28 SEP 2006 WO 031097290 PCT/ US03/ 15698 METHOD AND SYSTEM FOR MARKI NG A
WORKPI ECE SUCH AS A SEM CONDUCTOR WAFER AND LASER MARKER FOR USE THEREI N
CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s application clains the 20&5ERr 2005

of U. S application 5 Serial No. 60/381, 602,
2002. BACK&PBKI@]@Q THE INVENTION 1. Field of the Invent |Pgﬂn$ﬁ¥1\§%\/entl on
relates to | aser marking of workpieces, including sem conductor substrates,

waf ers, packages[EIHODIAND SESTEITGIONEIRKING ASWORKPRICH SULETAY Aadapt ed

for, but not I ispMIEONSUCTURWNFERAND'EASERAZRRKFIOAER WNE FnseaaRd Si de of
sem conductor wafers which have a high density circuit patterns on a first

side, for instance chip scal e packages having a high density of

i nt erconnects whi ch cerloisk WE Iﬂ?‘ where space for
codes is limted. gackg%% rt }?’Iﬁge (i)iflg‘gg\nﬁngg represent ative patent
references relate to vari ous aspects of |aser marki ng of wafers and

el ectroni c assenblies tk QN r :
Patents 4,522, 656; 4, 94?515%9%55@8%&6@%&%@%8}5% %%%gifgg@% @529 997,
5, 690, 846:;5 5, &ﬂaﬂm 6083813602 Bikd Mmd17 208hese Patent Abstract 11135390. 20
The follow ng representative references provide general information on
various | aser marking nmethods and system configurations and conponents:
"Gal vanonetri c and Resonant BAGRGROUNDOSTHREBNGENTIANt agu, in Laser Beam
Scanni ng, Marcel - Dekker, 1985, pp. 214-216; "Marking Applications now
Encorrpass Many Materials", Hayes, in Laser Focus Wrld, Feb 1997, pp. 25
153-160; "Conmerci al Fi paid bptselwediddie on | ndustrial Markets", Laser Focus
-1 2 8 SEP 2006 WD 03/097290 PCT/ US03/ 15698 World, May 1997, pp. 143-150.
Pat ent Publications: WO 96/16767, WO 98/ 53949,

The invention relates to laser marking of WOrkpleces, inctuding

semiconductor substrates, wafers, packages and the like. The invention is
10  particularly adapted for, but not limited to, marking machine readable codes on a
second side of semicoﬁductor wafers which have a high density circuit patterns on
a first side, for instance chip scale packages having a high density of intercormects
which could be damaged by a mﬁrking beam, or where space for codes is limited.

2. Background Art

15 The following representative patent references relate to various
aspects of laser marking of wafers and electronic assemblies, illumination, and
inspection/reading marks: US Patents 4,522,656; 4,945,204; 5,329,090; 6,309,943;
- 6,262,388; 5,929,997, 5 690,846; 5 894 530; 5,737,122; and Japanese Patent
Abstract 11135350.

20 : The following representative references provide general information
on varions laser marking methods and system configurations and components:
"Galvanometric and Resonant Low Inertia Scanners”, Montagn, in Laser Beam
Scanning, Marcel-Dekker, 1985, pp. 214-216; "Marking Applications now
Encompass Many Materials", Hayes, in Laser Focus World, Feb 1997, pp.

25 153-160; "Commercial Fiber Lasers Take on Industrial Markets”, Laser Focns
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US Patents 5, 965,042; 5,942,137, 5,932,119; 5,719,372; 5,635,976; 5,600, 478;
5,521, 628; 5,357,077, 4,985,780; 4,945, 204; 4,922,077; 4,758, 848; z& 7§F’ @Eﬁz
4, 856, 053; 4, 323, 755; 4, 220, 842; 4,156, 124. 5 Published Patent Appl ik

W 0154854, ion date 2 August 2001, entitled "Lasegr L.ng Met hod
and System‘?gr k#g?%?l ng Articles such as Printed Grcuit %ggl?%@:ﬂﬂp%t egrat ed
Circuits, and the Like" and W0161275, published on 23 August 2001,
entitled "Met Ivnﬂl@mmhy%ggve fm:ﬂ,-w@ltpaﬁﬁﬁ%ﬁéduﬁns W%ﬁfﬁﬂﬁﬂ vﬁ’@f%rs@w Hei ght

Data for use in a Thre ot h "assi gned

to the assigndd ]?iﬁtefitﬁé 9§5=@§%ﬂ@ 914%\1/%@ f(‘ﬁ% 11@05&7186’391 éé?’ﬁ(?ﬂ@ 56@9%4??9r eby
i ncor por at ed QE)S l’lQﬂS" g'?ﬁ? 0'717l 4 b§5 '78(53'1[94’[59204 4@2@'0’7?“@@5@ 828, f‘?ﬁ@fi‘ﬁ

Application 20 di'scl’osés “met hod syst em f or

resol ution rraﬂl&5ﬁé35éf4&23,|7§§e$2%®&42,é515|§r142ﬂt ed CI rcw t boards, | nt egr at ed
circuits and the like, including sem conductor packages such as 15

m cro-BGAs and CSPs, and simlar articles at a marking station, for instance
in an assenbly l|ine fo%ﬂﬁ@lh@t@ﬂ@ﬁm\ﬂ%ﬁ%nmﬁkﬂ@dﬁng@ﬂmt ent

i ch’car i s 220 WADEL "Pwéf SERLER SRRELFROY et AT B ey D"

| aser beam i sPaptedi Eifcnit &Emdsbdnﬂagna’&dmmpland rthenfbﬂnfg aﬂd)mwlﬁlm ki ng 20

or cosbed has PUair PR sgte: 2080 i, Mo o e S RSty chape as

each ot her i nGangfatinig Refdr@rice) HeightaDa@i fot Rge §@ Tlﬁ@émuhmnapm;iadhoar eas
whi | e not_overl app;l ng_the rectangul ar planer area nor | eavi nql any space

t her ebet wifbn. Sytesn” pEbeihy asgignedo §pgssignee gbile prefrak myeriioDy BathpBplicatins,  pased

wafer 25 mar l&e’]ﬂ:reb ctﬁ-g thq.g{re%%mqgéﬂ efirbgr beam expansion optics and
a flat-field focusing | ining an optical "beam path for radiation from
a |l aser source to a focus point at surface of silicon wafer .positioned in a

writing position on V\Drisuﬁlﬁgé U. S@cont%@erdﬁwfﬁz@i@ Al OfisiRLE gused to

nove the beam and connected to a communi cati on
channel . The gmthedrapdesysemifor highaesobtion markigg of &'IJsEE’ s@du® prisddro87290
PCT/ US03/ 1569%021:{]5, integrated circuits and the like, including semiconductor packages such as

15  micro-BGAs and CSPs, and similar articles at a marking station, for instance in an

assembly line for an electronic manufacturing process.

U.S. Patent No. 5,690,846 discloses a workpiece processing system
having an X-Y stage which carries and moves thereon an object to be processed to
which the laser beam is applied, laser beam is used for trimming, locally marking

20  the object to be processed, or for similar purposes. The object to be processed has
a plurality of rectangular planar areas of the same shape as each other in a matrix
form and adjoining the rectangular planar areas while not overlapping the
rectangular planer area nor leaving any space therebetween. |

11.S. Patent No. 5,329,090 describes a system for laser based wafer

25 marking. The system includes optics for beam expansion optics and a flat-field
focusing lens defining an bptical beam path for radiation from a laser source to a

focus point at surface of silicon wafer positioned in a writing position on'work table.
Rotating galvanometer mitrors are used to move the beam, and connected to a

controller through a communication channel. The galvanometer is regarded as
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conventional and well known to those skilled in the wafer marking art. The
flat- field lens has a focal length of 100 nm and brings beamto a focus on
the surface of wafer irrespective of deflections introduced by mrrors.
Certain types of semi conductor wafers are being produced with an %8 SEP 2006

I ncreasi ng f die and finer feature dinensions, whij ARSI Ng

t hi ckness Wﬁi\z@?zegrgs or simlar workpieces have increasi ngbmf’ﬁ”@”gri ations
due to sag and warpage. There is a need for a wafer marking system which
can mark such comesrkipnalcmd widlli krewanto itbise skilkaigmatia vafen markingakt. dilkelflaty, and/ or
position error e result | I n tside of designated regions. 10
The visibili tﬁ%ﬁepg@aaﬁgﬁggn%tg oﬁ@éﬁmgganglkﬂn&s §ﬁ‘=“%§&% i‘?ﬁ%f SPﬁl?ygm er at or

vi sual i nspectdfwaferimyspieipenst deflesieveinabdiced bemsrionc! udi ng mark dept h,
debris, etc. which in turn depend on |laser material-interaction. For certain
waf er marking applications the conventional wi sdomleads to relatively

| arge marking depths wWiegBinGyesirarmiendueior $0@&ds bRASEMY proti¥oed With 4nnCr easi ng
susceptibility to 15 sybsurface_ damage. Wafer markjng, systens have |ong
been provi ded BEreasig ‘H@ilei‘j Abdiegnd @?@%ﬁ%@ﬁ%nsi%ewwfbflﬁuwgﬁ%m m
system produGgQediss R Qi ieté‘és Ha@@iﬂafaﬁﬁlﬁgfdepth'wﬁmﬂﬁr'c?(@nrhufe % seeuRr 2l

years, is believed to be the first i ' | aser g system on

I ndustria
silicon waf er . wWaspaggi fihees isom gepdh Sorue avafer 1merking Resten veghieh caw magle et hard 20
mar ki ng f'or 3 | G Nl Ll cakhon ML. 15.
A "soft marki %‘%é@%@gﬁ Y%%bﬁg%gagoé %r _wa%arha{i%{g{gafsﬁo 5@2%#’115% I ng,

i ncl udi ng  marksuitgn meuking suisideod dbsignatedirggionsaf ers up to 200 mmwafer. On the
"Sigma O ean" system a backside-nmarking option is provided for both front
and backside marking for up to 200 nmwafer. 25 Wth decreasing pitch

bet ween mabks there is haedsbilior oflasaf merks raardeem by sy sisiem sylsiemh(oz ey pr oduce
hi gh contrast, machi ne readabl e marks ile limtin ubstrate damage. Wth
decreasi ng pi tcg)ﬁrafq{ew PSB‘?C%QE)OWJf h@%f’ﬂ isgv&ral?%t?réﬁgapgmg 5“35% dﬁ@%’r eased.
Preferably, thRbiiged. WhisioBeErdpenden iase maMethl-iekasiidd) SFandraa wafer fi ner

itch. -3 2 EP, 2
pite 328 n?ar i goa%glications the conveniional wisdom leads to relatively large marking

depths which may provide for good readability, but increasing susceptibility to
15  subsurface damage.

Wafer marking systems have long been provided by the assignee of
the present invention. WaferMark™ system, prodnced by the assignee of the present
invention for several years, is believed to be the first industrial laser marking system
on silicon wafer. Specifications include a 120 pm marking dot diameter hard

20  marking for 300 mm wafers. This meets the SEMI standard specification M1.13.
A “soft marking specification” exists for wafer back side soft marking, including
marking rough surface back side wafers up to 200 mm wafer. On the “Sigma
Clean” system, a backside-marking option is provided for both front and backside
marking for up to 200 mm wafer.

25 With decreasing pitch between marks there is 2 need for a wafer
marking system which can produce high contrast, machine readable marks while
limiting substrate damage. With decreasing pitch the spot size of the marking
systems is to be decreased. Preferably, the marking speed will be irproved
notwithstanding the finer pitch.



WO 03/ 097290 PCT/ US03/ 15695 U.S. Patent No. 6,309,943 relates to identifying
and determning a position of a scribe grid on a front-side surface of a
wafer with a camera. Based on this information, a laser is fired 18 8r#ban
al i gnment he back-side surface of the wafer. S | t No.

6, 496, 270, rﬁé?‘?{g&rﬁ% to the assignee of the present inventﬂlc?mﬁggg%ri bes a
nmet hod and system for automatically generating reference height data for
use in a 3D inspection ByS!RRene GJBOQB@B%Iaté%QHmEﬁnFWEeIMg aobj ect
are initially determ ned, and. then the height fof gjhes_e ocal reference areas
are det er mi n@JSHOP Yicpie &rd Ara 8?%?1@1%’\5%%%‘?%‘? GLVHD 2 fReTRe PP00 Laser
Mar ki ng Syst efhis ifGrmEomes 1gde ksl fte@iodbhndi figniRatenhdeon B6 BickisRlck i iteSy St €M
produced by the assignee of the present invention. A fine alignnent vision
subsystem cort"gg’(eswﬁfg%ational or offset errors (X, Y, Angle) which are

i ntroduced when a wafer is placed in the marking station: A manual "teach
tool" allows the user to train the S\éstem to recogni ze three non-collinear
15 points bn the wafer UndtPgientNe. 64596240, ssignediie tho pssigres ofithe preserter at i ve

trial and err Y | ' . ation of
the results igﬁﬁeggﬁrgf%g&%ﬁh%t Ee %ﬁﬁ%ﬁu@kg&? %@g?@?%eon #@’t‘eﬁ%r%ﬁ%sed to
det er mi ne mar heigbtdata fmraisein & BP intpectiommysicuiewhefein ecalvedferenceldréas oRanent Nos.

5,894,530 and ales i 2w : S 0 for | ection
and/ or alignngﬁlegé%gﬁgﬁl ﬁc{s?' n ‘h'?%%/dotg‘me rhg é@qﬁ ﬁgqcﬁgl%?%%gaﬁeggéﬁt,

opti cal el enedttermined freganetate/ e yefpesce icigheé datauch t hat i nages of indicia
fields disposed on either side of a substrate can be viewed (at the sane
magni fi cati on) whenever the substrate is in a given orientation, or such
that imags® of indicia TheWH-4100 $pes ddarking(Bystemsisdeconuhertially audikbleat € nmay
be viewed at the s magni.fication, = 25 sinmultaneou . Wth ingreasing
density and cbﬁ‘ﬁ@l&ﬂe T .nlgpg w&@%VOSWS&%@%??&B&%@%@W@E@%%.,
exceedi ng t en-4 fgddndthert EsiGsubsyRieth dorelr totitlonal B! oifsbd Rrodl€ et WSAngd)d | ayout
of circuitry, there is an on-going need to provide advanced interactive
tools for i npMeNehdetiRresinGad wihem A Jvajeres gplaced; in the marking station. A manual

“teach tool” allows the user to train the system to recognize three non-collinear

15  points on the wafer that is to be used for the correction. An iterative trial and ersor
' process with various adjustments, and mamual evaluation of the resulis is required
with the system. The information is then used to determine mark locations on the

bottom side of the wafer.

U.S. Patent Nos, 5,894,530 and 5,929,997 relate to viewing systems
20  used for inspection and/or alignment operations in microelectronics. In the ‘530
patent, optical elements are selectively positioned such that images of indicia fields
disposed on either side of a substrate can be viewed (at the same magnification)
whenever the substrate is in a given orientation, or such that images of indicia fields
| disposed on both sides of the substrate may be viewed at the same magnification,

25  simultaneously.

