁe%&éﬁéﬁarr&agéxﬂ Eand

| aser beamintensity may not be able to provi
caoisgquently theepasition sgnsing deviees: resuliing mepdﬁmldveeallrsf.lgw

oI fLlls (et Bhang B oell Bltdte, SRRt ie.
priolgesssthg /8Onn ahe didis! ¢ithe askirg ®8ill towards the bottom of the solder
ball) most of the laser light is reflected more horizontally, and eventually
towards the device floor, away from the receiver arrangement and
corresponding position sensing devices. A single laser beam intensity may

not be able to provide high quality receiver signals over the entire ball surface.

There is therefore a need to provide a method to accurately measure highly

reflective solder balls placed upon area array packages.

Conventional methods and apparatus for obtaining three dimensional object
surface determination, such as illustrated in Figure 1, such as found in U.S.

Patent 4,991,968 have a significant drawback of being costly to produce due
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Conventional methods and apparatus for obtaining three
di nensi onal object surface determ nation, such as

WO bdoas®ss4at ed in Figure 1, such as found in U SPCPREs®EN$/041768
4,991 ,968 have a significant drawback of being costly

to kge dﬂl{n‘ﬁ%i:ﬁf %Fﬁnéﬁt@ Jueap Add?ﬂoﬁéf@pﬂ{eg%géo&%ﬁg%n@fyﬁems

I Ona ese conventional

ar@ ben@rtte O@eebtdcamiod!o adaaﬂapbtdodmumseaielpeckégé@leéd usRy.
ere is thereLore an additional need t

Tner%ﬁ T@@I orgeeh addiioga 5@% fa ewc&ﬁ a gpeinAd @\dterraoaratus for
scﬁgglpgqg%mﬁg el%ﬁ%rb éh t' is ne%u(ﬁ BR&ISE ﬁ?m; ﬁé}e

erefore an o jective
pr esent inventlon to provi de a nethod to nore

rately neasure highly reflective solder balls
SLWMupon area array packages. The objective of the

It |§Ftl$é%!’5re'a{rhV@6]ébtR}e IRheRfc8EktifV& iSOl drbvebraaﬁ%%@d%

descri bed. The present I nvention rel ates
mQreta-gcmataIMmaasﬁreahlgidygeﬂedwe/smidqrdzallsupjmem‘ upors atetearray

nb d I b
papfagss. | ThePBisEiie Bt e Ao TNt Bl e ScRAMEd ARy,
illuistrbted &ad 83cribeRP| Tes pRaent RiveAlioA réiatey We%@&%ﬁatlon
The area array _package may be, e.g., a Ball Gid Array

of arhwiglyt and/er Ositiproekba soldes bg@e In on)slexyample gmbodlment a

ladf et &6 TR Hikaskl i dreRRR €y, Bysaifininas)
a silddretl, ort Angred lahla?pia@kégé The =Feh dera dka ES k&ay be, e.g.,
resulting | reflected fraomthe sol der is al so

h
a Balhfariddiray bggtA)u I &Rl %ﬁalﬁéﬁ‘aﬁl@g@f("@ﬁe")s dugatr reflacted

fro'n?‘ 'Tehct e%ﬁé@ﬁg‘é%g@p ?? 9}’f gﬁ%éaser eamnzjﬁg}g)ﬁreg?éﬂbg?t

inteMIMSlaigo dieexted la¢ (ammihesi, ilurgimates)fthe (Sb&ieraﬁlla Thesul t

of .the |as the second intensity.
fe%&tmﬁﬂ'%hf f?ﬁ%ctﬁg? henaplger balkstals samipled Adqczﬂtrﬁm@m/or
t I
o B R 'gttﬁéﬂ%‘@hﬁﬂe& P EnElon oAt SRRt
reftﬁomdaas ai raselhof the, lasbebéamsit the diest itteasity, raneinthistsanmpigd
nder, 1% of a@‘%gf ul | ovver @1 nd the second | aser

g e RSB s A e CLRFANGTNteRS Y -2 E6F

exhiiple, RR¥REIght BnaR rﬂé’ﬂ%‘ ﬁﬁ?%e‘ﬁetéﬁ‘ﬁm@ﬂ %eé‘functlon of the
i nvention, the I aser beamintensity may

sampled reflected light using an optical triangulation method. In one

embodiment of the present invention, the first laser beam intensity may be

under 1% of laser full power and the second laser intensity may be at

approximately 100% of the laser full power.

In one embodiment of the present invention, the laser beam intensity may be
changed from the first laser beam intensity to the second laser beam intensity
by varying a drive current to the laser. The laser beam intensity may also be
varied from the first laser beam intensity to the second laser beam intensity by
an electro-optical arrangement, such as with a Kerr Cell or Pockels Cell or
other electro-optical light-modulator. Such devices are typically driven by RF
MOSFET devices. The laser intensity may also be varied from the first laser
intensity to the second laser intensity by an acousto-optical arrangement or by
3
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changed fromthe first |aser beamintensity to the
second | aser beamintensity by varying a drive current

WO e00bloes4Baser. The | aser beamintensity may al BOT/DS2005/041768
varied fromthe first |laser beamintensity to the

secand | aser beam intensity by an electro-optical
Vet Spoietons aeser dive cdrl g ReohStestRtsel o 1
aRang8ment SAE & Sleipdopfitall light nodmkstoat or . Such devi ces

are typically driven by RF MOSFET devi ces. The | aser

intensity may al so be varied fromthe first |aser

I SRsERF o e B R SRR PEDCRR itsBiulemian e
lasér besrarat die Yist talier rlantindemsitydeniisg v pbweRmay produce the
arrangenent and an el ectro-optical 1ight nodulator. In

begt digtaiwhen difactehat higsaer kalded resition ptherdhan asapex of
; Y _ o
thb RSP ARSHORAGT HROAR Aot MinG SooRPRicel ROl

I nt ensi roduceé
intemasity diav gt lidh goweh enayopdeiuckahé biest dafgoshén directedest the

ha apex of the solder ball. Additionally, the
S({]%%rre}?aqg% apPex f S%lg%'b%@l ‘| aser beam intensity having
hi gh power may produce the best data when directed at

the solder ball at an apex of solder ball. In an
Inesteexdraplendrobodierent of thehnprgseat mvention aheilaser hezen irdsesity

beam intensity nmay be varied by varyin n RE. drive
mag fervaligty Ay liB A RE e Dweria Bt apdestispiiscaefieptor (A
o'aéqebﬂogj]t reflected fromthe | aser beam nmay be sanpl ed
via a receiving section. In accordance w th anot her

exanpl e enbodi nent of the present invention, a |aser

THRERuFon et (e BosP BRR M ER.AAmb B gid BT,
sclcfoh. for a first period (e.g., 0.1 to 0.9 of an entire

sanpl e period). The light reflected fromthe sol der
ball as a result thereof is sanpled. For a second

nRREORIrc B ofoet BB AN 0 DR LA
laserdvadmiat adirsilasahbéamtifienbitg By diksasd as adoldertted o an
the solder ball. The ljght reflected fromthe sal der

arga ArayFAnkeoR ¢ B o adePPhiosa fifst paod hand- 1 100 of
arPERMTe! AnFhI8 de¥ioll$. The light reflected from the solder ball as a result
thereof is sampled. For a second period (e.g., 0.9 to 0.1 of the entire sample
period), the laser beam intensity is varied to a second laser beam intensity,
while the laser beam is directed at the solder ball. The light reflected from the
solder ball resulting from the laser beam at the second laser beam intensity is
also sampled. The height and/or position of the solder ball is then determined
as a function of the sampled light reflected as a result of the laser beam at the
first laser beam intensity, and the light reflected as a result of the laser beam
at the second laser beam intensity. The height and/or position of the solder
ball may be determined, for example, using an optical triangulation technique.
The reflected light captured by the receivers may be sampled by electronics
following the receivers during a small fraction of the first and second period or
integrated over most of each period to capture a maximum amount of
reflected energy and thereby maximize the signal to noise ratio. In this

4
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al so sanpl ed. The hei ght and/or position of the sol der
ball is then determ ned as a function of the sanpled

wo c@heef | ected as a result of the | aser beanPer/usives/041768
first |laser beamintensity, and the light reflected as

It of the | b d
ePRpGRIN: PO S RTING AR (BT} RSNE Pulil CupRiR Whose
raf8lid aTENctim Sethe” s'i’:ﬁﬁ'r offaorgrﬂ%%@bﬁ nsbs'ijrﬂa&eaﬂaybburs@b as

triangul ation technique. The reflected I1ght captured
a Hgtechw ineaehvecsiveny be sanpl ed by el ectronics

follow ng the receivers during a small fraction of the
first and second period or integrated over nost of

|nﬁtﬁféfb>@%¢|e@rﬁ@ocﬁmrtﬁemrmsmm@hsw ma§fBecahidst 1%
energy and thereby maxim ze the signal to noise ratio.

ofifull {asies pnivedi amchtheasernsidtinser kearsiinignaidy swydve ap@oximately

R PSR . A Ea efld  BE o e

flrﬁﬁﬁgeﬁﬁemdﬁm&? o ke 6shd Iaser vedim ihtenshy by emeymg @ drive
nbodi nment, the first |aser beamintensity nmay

curremd o i teser.uiThel la%%"rb%«mten%ltydnﬁb@l%%@ ﬁbangg% from the
fuggl\%glr# B%%@%Héﬁsﬂ?% bt &0 F@l[ ﬁéé(m]i%ﬁﬁﬁyﬁ b&?n elé@ﬁ@r

aser” beam | en3|
opitital hiraageinentand/eaani avoesto- bprtlctab ahiwgemﬂd In aaer

beamintensity by varying a drivye current to th
emBoamentios e Pessant Ao R e e o AN Gbpaliam b gcsolder
gorat t { Sorelr
b%‘fﬁqu%eaér%bfrﬁbggm tf 5 anﬂhglggﬁélggsgtrﬁ\:ﬁ ribetgr% r angglr%\r‘?tl o
naiselfatio.an acoust o-opti cal arrangenment. |In one
enbodi nent of the present invention, the height and/or
position of the solder ball may be determ ned based

InURRBrddifeSwii yet Shothay bﬁﬁmﬁhﬁeﬁle@ﬂthé'rﬁéé’énttlﬁvéiﬂioﬂethe laser

rati1o. In accordance with yet another enbodi nent
bedre ipteasitynof & rlmaftacannmgraasmldsebalb@aaﬂerna@wvame%beween

I d
ot EasiuR aIeNslS 1SVt BrackieingT pB AR GRS dBldcTE fines.
IR d@mhplatansodimeitf theddcidclddiffes dré stelm;ﬂe@marrdr@ used to
enmbodi nent, the deflected |lines are sagzjl ed and are

detesninedhaéreighii ans/empositoryat therrelder bajkiusings ed3.. opiical

R RgEaRE e SRt Rie a8 Mol Bt st . By 1isBs,
laser power, while the low intensity lines may be produced, e.g., using 1%
laser power. The high intensity lines may be spaced, e.g., every 38 microns.
The low intensity lines may also be spaced, e.g., every 38 microns, but may
fall halfway between or 19 microns from the preceding and following high
intensity lines. These "interlaced" high and low intensity lines may be used
with a projected laser line and a CCD or CMOS detector used in each

receiver; each detector consisting of an array of pixels.

In all of the methods previously described, the laser may be, e.g., a

semiconductor diode laser.

BRIEF DESCRIPTION OF THE DRAWINGS
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| aser power, while the lowintensity lines may be

produced, e.g., using 1% | aser power. The high
WO paoe/06348Yy | i nes may be spaced, e.g., every 38POT/TRIINSG041768
The low intensity lines may al so be spaced, e.g.,
38 m croms u Setvve or

fall | f
Figies §iS adbaneritial At fised er PR a b ifimedsiotal

détehRmtibY Jf e suridéesean objert! aced” high and | ow
intensity lines may be used with a projected |aser

line and a CCD or CMOS detector used in each receiver;

FERR Al hﬁﬁ%%h@ﬁ 52?% gﬁ@iégggg;ie?vggi :?({; EP(%DS%@%%EV@?S’:I i

OF THE DRAW NGSFigure 1 is a conventional system used

Figgre 31is aiflewshad fohpe exemplaryi matiodracerding 4@ thmpegsenhe

m%ﬁ{&?e of an object. Figure 2 is an exanple systemin
X&¢&t dance with the present invention. Figure 3 is a
fI owchart for an exenplary nethod according to the

resent invention. Figure 4 is a flowhart for a

Figteofds 8 flewshartjorasrsand exsmplary nethoragspedjag o the

p,legg,ﬁp, V8ol i gure 5 is a flowhart for a third
exenpl ary nethod according to the present invention.

Figure 6 is a perspective view of a |aser projector,

1 NCi ent and, canera arran nt. Fjgure 7 is a
Fighite5 3 eJIBeha Tore tiEnexpRoly BRSHOR docetdifglp thepgsent
indestigf.ace of an incident target and received by

mul tiple position sensing devices. Figure 8 is a side

view of an incident |aser beam being focused by
rece vin

nd poesition sen dev
Fighict1? Bhatiiadie SowBE R bR T Bttt SFFpRtent
cdrh@fd afr&i®fBraehiaser beam Figure 10 is a side view of a
rotating pol ygon sweeping a |l aser line over a
Figure 7 is a side view of an incident laser beam reflecting off of a surface of

an incident target and received by multiple position sensing devices.

Figure 8 is a side view of an incident laser beam being focused by receiving

optics and position sensing devices.

Figure 9 is a side view of a galvanometer reflecting incident light from a laser

beam.

Figure 10 is a side view of a rotating polygon sweeping a laser line over a

prescribed field.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

Referring to Figure 2, the present invention may improve the measurement

quality of laser triangulation systems 10 used to measure highly reflective

solder balls 20. The present invention may allow solder balls placed upon

electrical components for example to be measured with a high precision as a
6
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prescribed field. DETAI LED DESCRI PTI ON OF EXAMPLE
EMBODI MENTS Referring to Figure 2, the present

WO pwe/6346Mm nay | nprove the neasurenent qual it yPOf/UBBS®041768
triangul ation systens 10 used to measure highly

e sol der _ball 20. The nve
fura¢trwflsr@\ﬁa@vveo%aht§r%m 8 a%er@%ﬁm ef# aidhe é@ﬁfd&@ﬁ
eyt sl bed.frfe fésw hvanhbs nh@rrsﬁ%aéa@.gm 30A
a uncti on cti ve eam

| ght froma 1aser
ofdi mlgbtne@nalty tdser behne30 salisedstor fpairds onrthartoe abd didesnof the

sollerihl 20, CiRerecth S FadkereRisional dortte Féssivars i€ Binnacd e
refl&&@et ARy 40R! ﬁaﬁ eprbwt m@erﬁswydséerq?éalm a@ i§ \aeH eort 'Jh%

scattered si gna he recéivers is V\I), and
speeﬂlamase@lonsnwlthaeauar@aﬂaa (Mmeirattleehmfteptecaggnabledugh).

B co|ocab0 tote Pairin g FBRAalby it RParB-foigh fBudghd Fo
sat@latien} frod slps&ctivnksBrsh@baltisdfagsal frdm tlﬁé‘l‘(ﬂhand sides of the
signal -to-noise ratio and no saturation) fromall

Soédﬁftbaﬂrﬁﬂd)ﬁ\et specylariregions d&eof thesgidartalli2s) measusement

BlphtFoade P AT sl iRek RS AR e dcar avi 111y and

accuracy) may be |rrproved | nspection at the "high"
and "low' |aser beamintensities nmay he performed at

|n§%%¢#'°§aﬁ‘¥dh@ “BiSh ang nlown dagpy heagy, i'Tt%%'t‘%?”l?é’v@ gprformed at
ri angquMlv(‘)n s{ysét l%ear%%%t}}s g\%frg Fh%mozﬂ% n W&{ Wr ee

dedicribed ibeta. neasurenments of ball height 17 and to
ensure that balls on the area array device (BGA and
CSP) are coplaner 19 to each other . In an exenplary

A BJ5RP BeBRMriaRbulditn RySRSA 1 018 LGBH 'g&”% Eﬁnd} #7186 diRéAsional

triangul ation system 10 transl at a sensor
measunegwnds of ball haight 47 landdo dnsane gt bws ondhe area ayrag?2

cont e area a ck each
i (o haha Ciskh Bre 6biBe ko & sBRE SBET, ('am EREnay
erﬁsodumw loR RS gﬂ%%éﬁ’t Bentién, fthe %ébrlibda?ﬁ @naﬁ%ﬂéi%dé&%k% 10
di ode | aser 12 passes thro ug
transtates ibotlbptsepsaedirasgemen haﬂdtawlaﬁer beam 30 40 over a tray
22 containing multiple area array packages 21, each including a number of

solder balls 20.

In the sensor 50, the laser beam 30, 40 from a pulsed semiconductor diode
laser 12 passes through, e.g., a 500 spot acoustic-optic deflector 14 and then
through imaging optics 16. The focused deflected laser beam 30, 40 forms,
e.g., a line of 25 micron diameter spots, 12.5 mm long which is projected at
approximately normal incidence onto the device (i.e., the solder balls of the
device) to be measured. The laser beam is deflected to an exemplary
direction parallel to the “Y” axis. At least one solder ball 20 is contained on

the device 22 to be measured.