With increasing density and complexity of circuitry on semiconductor
devices, (e.g., exceeding ten-fhousand die on a 300 mm wafer), multiple designs
and Iayout of circuitry, there is an on-going need to provide advanced interactive

tools for improving thronghput and yield.
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2 8 S EP 2006 W 03/097290 PCT/ US03/ 15698 U.S. Patent No. 6,501, 061

di scl oses a nethod of determ ning scanner coordinates to accurately
position a focused | aser beam The focused | aser beamis scanned oVeg SEP 7006
regi on of i

e.g. an aperture) on a work-surface by scanner .
The position 013 the[‘focused | aser beamis detected by a pﬁ&é@?@%ﬁ%
either at predetermned intervals of tinme or space or as the focused Iaser

beam appears through any.speidnt/Ne. 6‘501061 d&mdéeﬁmémﬁ@ofdﬁiﬁmﬂﬁ[g%&ﬁgr posi tion
of the focused | aser beamis used to [ at scannerwg]gs {HIEOI’I versus beam

positi on data ¢ SAR AEWEALFH BPFHAAA Laser, ¢rbea e t he

focused | aser sbffed over Q%gi‘@ﬂ @Eﬁnte?éé?(esﬁadhn@érﬂ&? oh laORor¥ S SE Wﬁﬁﬁs&os' tion
data can be used to determ ne 10 the center of the aperture or the scanner

posi tion coor dFHEERs The positign of tesRensail daser beagh i deiey # iPBptodeteetpre f ocused
| aser beam ThaLe hSprRadiSsdn f for
calibrati g?\ of rmul t§%l e subs%flgngé%ﬂsﬁhﬁ?%@ &Qg%r&{sgﬁg%%&@e%ac Itating
on-line or ofappsarhiraeghsn ppatrein theseerkpuodess siThy deteigdmosition Ofd)ﬂlﬁ'erance
stackups w t higjherlg b%xﬁnlg?{l%ear{g YRR LEGR rgﬁxln,[oﬁ%@:sﬁso %S%nﬁiaﬂiual Ity or

mark positioning errors Fnefance. cer €s o con
waf ers are belbag:dpmmqumlnmtdf tienlasérricaveas ainthe mnmdathe fodiusdul dasentedin ser

feature dinen Gr in ,m |.ar

wor kpi eces ha\fig%:'%g 2@& ng S@Pgﬁé%vggégﬂggﬁgﬁgﬁ%g‘;? usgﬁ&o& '”z'fge 20
SUMVARY OF) THHhé Wm a%l&rtﬁui&]ced:lie snﬁnﬁehgosﬁicﬂsmtdmmaﬂ wiresgontiavifr ovi de an
| mproved net hod an e(&]t%es% h( a_wor kpi ece such as a sem conduct or
waf er and | asér cyshd 3@? A carrying out the above object

and ot her objects of the present -25 |nvent|on a system for sem conductor

wafer marking is provided. The system conprises; (a) a first positioning
subsystem for positioni g Fsa§eFeeF}aPkFﬂ&lﬁ|VQIBPw?f‘elpﬁqqu& SRR | t he

posi tioni ng beiferadh® Bemalte ler s%sy@ﬂeﬁ:@‘ﬁi {hek difnBasi3 vﬂiﬂegﬁmﬁﬁim Y-BhOBy
subsystem (c) a laser nar i ncluding a |aser for marking a | ocat i on

within the mffchmgachuwgnmfﬂ%eraprp%@ng PRIATAETE- bwmanqwaoku%mmﬂém on

program f g system and workpiece may lead to poor mark quality or mark positioning etross.

For instance, ceriain types of semiconductor wafers are being produced with an
increasing mmber of die and finer feature dimensions, while decreasing thickness
of wafers or similar workpieces have increasing surface variations due to sag and

warpage.
20 SUMMARY OF THE INVENTION

An object of the present invention is to provide an improved method
and system for marking a workpiece such as a semiconductor wafer and laser
marker for use therein,

In carrying out the above object and other objects of the present

25 invention, a system for semiconductor wafer marking is provided. The system
comprises: (a) a first positioning subsystem for positioning a laser marking field
relative to a wafer, the positioning being along a first direction; (b) an alignment
vision subsystem; (c) a laser marker including a laser for marking a Jocation within
the marking field with a laser marking beam; (d) a calibration program for

5



-5 28 SEP 2006 WD 03/097290 PCT/ US03/ 15698 calibrating at |east one
subsystem of the system and (e) a controller. The marling field is
substantially smaller than the wafer. The | aser marker includes nmedrisSEP 2006

i ncl udi ng s for optically maintaining a spot for he beam on
the wafer aﬁ’t {anJ% accept abl e range about the | ocation ﬁ?ﬁg’?ﬁ mar ki ng
field so as 5 to avoid undesirable mark variations associated with wafer sag
or other vari a:hlﬂﬁmﬁng itestepieBubdybteinbf ilesybies) and @p@boﬂﬁoal@ﬁ mfné mafkidy acy nay
be w thin abou pot a%a er over the k| ng fi he scan | ens may
be a three el Rient et fhag {he Wefeyi s a§‘?§b‘§ ’él‘ﬁ S €88 i ncl ude

a substanti al Imaudlﬁg qcseﬁﬁrehs:fdrragﬁmg ﬁﬁﬁ@m@@sﬂm&mm«ﬁé bERY oh fisd ude a
novabl e optical elenent for focusing | aser” mar ki ng"beam onto t he waf er

usi ng conput ervanvilgn aﬂ?ﬁ@PPh@éﬁng%bR@rthWﬁ%W%%@ @Mf@ld 8ot r ol | ed
beam expangler td e %ﬁ% cus
position o? tﬁgaﬁgﬁl%d%%ggm myﬁ%olﬁ%&%%&t@g%e %Q%gﬁ? Elgg?%gﬁ%flsgr ons and
the marking fiiedeptivitimty fighl.i n a range of about 75-100 nm The system may
further include a second positioning subsystemfor 20 automatically
positioning the wafer relative to the | aser marker along a direction
substantial |y perpendi cdpairpldcement pbamey adaytheeviihif bout ciespsiaiamterpyed t i oni ng
subsystem may j ncl yde ns for supporting wafers having predeterm ned
sizes and for ar ﬁEl | east two degrees of freedom for relative
positioning of the waf ers. -6 2 8 SEP 2006 WD 03/ 097290 PCT/ US03/ 15698 The

cal i bration program nmay 'Iihn%éalﬂqgns%néyhbeefthgée quén?? cal i bration

10 The alignment vision subsysiem may also include a substaniially
telecentric imaging lens.

The Iaser marker may include a movable optical element for focusing

the laser marking beam onto the wafer using computer control.

The laser marker may include a computer-controlled beam expander
15  for adjusting the spot size.

The spot size at a focus position of the marking beam may be in the
range of about 25-40 microns and the marking field size may be in a range of about
75-100 mm.

The system may further include a second positioning subsystem for
20  automatically positioning the wafer relative to the laser marker along a direction
substantially perpendicular to a plane of the wafer.

The second positioning subsystem may include means for supporting
wafers having predetermined sizes and for providing at least two degrees of freedom
for relative positioning of the wafers.



algorithmfor calibrating the marker at a plurality of three-dinensional

| ocations. The first positioning subsystem may include an X-Y stage and the
calibration program may include neans for calibrating the alignnedts $Psifn
system 5 = Y..Stage, and the | aser marker. The syste rther
i ncl ude a v‘%@?%’él&lygr?specti on subsystem including a caner arng&%?:{#BJescti ng the
mar ks. The i nspection subsystem may i nclude an inspection positioning '

subsystem for positioni Mye tAldrwvh@iodtah atdyisclide dtheedai@ksdnal diBbhisgPect i on
10 positioning,sul tem,my, be separate tromthe first positioning
subsyst em Thgd%‘vgﬁ%ﬁ?ﬁ‘%‘g’?%figﬁﬁm‘r ¢ 3t @@lopality o fhrpgydin ogﬂhgﬁﬂg?%“mfor
imaging a first side of the wafer, and a second i magi ng subsystem for

i mgi ng a second side of the wafer,. The .imagi ng subsystens nay be used to
superi npose an inmage of ‘¢ firghmesitipning subsystemdnay lgeludg ap KoY ¥azeanditien an

| mage of a cordRmatshierafiifiy Ml meab? ririSibihfiny dig hiBumeld st ey
further include a cali bgrati or?} targel%1 and 1‘anlal g%érriht h for Issubgi’sgér?tlﬁ ally
mat chi ng f¥r stik&XdY stagermndithy lgtar matkefes obtained with first and second

i magi ng subsystens so that the superinposed target inmages correspond. The

| aser may be a frequency double Vanadate | aser having a green 20 output
wavel ength and a pul se Vihdtsysiems may Hrthertbiglud6 G misionFinspéetion i subgyaienyi ng out
t he above obj j 0 present invention, a nethod is
provi ded for %élﬁﬁﬁgagﬂg%ﬁgﬁgée%@%&%%ﬁ whereby a marking field is
substantially smaller than the wafer. The method includes positioning a

| aser marking field relgtive to.the,wafer alon first 25 direction, The
met hod further includes GPtP@SFHRR THOPYHER W&@ﬂ@? a1y | RSRERgR PoSQNRS oy

wi thin the narsabsygiefd €brdpesiticaingt theawefe relatias ito Al eafiduk Theiiatgeotion -7 2 8
SEP 2006 031097290 PCT/ US03115698 a%Es?oci ah_ﬁd wi th waf er sg& or ot her
vari at i ond¥i n ROSIICAIE;SphRystemmpay; heepataty Apprh Hie frst posHinRing SpRsySteRhe st ep of

mai nt ai ni ng may be based on a predeterm ned relationship

=

The system may further include a first imaging subsystem for imaging
a first side of the wafer, and a second imnaging subsystetn for imaging a second side
of the wafer. The imaging subsystems may be used to superimpose an image of a
mark on the second side of the wafer with an image of a corresponding portion of
15  the first side,

The system may further include a calibration target and an algorithm
for substantially matching first and second target images obtained with first and

second imaging subsystems so that the superimposed target images correspond.

The laser may be a frequency double Vanadate laser having a green
20  ouipui wavelength and a pulse width less than about 50 ns.

Further in carrying out the above object and other objects of the
present invention, a method is provided for marking a semiconductor wafer,
whereby a marking field is substantially smaller than the wafer. The method
includes positioning a laser marking field relative to the wafer along a first

25  direction. The method further includes optically maintaining spot placerment
accuracy within the marking field so as to avoid undesirable mark variation

7-



bet ween spot pl acenent accuracy at a marker field | ocation and wafer

pl acenrent 5 along the axis, and the step of positioning the wafer |ocation
relative to the marking field may be based on the relationship, wh@riedipP e
spot pl ace racy is inproved. The step of naintain i.ncl ude
the step oﬁgtg?@%tg#ng a portion of the marking field, an?cgﬁjes 553%5 of
positioning the wafer relative to the marking 10 field may position the
waf er | ocat i omssooiated withrdfel sak bhbther asiaticls g depth within theviell], iftemarigki ng
field whereby the ot placenent accuracy is inproved. The sel ect eg portion
of the marKki néhef‘i"%é'g may have a preferred axis wth'reduced telecentricity
error. The selected portion of the marking field may be a rectangular field

15 aligned with the preferred axis., The sel ected portion of_ the narking
field may be a substanti stwﬁma@m&gmépimﬁw?nﬁém%@m%m| drift

characteristi getwkbg sﬁatﬂmémeﬁyacéugﬁémra et H6ld 306 bhe Wafétlpl‘%éinbﬁtoni ng a

marking beamrelative'to the wafer along an axis substantia

per pendi cul ar alaggihgyxis, andthestep Ofﬂéﬁi@mm%waﬁhlﬁﬁaﬂoﬁéelﬁﬁwwl%@mgi s
i ncident at t [ i ked
i nci dent at theidmRb !bteg,aéeaf@lt trtllg '}Slgfri*?&g?i? Wabfeby @Epde@ifcemeiﬁyac&#}g@ pe marke

at the location not hst an ons i n” deptth “of the wa rel ative
to a focus podmpioged.of the marki ng beam The step of positioning may be
repeated for a plurality of positions. The positioning may include
relatively positioning the wafer and 25 focus position of the marking beam
-8 2 8 SEP 2006 WO 03/ Tha gep oPaamtasisy g aglude thesiep obsedectiig & pertivneps of

bascd on & pr ShutamRRedeLL B S paplBbhEE e o Falb Wl i ST 0"

of relati Wely fieliiniy pusitiog tled wafer Iobatiodite Benbried withinahoselpctedpostionof ey be
based on a measuj.enen f fer location with,a, dept 5 sensor. At |east
one of the st@&h('}g W@&?&&Y@GMP&MGWW&WBE ection

The selected portion of the marking field may have a préferred axis

C

with reduced telecentricity error.

The selected portion of the marking field may be a rectangular field
15  aligned with the preferred axis.

The selected portion of the marking field may be a substantial part
of a quadrant with a reduced thermal drift characteristic.

_ The method may further include automatically positioning a marking

beam relative to the wafer along an axis substantially perpendicular to a plane of the

20  wafer so that the marking beam is incident at the marking location on the wafer.
The wafer may thus be marked at the location notwithstanding variations in depth

of the wafer relative to a focus position of the marking beam.
The step of positioning may be repeated for a plurality of positions.

The positioning may include relatively positioning the wafer and
25  focus position of the marking beam.,



and along the axis may be based on a plane fit to the wafer. The wafer may
be translated along the axis. Positioning may be carried out using a novable
| ens el enent, 10 The steps of relatively positioning in the first diZz&EP @f

and al ong t{® ¢33¥2% My be carried out concurrently. The hod may i ncl ude
calibrating a systemfor carrying out the nethod. A portinf?tf#”gﬁm"ll"?‘fés waf er

within the marking field may also be within 15 the marking field at the

plurality of positions. ABldasi ofeust tierstdps of alktivaly positiofiag adhi@vide Ghitect and
ot her objects ,of the resent jnventi a |laser nmarker, for marking

h t ,
wor kpi eces i s PSR gRdalong, eﬁﬁ‘r*l?@ﬂ’%ei %%F‘l?ﬂé%’méle?%%w Sf wadrsa®nt r i ¢

scan lens for correcting spot placenent to within about ohe spot dianeter

over a marking field sugsiagnti al I% smal | er. t han the 20 vvorkgllgeg:e so as to
avoi d undesirabl e mark 4*hicPsone A5ths sieptolaeladvely posifipning alengths dijection ot her

vari ations i naf@pbhe the s SRk iofiat 1ALk : q#ﬁﬁd usi ng
pupi|l correcti on.ﬂg—9 2 8%3{6200603\?338%?%@%%%%3%% 6%%%?@%@%% e

tel ecent riki t PR or may be further reduced using additional scan |ens
el enents. The scan |l ens may be a color corrected telecentric scan |l ens. The
marking field may be a selected sub-field selected to further 5 inprove
beam posi ti oni ng accur adyleastioge efihe steptiofaelstivaly positinnitgalang the tregiohar fiel d

aligned with i %? | St f marks nay be determ ned
by detecting tragtgfrﬂg)?é&lfﬁ%{csgﬂ?}gﬁﬁ%ée r%géhg{i@’dg‘gg’ﬁp ens. 10 At | east one of
t he alignment vision systemand the |aser marker may include a focus or

hei ght sensor. The wafer may be iranslated along the axis.

Positioning may be carried out using a movable lens element.

10 The steps of relatively positioning in the first direction and along the

axis may be carried out concurrently.

The method may include calibrating a system for carrying out the
method.

A portion of the wafer within the marking field may also be within
15  the marking field at the plurality of positions.

Still further in carrying out the above object and other objects of the
present invention, a laser marker for marking workpieces is provided. The marker
includes a substantially telecentric scan lens for correcting spot placement to within
about one spot diameter over a marking field substantially smaller than the

20  workpiece so as to avoid undesirable mark variations associated with workpiece sag

or other variations in depth.

The telecentricity error may be further reduced using pupil

correciion,



An undesirable mark variation may include mark position, mark |line w dth,
and mark contrast variation with depth. The scan lens may be a telecentric
l ens. 15 An object of the present invention is to provide an inpro%&dEgRis
speed, | aseggP@aehosar ki ng nmet hod and system for produci ng nachi ne readabl e
mar ks on wor kpi eces and sem conductor devices with reducegpgﬂﬁgﬂﬂﬁﬁﬁe damage
produced thereby. In carrying out the above object and other objects of the

present 20 invention, a‘hm&w@himiyérﬂﬁ@ﬁayﬂﬁlﬁ&itﬁ&r&ﬁﬁé&@iﬁ%lﬁddﬁfbnﬂﬁﬁﬁS
i ncl udes gener,ati T%ﬁ“%‘f pul sed | aser beam The beam has a Taser pulse with a

wavel engt h, pt}?%qee repetition rate, and energy. The nethod further
includes irradiating a sem conductor wafer with the pul sed | aser beam over
a spot dianeter to prod ie a _nmachine readable mark on the sem conduct or
wafer. The mark has a n& R Sepgdens may. hepe coley aoprected ddecemimicGBAIOBIR 00

PCT/ US03/ 15698 The pul se width is |less than about 50 us, and the step of
irradiating irradiates over the S?Ot di aneter to produce a mark having a
mark depth substanti al | e aesgking field aepbe 21@lastedrsohJieldsalenéd mbfuetherubsur f ace

damage to @ SefbAAPELGHIHsiNBERE ad voi ded. 5 The mark depth may be in the
range of about 3-4. SH%?r%ﬁrﬁ:@lﬁéﬁafcéreacgner gy incident on the surface may be in

a range of about 230- 250 mcrojoules, the pulse wwdth may be in a range of

about 10-15 nanoseconds €.l tition rate Y, {.n range of about
15" 30 Ko, The ot op. of " PrEctbSRERFloh b e EalR el apned il o
| ocati ons, angreféfded dds.spot di aneter nmay be in a range of about 25-40

m crons and the marking speed may be at |east 150 nm sec. The step of
irradiating is carried out at a plurality of |locations, and the spot

dianeter nmay be in a raQbsrackricties vt ndLksIMaybeeddRisninittoyt BstediBE tidistioapeed  may
be at |east 150 nnistgrc. ﬁ% The spot dianmeter may be in a range of about
25-40 ni cr ons “aHif§ied through the scan Jens. _

10 At least one of the alignment vision system and the laser marker may
include a focus or height sensor.

An undesirable mark variation may include mark position, mark Jine
width, and mark contrast variation with depth.

The scan lens may be a teleceniric Iens.

15 An object of the present invention is to provide an improved high
speed, laser-based marking method and system for producing machine readable
marks on workpieces and semiconductor devices with reduced subsurface damage
produced thereby.

In carrying out the above object and other objects of the present

20  invention, a method of laser marking semiconductor wafers includes generating a
pulsed laser beam. The beam has a laser pulse with a wavelength, pulse width,
repetition rate, and emergy. The method further includes irradiating a
semiconductor wafer with the pulsed laser beam over a spot diameter to produce a
machine readable mark on the semiconductor wafer. The mark has a mark depth.

-10-



marking field size may be in a range of about 75-100 mm The sem conduct or
wafer may conprise a silicon wafer, and the step of generating may be
carried out using a frequency doubl ed Nd: YYO4 | aser having a gregrg Tp pig

wavel engt h. w@Q3888e¢ aser repetition rate may be at |east may be
at least 15 KHz. ?ldhe undesirabl e subsurface damage nmay i%ﬁmﬁﬁs

m crocracking. 11 2 8 SEP 2006 WD 031097290 PCTI Q@S03I1 15698 Further in

carrying out tIhe pakeoweadiah Red thansbodt 5Ehis, abd Betstepdff ifrhBatind ieeiates betent i on, a
pul sed | aser system.jncl udi ngoda | aser for, carryjn ut_the, nmethod of the

present i nventi®iPof Siagelilitn PEodusn a mazk baving 9 sk Aepil). sybsyemtiafly dess Ry doubl ed

| aser having ab@ite®NmiceorRUt OHdesiadE k@idfifibe dalnlabe tf HisbM®onikiGafdiyt 39 out the
above object and ot her objects of the present invention, a sem conductor

devi ce havi ng 2¥0%i&®hi ne readable mark with a depth of about 3-4.5 nicrons
is provided. The sem conductor device may have a nachine readable Mark with
10 a depth_of about 3 - 4.5 mcrons produced by the nethod of the present

i nvention.3 An object ofthe parkdapdemey bhindhe range ofabhayt Bricd miksorsa i npr oved
met hod and system for nachine vision-based feature detection and mark
verification in a workpiece or wafer marking system In carrying out the
above object and ot her Bhiseensgoinciden op thesorface may berinerangerof aboup2ei si on

may 1 ncl ude o Ao e A Y T e BE Bl 213 honBlas " "
mar Ki ng occur she mepetitivalraie mayrid ing raypgtofabandSwi 30KHza desi gnat ed regi on

relative to an article position. The nethod includes determ ning at |east
one location fromwhich reference data is to be obtained using (a)

information from whi ch Thefep Of Bidd@fin@ls cafried dut &t £piusalie bf Pedionanad(b) a
vi sion nodel of at |east a ggrti on of fa | east one article. Reference data
s obtai nddl t dhq Gesdiamsier gay i @ HFOEE ol 2bevt 2B ikmigronsigad the mirking speed

may be at least 150 mm/sec.

The step of irradiating is carried out at a plurality of locations, and
the spot diametier may be in a range of about 30-35 microns and the marking speed
may be af least 150 mm/sec. |

15 The spot diameter may be in a range of about 25-40 microns and a
marking field size may be in a range of about 75-100 mm.

The semiconductor wafer may comprise a silicon wafer, and the step
of generating may be carried ont using a frequency doubled Nd:YVO, laser having
a green output wavelength.

20 The laser repetition rate may be at least 10 KHz, or may be at least
15 KHz,

The undesirable subsurface damage may include microeracking.

-11-



waf er using at |east one signal froma first sensor. The nethod further

I ncl udes positioning a marking field relative to the wafer so as to
position a |l aser beamat a marking |location on a second side of 2 R&Epadler .
The positiq%g%ﬂgg;%based on the 25 feature location. A pr gg@}ﬂgﬁﬂsgygd pattern
I's marked on"the Second side of the wafer wusing a |aser marking output
beam The step of determ ning includes: neasuring at |east one feature in

‘an i mage obtained from Fukihesin wrfydiz aarthé abover et and otte objFeRwdiksd feature
to a wafer map; and.stor.ingaLége dgta for gislﬁ‘gmen rking wafers -12 2 8
SEP 2006 WO (P3FR58Y S0BRHET /A R0 Bies SYSEIB SRS | \pserolontGaEing 0t b first
waf er. The st epghef o prestmnvenfib@fsipi@hidednd storing are performed
automatically. The step of neasuring may include neasuring the average pitch
of a plurality of articles and relating the average pitch to a wafer map. 5
The articles may conpri L t ' of
determ ni ng may furtherq?ﬁgﬂsgﬁ%?fgo@i@%&r g?ﬂr?&gfgmg?dtlﬁ%gg%@%%%g@]s of the
row colu pauik wavelengfing boundi ng boxes from the edges and; defining a
die pattern coordinate systemfromthe boundi ng boxes. The relative

positioning of the wafer may be carried out in a primary 10 coordinate
system substanti al | y al iSildurthedrtin cartpingau dresabbveodbiect ahdather dhjestsafshd | oner .

The net hod may, i nc . n m coaor dj nat e relate_the
primary coor oqr%slééﬁeﬁgé%qoghé \‘7‘1\‘}1 %ﬁ%ﬁtﬁﬁ%ﬁ%ﬂ%&gy ]é]%r"il ol .%%Ciaﬁleg%_?é‘mh he step
of detai ni ng niepthsdfiabbutf 4 Sheicrdne dd prdeidedobt ai ning a coordi nate using a
wafer map to provide the information fromwhich a |location of 15 the
article is defined; and inaging at |east a portion of an article on a first
\Aﬁf er to genﬁr at eb_t he Wh%}saﬂiﬁﬁ”ﬂﬁﬁtord&ibdﬂnaihiﬁe?ﬁhadtﬁhecﬁﬁ%ﬁb}f]_ﬁmﬁlﬁiﬂi _hg gb]gve
obj ect andg, ot her ts t he, present invention, met hod i s provided for
i nspect i ngo nac"rﬁelﬂg‘ 3?@383%?&#&?!&@6%0%9@&@&@& ng?glevﬁf’%’?t WY hGTt
requiring transm ssion of radiant energy from another side of the wafer and
t hrough the wafer. The wafer has articles which may include die, chip scale
packages, circuit patterHsohierd of the presqas inverfion s todraide ak improyed eethod

and system for machine vision-based feature detection and mark verification in a

workpiece or wafer marking system.

In carrying out the above object and other objects of the present

15  invention, a precision laser based method of marking a semiconductor wafer having
articles which may include die, chip scale pacicages, circuit patierns and the like.

The marking occurs in a wafer marking system and within a designated region
relative to an article position. The method includes determining at least one location

from which reference data is to be obtained nsing (a) information from which a

20 location of an article is defined, and (b) a vision model of at Ieast a portion of at
least one article. Reference data is obtained to locate a feature on a first side of the

wafer using at least one signal from a first sensor. The method further includes
positioning a marking field relative to the wafer so as to position a laser beam at a
marking location on a second side of the wafer. The positioning is based on the

25  feature location. A predetermined patiern is marked on the second side of the wafer
using a laser marking output beam. The step of determining includes: measuring

at least one feature in an image obtained from a first wafer portion; relating the
measured feature to a wafer map; and storing the data for use when marlcing wafers

-12-



position, The articles have a pattern on a first side. The nethod incl udes
i maging a first side 25 of the wafer, imaging a second side of tggﬁgﬁjﬁrgﬂ
establ i shing correspondence between a portion of first side ina d
portion of @@Z@Q{}g side image, and superinposing inmage gdatmsisiesmst he first
and second determ ne at least the position of a mark relative to
an article. -13 2 0 SEP 2006 WO 031097290 PCT/ US03/ 15698 The system nay
further incl udabaabibligridsntichlytonné ¢indt veaferBURS stepPbBpahring Oraldtng, hhd St and
second sides s that the superinpos | mage portions correspond. The step
of substanti al ?WEHF‘% “@E&'ﬁ red out using a calibration target and
a matching algorithm 5 The nmethod may further include providing an input
using the user interface so as to cause a region of interest to be defined
within at |east a porti dhiester ofuoapue 13y Bpluds meaguaing fheavesage MHCBOT i nt er est
may be operat b ; ' t ’W:}fﬁlbﬁ sed to determ ne
t he position gplgﬂl%gﬁpnﬁgﬁlesr%ﬂ%\%ﬁﬂg@?ﬁéﬁﬂg@cﬁg The %t hod may further

i nclude providing an inspection station having a wafer positioning

subsystem geparated fro L1 O : 3 f ok | Yet
still further in carryi n@gh%&gt?a%sr%%o élﬁ%%f%@%&%%%@%ﬁ%%@@%@ 15 the
pr fesent ![ Eventdfdntermiqmgamaﬁﬁmhet 'mshde_::ﬂwﬁxg sp&'r lefm&fogpmlleﬂga_g oftirownduct or
waf er s, e I Ng ALL | kncl.ude di chip.ses

packages, Ci \r,\%’{ﬂ}?[m]{]gaa 1t 'er@@gghgﬁqgélbﬁg%g%gﬁ r?gg%i “Hg’ %egg#sa @%ﬁeﬁeﬁe\%}af er

mar ki ng syst emcoardinate system froruths bondingdboxeyyi on rel ative to an article

position. The systemincludes neans for determning at |east one | ocation
fromwhich reference data is to be obtained using 20 (a) information from

}mi ch a location ?f anI alrtfeirelhﬁvdImsﬁeﬁiingeﬂthamsdfe(rh)ayaae]\cchﬁiegnummd@hmaqu' 1 at

east a pqQrtion of at |east, one article., The system further inclJudes neans
for obtai*hi ngfo% %Wé@%?%ﬁ%@%ﬁ?‘gwgha@ﬂ‘ﬁP@%ﬁféﬂﬁﬁwwwnﬂf a waf er
using at |eastThe method may further include transforming coordinates to relate the primary

coordinate system with the die pattern coordinate system.

The step of determining may still further include: obtaining a

coordinate nsing a wafer map to provide the information from which a location of

15  the article is defined; and imaging at least a portion of an article on a first wafer to
generaie the vision model.

Still further in carrying out the above object and other objects of the

present invention, a method is provided for inspecting machine readable marks on

20  one side of a wafer without requiring transmission of radiant energy from another

side of the wafer and through the wafer. The wafer has articles which may include

die, chip scale packages, circuit patterns and the like. ' The marking occurs in a

wafer marking system and within a designated region relative to an arficle position.

The articles have a pattern on a first side. The method includes imaging a first side

25  of the wafer, imaging a second side of the wafer, establishing correspondence

between a portion of first side image and a portion of a second side image, and

superimposing image data from the first and second sides to determine at least the
position of a mark relative to an article.

-13-



H
one signal froma first sensor. The system further includes neans for
positioning a marking field relative to the wafer so as to position a |aser
beam at a marking 25 |l ocation on a second side of the wafer. The positioning
is based on the feature Ilocation. The systemstill further includk8 SEB3HE
for markin erm ned attern on the second side of using a
| aser mar k?ﬂg)og{??%g[{ beam Thg means for determ ning rreas]ﬂ’lrlz'gsoé\ﬁg‘s?é(’aast oge
feature in an image obtained froma -14 2 8 SEP 2006 WO 03/097290

PCT/ US03/ 15698 first waf@fe Rbdd dfhy fuethdt %Mdéesﬂﬁﬁﬁﬁm@dn{a%r findgls @ waf er
map, and stores the data for use when marking wafers substantially

i dentical to toaipsd Gpmihe st andsecond sides soniat the peperimposethimage BRItegs ar e

per f or med autoa@f@k%@hly #8F o RaSkEantiaN nﬁ%h%{gm ' ol | dut dstigt 1€ 1N
carrying out the above g%xec%?gnd.ot her ,yobj ects o 5I{}tﬂaec"'l;}f)l?esélnt i%v%nti on, a
systemis provialiBentipn targeiand epaiehingpdgeritbmr eadabl e marks on one side of a
wafer without requiring transm ssion of radiant energy from another side of

the wafer and through the wafer, The wafer has articles which may include
die, chip 8cal e packagesiheanetbod may fitrther inchun greviding iak dopul nengdhdasey occurs

art fclo posi 1 Bt SA5 A 20t o e B8 RO Bl AR KT 2, Ch

i ncl udes neansarfiomge phgn mgiclet he first side of the wafer to obtain an image,
means for imaging the mark on the second side of the wafer to obtain an

i mge, neans for establishing correspondence between a portion of a first
side i mage and a porti orihefregion efMtedess imA¢ bk Bp&ator adidstaBleneans f or
superinposing i mage data fromthe first and second sides to determ ne at

| east the position of a mark relative to an article. At |east one of the
means for inmaging may i nideliBerBnpoR@IE4ie By be DI R@RGARY the pbatbr &4 N9
correspondence may jnclude a calibration "target and an algorithm 20 Yet
still furtfer markaglatys intheatticleae above object and other objects of the
present invention, a |laser based systemis provided for |aser nmarking of
substrates such as sem conductor wafers or simlar substrates with a | aser
mar ki ng The method may forther include providing an inspection station

—

having a wafer positioning subsystem separated from a positioning subsystem used
for marking.