Alternatively, the beam 30, 40 from the semiconductor diode laser 12 (running
continuously) can be formed into a line, e.g., 10 mm to 20 mm long and
7
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t hrough i magi ng optics 16. The focused defl ected | aser
beam 30, 40 forns, e.g., a line of 25 mcron dianeter

WG pwb®65432. 5 nm | ong which is projected at PCT/US2005/041768
approxi mat el y nor mal i nci dence onto the device (i.e.,

appAGAR SN Ao DIy Wi GBS et e iR LEE A 30,
40PRAER IR tré@er%@%loﬁ@ aﬁé‘xﬁ& sRbwhessan @Rérr@(dryléY” patdilePaxis

is contai ned on devi ce 22 to be neasured

88ata élunamammectsrpéawbm 4 aea aravidevees daBekgict or
cof g gof° oo Sote Yool Ak BHP U rehiceal BYFa b8 Biftional
cyfndiaip Iend olde eifuralomit hbmgqsamudeaensama bpredeisithe beam to
surface The | aser beam 30, 40 may al so traverse al ong
foem adifies, shown as an exenplary "Y' parallel axis 88,
to illuninate obj ects placed on the area array devi ce.
In anot her configuration, acousto-optic deflector 14
Thewecerver eptiiore 80y tire senmrar'ranmlmewtl 51nihaiy dadludie bwo or

G iCPU AR IONS Ol SoTNIG, GRASSVAE a0 ERSITBA o Theva SRcins of
reB&iRRIRE M Parld H%gedtcﬂgugdﬁag% Ala8d 'sgﬁimétﬁEéIIWéﬁo&fthe

recerving optics tors 49. The two sections
nanmaﬂlyarmlcvemtgasmtatcaﬁa%toﬁﬁﬁ algfety coltect datenip h@uaﬁ@] ferd

igougtian Qe of bip tietectut "oy o Yisefice oo stfffinsWnére
ord %&%‘H hfdv Bl lﬁé%Sst‘Pucth%n@eél@G\‘&* cfatﬁ%bnﬁﬁnét&ﬁ‘%f received

In sit Uatl ons where one sensor Vview nma

dath o thesathen detaater)f dhedacaivingrontiassts imugftf)w/ae eeftaoled

la§gghero gt BFrEbea I Sikeef oiue B ttePReo s 38 *°
ddighhinfriy theaematReipbsitin sfehe dhaged 49ot Bi adkitectar AdNthe “Z”
the relative position of the inaged spot on a detector

positjon pidhetasesosnat oprthesoldes bell serfaspds celsutated BY| der

trlgﬁ L:Jltaﬁ(glf;]f g'f]% “?](: p‘@@hé%@&@%}l#@ bf%as e@a‘ﬂllﬁéércflﬂeg Eeteftnined

byfilecsarisoe teby ﬂdf‘e(”mﬁ@h it yDicaly |$ae¢urataly k\mwh from
typically is accurately known fromthe positio

therposiionsersders PRoN the “é a§ISaal@m@ WhiGlE e $RnS0E A0S deigen.
R N s
50 location as determined by the “Y” encoder 61 summed with information
from the circuit driving the beam deflector which may be an acousto-optic
deflector or a galvanometer driven mirror or a rotating polygon device. When
the highest accuracy is needed the laser beam position may be sampled at
the output of the deflector as is common practice in scanning devices. The
encoders 60 and 61 track position of the sensor head as the sensor head,
illustrated as enclosed in the dotted line, traverses along a scanning path.

The sensor head may move along any plane, as indicated, in Figure 2.

When a line of deflected spots is used, the detectors 49 are so-called position
sensing detectors (PSD’s) which provide an output current ratio which is
proportional to the position of the focused light spot falling along the PSD’s
length. This establishes the “Z” height of the spot illuminated by the laser
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50 location as determ ned by the "Y' encoder 6 1

summed with information fromthe circuit driving the
wheaaioaast ect or whi ch nay be an acoust o-opti ¢ Bef/USDH041768

or a gal vanoneter driven m' rror or a rotating poI ygon

devi ce. VWen the highest % ded tp SF
bemen e 2 Fa3eT ey TEruasien chons PRSTON Gl & ot o dRe fser
i€l 3 bEERR 5] HieCRUHER nBAE B0l goglt@ﬁ%ﬂh@lgéé{ﬁcﬁ'ﬁéfthe

e enco track position of he sensor
pohr&%dnmgetdsm thepbals brdde QCD ws GNOET ek ibiabsedespond to

the YRS HEMP TR VRE5a TE0E o g SR & BOITaad Bk RS The
“ZFh?@h?Of"ea%SP tiRe 'idd‘\ﬁd@él ﬁiﬁﬁt‘sqmmmmw the lagee fine idre

tors are so-cal p03|t|on sen3|ng detectors
detérsihsd bytthe Ipogition Qfethanmage of thecindivigisal peints opHheC¢B or

I
CHGRY Sagoi BrigertieBeB 2 esirdho e o2t ERPry epRRR of
the Zanfeeh g'ﬁro@éssﬁﬁtfeﬁa@ﬂbnldslsmn@gtaegb by ifdhedédreabexemplary
Wen a laserline is projected, the "Y' position of a

erpbommezmm, whereirather eleciienics captraseive ouiRihiEame compapents,

sq ad sg:ﬁ:lfﬁgﬁ'ﬁ%égegﬁg d#’@@éﬁ %ﬂfe 6@(?@[?115‘% digital

fofrfaf SERGISIfGrausehgith ¥ computer 100 he receiver's imge. In
the case of a projected laser line the "Z" height of

each of the individual points illum nated by the |aser
. . p X b
WA (RS T3¢ shiph 9 JESis Al pfactl nd BBGELRS TR
thdisepedl 50 neay besagnd R drCVMRS tarhe(ate ptidle, dherposition of the
AU BB OB e KTHpPAN LTt FONETE SUTACE GPtEiaines The 2
P‘%‘f@ %’ecs%rfa%%ﬁ ﬁt%'Bé?ng?thHﬂﬁat%ﬂom conponents, such

camera devl ce a PSD and convert the output
into a digital fornmat suitable for use with a conputer

AT bnE Wi BEARek R o RUEB LR SBrHL 5o o, ow
lnfer%1t¥ %l@ﬁoﬁl\@% R EPSided B ﬁnghm%ﬂ@@mg E6ldepbalid20 may

pol nts on the focused I'ine on the canera
yleldrrﬁcan'@llmhedamne‘wdﬂmallz highdntensity @fgnﬁlﬁefrgmtm@@ecular

re%é ftgpeo@glglrhla)l( %g L{rﬁtreetgu Aﬁgﬁs %rﬁ\%fa Sensor c&%ﬂg Qi lowing

electronics.

In the first exemplary embodiment of a method 200 of the present invention,
according to Figure 3, the solder balls on the devices under test 205 (area
array devices) are illuminated by a laser beam at lower intensity 207. The
light reflected by the solder balls as a result thereof is sampled 210 (resulting
in a data set labeled “low”). The laser intensity is modified by a controlling
device 211. The solder balls are then illuminated by a laser beam at a higher
(e.g., "high") intensity 215. The light reflected by the solder balls as a result
thereof are also sampled 220 (resulting in a data set labeled “high”) 221. In
one example embodiment, the “high” laser intensity is full, 100% laser power
while “low” intensity may be 1% or less of full power to prevent saturation.
Although the “high” and “low” laser intensity is provided as typically full, 100%
9
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intensity signals fromthe top and sides of highly

reflecting solder balls 20 may yield poor quality
waoelaaa/06548di ti onal Iy, high intensity signals frpoOT/URE05/041768

specul ar region of the balls may saturate the PSD s,

caneras, d/ fad fol | ow . [ ONj. CS. he
s PRL AT P e Tl b e a5 BeRS . 2060 et B e be
usBH &8i€Atthattnerhighn vareeerdinighdrdn FidptisteRsity thanstwekaser
. balls on the devices under test 205 (area array
intgasitcleyplsare il uninated by a | aser beam at | ower

intensity 207. The light reflected by the solder balls

as a result thereof is sanpled 210 (resulting in a
Laéefj ﬁnft@&éiltylbrﬁbyé bed/a'ﬁbd}/h?w altering ﬂhe&&tzvei a‘urmﬁ itd Yhﬁl 3

mpdi fi e a controllin evi ce 11. The sol der
sepusondusier dinde faser @mlﬁttge%ﬁ/dw aoweT it At Sefieetee4.
OiaPmg o he R hen Py E bS8 SeTISRiadRy
tedtfigiesemalytalsgbe nsedd #fsaa sien-linaitieg edatripleybf the2R-D defettor