Yet still further in carrying out the above object and other objects of

15 the present invention, a precision laser based system of marking semiconductor
wafers, the wafer having articles which may include die, chip scale packages, circuit
patterns and the like. The marking occurs in a wafer marking system and within a
designated region relative to an article position. The system includes means for
determining at least one location from which reference data is to be obtained using

20 () information from which a location of an article is defined and (b) a vision model
of at least a portion of at least one article. The systera further includes means for
obtaining reference data to locate a feature on a first side of a wafer using at least

one signal from a firsi sensor. The system further includes means for positioning

a marking field relative to the wafer so as to position a laser beam at a marking

25  location on a second side of the wafer. The positioning is based on the feature
location. The system still further includes means for marking & predetermined
pattern on the second side of the wafer using a laser marking output beam. The
means for determining measures at least one feature in an image obtained from a
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beam The substrates have a repetitive pattern of articles arranged in rows
and colums. Each of the articles have a feature detectable with an i nmagi ng
subsystem 25 The system has a | aser marki ng head, the inmaging subsystem for
i magi ng and neasurenent, a notion subsystem having a stage for p@$i3GPoliifng
at | east thggogwdasdyrate relative to the i magi ng subsyst empcafflosdie’

I nterface connected at least to the imagi ng subsystem and noti on subsystem
Laser marks are to be placed at predeterm ned |locations relative to the
articles. A nefitNovelefpartets relptes the measiiredfeatunesio 28y SRz @6d stemsalsy &gy 290

PCT/ US03/ 1569 i[ti]%%ﬂ] [ I £4q r,m n tures is

further provi ?gg. ihe nethod ?’%fsﬁg%ﬂsé%ﬁ@ﬁ &llerﬁ%a?ttgrtgﬁg‘ﬁ&?ﬁéﬁﬁ's e’;&a

i nterface, an megsuting orebing oandastering areperformed eftothtcatixthyethe meanb dor

identified forc}?@eﬁnﬁ ic feature detection and neasurenent with a nachi ne
i ]

vision algorit ‘met hod further includes 5 positioning a first
substrate relative to the imagi ng subsystem automatically to traverse the

pattern al png at | east e of a.row or_ col.um of t.nh trern.s to
acquire i Ngge data at a%rfg‘ith%ré‘f C%Tm%ﬁmeeab%%%m?%ﬁ@f Oﬁeﬁaﬁg’gﬁqﬁ]ﬁ is
measur ed usi Ngpresdht int&RionD R eysttah BGiravilied foe dispé@ing imaahink ealhblt Ynks 6 t i Cl es,
the algorithm and the inmage, . data., Dinensional data is stofed based on the

measur ement . AA0CSESST a watelwithout rquirig tragstaissign of diagt eReESHHOBANOEET { aat ur e

| ocations are G@tsFind Weer il tﬁfohglﬁﬂ:{e%a?é}.e MR ta®rhas BSiclRd whitd rﬂi\f‘%ﬁlﬁﬁ@”a'

data. The feature | ocations of e second set suitably define

rel ationshi p bHe.&dh seplgppackeses, eEryitqatams agg dieclikeanBhemarkingoecHsy @ithat e
: ; . . o S oned
system pe Wﬁf?tt mﬁ‘!‘l&ﬁﬁtsgﬁ%lﬁ aﬁ@ﬂtﬁﬁ%‘ﬂ@ﬁﬁ%@sﬁéﬁlﬁ 9%{.{5\1&5(6' Qﬁtait:t‘.ﬁegpedsﬁloﬁp sitione

to be marked relative't e imging s At | east e
cor r espondi ng Theartieles haye atpaters opfa first sidee Thesystenderiudst nfegns for énagagat i ons

are | ocated i . | ned. f. r I n the

; second substra e%b@#%ﬁ%@o ﬁ%ﬁWhmﬁﬁsﬁﬁg%@&egﬁ%E%aﬁ are

i related to thesecandrsidepditish waferta obminandmage) ereamscion estahlisking abmespdindences ubst r at e
IS positioned relative t.o the rking beam based at least.the t{hyee
foature | ocat i B oS bEB AR S Seet e TRES Qb Rhop €805 sk, bt
estimte af theeds fHreeaimpming hnageiaa fea theYirg and sscondsidéscto deietming ue

ositioning of, the substrate and the i magi ng, subsystem over a substanti al |
P g least the posftfono amarnk ret]atlve to artlgle. y y

1=

At least one of the means for imaging may include a zoom lens.

The means for establishing correspondence may include a calibration
target and an algorithm.

20 Yet still further in carrying out the above object and other objects of
the present invention, a laser based system is provided for laser marking of
sul:;strates such as semiconductor wafers or similar substrates with a laser marking
beam. The substrates have a repetitive pattern of articles arranged in rows and
columns. Each of the articles have a feature detectable with an imaging subsystem.

25  The system has a laser marking head, the imaging subsystem for imaging and
measurement, a motion subsystem having a stage for positioning at least the
substrate relative to the imaging subsystem, and a user imterface connected at least
to the imaging subsystem and motion subsystem. Laser marks are to be placed at
predetermined locations relative to the articles. A method of laser marking with
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smal | area of the pattern, and further includes identifying a feature in a
di spl ayed inmage, and communicating the imge |ocation of the featzrgesqjslb g
the user interface. The substrate nay be a sem conductor wafer, thée~drticles
are die, a'\?oogfﬁ ﬁ%f eature is a corner of the die. The di @808

measur enent  my S[)e the average die pitch neasured over a substantial nunber
of the along at | east one of a row and columm. The average die pitch may be
related wit hd{:bemfpesitiaﬁmntrol ﬂ%}@pr&ﬁiﬂiﬁ&@ﬁt&rﬂ@aﬁﬁﬁg@ﬂﬁ'&& ﬁ@WdhéBOSﬁelgGQSdThe
pattern coordi nate, system may,.have an qrigin, defined relative to a boundary
of the patter rfngfif‘i’ﬂeml‘/’f“élﬁs B’f’”‘%]é’i‘ge Fﬁ’i"ﬁ%g’er’r&? 1"??&%%%&”3’@8?% Hforgrseat t er n

! ocatit ;)ns, aq{bm@ﬂ?@%agpmtﬁ ke Eé?_?}dehﬁif{i’edo%rf Rittof@tid dff@dthﬂenﬂetfhé'tthuﬁhlﬂﬂ? bfisgd
on pattern system coordi nates, The step .of providi arther include
generating a VIESHIMeBY N 7, mag Sn"“’rl%é@o@f%ﬂé p@?"(l‘“&&‘%%@ patudes n. An

obj ect of %he PERIBAE d RYREhbsHatd Feldive b QNe kxfﬂ%fzﬂéiﬁ@hu’f@ﬁﬂ@ﬂly gnd system
for calibrating a | aser processing system and 1aser harking system 10

utilizing sameraveysedbe pafieryalong at lest apeoba spy g colima Hithe palsi se e tof the
present | “Ve%@ﬁboigﬁggﬁétpg% st S f@aﬁﬁfe%&ﬁ&}sgg&gm&ﬂgﬁﬁis%ﬂ%& fisihg S

provi ded.. The I NC es ca rating a | r I ng systemih three
di mensi ons. That leastamedetecigble ifeathine ohg plurdifUefesticleso the atgodiime, and thedmpgamdi ng t o

a pLural ity of el Bliuioll %ol ofla baod hiBhed BRbE ARG L0y POST 1 O

[
measurenment of a V\%I‘ Iece e mar assocl at’ing stor e%aca I bration
data wi t h10he lpcitions ofa seeemdiset nEfeatureTlocatibas arendeicrinined trelativk torthepdtieipl e

ot cdet ar m ned s oegSoael o e uiirS bR WSRRRH e g i v
calibration fidefiicaship betveapopalicko coordiaity 8ysiéme vad a amnge coordinak spsether system
parameter set t'hﬂ:gﬁrsg? slu)‘gte?s %o@eg %né Ia%l:c%n Isunl?sntrsa‘ée%g positioned to be marked

relative to the imaging subsystem. At least ihree corresponding feature locations of

15  the second set of feature locations are located in image data obtained from the
corresponding pattern on the second substrate. Coordinates of the pattern on the
first substrate are related to the corresponding pattern on the second substrate. The
substrate is positioned relative to the marking beam based on at least the three
feature locations of the second set to mark the substrate,

20 A first estimate of the dimension may be obtained by semiautomatic
relative positioning of the subsirate and the imaging subsystem over a substantially
small area of the pattern, and further includes identifying a feature in a displayed

image, and commﬁnicating the image location of the feature using the user interface,

The substrate may be a semiconducior wafer, the articles are die, and
25 a feature is a corner of the die.

The dimensional measurement may be the average die pitch measured
over a substantial number of die along at least one of a row and column.

The average die pitch may be related with a wafer map.
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One of the marking system paraneter settings may be a spot size, or may be
a working distance. -17 2 8 SEP 2006 WO 0 310 9 7 29 0 PCT/ US03/ 15598 The
mar ki ng system may have a backsi de wafer marking system having Zaf SEmeb

al i gnnent r obtaining reference data from a topsi waf er .
Furt her m?ﬁ?@?&% out the above object and other object s?%%f[%ﬁ)ﬁ}egg pr esent
i nvention, a systemis provided for |aser marking of sem conductor wafers
having a pattern on a fThspatirteotdinddeysionf wiyhavens ofigindetind reladee ©f t he
wafers to be ﬁalrulﬁ:fd algthgre eterm ned |l ocations relative to the pattern and
within a mar kPGP 8 MERBS Ential Iy snaller than the wafers. The system

i ncludes neans for calibrating a marker neans of the system and neans for
controllably positionin ng beam 10 relative to the wafers based on

a _nmar
the calibration. The syrglﬁ%ﬁ? ePEPITHE Y, Bl SSRAFEIIUEVIOT PAHiFE) iRpasions,or
relatively pagd Sda@ibinpOmiy e WRFST SutdybohbSIiAR HetagBBARY dnPansdl dyfkat | Ny, and
means for _calibrating the translator to the marker nmeans.” Still further in
carrying out cAEdHBKe obj ect and ot her objects of the 15 present
invention, a |laser-based wafer nmarking systemis provided for marking a

waf er having a topside containing a circuit. The circuit has circuit
features and the waf er Thesiepofipaewdingimay Surther inglude geneTtngsa dsionmiodell udes a
cal i brat ed gal.yv:a) i ] ing a scan lens and a nmarking field
substanti al | ylugs/l?r'g er%ehoafhw?togtgd%v\%ﬁégﬂa.t@%e system further includes a
calibrated positioning stage for carrying the 20 wafer with a range of
notion | arge enough to Rosiiio ny wafer location to be marked . tq within
the marking field. The &Qb@m%tﬁq%eﬁi{r HHIOR f5 5P Dydde AN mprqy; P’é’gmﬁal i gnment
canera w th aahd eyslernffon catibratingsd Bodr wobassispadian dntansek iBarking e¥siedd frane
nmounts thg stage rigidly with respect to the canera and the marking head. A
control | etV ha¥ l%gm?eor coordi nating | ocations of the marking head, the
stage and 25 the alignnment canmera for causing the stage and the marki ng head

to be positioned relatjve to each other such that the wafer is accurately
marked on its backsi de In carrying out the above object and other objects of the present

invention, a method of calibrating a laser marking system is provided. The method
includes calibrating a laser marking system in three dimensions. The step of
calibrating includes storing data corresponding to a plurality of heights. The method

15  further includes obtaining a position measurement of a workpiece to be marked, and
associating stored calibration data with the position measurement.

The data may be stored in multiple calibration files. The calibration
files may correspond to a plurality of predetermined marking system parameter
settings.

20 The multiple calibration files may correspond to a height leve] and
one of marker system parameter seitings may be a marking field dimension.

One of the marking system parameter settings may be a spot size, or
may be a working distance,
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relative to the circuit features on the front side. The alignnment canera and
the marking field my be | ocated on opposite sides of the wafer. -18 2 8
SEP 2006 WD 03/097290 PCT/ US03/ 15698 The al i gnnent canmera nmay be Gfff $fht 2006
fromthe magly d, A mark inspection canera may be off [ he
mar ki ng fiewd%ﬁ%g@cont roller may conpare a | ocation of aﬁ%ggsﬁﬁéi ned
fromthe inspection canera with a |ocation of a circuit obtained with the
al ignment canmera. 5 A sdhenmarainigystent maybeveon bRokside wdfesiarlfiigosystehe mar ki ng
field and a rk ingpection canera_.may, be off.set f t he mar Ki field on
t he backsi de %"“ﬁgﬁe "F]é%“.“‘e’ﬁﬁ‘éa“é‘%%lﬁ’rl Fnipe teTerency ‘{a%r%%‘ﬂﬁttf-‘?séé(q %ﬁge The
control |l er maywefenr di nates positioning of first and second wafer 10

portions to be marked based on the map, and the portions may overlap the
marking field. Yet still further in carrying out the above object and ot her

obj ects of the present Fuf%enin Qitryi bRSBE Al bjdPR akid BEhed bBjesi df $he?" OVi ded
for markin sem conduct or substrates and the I|I]<e. The syst'em has a | aser

marker with a DESSCABIDRETHGN 2 systensinsevided forlaser amarkiag iof sepwigpndaetor wafers he
substrate, a MOSidsl O oy BAY St A Waith, Al Asccohl 38 of fle LA ! ¥
rking field, and an “al1dgnne

positioning the _ C _ nt vi sion subsystem separate
from t he mar k anankes atipsesigtermined 1dcetiong redative tathe patbesn pwd withinednarkingdicht | vel y

Poature. Tho PR piec TS Gt PrPE0 Rilnds fOSCI BRI |

plurality of fiatkeiméass df thp epstain,end awaml formneciiablygrogitioning timarkieg bdangnnent

Vi sion suRsys: cal.i brating..the.al j.gnment vision subsystem based on
t he measu:iQd #ﬁgliﬁ%%;}ﬁ%Wa%eﬁ%{’%spga’g&fescahﬁ@{l&q'oned relative to the alignment
target to calibrate the stage using data recording the novenment of the

stage and data obtai nedgxﬁl"eth the alignment visi subs%ste The
calibration of the stagéd®fSYHerHp Bgfti‘ﬂﬂ‘}e"?ﬂ o¥ transkaqe fer g5atgiely

calibrating thgsiohfa BB twafe:sl A Hi¢Si@ker MignC fdrl LAldtAR, HBE HRékns for

calibrating the translator to the marker means.

_ Still farther in carrying out the above object and other objects of the
15  present invention, a laser-based wafer marking system is provided for marking a
wafer having a topside containing a circuit. The circuit has circuit features and the
wafer hag a backside to be marked. The system includes a calibrated galvanometer
marking head having a scan lens and a marking field substantially smalier than the
wafer. The system further includes a calibrated positioning stage for carrying the
20  wafer with a range of motion large enough to position any wafer location to be
marked to within the marking field. The system still further includes a calibrated
alignment camera with a field of view substantially smaller than the wafer. A frame
mounts the stage rigidly with respect to the camera and the marking head. A
controller has a map for coordinating locations of the marking head, the stage and
25  the alignment camera for causing the stage and the marking head to be positioned
relative to each other such that the wafer is accurately marked on its backside

relative to the circuit features on the front side.

The alignment camera and the marking field may be located on
opposite sides of the wafer.
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farther includes positioning a test substrate to be marked, marking the
substrate at a plurality of locations within the field to obtain marks, and
measuring nark -19 2 8 SEP 7006 WD 031097290 PCT/ US03115698 | oddt $ipndli t h

a cal i brat egoQRldRe mMeEAsurenent systemto obtain neasur GW@:@%QHD usi ng

t he rreasurerrents to calibrate the |aser marker, the syste ei ng
cal i brated. The predeterm ned | ocations of the fiducials disposed on the 5

alignment target may corfieralizfifierdRabbdusdy s oFfseteah thd @Erkimasdgenent . The
nmet hod may further include holding the alignnent target stationary, and the

X-Y stage positions at |east one of marker and the alignnent vision system

The spacing of the fidU%ﬂﬁWcﬁ&%ﬁﬂ¥ﬁe Bma@fbn&ﬁﬁ:ez{rkﬁg%m

target may include a pattern for vision systemalignnment. The net hod nay
further include renoving the calibration target from the system and

replacing the calibrati etcgﬁ‘g@jerm)gt ra &%tl‘f"’%ﬂg‘?,ze’f%&%&?@ﬁ?m?ﬁy The

calibration target and the test s e nmay | denti cal
di mensi on and WweRectien gaewra wshadosstion pha eiradimbtainadesith the alipementseera. 15 The
met hod may further include noving the alignnment target with the X-Y stage
and hol ding the marker and alignnent vision subsystem stationary during the
step of nmo%ing. The cal iﬁbseabmﬂaligpmbmhmmamymemﬁmtmmemamﬁygﬁddwm

al i gnnent VISIOI’] subsystem 20 Th I rated opt.ical..measufe t system
may further be®FAKfE fq’% EF%%F‘% 8 %@%P&F&%ﬁsﬁr@ﬁﬁf’?ﬁﬁw reat er
t han spaci ng bétweaésn, the marks and greater than resolution of the alignnment

vi sion subsystem The above object and ot her objects, features, and
advant ages of the present invention are readily apparent fromthe foll ow ng

detail ed description of Ttheecariéts AaPoERIBHEC lens.

The controller may coordinates positioning of first and second wafer
10 portions to be marked based on the map, and the portions may overlap the marking
field.

Yet still further in carrying out the above object and other objects of
the present invention, a laser based marking system is provided for matking
semiconductor substrates and the like. The system has a laser marker with a

| 15  marking field which is substantially smaller than the substrate, a positioning
subsystem having an X-Y stage for relaﬁvely positioning the marking field, and an
alignment vision subsystem separate from the marker for locating a feature on a
substrate used to relatively position the substrate and marking field based on a
location of the feature. The method for calibrating the system includes measuring

20  a plurality of fiducials disposed on an alignment target with the alignment vision
subsystem, and calibrating the alignment vision subsystem based on the measured
fiducials. The stage is positioned relative fo the alignment target to calibrate the

stage using data recording the movement of the stage and data obtained with the
alignment vision subsystem. The calibration of the stage is performed subsequent

25  to the step of calibrating the alignment vision system. The calibration method
farther includes positioning a test substrate to be marked, marking the subsirate at

a phurality of locations within the field to obtain marks, and measuring mark
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WO 031097290 PCT/ US03115698 best node for carrying out the invention when
taken in connection with the acconpanying draw ngs. BRI EF DESCRI PTI ON OF
THE DRAWNGS FIGURE 1A illustrates a view of the first side of Z\ﬂﬁjctor
5 waf er %3@4754 cles, and a field of view covering sevg,cﬁ. g S@}?
| aser ITB.I’kI Q Qach article is to occur in a correspondi 6] on the
backsi de of the wafer; FIGJRE 113 shows an article of Figure TAin an

expanded Vi ew jocaib R & Galittardd BRI aANaHeR s Gﬁﬁéﬁ?&?oﬁﬁlﬁﬁe@im&ﬁéﬂs ahd i cl es

within the field showm in Figure | A, 10 FlI Dillustrates exerrpl ary two
exanpl es of ci @ e ymegsiTerentdy caldbrpe dhe lasergRanker.i the sysiemthorely, being
instance a bal{dyiafated array and circuit trace patterns; FIGURES 2A-2E shows
several conponents of a marking systemof the present invention with Figure
2A showi ng the workpi ece and exenplary optical 15 and nechani cal

conponents, and Figure 2§ LN r ;

illustrates, by way of exarrgﬁ%hcl No @1&%&6@”}%%& fﬁuhﬁ[s dﬁhsgégs.é%%%t ed with
non-t el ecefit r |allgainbgmmmay\donfamktmmdmwmdarﬂzfonmeashmrmpt as applied to
backsi de waf er marki ng based on topside features; FIGQURES 3A-3C are a nunber
of views wherein Figure 3A shows 20 a view of the second (bottom side of
the wafer with a marki nqHei mleﬁo?lcmayfiim]mdnﬂgde tholdile the aligniént Vikeet of
Figure 1A, cont lnln cles of . Fi e 1C, FI GURE 3 S, an

1 st rat | on. Temioggs aRb ey, SoEanihiisns Ablers o ok i e hat o
regi on on the ﬁﬁgﬁ)gﬁ; tégh.de; and Fl GURE 3C shows an expanded view of a marked
article; -21 S 2 8 SEP 2006 WD 031097290 PCT/ US03115698 FI GURE 4 shows an
exanpl e of a gal vanoneter beam positioning system which may be used in an

enbodi ment of the i nventrRRpdchfy T FRdueBils may be about 2.5 mm and the alignment
10 target may include a paitern for vision system alignment.

_ The method may further include removing the calibration target from
the system and replacing the calibration target with a test substrate to be marked.
The calibration target and the test substrate may have a substantially identical

dimension and may be positioned within a common nest in the system.

15 The method may further include moving the alignment target with the
X-Y stage and holding the marker and alignment vision subsystem stationary during
the step of moving.

The calibrated optical measurement system may be the alignment

vision subsystem.

20 The calibrated optical measurement system may further be a
metrology system baving resolution substantiaily greater than spacing between the
marks and greater than resolution of the alignment vision subsystem.

The above object and other objects, features, and advantages of the
present invention are readily apparent from the following detailed description of the



mar ki ng; FIGURE 5A is a schematic diagram showi ng certain subsystens of 5 a
| aser marking system for sem conductor wafers for use in a produ?tﬂiﬁgmﬁ
system FIGURE 5B is a schematic illustrating exenplary tinme efficl nP
sequenci ng ﬂgm%@ﬁﬁ)“ ons for a wafer marking process; Fl Gﬁ%s@ﬁ%ﬁ% show two
alternati ve beam positioners, which may be used alone or in conbination for
| aser marking; 10 FIGURES 7A-7D illustrates top, end, side, and perspective
views, respechdsyelode Rf @myiigkpiene ifvmtion artic GakeC i bbsidficl withghé n an
enbodi nent of the resepnt | nvention; FlIGJRES 8A-8D are top, end, side, and
perspective vi%’ﬁ%‘?p’ﬁ? 8¥1888 vy, showi ng the use of two positioners of
Figure 7 for supporting and 15 positioning a rectangul ar workpiece (up to
and including 2 degrees of fr-eedor&g FI GURES 9A-9C are top, side, and

per spective views, respectBRIBF\DESEHBRION GHEHESRRAWING®e positioners for

supporting and positioning a round workpiece, for instance a 300 nm waf er
(up to and including 3 degrees of freedom; FIGURE 10A is a schematic
representation of an exeﬂ%‘-&%@lﬂa@wﬁaﬁ@m diew opthe dast sige 08 seniopndgeioer al

waf er mar Kizng : ' r e i) [

schemat i _calsl y ‘ﬁj%fg?gaa'gﬁé)%ﬁfcﬁﬁ, @r{ﬁ%ﬁgfﬁ% ?X?@g%gg’&% %Elck:% ’alg%& rﬁ[%%t h

i ncreasi ng | asefreaptemicteas itoocode it cortespondinyyfiald dn the mckaide &f the wdiec;ed usi ng a
met hod and system of the present invention; -22 2 6 SEP 2006 WO 03/ 097290
PCTI US03115695 FIGURES | IA-1 IDrelate to two and three-dinensi onal
calibration of the worKFGRIRE pBeh@gssdngticly of Bigusd 1&g i espaddedayielv;2B Wi t h
various calibration targets; FIGJRES 11E-11J further illustrate various
calibration target 5 configurations for calibrating various subsystens

within a laser marking SSIGURE 1C i {B0len ahdpedpdnded Vst 6£08r BE)6Yithih eat ur es
that may be located wthin_a flikd of viewon a first side of a wafer, the

feature | ocat i Badiclesbaynja Eepure

10 FIGURE 1D illustrates exemplary two examples of circuitry which
may be present on various articles, for instance a ball grid array and circuit trace

patterns;

FIGURES 2A-2B shows several components of a marking system of
the present invention with Figure 2A showing the workpiece and exemplary optical
15  and mechanical components, and Figure 2B depicting a system controller;

FIGURE 2C illusirates, by way of example (uot to scale), ray
diagrams associated with non-teleceniric alignment and marking systems,
particularly as applied to backside wafer marking based on topside features;

FIGURES 3A-3C are a number of views wherein Figure 3A shows

20  aview of the second (bottom) side of the wafer with a marking field, corresponding
1o the field of view of Figure 1A, containing the articles of Figure 1C; FIGURE 3B

is an illustration, in a broken away view, of marks formed within a designated
region on the second side; and FIGURE 3C shows an expanded view of a marked

article;



]

determine a position of a marking beamon the opposite side, for exanple;
FIGURE 12D il lustrates coordi nate systens and exenplary circuit &3 F’%Eﬂ ures
used for relating coordinates of a wafer to be marked with a stbf ol

repr esent aty he wafer; FIGURES 13A-13C illustrate t i of a

tel ecentri tc‘hﬁgsr{@t@gr use in a precision wafer marking sygggﬂl?@éqg@sa

devi ation | ess than about 1 spot dianeter over (1) an 80 mmw de field, and

(2) a depth range corr eSpQUREW stowsarexaaple Wi a6falvahSmsss bet pokai

specifications; FIGJRE 14 ilJustrates schematically features qof a laser mark
on a seni cond¥Eitr WhHGHe may Rpeciee Hisans em P‘l {16 [vguion,tog bagksider o
posi tioni ng SyadrR#e; Wherein the wafer -is initially | oaded in a horizontal

position, and noved to a vertical 20 position for alignnent, marking, and
i nspection operations; FIGJURE 16 shows a wafer hol der capabl e of supporting

wafers in horizontal  wsGUREPA sRRIE SENTIGORE LoMiaLIRMineR F CLRES

17A-17C show a calibration target and representative  superinposed | nmage
obt ai ned Wbt h adajsa marieing gysiton forspriconducty veders foralse dma praduetionicystam;
inspection and position verification. -23 28SEP2006 WD 03/097290

PCT/ US03115698 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Overvi ew
Several conponents of aHGURENDRGH af shermhativeillusteating nexemptiry tinpeefficiont of

waf ers, for i wafers, i Gghematically illustrated in Figure
5A. 5 A robogﬁ%ﬁgﬁggﬁ&%&&% f??&ra%%?fe?%“%%?%%’ff&&( Front Opening Unified
Portal) delivery device to a pre-aligner 102 which is used to find the notch
or flat of the wafer so rient the fer for farther processing.
Reader 103 nay be used @Qﬁﬁ%@%@ﬁﬁ%@%qu P35h Pin turn
may be used i rbesigbbsigheot inoabanfiomfr $4sePBarkdg; pr eci si on stage 104 is used,

and a fine alignment procedure included to correct the 10 residual error of
the pre-aligner (e.g., X, Y, rotation). The wafer is nmarked. All

10 FIGURES 7A-7D illustrates top, end, side, and perspective views,

respectively, of a workpiece positioning mechanism for use in an embodiment of the

present invention;

FIGURES 8A-8D are top, end, side, and perspective views,
respectively, showing the use of two positioners of Figure 7 for supporiing and
15  positioning a rectangular workpiece (up to and including 2 degrees of freedom),

FIGURES 9A-9C are top, side, and perspective views, respectively,
showing the use of three positioners for supporting and positioning a round
workpiece, for instance a 300 mm wafer (up to and including 3 degrees of freedom);

FIGURE 10A is a schematic representation of an exemplary laser
20  and optical system for general wafer marking (e.g., topside marker shown);

FIGURE 10R illustrates schematically degradation in mark quality

(e.g.: due to cracking) with increasing laser penetration depth when compared to a

mark produced using a method and system of the present invention;
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mar ks, or a designated subset, are then inspected. In the arrangenent of
Figure 5A the inspection system is used with a separate mspechpggs
105. A marki ng sequence, follow ng opening of a FOUP, includes 0

nmoves the Walakhnbfed e pre-aligner and establishes a notch,
posi tional rel at|§on 2. The wafer IDis read by an OCR reaﬁlﬁsogf}%ﬂfa k

information is obtained froma network. 4. The robot noves the pre-aligned
wafer to a precision X- Y?IG}[M IIA—IEDmﬂat&t&‘twﬂ”@ﬂdhr@é—ﬁﬂﬁﬁii@ﬁhal@ﬁhﬁrbﬁoﬂvafer to

a |l east correct, residual re al.i gn err The wafer js narked
i g n e ot ey oRkben DR shH of Fisbs 2A S0 Vi veReB S aist  Te
wafer is inspegiges; 8. The wafer is returned to the FOUP. 25 Figure 5B

illustrates an exerrpl ary sequence of operations for time efficient wafer
processing in a system Various processing steps may occur in parallel. For

exanpl e, a second wafer FBYRES qmrmemtﬁ& hﬁfsu%evﬁidugruaﬁﬂfa W et Fi N
alignnment is occurring on a first wafer -24 . SEP 2006 WO 031097290

PCTI Usoslléegwnﬁg@%w for WIWWS@bmm@% aJesenmarlieg sgkeaLar t i cl es
(e.g.: chip scale packages, integrated circuits). The density of the

ci rcui try on each article can lead to difficulty in placing machine

readabl e marks, such as Flﬁlmﬁﬁeﬂsﬁ-&&hﬂwtraﬁsmﬂmrfsamlthatmége lpcatmfbstrl cted

orens £ ) SRR fbg B 48 B AT b e R 20

damage to ci r aleidrnmynevdpasition of latmdrking dewae dn ke @poht@deeﬁ&ra;;zmpbg ki ng beami s
to be avoi ded. WO0154854, assigned to the assignee of the present invention
and hereby incorporated by reference inits entirety, discloses a method of

hi gh resol ution marki ng RGURERD qms&atd@um@iﬁatelsmﬁs AR dxedPlar@giradir ation is
obt ai ned fﬁomtcl rcuit %at ures neas V\% sensor, and I1.n one
eatures used for relating coor of a wafer to be marked with a stored

representation of the wafer;

FIGURES 13A-13C illustrate the design of a telecentric lens for use
in a precision wafer marking system with a deviation less than about 1 spot diameter
over (1) an 80 mm wide field, and (2) a depth range corresponding to nominal wafer

15  sag and warpage specifications;

FIGURE 14 illustrates schematically features of a laser mark on a
semiconductor wafer;

FIGURE 15 schematically illustrates a wafer positioning system
wherein the wafer is initially loaded in a horizontal position, and moved to a vertical
20  position for alignment, marking, and inspection operations;

FIGURE 16 shows a wafer holder capable of supporting wafers in
horizontal, vertical, and upside down configurations; and

FIGURES 17A-17C show a calibration target and representative
superimposed image obtained with separate imaging systems 50 as to aftow for mark
25  inspection and position verification.
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enbodi nent the sensor is located disjoint froma marking head. Exanples are
included in "854 for marking of PCB multi ups and packages such as chip
scal e packages and die in a tray. Sections of the '854 discl OSUH @,SEP 7008
i ncluding: page 4, lines 9-16, page 6, lines 1-5 and 22-29, Pageée 8S I'T'nes
10-17, paggy8oeshd7y 15-page 10, 15 line 30, page 11, |inepcifsddhsend the
sections in the &etailed description entitled "scan head", "nmarking
operation”, and "registration" and the associated drawi ngs of the sections
are related to t hBEJAJEER DESERIRIIONOR THEBHPREFERRENIEMBOTRIMENBYort  for
vari ous aspects of precision marking nethods and systens discl osed herein.
Referring to Figure 1A, one enbodi nent of the present invention 20 provides
a precision | aQeervigwsed nmet hod of marking a semiconductor wafer 3, and the
met hod may be adapted to marking of packages, substrates or simlar

wor kpi eces. The wafer 3.may have articles 2 (one shown in an expanded vi ew
in Figure 13) which maySdveel esieporiérts ofttyRer 160 Goriasekagiing il ibpédiopal t er ns
and the |like. The, art.icles be suhstantially identical,, but sych a
restriction i shWafeiie f¥susipnee 398 oy walers, s schematically, Hiﬁa@‘@rmrﬁiﬁﬁg& uring
oper ati on, 55ubaeapRD] kiendt@E & vakks ffol& FOUP (BbROMintds MRhé PorkORRIRP DY
precisely cutting ("dicing”) the wafer. Further " information rmay be found in
US Patent 6, 309evae3oamee-alignen 1% wiehnis used todindshe wateh oy of B vofer3epes pl aced
on the back of MSBen jrge fSd 40 Ng.
Referring to F@tﬁ@%?“’t%egfmr k$&§%&g%h§h%d?€£ e&]%%é)%sg&ﬁéﬁ o?tr?g wi thin 30
a desi gnat ed r eqfied Ainfeomatianawhiph in Wi mag e used itpPhisequent Prpeessing stepscadpl e t he

backsid 33 e . C C it
52 cor respond FisciBn e 108 Bod R & huP SRk Fdd80 Cincl OB B siPng s o1 1S
031097290 1BCTI tdshiBAlls 69 Ithe pregaligher(egd Xn¥oditaion). The wafer ks morkbdr 4R (e. g.:
300 f i t] ‘W] | t I | J t
Tii on syst o BagcR s ny g8 gl S eatlipiperEa 1Rk il e kel 4800
the sensor centheringpectidal systemdn dsedtwithesdepafaeusectintstiygal@®Sposi ti oni ng

sub-system coordinate (e.g.: laser beam wai st position 5 at the center of a
marking field). Preferably, the calibration will provide three-di nensional

correction. The increasi §anARmpRshubMe, RHiS denidkdF aFOUP Gheludes:
L. Robot moves the wafer to the pre-aligner and establishes a notch-die

15 positional relation.

The wafer ID is read by an OCR reader,

Mark information is obtained from a network.