I nbodi , the "high" | R ' '
145 the Sefiesbor 1 S8RV nsah mrmuh dusleidtanialioy ohie Beedos
betﬁhheé§ﬁzi%ll%{s mgiqué;gv@ﬁ?é@ ré¥chfBH (. 2alaH b of %&’rﬁygh

an "laser intensSity IS provi as

diregtidrsain whithithe defiectoasay ppavate)arlihe A€3 sefléctor 14omay |

I I nt it t.k b h .
e 28 o rp SR el ior R 158 RO e oriE Spiroton
fortélgﬁ]eiu!\;aWéﬁb@ssﬁnabeﬁwaeéltehgtrﬁyelS- Laser intensity may
be varied by altering the drive current to the

sem conduct or di ode | aser and/or the RF drive power to

oAbl B b TSR
theralectiossptizal gisftbnté\to achiene lthedbsingd eecuisl ahef elbbgo-dplical

defector 14, the deflector 14 may permt a nmaxi num _
megidation sysigmsanayAreyide Fer Bighrbanehisiscagabilitaeand fast rise

rQy k: a ' ; t [ e Of ec

arB RS BRI A8 oy Bty A BB g bicioncyof

moghdatidre) . The A-O defl ector 14 may have an opti cal
transm ssion capability of at |east 50% and provide

correction for a small variations in | aser

In ﬂ@éﬁ%ﬁ%ﬁi@g@%ﬁ@ﬁh%;@éﬁé@ghﬁ%, WthPiatd e idRme is
doubled, as compared to a single scan process, as a result of the two
complete scans that are performed for an entire tray of devices; one scan for
each intensity level. The data sets obtained from the “high” and “low” scans
may then be combined by choosing a sample from either the “high” or “low”
data set at each sample point according to their relative intensities and signal
to noise ratios. In the example embodiment, the point from the data set that
has the highest non-saturated intensity value is chosen. A final data set then
results from the data chosen. The “X” and “Y” values may be obtained from
the sensors and may then be used directly for the determination of “X” and “Y”
components of the solder ball. Triangulation 240 such as optical triangulation
may also be used to determine the “Z” (vertical component) of height of the
solder ball while position encoder readings of the samplings 230 may be used
for the” X" and “Y” components.
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the el ectro-optical elenments to achieve the desired

results. The el ectro-optical nodul ati on systens nay
w@eamios3f or a hi gh bandwi dth capability, and PeEUSIONNS@41768

and fall times. Transm ssion ratios nay be greater

than 85% for efficiency of nodulation. In the first

enbodi nent of the present invention, total data

It §I¢@l!|4dibé hetadtthaEaltfoughuhb ¢|@wcﬁ§ncarm@r$§hé\93 8cahmiahfsing
process, as a result of the two con%)dete scans
RFITY

the hl?N“an‘eerﬁévﬂaﬁamaﬂbﬁrsaﬁndﬁhe rigight | eserdmm@eeond

5 e PR ) X R B e ve
"ldwy" mtmwwrl@s@r Imrmtseccﬁrﬁd)madmbﬁany kthobyB Mlustiated amd
dat aeéet at each sanp pai nt according to their

desgrined @s having the Iaégr a%anglogrm AQ d%h%@rﬂ& angkreqeiving

R oI orb O AR SABADE i gaing

a chrisaling deticeathidatanisels nhdi@(ing endIrmevdment dftthe diy8 upon
be obtai ned from

wifinR 18 50BBE balkwartaplacne o' Be MU L NG He8r T2 both.
Fmﬁ{eeﬁmr@%b%n%umg , Cafi bE AR E5'L Bkef REvAYHHSE"

. Triangulatio as optical trirangulation
outpyt afltbe Ia&eru@ecﬂwereb;d ailewmgm vahat:dribf l(aser beml intensity

eGSR0 Brdasis 1Y BE eRtated fRP HIEEnHS Suriosst Be soklst ball,
thé®dy pfodadifig data @Bm@@rﬁtré bo§§%HbﬂreP.ﬁldP\%hﬁpoﬁthétsolder

aIthough the flowhart of shows scan I ng using
ballhe "1 ow' intensity |aser beamfl rst and the "high"

intensity | aser beam second, it is of course possible

to scan with the "high" intensity |aser beamfirst and

RéfBfing W igurd 4/inid yedarresxdmmpl @\’%ﬁfe‘ﬂ%ﬂ 360 dickbrRfivay ’cd/the
ri

al though illustrated and desc ed as having the | aser
presentdayeitiame fﬁa@loa@‘fltlé%n@rmau lager oné digneyiengy, a first period,

s BSEABARIBER, o A0 BHOE L SPREL Y )38 sl

balibi3did arahto gather dd@xirorg the desuitivgestiectdd ldaer beaws 34N
whi ch ige sol der balls are placed or the novenent of
TheJaser L maybg ppaesated atarr@ﬁwﬁ%fieve eHBeRidierganarateghe

o5 EES: PAATPRILISH 41 1s 34 Ichaf] ¢ Pl BOS iy,
devie@n32ht brihietrgmaining fraction of the entire sample period, e.g., a
second period, the laser 12 is operated at high laser beam power 330 creating
a high laser beam intensity. The reflected laser light is then gathered from the
high laser beam power 340. The second exemplary method according to the
present invention may be used for spot scanning (i.e. single point scans) on
the surface of the highly reflective solder balls as each point on the reflective
solder ball is illuminated by two different intensity laser beams and the
corresponding reflected light sampled. The initial fraction of the “laser on”
time, the first period, for low intensity may be set, e.g., anywhere between
1/10 and 9/10 of the entire sample period 345. The “high” and “low”
intensities may be, e.g., 100% and approximately 1% of full laser power
respectively, although other values may be used. Additionally, other fractions
of “laser on” time may be used and the described embodiment is merely
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| evel s. The process may be repeated over the entire

surface of the solder ball, thereby producing data
wW@bwaei4be entire positional rel ationship of tPer/sstods041768
ball. Referring to Figure 4, in a second exenplary

e oF 0 o obpdasde e PG Bl Sl Ssesheto i

mB&ILHGh éc% I‘x‘cﬁﬁé’s ‘éﬂ&?b %@8% v?@ﬂt'gi‘eaéve? i RYRF bbaRer

eam i n ens he so er bal 10 an to gat her
intdashy.f Wherd hsngebe lsecond eréinplarg dnéthedy theerositicdrmaluds e

St bl P00 S LR SR AL
arb '?ﬁfﬁgdlét)é ry évéT%‘E'lé fo?%s@%oﬁeé&?bbﬁhbh ) tﬁé\féﬁ@ctl?e/%]soldém

renal action he entire san'p e perlod
baél gEltheH{ of dalwﬂdwbenddmght’ lasar@@em mgwesmbmsla'tmnétmay be

usee LR Pos Rl Y Btk S EP g bl Hormel B Lotler oc

Acidu%ﬁéwema Gdtal BEy mhg a\)@l@nﬂea%ta EBewhefsii the blended
exenpl ary net hod according to the Bresent i nvention

da—tayaeb@ deyeugdfy chgrsing datmhwgng theebes; signal tpsoige. The

B0 el 85 NS ErS Lo P S S Sbt S

thb'He@ﬂ“ré]ﬁé@éhtbbld wenddti @t@ﬂeté@teﬂﬂﬁalws lobtgined ﬁ@ﬁs“rﬁgw
t he corresBondl n reflected light sanpled, The initial

arfd 4w lpsepbeameintgnsity retigetions hq%afm@xbeﬁ&rﬁsdn 3 or

mefifirl 0P BRI R SRSt nar ok, 1B HERSIER, NG RS0 S0
may@lsd lw/uset:mlt@detdr?m?e ltrlaajll‘léxght ef the, so]dm%almmrfaces 3|m|Iar to
apprOX| mat e u aser power respecti
TGt hLP bR Rl ogeBt Mt FHaled §VEtieer
erg.fré%h BS ofthe gaaer pam thélL ?1\.\ Rg 24l aBBGt th@%n’ure
escr | ede iment I’s ratlve of trie
pasitica weihtmmhm«b@the)sdddeubaldi EI ectro-optic or
acousto-optic nodul ati on techniques may al so be used
to vary the overall |aser beamintensity. Wen using

A&éﬁﬁoﬁﬁ%ﬁ% s%?ﬁ%bﬁﬁdome\ﬁdﬂ% Pr%slafsbp Beé(ﬁh' iRRshsity of the

corres ng to both the "l ow hi | aser beam
firsbperiod oarebeuen;hespmd@d etaﬁlmdoa Ielgiz” an$ltardevelc while the

oA SRR 57 bl SR G G R oS bt ne
lak8F B8ShlidtehSRY Of fRYfirgEperiod. For semiconductor devices that
require a recovery period after saturation it is preferable to provide the low
intensity beam first and the high intensity second with an additional recovery
period during which the laser is off following the period of the high intensity
laser transmission.

In accordance with this example embodiment of the present invention, a total
data acquisition time may be equal to the time used with a standard single
pass inspection using a single laser beam intensity. This example
embodiment thus can be quicker than a dual scanning technique. In the first
exemplary embodiment, a controlling device may be used to position either
the individual solder balls (by controlling tray indexing) or position the laser 12
and/or A-O deflector 14 and receiving arrangements 51 as well as the laser
12
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used 341 for position coordinates 350 or both may be

stored for use. Additionally, the data used nay be a
whb@adesd3tlat a set wherein the bl ended data setPCBUS2005/041768

deri ved by choosi ng data havi ng t he best signal to

noi se. The bl ended be derived.,th h the use

begm SHapEGr TE FPNEPIENG HRTICedNaL ASO Gantigligser beam
m{p&tﬁ’lbﬁaﬁ%ﬁﬁbﬁ cgﬂﬂoﬁlwblﬁr e d§hRdRfoNRIgUGSie hitly 8] for

rom aser beam i nt ensi ty
exaerﬁplepa |conqauté'ma rdm:repmagssmr an @pplicationaspanific gomputing
exa e,a co er hard for retrieval.
deHi G RIng CORPIE0 Ha5cn & Mtsiraille AEMMBor i ne ¢ he
hei ght of the solder ball surfaces, simlar to the
first exenplary enbodi ment. The process may be
Flge;mésbdwe\aemlrdrm(emnlanerr@thd%@g)ﬁﬂ dah@rr@ametheumlght

5L SEh A5, L BB Yo S R ARSI 808 devcs

suﬁ:‘h’@s S HCARADSR, OAsdﬁYhégﬁewélmy u@§@rbdae@@mplbwlmettwods
of the first period can be either provided at a "l ow

highly reflegtive; seldersvallp areyupyidadianean heea away pRekage 410. In

Ry RIS S8R A IR e s

produted mdyose deubledbasparedde the first Matexenﬂumnyenethods
recoven(,{ period after saturati on it is referablﬁ_‘
a4

descaPede aiiatippwf the aser cYreehand/or F dive PRehiq

t
R A P s
bdthdigt gbwemaad sow yoow\méa_lsdrmaas rpre\ﬂdeah to the A<Q aedantos 420.
Al mativelyoihia” SBlical Sosuiation sPigesaRay DeiUsed rgof ek the
tyE&%ﬂ“rﬁ@ﬁ”haé‘eﬁ% HMidnsityahs “n%fmasém%% irﬁén%?y fies2 In an

|nge | aser eamlntenS|ty Thi s exarrpee di ment
exdmplacpembedipéntk the thight' intethsity liseamsaynze ﬂ@e%qoquuﬁ lager

oty # e B R ORIty R8I EY B ot FrsSRan dobish B power.
AQ"a\hI\ Be Uﬁﬂe?&@éd} %théf‘&sbf B¥amARNsig hoRer R84S hidly hdased.
aser 12 and/or A-O deflector 14 and receiving

arrangements 5 1 as well as the | aserbeamintensity.
PR OB ARHL SR T hEhef BhaBheb BRES ciFBBhueen
th@%rf’r@llkl'sb@cd@%iglﬁnt@}slﬂyﬂmefsQfomparable to interlacing on a
television screen. For example, if the “high” intensity lines are spaced every
38 microns, then the “low” intensity lines will also be spaced every 38 microns
from each other, but fall halfway between or 19 microns from the preceding
and following “high” intensity lines. Scanning may then proceed wherein the
“high” intensity laser beam lines and the “low” intensity laser beam lines
progress over the surfaces of the solder ball surfaces 430. Data points are
developed over the entire solder ball surface of both “high” and “low” power
scans. In this exemplary embodiment receiver section 50 then detects the
reflected laser light from the surface of the solder balls 20. As with the
previously described exemplary methods, the receiver arrangements 51 can
store either or both of the high or low reflected laser beam light data sets for
storage. The positional information obtained from the scanning and the
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exanpl e, a conputer, a mcroprocessor, an application
specific conputing device or other conputing device as
WO bdoa®634at i ve exanpl es. Figure 5 shows a thirdPCT/US2005/041768
exenpl ary nmethod 400 for determ ni ng t he hei ght and/ or

ot L R BB S SAS0RH  B
ca'ﬁrtf%( ?& lf%nﬁjéﬁ@é %tﬁ%?% A lg’h AR BAFRisePingdhsit g scans. As

Ve SO S are ovi ded on an area array
a esuitagebiéhded Idatd bet mh'yrbx% eeated as g resulhofithetdata poinier
of acoust o- o tlc def | %&éed l,i.nes

gensiiBiced 1q fiet is Ghtaine(groms chpd ?g'fﬁge e which
co‘?ﬁﬁér%b*%ﬁg da@éé@tdf‘?ﬁ‘e Qﬁlgﬁ’hﬁnéj ABR” datd é@l%tarf'm?e‘rpéelBEt either

drive power l'ector 14 or other optical
orrmuhe 431 oiﬁheemthoq was uaythpdighest qualifyrsignaldo neise ratigh

R BF B S e ey, S RURE T e ALY on

cdo?éﬂ%télvélﬁe%ﬂﬁéesélééldbélps m OCFHE(ﬁJgH’@pﬂda‘PtriaﬁﬂguIé‘tkﬂlh the “Z”
| aser beam i nt ensi ty and | aser beam i ntensi ty

onheight calwlahprefoerﬁlpe aupfa@m@é mermider balk20 mayhalso be

oo U i PSR TR  oghter B38H ATHRG 8 focerer
arfatiderhasterspearebe stsredidnd recesster 6t aasbmmitben 00aTee
beam i nt ensi tg power | evels may be used. In this

casmputer 408y bawged asHbe: qoawo"inﬂtctewm 10 eritiraldased
mPHUI%‘?}oE a{rg%k?\%{?%ﬁ\?%ﬁ s@? Pﬂéﬂerﬁ%ﬂ%c?iv@ shBISE6 X he

rnes cb ng on a television
contradiiny dé\m:e egngibe bei é rrﬂd:mpi‘due@labr onae applicationnspecifice
spaced every 38 microns, then the "low' intensity
infqgrated fiTquita) so be spaced every 38 microns from each
ot her, but fall hal fway between or 19 mcrons fromthe
precedi ng and following "high" intensity lines.
FiBalyyrthe dinterjacede higm’rmdahmw inttensityrinelsecahhdlgh bei useshngith

cqrfingousbaupicttipBRr s farpetiivith Wi Ve, Y a soASe G
cyliHbfieses a@%m@@f*aphﬁ; fehg a%\@dzgmmyaétédt@rs Here,

entire solder ball surface of both "high" and "I ow
thedntensity sm\sarladwfrom kg te gy fonaliematingknes betasiexemple,

section 5 n det ect e re cte ser f
cifting heBae iy A EENG L T PoShBu TP tectriles 1)
also be used. The process in the third exemplary embodiment may be
repeated over the entire surface of the solder ball, thereby producing data
about the entire positional relationship of the solder ball.

In all of the exemplary methods described above, the “low” received signals
and the “high” received signals for each sample point on the ball surface may
be analyzed by a simple processing algorithm which may, e.g., select and
report out the best quality signals (unsaturated signal with best signal-to-noise
ratio) for the “X” and “Y” positions. The highest amplitude non-saturated
signal will usually have the best signal to noise ratio. The best “X” and “Y”
positions may then be used to determine the “Z" measurement from

triangulation. Subsequent analysis of these best data points on the ball

14



10

15

20

25

30

previ ously descri bed exenpl ary nethods, the receiver
arrangenents 5 1 can store either or both of the high

worodkoes4Bef | ect ed | aser beam |ight data sets fBCT/US2005/041768
st orage. The positional information obtained fromthe

th t d 60 and 6 b
SUHEEH TBRY Y OB PeGH e PR BCRRPIE PRIA? Jor R dRBGed
mb&&UFeRidiE of Bl Reidht Bhd'til dypiihatgl | ow | aser

Intensity scans. a result, a bl'ended data set may
be creat ed as a result of the data points generat ed.

Ad ol B aitd shibe be? AbRuAS ranb Bl RVsln mihe
nﬁ‘il@lhehté& indal, ssttwaraNdiriafy aAbR% éttrhbi%tt:@h o'F%Bﬁh 431

The method can use the hi ghest quality signal to
n0| se ratio data points of either set, as an exanpl e,

Wi S Kb BEotBi N PO e AR AR S
diie@isiofal Riseheigtein ¢alusiged smgld ﬁ@rnﬁeﬁlgl ipuideAt Risef 112h6ther

sol der ball 20 may al so be cal cul ated 460. Al of the .,
sygtans Mmanbe hléeﬁosﬁstﬁ"bﬁx@ﬁ@lﬁiéh%S@@eaﬁﬁﬂlstdﬁé‘aﬁ@&ewlég high

ol IGIPERER ot Mot oGttt e eASFacBingy bo used

if thenthres Hinnenslenalaystem uses aqhoditioresenahaty tetdotar, ortdamyera
i ndexi d.l aser novenment and re elyer section 50.
theh e e SIavIGe HEARCIOTRALY AN et @ﬁebbe%raéy&eaavs
eaki I
actBnfifh fahy 8aR P AdHinall, 366 fdtHods bEboidindid el fpsent
mtoenttmepmmctehmethnﬂstfon omasuying weilenttvedsdrﬁmes thienefore the
m@ rég%r\émwbgqéqgép ﬁmltfed?gﬁ@ga\ésmltn@(ﬁgjl e IIII ndp 1 cal Qut rather

all"i%'ﬂéctn?é‘@uﬂf@ée%ﬂﬁr‘a%be ekauicad Trosdbnt ds‘éd' t@VMeft@rrmlne the
alternati %ﬂl nes for exarrpl e, ch angl ng th | aser

pagitions may USQIITLéﬁIN@ﬂﬂSQt’aﬁO poatiucettherihight land love deadg
0 be used. The process in the third exenplary
poé'tlr%odiment may be repeated over the entire surface of
the sol der ball, thereby producing data about the
entire positional relationship of the solder ball. In
Tim eXamnp bediments desefiberdisbave ara paseatssiia, thetpentext of

|ﬂgth sgég A@ﬁ%@b&gﬁ%% rﬁféj hésleg SP’%\JGE{{} Pigéﬁﬁ,éeﬂ i$ bggﬁh% to

utilize more than one laser (e.g., of different laser intensities).