The robot moves the pre-aligned wafer to a precisioq X-Y stage.

RO

Fine X-Y-Theta alignment of the wafer o a least correct residual
20 pre-aligner errors. _
6. The wafer is marked using a "mark-index field-mark -index field"
repeating sequence.
7. The wafer is inspected.
8. The wafer is returned to the FOUP,

25 Figure 5B illustrates an exemplary sequence of operations for time
efficient wafer processing in a system. Various processing steps may occur in
parallel. For example, a second wafer.may be transferred for pre-alignment while
fine alignment is occurring on a first wafer.
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war page maywhesge-aed ficant 10 relative to the depth of fo W
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calibration process providing bo 2-di mensi onal and 3-di ménsi onal
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Cal i bration a

wor kpi ece procjﬁ_igg1 %hépoun ?Eég‘@% 20;(?(51;%% %?g?\c% ??;H %gmé%gtent

5, 400, 132 enti ¢of ﬂu: premttmveuaem iandh hefeby mgsmra@dlbﬁ tefereeey inc 6§ Bn(m:}y US
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illustrat d:ﬂ byegraptiod 1seodﬂamd:defromrmcmnlf¢at1pbs nmasumd with hesamsor pasl mioma err or
th depth -1 I t wh k f 143
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a thickness 14E1c1u&hd¢:h 85 ibymadahg yf RCBligleitu aaﬁ@padkugﬁr@dhm ¢hipneale Topsi de

alignment canera 142 igs shown, r..the pur il l,ustration, to be
al i gned with 3PRGKAFS Sﬂ?daaiﬁ‘-’f cHpRs of g ggfaééﬁiué?’ll}’ pdingipagefles 148, 144

represent refegagcpaged,ditRs uswmamnq*hgws tiﬁlemohvngagéwﬁtlaﬁqg& phgeorD, t he
mar ker and canera respectlvely | n absence of variatj ons, these

pl anes i ntlér selive 3&nags i Supsnif-2%hgnd tp dections iy the @Eﬁe@éewnpm eugiflsd 7290
PCT/ 1 7503/ 15698, Hﬁh@ddng"rgﬁ%iﬁg cﬁlﬁra‘ﬁ@ﬁ'e an@ Ufels RESHAP Snk R SisodRRECAGRARs dat @
along ray 140 is obtain frfoma reflection at the wafer surface at t he

poi nt of inter ebdipiseniions axetrelatedfie the present disclosure and provide additional support
~ for various aspects of precision marking methods and systems disclosed herein.

Referring to Figure 1A, one embodiment of the present invention

20 provides a precision laser based method of marking a semiconductor wafer 3, and
the method may be adapted to marking of packages, subsirates or similar
workpieces. The wafer 3 may have articles 2 (one shown in an expanded view in
Figure 1B) which may include die, chip scale packages, circuit patterns and the like.

The articles may be substantially identical, but such a restriction is not necessary.

25  In a typical semiconductor manufacturing operation, subsequent to marking, the
articles will be the separated by precisely cutting ("dicing") the wafer. Further
information may be found in US Patent 6,309,943 wherein alignment marks 35 (see
Figures 3A-3C) placed on the back of  wafer are used to define a path for precision
cutting. Referring to Figure 3, the marks 36 on an article are to be formed within

30  adesignated region 30 relative to an article position. In this example the backside
33 of the wafer 3 is marked near a corner of the article. Circuits 34 correspond to

a backside view of circnits 4.



data wll be, without correction, represented as a coordi nate correspondi ng
to the intersection with plane 144, which is to be related to a g &Fmue
coordinate. A5 lateral position error 1400 results. Assune for the purpose
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over the Mor kmlgtlmﬂoulﬂta dapth qfrbﬁ‘@sr, rvédch Mmrodutpnscwnﬂlssng desigo paiasetent. -mar ks
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wor kpi ece vaL i maumaiiﬁmgep@;tplacemEM abhﬂa?eﬁmm reﬁ&eﬁ@@&c&fraﬁi@f eﬂpﬁﬂlﬁgxllresyst ens.
I ncreasing t e ste nificatio | nprove fe e | ocation
accuracy decreZ %Pﬁﬂ%?éﬁg nﬁqr%g Gl %3?“1‘5885? i1 “SYW?H’d &r & usef ul
to position thealﬁgg]meﬁﬁvﬁiéhsﬁstaﬁqmnaﬂa TRa/ kitloRSsuBsyite 195, g(sth S a

tel ecentrlc | ens t _not_so restr ted rel atiye to_the workpi ecei ong the

30 Z- axi s. Wror beadahpThe calibgation js4 %t’i’ 8 firsisideRosition ang apArking i mum
edge -27 2 B pbified0fe s@sM@%ﬁ%a%%%@ﬁ%@% which is a portion of a

workpiece 11 fo be marked. The workpiece may be a semiconductor wafer 3.

Further details regarding various steps of a calibration process providing both
2-dimensional and 3-dimensional capability are provided in SECTION 1 which

20  follows entitled “2D/3D Calibration.” Further details on various calibration
procedures for workpiece processing can be found in exemplary references (1) US
Patent 5,400,132 entitled, "Rectification of a Laser Pointing Device," (2) US Paient
4,918,284 entitled "Calibrating Laser Trimming Apparatus,” and (3) W00064622,
"Laser Calibration Apparatus and Method." |

25 Figure 2C illustrates, by way of example, the multiplication of beam
position error with depth in a non-telecentric system when marking a warped wafer
143 on the backside using frontside data (though not so restricted). The wafer has
a thickness 146, which is typically at least a few hundred microns. Topside
alignment camera 142 is shown, for the purpose of illustration, to be aligned with

30  marker head 147 along optical centerline 149. Planes 148,144 represent reference
planes corresponding to working distances from the marker and camera respectively.
In absence of depth variations, these planes intersect camera viewing rays and
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contrast at a die location is a possible neasure. A neasurenent of the
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pr edi ct abl ew rog{q;ﬁgospeci fication of wafer 5 thickness. Prgdiclhonss based on
nodel s (fixed edge and sinple support) with wafer thickness ranges of about
300mto 775m i ndi cated about 60m of deviation for the latter case. For
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sanpl e poi nts Wl tedit;g poigeinghe planel43owriespendiag ta the réfereneeylatn@nd used f or

feature detect] | ' e . Sensi . achi eved
by sampl i ng- ¢ S pnSBofle HARREE diflns) Kot bR Dol R

al i gnment 120 vassslewns g teendirddtenzofaréniral cayavf onaskipg deamcbildadihe actual
Alternatively,, a triangul ation qQr . focus sensor, which may be a comrercially
avai |l abl e nod %fseﬁgﬁjﬁ*%ﬁtﬂél&&f’&a&rneasuri ng surface points which are used
with the alignment and calibration algorithnms (and the known wafer

t hi ckness) to map the sygface. Simlar Za direct ti t,of the
second side nay be obt amgﬁwfﬁmys%éhbmﬂgpﬁgﬁs%o%ﬁﬁﬁﬂaﬁgge ith¢ on

i nspecti on nodNpgend, with 3fitzblid @EIRRE ineasudmang 6femY vafer] whdy bé ekell ystem
for instance a conmmercially avail aﬁlg{g ire Cangra, may be used. In any
case, the dat adCtéiiine HeQrrestam abaappiedty the DeFILPAHEEEE-he nar ki ng beam wai st
at the surface. In accordance with the preferred calibration nethod of
SECTION 1, the desired spot she will be nmaintained at the marking

| ocati ons.151 n one arr andBgdrafenrsddeleesiaingy s, BeLmonds rsdvoed fo Heuhbeiot i oned in

di screte stepsy: fRf Wil SN NECTION Wbl Folldws tnfitl & “Precision Telecentric

Lens”) of low to moderate cost. Preferably, the telecentric design compensates for

the worst case wafer warpage and additiopal system "stackup” errors. With the
preferred arrangement a field size supporting relatively high marking speeds is
20  maintained. In the telecentric case the calibration process may be streamlined, but
multiple calibration files used to at least control and maintain the laser spot size over
the working volume are preferred. This provides for consistent marks and for mark

conirast control,

Three-dimensional iolerances are to be considered for the alignment

25  and marking sub-systems in view of the workpiece variations relative to the depth
of focus of the optical systems. Increasing the alignment system magnification to
improve feature location accuracy decreases the depth of focus. Various focusing
methods are useful to position the entire sub-system 14 and/or lens system 15
(shown as a telecentric lens but not so restricted) relative to the workpiece along the

30  Z-axis. For exémple, the Z-axis position corresponding to the maximum edge
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-28 2 6 SEP 2996 WO 03/097290 PCTI USO3I 15698 80 mmfield for center-edge
conpensati on. Non contact optical sensing is preferred, but capz%isﬁt @ or
touch probes may be acceptable. If the deviations correspond to Eﬁgl‘ﬁ
second ord and are symetric, then the wafer surf sanpl ed
al ong a di ;‘88&%9\4’%% ection using 5 at least three Iocatlgﬁg (smd?gsgﬁreegl on,
center, edge region). If warpage is represented with a higher order curve
(e.g.: "potat ocardtiapt gt aatieldcatiomis aipdssiblel m¢a51hxe Aaqeﬁisnmdqent oftheimmamne at
Ieast ni ne | ocations. .lf, the data,i cqui e the.first si |gnrrent
system the se&%ﬁ’&q%.&% PR tqrgﬁmﬂé@rggt (%ﬁ%ﬁﬁf’é’ﬁ B8P WSYPFPJL%F Rness of
the wafer, whseBitivity tbéepiieeirged or specified by the operator.

Simlarly, both for calibration and marking, a marking beam focus function
may be sanpled at a nunber of locations in the marking field (at reduced

power) The system nay | wekdtdgag 1Q§6ﬁ@vbﬂa@ﬁre&ﬁ%%§ﬂ'd@@hﬁci&h JFe@sd | Ng
"featurel ess” surfaces for exagﬂe a _hicell or quad-cell arrantgerrent

Al ternativel y, thigknsse Ef'@%‘é’&mg\?ﬂs prngpogels (fixed cdgend simple support) wi d\"'gerpr ovi ded
i n commerci al | Yluéléeﬁ.‘ﬁhée@%?ﬁbé\ﬁ%b@}kﬂ%’?ﬁﬁﬂi WMO’@BNWJS%EH LiowH i cal

Gagi ng Products (RochesSter, NY). The focusing to be used
for both alignifierdatteagese. @sﬂm&w&i@;ﬁ%@q@m@m@reaa@sa@dﬁawﬂdema@un ng the

wor ki ng di stan T acﬁﬁt} @M& d 2B,
bot h tﬁe beam Cpﬁ% ?JFI oni ﬁgﬁ;}e%e ]{}P&é&g%m gﬁg&{]ﬁ | gnnentdas’%g‘ﬁ e?gr ably

i ncl ude t el ecerstimatedtd et feysamwm@uomnd& lﬁﬁ;ceniu;psgsibmvé'dnymsmmm reduce
or elimn variation Jd QS t Ki b
posi t1 on i n” Bes PR R SRR Tkt Byl nf PRt A of SR CaBl il oo™
provi dfes E pot ggmzeﬂ'aniré{mgdlal@ﬁysﬁ@isﬁab-sydm d)IchBI;g)ﬂledczﬂlme,rahgﬂmejg%a field
si ze of about an er .a th.range corre st case
expect ed- sag) wigsEn s gerhips Repeuns Fotiet foy SSAGH 14 eash op PBliPY i,
marking speedseighngeasiag Sienikag| h%épdﬁﬁl@sﬁlﬁh}%mbtﬁul@ bei 2dtets spekifichine foyor e; t he

30m spot size _is finer than nost wa mark s te deswable feature
for controlli néelﬂhtrfRﬁ*lS‘ESlﬁF%éttaHWW@EEHCEHQD&HH et surface. Preferably, any

15  degradation in the eycle time of the machine will be negligible.

In one arrangement the alignment vision system 14 will be relatively
positioned at sample points which may include but are not limited to the regions
used for feature detection. As mentioned earlier, the focus sensing may be achieved
by sampling the image contrast at Jocations along the z-axis using the alignment

20  vision system. The z-axis locations are recorded. Alternatively, a triangulation or
focus sensor, which may be a commercially available module, may be used for
measuring surface points which are used with the alignment and calibration
algorithms (and the known wafer thickness) to map the surface. Similarly, a direct
measurement of the second side may be obtained with a sensor included with the
25  vision inspection module 20, In an alternative arrangement a "full field" system, for
instance a commercially available Moire Camera, may be used. In any case, the data
will preferably be used to position the marking beam waist at the surface. In
accordance with the preferred calibration method of SECTION 1, the desired spot
size will be maintained at the marking locations. In one arrangement the marking
30  beam waist may be positioned in discrete steps, for instance at 9 locations within an
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-29 2 8 SEP 2006 WO 03/097290 PCTI UTS03/ 15698 However, other alternatives
may be used with appropriate conpensation for positioning with depth. For
instance, in one embodiment a telecentric lens 15 may be used, bug SBh 2006
arrangenent__si i to 47 of Figure 6 may be used for nmarki | scussed
below). 5 \/V?’ﬁ%%’?%’rence to Figure 2A, the preferred ali gr#r?g?[&(}éu 5-mgystem
wll have a high resolution canera 13, for exanple a 1280x1000 CCD i nagi ng
array W th i megenir £ Sk Nnhaed¥R tompéitlatinl t Wdecdiict GpticAC édnkitlg a5d
processing smaller regions using a "software_zoonl feature. Alternatively,
a cal i brated nE@&q@%@ﬂp@g@%@g@géﬁ%&ggn@g@a_acqepraa rnation system 21 may
I ncl ude special illumnation 10 design, for instance a conbination of dark
and bright field illumnators, to enhance_ the contrast of features used for
alignment. In one enbodilfiptdesigiippssosreppopd tha sipipdpsecrRdpIdatrurve M A5 nat i on,

witharranuallémggé' t ) ' | | A gh
resol ution canera ttﬁg’ %%%g 3"5@?‘%‘%@%@%&%&?%% Pilﬂggﬂﬁ%i ﬁ%@ggflg%g
el i mi nating t ha lesitbregdonationst(edgegegiomgenten, edgghegion)s Tf waxphage iE3epresgnted i cat i on.

Figure 4 with Ty et BEE plye B2 NMRER ] d oI O R ARG, AP0

and possi bl y ainseace 2 lqsimise leestimsblfyheddia Fiagmired Gyithi the firgeidatalignhendm t he

earlier cited reference to nt a ., 227- 228 ows alternative

b e ob] ect | ve BaeBh csesbi 1P 1P8on BBy vEadpd Rl NEnetoe Tl St ng
arrangenents, tvafer,|wellitlemay ibs aganoedidt spgcified Belthetoperagdr, dynani ¢ focus
translator 48. In a preferred telecentric systemof the present invention
conponents may be included for dynam c focus 48 and/or spot size adjustnent

with a comguter control |Sghilkgy Shodi f@fcabbR@ntfid ke, amhAking téam 2&udhe fine

al i gnment system provides correction _for resjdual X-Y-angle  errors

associ at ed wi t Helien maybe sampledaf agrabsr pijlaeations in he madhns Seldat redycedei n only
[ i ati Mfbed, ld : : t X
small variatio ég?ﬁCTfée %P&set)@ﬁlemﬁf’%élﬁ&@q dét%ﬁ(r)g s'gg[@ﬁie Qﬁltaﬁﬁ?tﬁrnhﬂ?s)ﬁnﬁ rrec

Y, and theta (e.q.: ng variations wt asurenents taken at three
| ocati ons (e. g.featureless” surfaces, for example a bicell or quad-cell arrangement. Alternatively,

a projecied grid may be used similar to the options provided in commercially

15  available Meirology equipment mamufactured by Optical Gaging Products
(Rochester, NY). The focusing tool will preferably be used for both alignment and
system setup operations in addition to measuring the working distance during wafer
marking.