As provided in Figure 6, a perspective view of the relationship between the
laser, the target objective, and the receiving arrangement (camera) is
illustrated. A laser (projector) 500 may used to provide a light plane 510 to a
surface 515 of a solder ball, wherein the surface 515 consequently reflects the
incident light. The reflected light is detected by a receiving arrangement, in
this exemplary embodiment a camera 520. The projector 500 may be
positioned at an angle away from the camera 520, as illustrated, or may be
located within the same plane. Moreover, as described above, the laser
beam may be reflected onto the surface 515 of the solder ball, through the

use, for example, of an A-O defector or other arrangement. In this way, the
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be anal yzed by a sinple processing al gorithm which

may, e.g., select and report out the best quality
wak@aeabs3{ unsat urated signal with best signal - POFNS288041768

ratio) for the "X' and "Y" positions The hi ghest

turated si | [y h
RS ORAE T oAtas s taTgeT. Y I X Bulary wasa S spider ball, for
re%%mgjbgﬁe%ﬁwrt&%&%m Qréﬁgéﬁ%ﬁgmne the "Z2"

omtri ang atio sequent anal ysi s of
t hese best data points on the ballsurface may vyi el d
eat val ue for the_desire

I RS G 2185 SRORTHEH G he REESA MBI BIdLg 7 Provides
mofid bl%}ﬁ{éls’ m&lﬂ@lﬁ@oé‘béﬁiralctfh%%l 636, ethaﬁé‘% bB%oaxtal with

transl ation system may n’p errente I N, .
thsdas@@b@\m,citmaimarﬂ;e uaeld m agoid @h@dnmngmndmbt:am lan overhead

Wi | Liption has been witten as
imae. 5t e SRS (USRS Bl i SfbuitFo  S68 24t Bpves ng
b@rﬁje@gifﬁoﬂmbralrfascel dtahé eBider 3R B0bZndPlokased oo bR tWB%ide
be used. As an exanple, the same considerations using

optigaypystams 610and BRDOMe eyreseiying yrangament, Suek as position

S
s aflicky Baa2040. {hedeaRehta B8 oy bBTHAIRG, o
cargimetivont it a\po@%rt senghey dedce @Ebmwen)r irethiy canfiaation,
of f aziXI s | aser beam or beans acconplish triangul ation.

thagdiacdoyreifadls offid the foRakihgctalien ball Q) arempriaizas and an
o&ém 54 §R808 L@Bb@%é@tﬂm%rﬁéhﬁég fhagg\éf tg\{deé%'tc\ﬁ%nnels

sur aces, erefore the rovi
and msmgjle t:entmlasl‘tanmag cﬂbédmnﬂgalrdltlmsrrhay@e udad torairfimize

r ct i v surf e e st ens
sifreloy’ SheqiS Ehiais. the fob Bliedia Ttk Sianneds St | ot e
oot EWenbod?%@ﬁ%% : Shan el myMe usal i B hitdiments
ofi the tpiesaeydinentionftovadyce gotaméial shradowing effectsy of a

single |laser system O course, it is possible to
utilize nore than one laser (e.g., of different |aser

FigD#e8 Aiustratds af\exe varsé%fﬂnbcsmﬂewbﬁh@ présBff s%k?@ﬁﬁcbﬁ/e?n an
view of the relati onsh| p between the laser, the tar

exsipplan verticalrlane wheseisi the pysiionaegsingndeyicestarayCD Mos
AL S8 16 ef) R g BE G55 ' TP BB RS the
position sensing devices (receiving arrangements 51) on the light plane, the
image obtained is sharp and may be used for determination of position. The
receiving arrangements 51 are controlled through the use of a computer, for
example, to maintain optimal focus. Additionally, focusing optical
arrangements 48 may be controlled to focus the reflected light onto the

position sensing devices (receiving arrangements 51).

Figure 9 illustrates a galvanometer 700 which accept laser light 710

generated from the laser beam, and focuses/changes the direction of the

laser beam toward the object 720 to be illuminated. Additionally, as

presented in Figure 10, a rotating polygon 800 may accept laser light 810

generated from the laser beam, reflect the incoming light and sweep the

reflected laser light across a defined field 820 of illumination thereby providing
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surface 515 of a solder ball, wherein the surface 515
consequently reflects the incident |ight. The

WO edolb®6i4eT | i ght is detected by a receiving  PCT/US2005/041768

arrangenent, in this exenpl ary enbodi nent a canera

520. The proj ector 500 ma% gositi oned at an angl e
sufligipnt FRyprage I ARALEas SHCH 2§ e prra ﬁ%rag@acsagmﬁ\lt gugh
Seasd d
I REREA st BECPRIT 1) BB oo G EnoRt s ob
rotatirfgppay§db 800, vther switdeds bad rtechmlmgﬂmrmr&@mg,lwmﬁght
npl e, ef.ector ,.or other arran
Pl B e S0 Bbimleght Bl ey 1
this exenpl ary case the sol der ball, for readi ng by a
caner e&‘?r a receivi nﬁ‘; arrangenent 5 1. |n_an

TR Bresest {nvertsaimanglio more apﬁ"@@ﬁtm‘??ﬁ}%ﬁme@ OPEIQ@M e
re?le@ﬁ@’f&@ér Héﬂﬁ rlPéé’esC\K}ﬁﬁﬂ%éx bk b#@b@giﬁ'a §3ht@lectrical

channel 630 at can be coaxial wt aser beam
eqmpmenarsulcb amd:ro;mroaees@ss,lmogwmg nsanbifebtusing. ahe

PR ot BEAa Rl s28 S A RO L 30 W hing
dé\h&e é%ﬁ@for%ehraﬁ@%o@ﬁﬁ)ﬁa@%&ﬁﬁ’g bW V®alRs, d8ch as “X”,

optical systens and 620 onto a receiving

“Yaranginge @@mpongutﬁpfatﬁemgfacemf thegeldeg ba&\mf@& &gsinknown.

i Ryt it BrociP A B Yo AT ekt thereby

allrlihg mdnufactarars b iaguo@iplioh actiates hrdewrarhérrtst solderdfall

the top of the solder hall 600 are m nimzed and an
su{agesauth ql’f"rﬁé@%@'”@kﬂ%'ﬁ%ﬁﬁt fmlaﬂﬁ'@bg'l*m§lf@0\ﬁd@§0h%‘\/l ng

ei%*ﬁ?%gﬂ?aﬁgZ}‘f’é@rﬁﬂﬁé&t@géfgﬂﬁéﬁn&% Bhngii ﬂf‘ﬂﬁ’ch r}e‘f%é?eagrt’ea

ns nma O mnkmze's dow e
arrag Hesigng, theraforethel metticebimay bennded for @ grbahnaﬂnsbes bfle

K R .
mé?%’ﬁﬁnﬁ@ g%‘ﬂér‘lt?dl sﬁBﬂ%ﬁﬂ@f&%&&e <¥&HE8n§nts from
rPlustrates an exenplary e nent. o e present

inboowmate piacemendof saldepball gomponentsl Additienallyethes presbat
mposn tion sensing devices

SRURL Ry PTOTEET HATP 4G mPROHENE s ABO P A et
sdlB@r l@é]ﬁt:éﬁgﬁanérﬁﬁ %&%ﬁ@?@@%ﬁﬁg@%gz{nﬁ?m&fﬁwgﬁgg §train,
amallgrgatmgafatngad falgrred)étc@mﬁmwntsg; nTlo¢ epamiple embovimgnts can
be used with any solder sphere structures, for example, 90% lead/10% tin
structures as well as other eutectic solder fillet structures. The solder ball
spacing may be any spacing between components, such as .80 mm, 1.00 mm
and 1.27 mm as non-limiting examples. The accuracy of the measurement of
the present invention allows for a tight spacing of components incorporating
the solder balls due to the high accuracy capabilities of the system. The
present invention provides accuracy of measurement such that tolerance of +
5um can be achieved. The present inventive method may also achieve higher
measurement accuracy if needed by using higher accuracy laser development
equipment and receiving arrangements. An additional advantage of the
present invention is the use of a low power laser which prevents solder ball

reflow from occurring as a result of high heat buildup in the solder ball. The
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receiving arrangenments 5 1 are controlled through the
use of a conputer, for exanple, to maintain optinma

wo owa®6s48ddi ti onal |y, focusing optical arrangeP€nUsS2048041768
may be controlled to focus the reflected |light onto

maiBaBBREbIAT PR, B AIbSE N Tl Al AR AR B Rtste of
belrirable tbagpriate dihémall Gizgesuitién isalisf 4Mhe! fsvéele gslshiem can
and_tocuses/changes the direction of the |aser beam

berdjopnighedhavbily sik Preyilingaseurale mgasHtesaentaddi ti onal | y,
as presented in Figure 10, a rotating pol ygon 800 may
accept laser light 810 generated fromthe | aser beam
reflect the incomng |light and sweep the refl ected

| aser light across a defined field 820 of illum nation
t hereby providi ngsufficient coverage for an area, such
as the area array package. Although illustrated as

reflecting laser light by the use of a gal vanoneter
700 or a rotating polygon 800, other nethods and
techniques for reflecting |aser |ight nay be used and
the illustrated enbodi nents are nmerely exenplary. The
present invention may all ow nore accurate neasurenent
of highly reflective solder ball surfaces which may be
on process trays and el ectrical equipnent, such as

m croprocessors undergoi ng manuf acturi ng. The
variation of the high and | ow | aser beamintensity

i ght source by a controlling device allows for
accurate positional reading of the solder balls, such
as "X', "Y' and "Z" conponents of the surface of the
sol der ball, hereto for unknown. The nethod may be
acconpl i shed by nodi fyi ng exi sting apparatus, thereby
al l owi ng manuf acturers to acconplish accurate

nmeasur enents of sol der ball surfaces w thout expending
significant financial sunms for additional equipnent.
The present invention furthernore is conpliant wth
newer area array designs, therefore the nethod may be
used for a great number of existing equipnment types
fromdifferent manufacturers. The present invention
may mnimze potential short circuiting of produced
conponents frominaccurate placenent of sol der bal
conmponents. Additionally, the present
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i nvention may provides nore accurate neasurenent

and/ or placenent of solder ball conponents before
wa@elod®ess4aEl t t hereby mnim zing thermal strai NnPCEOS2005/041768

alleviating fatigue failure of conmponents. The exanple

enbodi nents can be used wth any sol der sphere
Whatig@laimesl isf or exanpl e, 90% | ead/ 10%tin structures

as I r S,

The Eo qRnBU L actetbfibola fAGAAnd/oL pELineh'dh ek one
ele:mefpbmeahsarealari'a)ai;ew&) comprikir@® nm and 1.27 nmm as

non-Jimtin Th fot

of " R FdAEet BRATIAYINGER MERUESE o2 RS Do R Gugrce
ofﬁﬁ@'ﬁp%%@éné%@é}ﬁgﬁl%_atl ng the solder balls due to the

g

accuracy capabilities of the system The present
i nvesamplingdight ireftected fomathe atfleastane eleprant sihetrefleeted

o e Pty RS B R B 0 G e SO BbR

acCUnRRNinb b IBSSASSEANIIC'S SBLONETasE fitbASYy bEHErat least
devel opnent GQUI nent an receivin arrangenents

onadelememtdhesgeand dagerdntenpity peingehifferont than e first Iaa@r
use of a | ow power |aser which prevents sol der ball
¥rw fromoccurring as a result of high heat buil dup

i N taenEiMigdRiht Péfldcted Rereteosideasianicdélamer, thegeflected

resent invention, therefore, have an advant age, of
Ilggérersgxltam komdhgeseitkeasn haminp) thesgeond lasar IgNpity; and
the o[ége‘-’;‘ﬁﬁmlngc&l IRal5GHk GRY B?m?h% :%S nggsht }ﬁlf;’d'le dt%éétloi’le

providing a ura e neasur
elément Aod fohciitat ef thierdamgpled heflepted gl i@sultingi ftor nh@fam

| east one el enent d
besim BavinGdhe fqr%@@er‘é&%a%‘w%%ﬁ%a/aéﬁ e sama it rpRiec Iont
reéﬁ‘ﬁlﬁgﬂc}rﬁ( 115 ‘?%E {hé oMd 158 Eeé’rﬂ%ﬁ%‘n@ﬁ?m
sanpfing I'ight rom e at ast one

el ement, the refl ected light resulting fromthe | aser
bear@.hike ngethbd dccokting trselninh d amhiengindasanheatn irdensitygis

chaagE Tiare 17 ERLIRSET LRaTL CCa ks SPhowh ) Dpammigiehsity
bﬂér&ﬁg‘%ﬂn%‘%Urrbh?tdcﬂh@%séraser intensity; sanpling
reflected fromthe at | east one el enent, the

r ef | ect ed ] )
3. The method according to claim 1, wherein laser beam intensity is

in

changed from the first laser beam intensity to the second laser beam intensity
by an electro-optical arrangement.

4. The method according to claim 1, wherein laser beam intensity is
changed from the first laser beam intensity to the second laser beam intensity

by an acousto-optical arrangement.

5. The method according to claim 1, wherein the step of directing the
laser beam having the first laser beam intensity includes directing the laser
beam having the first laser beam intensity to a position other than an apex of
the element.
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l'ight resulting fromthe | aser beam having the second

| aser intensity; and determ ning at |east one of a
w@omes:as7 and a hei ght of the at | east one el ePENUSHSS/@41768

function of the sanpled reflected light resulting from

ana Gnane mEngY ShepRinb &6 clarl WS PR Ten BhifaeinG the
labersssarn R b donEl 15SSIAREENSRS Bic eI &b RSt aser:

The met hod according to claim11l, wherein | aser beam
bean dipying,thesesnad daserinignsity at an epexiciike elaraent.

intensity to the second | aser beamintensity by

varyy n ' . 0

ccorang riEhSR dedobdiRg 0 Bk, VAR e IF B e

inclndeg edtdrniningtke fait fextst bas @f aqessitiomasd ai Helghtoofithe at least
second | aser beamintensity by an el ectro-optical

ong elempeiaising optica) fiapauwaiiPiaccor ding to claim 1,

wherein | aser beamintensity is changed fromthe first

| aseg, ﬂ%@fhbﬂtcﬁ’%tébfnih%g@?oﬁﬁ?ﬁ%ﬁ at R38f ohg@i@gpe%%n an

intensity by an acousto-optical arrangenen
argetaiay devies, diongprising:l ai m 1, wherein the step of
diregti the |l aser heam hayi the first |aser beam
't aitcfo i EeetRStm Ay Ay ese eam JusneRAd! Agomken
théileast dnasstemenefdriafigbpefidd;t 0 a position other than an
apex of the elenent.6. The hiethod according to claim

1, aeenRling ligh reflegied from thecatilegstiane tlepmntbe provide arfigst

3 VAR e B Rctp TR ebbO igtE s RskhBhahavisithe frs
lasgrebeanh intbrsidf;enent . 7. The net hod according to claim

1, wherein the deternmning step includes determ ning
t he VRYing 4e lasiee bepmulraaktie;fisst laper beamiigiensity ta aseaond
2 e e S e BREPEh B 1680y B A Sl g eiéhnent at

thelpeirdthedaserbeare alirecteayattheiat oast onerdismest fatia sdondg
a. | aser beam having a first |aser beamintensity at a
peﬁ'&ﬁnt on the | east one elenent for a first period;

sampling light reflected from the at least one element to provide a
second sample value, the reflected light resulting from the laser beam having
the second laser beam intensity; and

determining at least one of a position and a height of the at least one
element as a function of the first sample value and the second sample value.

9. The method according to claim 8, wherein the laser beam intensity
is changed from the first laser beam intensity to the second laser beam

intensity by varying a drive current to the laser.

10. The method according to claim 8, wherein the laser beam intensity
is changed from the first laser intensity to the second laser intensity by an
electro-optical arrangement.

11. The method according to claim 8, wherein the laser beam intensity
is changed from the first laser intensity to the second laser intensity by an

acousto-optical arrangement.
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sanpling light reflected fromthe at |east one el enent
to provide a first sanple value, the reflected |ight
wo e@aloi4By from the | aser beam having the firspPCT/aS®05/041768
beamintensity; varying the |aser beamfromthe first
| aser beamintensity to econd | aser beamin Sity,
whi 1'e2-di he sethed ef 0G0 PR Baheran tBa s elooﬁ’ig etérmihing

thé ok TEJY oAk otftﬂg? geéi%n ahﬁenéi@zt‘g%f r;cﬁé %mé%{sg %ﬁb%‘i’erﬂbng iBludes:

at least one nment for a period; sanplin
| i ghgeleatingamrieedf thedirst sample Valus and tlee sbeommhsample value

id I fl d Light .
R WhEEhTal e 118 SPEe VAL e ecane e e iugher
si%r?aﬁ%!nms%‘ﬁg&’én@nd determining at | east one of a

0S

ition and a height of the at |east one el ement as a
f unatatermioing the dtileast anengfi tbe waisilienaantl thechajghioeidhe

@ 9. Th th di t l.aim 8
oIGEPL PS5 1 se Ch R FAHPE S e Sot gt valuphat
wad hét sélastet iReséletang stap.t o the second | aser beam

intensity by varying a drive current to the |aser. 10.

The nethod according to claim8, wherein the |aser
bear3-nf ensathod goepralingstp lainB: wherein he figgeriod is 9 of
| r S
arl B BB ple PetPE SRERBS SRR PP BHGRS! B e sampla,
pdrivdcl ai m 8, wherein the |aser beamintensity is
changed fromthe first laser intensity to the second

e R B A R B o
arﬂglfegéw%gafg\q&aec&hphﬁﬁﬁt one of the position and

e at least one el enent includes: selecting
one sglanning 4 sudacs afiph areakrray sleyicehwitls adaser bzam] e

val ue based on which of..the first sanmple val ue and the
 ecom DR eSRa Lt Syt dne Tassh bR W Bue Pasef B8
sc3phfiginel digfacBfdhe brashrrapeedicet e 1BESH intensigbitde
hei ght of the el ement based on the sel ected sanple
altesnaiinglarariedbetwrensahignst g laser indgnsity levels;
sampling light reflected from area array device to provide sample -
values; and
determining at least one of a height and a position of at least some of

the elements on the area array device as a function of the sample values.