In the system of Figures 2A and 2B, both the beam positioning

20  subsystem and the alignment system preferably include telecentric optical systems
351 and 135, respecﬁﬁely, which reduce or eliminate variation in the position of an
angular scanned marking beam position with depth. SECTION 5 shows a telecentric

lens system which provides spot placement accuracy better than one spot diameter

over a field size of about 80 mm, and over a depth range corresponding to worst

25  case expected sag/warpage. The 80 mm field éllows for significantly higher marking
speeds compared to smaller non-telecentric fields. Furthermore, the 30um spot size

is finer than most wafer mark systems, a desirable feature for confrolling mark

contrast and resolution.
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fiducials). However, -with energing tight tolerances an increasing density
of 30 circuit/wafer, increased accuracy is preferred. The fine alignnent
systemof 14 -30 2 B SEP 2006 WD 03/097290 PCTI US03/ 15698 pr ovi de? 8 SAHS6E
capability I zi ng and/ or neasuring features associ ' an
article 2 0@5 %@gﬂv\%?er (e.g.: machine vision/pattern reco jﬁo{]wﬂtﬁ&
capabilities). A feature Iocatlon wll be determned. An algorithmis used
to obtain reference dat dHowevdr,! @illepcsiteenativéeahay ebeasgedi aitkdapirbpriad | east
one article 2 on a first_ sideof, the.5 rk i ece 3 usjng at (?eqast one si gnal

fromthe first WEW’OESfIIPSFu@’}'ﬁW@d Pl INSHANICE, i, in an
expanded vi ew ﬁfecéﬁhﬁ&lleﬁs 1Bmayau Laai/@utaancarfa@genﬁem BRdilae k4 ok ﬁgdet@ﬁhyabl e

conduct or traces r pads 5 which nay be replicated 4 in | east” a
portion of the W@ OT(IE%FWS%%E@ o). over the entire wafer). In a
preferred system a pattern recognition algorithmw/lIl, based on "training"

on a 10 reference wafer, for instance, automatically Iearn at least a
portion of 5the workpi eceWithreferencerte Figiee 2ot prefored slignmentaubspstinowall i on of

t he pads, trac r1Qs m t

outline of a d‘.ﬁ% lgﬁkégbiuﬁgngﬁﬁ%%r%g?fqrocat %%:1% ik é%ﬁéw oneS?f eature
to locate the mtblmm@rmlng hﬁdwamanésaﬂlwa:ﬁenmacnﬂgmdl procasaumgmaﬂay be
related to a | " h e i e Wt i Nyt he _
mar ki ng 15 fi %gﬂ% 8@"%‘ g%ﬁﬂe %%08?? (gﬁs?%i %ﬁ%{%"ﬁ’?@?é?‘k@%ﬁg‘?éf’# ingu{g%)l erances
permt. For exsylstphemayabenusednﬂﬂmmmﬂmmymmoﬂl 'trmagamdludeapécda:lsﬂlmmmadm erm ned
over the rkp ece ed ta .cal cul aof f se tation correction
for the e |re&%Pk %qu%tgpa%o&é){?gﬁﬁnﬁg jljijeﬁ]l E?Ja? ghqnﬁ%ation of
an array of somde;bn@ﬁtlof fedumadﬁecﬂfomhgmmml e bgkmbediamat mlmm

anot her pattern i.nclude sectjons of . jnternal cirguitry 2 t e article
havi ng even gr%‘gfr;gs(}@\‘fsf‘? e tifjummimation, sWith 3 nguyally d’@ﬂ"éga%kAailﬂ%’ S’hég

al gorithm may mgﬂqﬁom@memgh%wﬁ@ﬁcﬁemttﬁ@emew@ism Which Gingplifee hi ne
vision sub-system for jinstance a scal e orf binary correlation

al gorithm Variheugeﬂgmnéhmé@ﬁn&nﬂleaaﬁl?ﬁﬁ@lﬁ%oﬁ dke pimager nbrgkeshi tWidh and

mat ching g qﬂﬁr%aﬂf%h@ avail able (e.g.: Cognex Inc.) which may be
adapt ed for use e present 25 i nvention. The wor kpi ece may have

identical and repetitive patterns. In a preferred arrangenent the matching
's automatically perfor nfﬁ%ne embodiment, the marking sub-system 19 includes the system
shown in Figure 4 with X-Y galvanometers providing deflection system 40, 41, 42,

43 and possibly a beam expander assembly 49. Figure 6, incorporated from the
earlier cited reference to Montagu, pp. 227-228 shows alternative pre-objective 46

20 (e.g.: telecentric) and a post-objective 47 scapming arrangements, the latter
incorporating an additional dynamic focus translator 48. In a preferred telecentric
system of the present invention componenis may be includéd for dynamic focus 48
and/or spot size adjustment with a computer controlled version of expander 49 of
Figure 4.

25 The fine alignment system provides correction for residual X-Y-angle
errors associated with the transfer and pre-aligner. In one embodiment wherein only
small variations occur or are specified, the alignment system may correct X, Y, and
theta (e.g.: angle) variations with measurements taken at three locations (e.g.
fiducials). However, with emerging tight tolerances an increasing density' of

30  circuii/wafer, increased accuracy is preferred. The fine alignment system of 14
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over all the articles, and without human intervention. It should be noted
that many conbi nations of patterns may be present on a wafer with speci al
mar ki ng requirenments (e.g.: "binni ng ') and the preferred al gorlt B e 4006
have subst 03 ,égoflem b|||ty The "training" may furthel; g & Sem
automati c, At 6 gui ded teaching phase so as to efficie gramthe
machi ne for recognition and matching of conplex patterns. -31 28\SEP2006 WO
03/ 097290 PCT/ pMobidedaied capabm Bfliedabhlring aﬁﬁmr Reaairtg Binesieseaabwind
assigned to the aSSI néﬁ 26 pr esent ntion, various detection and
recognition al Yot 0 %Wafﬁr %30%’?&@6?’“ Rﬂ#ﬁtﬁ@@%‘?ﬂ%ﬁa ties) A ui t

features usi ngfeﬁt'h%’lo&&tiﬁnewﬂrbyd&erﬂﬂteﬂ hAn algbfitiRtused to ﬁitﬂn&ét@fe@w&l& use of
the stored |nforrrat|on faor inspection. For 5 instance, the follo

sections of thdd t978CaK 3 feayus ABSOcipled SVith at|leateanesarsigle Zona fiast sulqgtd €1-5 and
lines 17-25%; pﬁ@&pﬁceﬁh@ﬁ@ aﬁh&@on@ﬁ%lﬁ@mtﬁé ﬂﬁ%s&tﬁo@ﬁ’v P&38ankgle, drfides  1-18;

page 15, Ilines - 6, lines 1- page 17, lines 19- 8 and the
associ ated dr a%oﬁéséglﬂ@déh Shw@nawmmd@ﬁ Vi Oﬁﬁm 1Bamaghave aclgwit ti on and

l'earning al gogj H?ﬁnth? {eﬁtgﬁre cgﬁ&lﬁ'tdr%fagés '?’Sxfeﬂ;ﬁ‘aoca iEPtha (BE rgﬁfgﬁgﬁ kG and

mat chi ng f eat taining referenc I ons clr'sion marki ng
of wafers and ﬁllmItarpmmi of the wafer (bui wotlnweesehrilp OSEO:‘_ﬁB@ﬂttﬁ: whfedh Tod | ows

ki g <y stS SR Bbn A g e OO vl PP RGBT a0y 5,7

al i gnnent i si mﬁeréﬂoelwhfmt T figpstamee, ratbenaticall P learn at 1éasi sspartiexiof the forkpieeat ur e

det ecti on. 024 24 .arra 1 I xel.size wll be, I ded, whi ch
e Someanat 11 ABPTRa dekami {o1 B 0P Rt R Pt Sl Y o

an enbodi nent Bgr mstbmsekﬂtedectm@m otk bidie Y4itiele) 6 of PerinesSloéRions mhp b8 than
40mis preferred, with_a nost preferdéced range of abo 25-3 The marking

5-
field 1 di mensP%f ap gue featuzeytq locate thedic eflgg f@BP?‘:@%ﬂS‘b GBIt 3&1(3}{@;;3.1;1%, on 4 20
of Figure 1-A wbgﬂtét&ﬂoaqs&ﬁbﬂﬁéﬁ}ea%n%t@t dt%)maﬁucatéa Wit hathayehy smal |

fraction of the workpiece 3 dinension maxi num waf er size in

a system Idonf ﬁ%}@lﬂéﬁwa%t%An@'rmSﬂHY éﬂ@@%%ﬁ@f@@ﬁé&ﬁ%@%ﬁ ¢fempleons) . For

exanpl e, INn g minimum of 3 non-collinear locations are determined over the workpiece and used

U]

to calculate an offset and rotation correction for the entire workpiece. Another
pattern may be defined by the location of an array of solder balls or pads 8 as an
alternative/equivalent. Yet another patiern may include sections of internal circuitry
20  of the article having even greater density than illustrated in Figures 1A-1D. The
algorithm may include matching features of the workpiece using a machine vision
sub-system, for instance a grey scale or binary correlation algorithm. Various
"modules” and algorithms for pattern recognition and matching are commercially
available (e. g.:. Cognex'lnc.) which may be adapted for use with the present
25  invention. The workpiece may have identical and repetitive patierns.

_ In a preferred arrangement the matching is antomatically performed
over all the articles, and without human intervention, It should be noted that many
combinations of patterns may be present on a wafer with special marking
requirements (e.g.: "binning") and the preferred algorithm will have substantial

30  flexibility. The "training” may further include a semi-automatic, operator guided
teaching phase so as to efficiently program the machine for recognition and
matching of complex patterns.
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one enbodi nent for marking 300 mmwafers nine or nore marking fields having
di nensions in the range of about 75-100 mm are used to provide markin EqP
preci sion 25 and hi gh speed operation. In a case where a workpi ecd & 8EP 2006
severely V"a?fiﬁﬁmsﬁzﬁ? marking field may be reduced by CO“tfé’;LfbéoQHngQe
anplitude o e scan angle, based on surface neasurenents or
specification. Precision marking includes relatively positioni ng t he beam

posi ti oner sub-system 19n(WO 16120R0Mesbo@bedt bie réfeilensy she Wsigraddo tthe
wor kpi ece 11 so as tq position a laser eamat a nmarkin Iocatlon 30 on a 30

second si de of3SHiERES QS e prescat gryenilons kagings fefeqtiop and repog pEsTmS A% g based
on the feat urcﬁsdns;@mmt&ﬁaﬂchsarhmg%r cRbiereathh® s tgiéf‘-séa&cﬁfdyd}'hem def i ne

the location of the_ article (e. edge or center) or" otherw se be rel at ed

to designated m@gmémrb)an@osququentazse@fgh@sgtorgbqéom@ouaioemgmon
PCTI U503/ 1569%5&5&' 1) Jb@@g.g. 8 ﬁBnMﬁhé%?'&ﬁcﬁa‘s\ﬁseg%ﬁr@ 48 ﬂﬁérsfgq%gé gand

sub- systens may be use e positioning as étail
bel ow. As shovililﬂei‘irl -Fangllings 13253 0n2eD, pinexi®10y prigad0, bnesc24625; pageet 1, dimehi ne-

readabl e i ndi 3 iGal nned

| aser 5 mar klcings’oﬁziép ]fiﬂgicﬁ'-:lg:‘rgn(a vec‘:ttpggE %‘%ﬁg r'rg(%’réaég ﬂnxs\sf?ﬁg S‘@\ngthl n the
fi elhd defi ngdbassocmtkfra\@'mgmteeckﬂhe apphﬁﬁmngﬁva}tiws%mgm ﬁic_egmmnrrAand léaafmg 351. A
machi ne reada [ n.the desi regi on.. ALs ser

i nduced damage1 od'qu rfher getﬁsi %flva‘g%ﬁ&@ﬁ%%sﬁ%ﬁ&% ﬂ@%ﬂ@%@&ﬁ‘ﬁeﬁﬁae The

st eps of ng ai gtitalging eeffiaemd@:ada%safor predigisn mﬂldﬂgpﬁﬁi\iaifér@ﬁhd@nfl@nﬁuclés&rémr ki ng
are repeated s s tq eat assocj, th at |east e article
on the first ‘ﬁ?‘%@?adﬂdﬁ@m% WEWHJB%WEI(PW&F gﬁﬁa?dr? Hpgtectipp @ﬂgﬂﬂ%m gnat ed
regions on thglseeepd si de based on the feature location(s). The beam
positioning sub-system preferably includes a 2D gal vanoneter scanner 40,

41, 42, 43 as shown in Figure 4 (but preferably adapted 15 for irradiating
the V"Orkp' ece with a te'ﬁ%ﬁ@éﬁﬁdﬂﬁﬁﬁﬂ?@%oﬁﬁﬂ%kﬁgﬁﬁiﬁE‘an%ﬁnﬁﬂﬁha:ﬁng

approximately as in arrangenment 46 in Figure 6 ernativel

sub- syst em mayfield isisedifordiigh speed, and amalignmgat wasm aeldrof aBmg@awlx S Basam
delivery gBt | G§ u?%ﬂtg efb@i%?{grﬁ&g?cgglr?ﬁw&ﬁ% 18YA{185% MYy Q%‘ihrﬂtpw gilke Qin pemot el y

coupl ed, ins
provided, which is somewhat finer than the spot size of the marking beam. For

example, in an embodiment of a backside wafer marking system a spot size of less
than 40pm is preferred, with a most preferred range of about 25-35um. The
marking field 1 dimension (depicted in Figure 3 and corresponding to the region 4
20  of Figure 1-A but on the backside 33 of wafer 3) may be a relatively small fraction
of the workpiece 3 dimension (e.g.: 2 300 mm maximum wafer size in a system
configured so as mark wafers of varying specified dimensions). For example, in
one embodiment for marking 300 mm wafers nine or more marking fields having
dimensions in the range of about 75-100 mm are used to provide marking precision
25 and high speed operation. In a case where a workpiece is severely warped, the
marking field may be reduced by contro.lling the amplitude of the scan angle, based
on surface measurements or a specification. Precision marking includes relatively
positioning the beam positioner sub-system 19 (or a component of the sub-system)
and the workpiece 11 so as to position a laser beam at a marking location 30 on a
30  second side of the workpiece 33 as shown in Figure 3, the positioning based on the
feature location on the first side. The feature location may define the location of the
article (e.g.: edge or center) or otherwise be related to designated region(s) 30 for
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delivery system The field of view of the beam positioner may range froma
few 20 | aser spot dianeters to a relatively wide angular field, but for
precision marking in accordance with the present invention the f21 &BEPQ{MI
be a portio | argest workpiece to be marked in th

exanpl e, é’?‘f?’"w&loo 200, and 300 nm nmay be marked angp‘ts%e mar[%r ng field
1 di nensi on (e.g.: first side viewin Figure 1A second side viewin Figure
3A) may be abomarkinglommd bmothe egdoad side. Mueﬁmmommmsmmmdm on

wor kpi ece (say wi.t h a, ] oner ser ppwer rrent) w th parallel beans as
i I1ustrated i nopis R@WPWW%W&%‘EID’EWSI%%H belaghat ent 5, 521, 625. Vari ous
combi nations of serial and parallel operation may be used, for instance

with multiple marking be as,taught_|n US patent, 6,262, 388 The_ 20/ 3D
cal i bration process of t‘ﬁ%%ﬁr"’@é‘eﬁ@rpﬁ o8 BHP‘?%S?%G@\ W@‘P%E@e mar ki ng