15. The method according to claim 14, wherein the intensity is varied
by varying a laser current.

16. The method according to claim 14, wherein the intensity is varied

by varying an RF drive power to an A-O deflector.
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was not selected in the selecting step. 13. The net hod
according to claim8, wherein the first periodis .9

wo@booan6aati re sanpl e period and the second perPCHUS®05/141768
of the entire sanple period. 14. A method of

det ex 1 A 1t . .hei ghts of ,elenents on an

ar o L 1S 8OO RRRIAT G Pl 3itpRiynd e naoShy &
variech e gafini@yn (RIV drdee pbiver & bageO dsiiBtovaryi ng a

| aser intensity of the |laser beamwhile the | aser beam

IS si:gnﬁ'bn%gt he surface of the area array device, the

| aset®i AhefeeihpdRacaiing t Agimdgwherain the ases weay davice is
a bﬁﬁ@?idté/iﬁa)} deRte,| SRR élé‘m'gﬁi’seér% ?oﬁaé'fpﬂ)élfég i ght

refFfected fromarea array device 10 provide sanple

val ues; and determi ning at |east one of a height and a

posi t9.oihefmethodemsordingto ofair He whHesaiarthe spsa bhayaletite is

I evice as a  function of the sanple val ues. 15.
a Bhp el ShSGd A e et PR are FoId TSt he
intensity is varied by varying a |aser current. 16.

The It The newol Hcasrdivy £ Skl Mwh‘@?&&%@ &8 array device is
intensity is varied by varying an RF drive power to an

a halbotd areyt drviae antibe miemettsaemaldergalls. cl ai m 1,
wherein the |laser intensity is varied by varying an RF

dri p r - O . . net hod L

acc\c?]di {rﬁé\gtr%étg?g%r%&[&ﬁ{é}r@?hq? h‘é\’]n%}ﬁ%@qﬁ? PLSA qEay dgvice is
a ehipacalgpackamye, apddey ietemests dre keldreysligt s are sol der

balls. 19. The nmethod according to claim1, wherein

t he ea arr evice.is a chip,scal e package, and the

el e!‘gﬂ h%Féea%Bﬁ? &EFOTSHIg o claim q‘ﬂ’h\é’hﬁ&'ﬂ&e atesorday gevise
is 8l FHINa R aihg cBVite! HAd MEBIRIERY S ¥bRRrbBIG Dal | grid

array device, and the el enents are solder balls. 2 1.

The nethod according to claim8, wherein the area
ar r A3- dEe methed acedrdingstoatiainpaé kabereiatine area afreyrdavise

is Qrc%i{:? gbggrpa%%&éj

24. The method according to claim 1, wherein the sampling steps are
performed by a receiving sensor section.

25. The method according to claim 1, wherein the laser is a
semiconductor diode laser.

26. The method according to claim 8, wherein the laser is a
semiconductor diode laser.

27. The method according to claim 14, wherein the laser is a
semiconductor diode laser.

28. The method according to claim 1, wherein the first laser beam
intensity is under 1% of laser full power and the second laser beam intensity
is at approximately 100% of the laser full power;
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22. The nmethod according to claim14, wherein the area

array device is a ball grid array device, and the
web@aoei437 are sol der balls. 23. The net hod acchPeTURPOS/®41768

claim 14, wherein the area array device is a chip

scal ggp + 24 rding,tq. . claim.l o .

ahor 2 1 TR aHethod acedRand R4 By % L REped;StBsS! mtensity i
umaerel %iof dasaralp powee ihdithe éécon'&@s@?trh@ﬁsit}ﬁi@%éﬁbﬁél))&’rﬁately

e

im1, rein the laser is a sem conductor dio
1‘?@{’2&?@%%%@%& hod according to claim8, wherein
the laser is a sem conductor diode |aser. 27. The
nmet hod according to claim 14, wherein the laser is a
sem conduct or di ode |laser. 28. The nethod according to

claiml, wherein the first |aser beamintensity is
unde?0.18systemder détermininge heigid ankiéorgeasitivh dbstdeadtans

' ' ' ' , % of the | full
olbREEPBhich A e AP AR B IRGe o1 i m 5. ahorei n the
firs4 ldsaseonfigiredsbigenepatd B8selBesth dtashist fa‘ébk g?gﬂ‘{er

. and the second |aser intensity is at approxinma
inteneiy @nd| aasegord lasepbeam.inteositys syst em for det ermi ni ng

2 o S a0tande et SBrfuBh o SRS PR BT R e

reflecteddaserddams tighbatean leastawbiihtehsiii@geandpeam i ntensi ty

and a secand | aser beamintensity; a receiving
arr %@@ﬁ@ﬁpngzgﬁ’?'ﬁ@lﬁoéﬂlqddoébﬁﬂﬂs@ﬂ theegontragiing derdce o

j r | - 0 L ght: | east two, ,
oo RBEHtol Qe s bRBRT Ay oryrl 1% IR Reaty Biipe first
laserdmram itensinamd the secateMaser iseurhiigiensily;tanccont r ol

| aser beamintensity and direct the | aser beam at the
fird" ?%@'é?efﬂsafﬁ?'?ﬁvgé'ﬁ%f? {g/delgamineeatdeasiene aka popiiamand

hEIGROST the el [ Ligy", LI
ahe bl ALk oengr'hgfnﬁgs %ofgﬁ?t%gﬂ@ghg%%%ﬁlgﬂ rffedt8a 1Gh &Ry
from the laser beam having the first laser beam intensity and the second laser

beam intensity.

31. The system according to claim 30, wherein the controlling device is
a microprocessor.

32. The system according to claim 30, wherein the controlling device is

an application specific integrated circuit.

33. The system according to claim 30, wherein the controlling device is
a computer.
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a height of the elenment as a function of the sanpled
reflected light resulting fromthe | aser beam having

WO b@6f63431 | aser beamintensity and the secondPCEHES2005/041768
beamintensity. 3 1. The system according to clai m 30,
wherein the controlling device is a mcyoprocessor, . .
32. HneThs sylainAcSsrdNEo CATE g Ahgeendhe Fentiol g device is

LLi . : L . Cific

Co e e e ™1 o1 i m

arhgewrent ositiheanchsurfadd positietevi ce is a conput er. 34,
The system according to clam 30, wherein the
controlling device is configured to further control at
| east one of |aser position, receiving arrangenent
position and surface position. 35. The system
acc@udiTHe systehPadBordingVib @i 30, ehéraftthel 1aséoigfoonflgetkd
to nove along a specified path. 36. The system

to srevsr @lpRg a spedifigchpab; wherein the recei ving
arrangement is configured as two separate receiving
sections. 37. The system according to claim 30,
further conprising: an acoustic-optical reflector
configured to accept the | aser beam and defl ect the
| as 6. bR sysietrhaccudingde .cla 30 heharest tha recetyingi ng t o
claim30, further conprising: receiving optics

TSR S IgUSed S W et BEEMNGESRAIONS e ont o
the receiving arrangenent. 39. The system according to
claim 30, wherein the laser is a pul sed sem conduct or
di ode | aser. 40. A conputer program conprising: a
program code arrangenent executable on a caonmputer to
per fdr nT e 8ystem asgaigingde ctaim 3y frthakeemBESIRGhavi ng a

Firsh, L @RR%CRSHELNRLBSr Bohtigdted BSfkept the laser beam and

deflect the laser beam to the surface.

38. The system according to claim 30, further comprising:
receiving optics configured to focus reflected laser beam light onto the
receiving arrangement.

39. The system according to claim 30, wherein the laser is a pulsed
semiconductor diode laser.

40. A computer program, comprising:

a program code arrangement executable on a computer to perform the
following:

directing a laser beam having a first laser beam having a first laser
beam intensity at the surface of the at least one element
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beamintensity at the surface of the at |east one

el ementsanpling light reflected fromat | east one
web@awsi437t he reflected |ight resulting from t PET/U8RO5/041768

beam having the first |laser beamintensity; directing

a | aser beam havi n% a_second | aser inten3|t

" cactEropaEGEMECted 05k Bbiast g0e elaTenYIe wBelasgiont
regiljlfé hgfﬁr%}@ tﬁ@@%gr psam éngt first Ms%mbm.nﬁml ng

["'ec romt east one el enent, 't he
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42. A computer program, comprising:

a program code arrangement executable on a computer to perform the
following:

directing a laser beam having a first laser beam intensity at a point on
the least one element for a first period;

sampling light reflected from the at least one element to provide a first
sample value, the reflected light resuiting from the laser beam having the first
laser beam intensity;

varying the laser beam from the first laser beam intensity to a second
laser beam intensity while directing the laser beam at the point, the laser

beam directed at the at least one element for a second period;
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44. The method according to claim 8, wherein the laser beam is
directed at a second point on the element surface at the first laser beam
intensity for another first period;

sampling reflected laser beam light from the at least one element at the
first laser beam intensity while the laser is operating at the first laser beam
intensity;

varying the laser beam from the first laser beam intensity to the second
laser beam intensity while directing the laser beam at the least one element at
the second point, the laser beam directed at the at least one element for
another second period;

sampling reflected laser light directed at the second laser intensity off
of the at least one element; and
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