30 confi gur at | RAdatlOniRiid 5811 nAGEH! BCthe wokBpied 6 97290
PCT/ U503/ 15698 Rel ati vellé posi tioni = &fﬁ?}r tehg)r’ﬁ?%%rﬁ@% camﬁég%?dr ng a

beam posi i on@arkig QP (Hertarier Ch’%@'&afﬁféﬂﬁ@%@)éﬂﬂmeﬁcé" dgetingd by
adjusting a m 4 cation
[ sJ Wi t hi % the Fc}g'ﬁ%raﬁ To lg'uﬂig%Feﬁ%?% aﬂr:rs a ?ﬁ)gAk'{?‘eﬁJH\AgF pI ecegriélgand beam

posi tioni ng sufgmgcbmemeleeszgmaué rcglom @bs; tasarnindueed | daompé ¢on andattidian 2tine
rrarklngf|eld Ve |s outside the marking field. The
SRy Kl tye RERIS

features rel ate C p| cted by the dashed lines of Figure
2A) are used as di scussed above to determ' ne a position of the marking

beam and the position wyll refer a three di.nmensi onal coordinate.
Further, the specified% 34 ré’@ﬁlﬁw‘%& ° g¢ tﬁ%rgﬁgye}? H%aﬁ&
par anet er 10sedmbukingldie dgieete@kmﬂtbﬂrmﬁecacfedtm@ssobiam \Ol‘i:h ith&sb@@rﬂrﬁrﬂéaﬁi ve to a

front side positi.on ref rred S m f or,_waf in | east one
wor kpi ece  post r(§?"i rgmh %‘i“%ﬁe%wé 9’?66%d'@§108§% as 104

in Figure 5A) ﬁ:@%e&oh@@rdem@é‘ddtdnqm ﬁﬁtmeﬁ‘ﬁ@atﬁﬁ@bt i oni ng SUb systemis
configured so as to support and position workpieces 11 of varying specified

di mensi ons, while allow ng radiation beans 15 (marking bean(s) over field 24
and i |lumi nation/ vi ewi norfaeaini fosdtiding?|shiS 3@ preferably includes a 2D

galvanometer scanner 40, 41, 42, 43 as shown in Figure 4 (but preferably adapted

15  for irradiating the workpiece with a telecentric beam as shown in Fignre 2A and
approximately as in arrangement 46 in Figure 6). Alternatively, the sub-system may
include a translation stage or rotary siage with beam delivery optics. The laser and
optical sysien may be integral or remoiely coupled, for instance with a fiber
delivery system. The field of view of the beam positioner may range from a few

20 laser spot diameters to a relatively wide angular field, but for precision marking in
accordance with the present invention the field will be a portion of the largest
workpiece {0 be marked in the system. For example, wafers of 100, 200, and
300 mm may be marked and the marking field 1 dimension (e.g.: first side view in
Figure 1A, second side view in Figure 3A) may be about 100 mun. In certain cases

25  apattern may be marked on workpiece (say with a lower laser power requirement)
with parallel beams as illustrated in publication W0961676, and/or US patent
5,521,628, Various combinations of serial and parallel operation may be used, for
instance with multiple marking heads as taught in US patent 6,262,388. The 2D/3D
calibration process of the present invention may be adapted to these marking

30  configurations fo maintain accuracy.
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canera field 25 fromlight source 21) shown in Figure 2A to directly
irradiate the first and second sides of the workpiece. In one enztg)g;_imﬁg, a
waf er chuck 17 (see SECTION 3 which follows entitled "Wrkpiece

Chuck/ Posi t{s@N\Bfoohed S Provided wth a Z-axis (direction 2@ ,ﬁgb ggy\nth an
option of smaller wafer inserts to support 20 the wafer or er Wor kpi ece.
The systemis preferably autonmated with an arrangenent of end effector(s)

transferri nght he wor kpi Q{e&n’bﬂytﬂmﬁﬁﬁﬂhﬁgkﬂa@ﬂﬁmwmchﬁui apkoviding . SdagpS,
grips, or otherw.e s ort 0 n.a sin che view iin Figure
28 " he “wor kpiRESEORE o Bt Beftims RO AP By b
avoi ded. 25 Imzvmevymiumh@e@wuemmﬂ mseﬁbxmﬁgrl&aﬁ@ntlbmudtmd Ogiidy

vari ations and, tol erance, requlrengent is preferred that ]éhe rrarkl ng

beam f ocus posFRIEHY Rinedhe workpicre f-l @‘lilrt@a@ Pogitigning Bib-syst6Hm; 1959 a5y
attitude (soll osﬂﬁbﬁﬂﬁ létﬁltlﬁﬁ 'w‘i‘tﬁmttﬁe Eafking ﬁ’él@h wHeAG\RY 1 GRIaGEEHR dakidee arrow 22

(see Figure 2A) ust able. For exanple, variations in or war page

of the waf er marmm#d;ﬂ*hpéeagnawmt@m@ﬁc@bomcwmmm et okl by
provi 019t Gipleo 3K 15 TRAH of BR0EA e LPASLARY pcfiahh or o mibly LTS

Referring to eadlustne may I nc axi s 34 2 8
SEP 2005 WD OEMQMDQBWQMMMIX bﬁe@ﬂiﬂ?e wanmmmhcmdmatetﬁa'thea,ser beam -

positioning s cl |aIIy

per pendi cul ar U[Fo %ﬁfé\/@&ig@%‘é@ﬁ?ﬁ:@h@s@ he Eg&g% rs'? #)&Pﬁl%{ép%%ser

subst anti &0 | y determiviedhs faet positior ofhekpamaelativine afigm sidopositiomy be dynami c
and done for each wafer. The adjustnent nmay include tilting 22 (pitch, roll)
of the 5 | aser beam positioner and/or workpiece to so that a focal plane of

t hekl aser l(oeam i s substant preferyed pastadl fot viaﬁeranb.mﬁgl atpfem&rnervagkpiecd)f

wor kpi ece (e. over, a tern a gi on may

cor respond togpgﬁlﬁa%lﬁ?ﬁﬂggt}%ﬁ%%emms%@ (aQB lgﬁgﬁ%afrﬁ’bﬁﬂ% may be

done with a C%in@ﬁﬁxgomhé)ﬁosmm@su@%%stéfmmﬂﬁ%@mda%t@ﬁﬁipbtt@&ﬁd Pési@dn t he beam
ration

positioner, for instance during cali Qr. setu Sim | arI y, the end

ef f ect or (s) armoricn'éC@hUcR Yaryiag gpecdided @mﬁa%%.wesﬂlawm iaHeR bgams
control | egs éT aﬂgb@dﬁ@)m@?% ﬂ%ﬁhﬁuﬁﬁa&&ﬂ/ﬁeﬁmybehﬁsﬁpﬁiétal Helehy  Pitch)

and depth SE endi x illustrates specif s of . an
camera field 25 from hght source 21) shown in Figure 2A to directly irradiate the
first and second sides of the workpiece. In one embodiment, a wafer chuck 17 (see
SECTION 3 which follows entitled “Workpiece Chuck/Positioner”) is provided

with a Z-axis (direction 26) drive with an option of smaller wafer inserts to support

20  the wafer or other workpiece. The system is preferably automated with an
arrangement of end effector(s) transferring the workpiece to the chuck 17 which
automatically clamps, grips, or otherwise supports (shown in a single schematic
view in Figure 2A) the workpiece. Surface damage and significant distortion are to
be avoided.

25 In view of the aforementioned emerging three-dimensional variations
and tolerance requirements, it is preferred that the marking beam focus position
shown as 422 in Figure 4 (e.g.: beam waist) and attitude (zoll, pitch relative to the
focal plane) depicted by the arrow 22 (see Figure 2A) be adjustable, For example,
vatiations in "sag" or warpage of the wafer in addition to stackap tolerances may be

30  compensated by providing a total adjustment range of at least about + or - 2
millimeters. Referring to Figure 2A, the adjustment may include relative Z-axis
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enbodi nent for automatic precision positioning of a circular (for instance a
300 mMm wafer) or rectangul ar workpiece with actuators for adjustnent of the
hei ght and 15 preferably attitude. The arrangenent is particul arl fﬁ’oﬁ]ﬁ‘[{j
for height gdig4pé#asnt. Various nodifications, for instan M% %-?%
poi nt contact at the support base 53 in Figures 7C and 7%% acilitate
the fine angular positioning (roll, pitch) of the workpiece, for instance,
tilting wafer ﬁ(démhbimubﬂnhghhﬁsEse:fbeﬁﬁ@mltﬁ!fmﬂgfsa‘ls-systsm 9aml werkpiatd aleng
arrangenent t Ln.a vertica i {ion. [For, instance,
a suitably m&%g@%ﬁm% m?rcé‘ﬁfcbﬁe Clipr‘ﬁ? G(/@g 3 Y B thﬂi‘ﬁe
produced by Chmfrmbstamamwmc&s “amdh@wafup@ctéenha‘ ustmER ALY dyhain®y Si ze
300 mm ( Chapnan Il nst rre ts, hester, NY, and @? nced to US _ Patent
Fiterogg g R

5, 986, 753) rrafﬂﬂé‘ﬂﬁ% ugiiept AR BRF B (Bieh, £oID ofithsy i 1 ng

of wafers.sFu nhﬂa@bee&eﬁ@s&ﬁd@u ﬁidf(ﬁfwdrﬁﬁeée'tb ko %@Qﬁ}cabgﬂi&roﬁﬁwm‘er b¥anlisZ St age,
and 25 controller are found in the article " dge Measurenents - New

Manual Fi xt ursebstgmiplly parailel te alﬂé‘éﬁlﬂi’i@ér region ¢ FeotkpiBesTie i h OVEry Mg  mar ki ng
"split gantryig SM’B ah§elf?‘”a gﬁbﬂeﬁﬁﬁ 'nYaﬁeéUgfeEbd%HttQ ’J‘ac)%ehtcﬁtpﬁléﬁe%@? g of the

hor| zont al nount I ng rection hori zont al ,
into the page)Wfa‘hﬂievﬁaf%lﬂlﬁp@i@uﬁﬁﬂl@lﬂs r@}’l be dong skt a 3ombingdero0fl neinngcod on

(e.g.: "Y" ver axi s, and
pr ef er abl y inc ugl ntgﬂ]ggc %Wﬁé‘?&ﬂ ﬁdéﬁ:ﬁmgr F@ﬂhﬁggﬂc&g@rﬁg%?% tf%l 2 8 SEP
2006 ¥D WSlmIQEtﬂQQ‘SlmﬂE’tISf Ithlseiﬁl!df&ﬁws}:at@thecmﬁk iLT cogtlechtogaedsipestageect i VE

vi ew of yet anqt QSi arran ver co s marking
system al so |In]1% 3$ m’l’ﬁ@"é(g"f%ff)gfﬁ% p%sa}éqn\gﬂh avorrﬁal?%gildﬂ&g %ﬁ@ (e.qg.
transl ati 03 i rpl?hpm&pﬂermﬁmmtimf the Hri]p!peﬂdi!ﬁgﬁlgh‘ﬁﬁs Epegificcdaldi)s. ofTa’iﬁ waf er
Is oriented wt n e ector tq notch 702 . an 0 I nt er 701.
i hoe 709 | <bodfephior AR prec o aoFHonng 8 BB 3fk Skt PO by
transferring tyafer)\oerbdtahlap okyicve Witk adttds Tor mjﬁdmanctxﬁ&ﬂe heighd st through
scan lens_351. At |east t axes of nption 704 are provided. The

construct i9n BEFHRY afipdeysthe aEmeemens Spesiouarky aﬁtﬁﬁgqlhﬁ@h'hﬂ@ﬁﬁ@ﬁt usi ng
camera 13 wherpirfus RRaiflcafcs) 7 iffanbe Qhbrichl SepoiRBbiA® 5t B SuppRbal53OSI ti on

t he mar ki ng beam
in Figures 7C and 7D, will facilitate the fine angular positioning (roll, pitch) of the

workpiece, for instance, tilting wafers having thickness of 300zm or less.

In an alternative arrangement the wafer may be held in a vertical

20  position. For instance, a suitably modified and automated version of the "Wafer

Edge Pixture" produced by Chapman instruments, and configured for a maximum

wafer size 300 mm (Chapman Instruments, Rochester, NY, and referenced to US

Patent 5,986,753) may be nsed. Six degrees of freedom are included for profiling

of wafers. Further description of the tilt stage, wafer chuck, X-Y-Z stage, and

25  coniroller are found in the article “Wafer Edge Measurements - New Manual
Fixture Provides More Features.”

In one embodiment for wafer marking a "split ganiry" stage is an
alternative with automatic positioning of the horizontal mounted marking head along
one direction (e.g.: "X", horizontal, into the page) and wafer positioning in at least

30  asecond direction (e.g.: "Y" vertical and along the page, and "Z" along the optical
axis, and preferably including capability for roll and pitch adjustment).
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10 Figure 16 shows details of one arrangenment for holding wafers at various
orientations. In this arrangenent wedge 800 is engaged by a spring 801 held
open by vacuumso as to allow for nounting in a horizontal, vertZS@Eszﬁ
upsi de do ation. Various conbinations of the noti | or
autonatrc)wp?g%%ﬁﬂ% 15 wor kpi ece positioner 18 and (2) ggan?%%??tronrng
sub-system (e. g.: narking head") 19 and/or (3) internal conponents of 19
(e.g.: a dynam c focus §hgﬁsﬂ§uhmmmﬁmaqmd@eﬁnbeammefgdndmﬂmﬂ@onﬂmﬁm@ used

and coor dinated with controlle i.Nnst an
Corg 205 3 Sttt i By el ool mapkia, BfeByatse YsRhEd, e et O
posi t i oni ng i msaamitaimpwodmmmm (et@,rtrmlaﬁ@ﬂnalﬂme@enpeudmﬂmett(mg& bly 20

manual or sem I OnL enent e re
axes, for ms?tjlri )l‘gg E‘Ttr "Eéé"t%’é’r g dE n have a
significans ehbeidemol.ng h$pe a3 lscuaai foaﬁradmgmﬂthe\heﬁaéﬂtalgjéﬁhbﬁ ﬁﬂl@ﬁred he

mar ks. For backside_ marking of Silicon wafers a pul sewi dth of about 15 us,
repetition rat® sansfasng toayepticakposition oy reAsking il achegi ingidens shyougipsgan o5

mllijoules atjeg yﬁv%ﬁ%{%ﬁxe?fﬁ?mﬂmnﬂ4%ﬂ%§ ng%ﬁhé&i eThSSbthittiod Short

cavity green Vanadate | aser was used depth penetratron of

about 3m- 4. mwﬁ@wemmmqa@dmmmtquma Hwdberelt thelanage
. k f nm
(e. g.: crac 'B%uoﬁof%ﬁt%’}@% atur %out té@@ﬁﬂ(ﬁlﬂé#@@ﬂééac : SEc Were

achieved, and 1t 1S expecte l'evable with 30
preferred | aser paraneters. The markr ng speed represents a relative

|rrproveme -36 2 0 SER;: 7 P ing in
vi ew of trqie) | ar ge nurrberF é&ggpt ?é\gv‘géétgﬁs @ane aﬁﬁg@%ﬁhl gﬁ& §§'f'affr og An
exenplary r angﬁambils ope:rtaﬂonsn In tid$ ertesgemehiseedge @00 ioéngaiged by hGplifig 881
repetition rat bout K th focused spo sr zZ f aboyt 30-35m
for marks on a@eq ?]?98% \Mﬁ‘f’"é’fr%so aﬂﬁ%%m‘ %ﬂg‘ rﬁﬁ’?’scg\ﬂp of up

t o about 50 nsdovanéridntBioR) Ni num repetrtron rate of about 10 KHz.
M cro-cracking is also prevented by |imting penetration of the beamto a
depth of less than about 10m It is expected that a wavel ength of 1.064m

W Il be suitable for markigs ERilhationl KRhemBHen Whdnlal or automatic) of the (1)
15  workpiece positioner 18 and (2) beam positioning sub-system (e.g.: "marking head")

19 and/or (3) internal components of 19 {e.g.: a dynamic focus sub-sysicm 48
and/or beam expander 49 may be used and coordinated with controller 27. For
instance, five axes of motion (e.g.: X, Y, Z and Roll, Pitch) may be implemented
for precision positioning in a wafer processing station 100. Further, coarse (possibly
20  manual or semi-automatic) positioning may be implemented in one or more axes, for

instance.

. The selection of laser pulse characteristics can have a significani
effect on the speed, contrast, and overall guality of the marks. For backside
marking of Silicon wafers a pulsewidth of about 15 ns, repetition rate of about 25

25  KHz, and output energy of about .23-.25 millijoules at a wavelength of 532 nm
provided favorable results. A short cavity green Vanadate laser was used. Further,
marking depth penetration of about 3pm - 4.5pm provided machine readable marks
without internal damage (e.g.: cracking) of the wafer. Marking speeds of about 150
mm/sec were achieved, and it is expected that about 350 mm will be achievable with

30  preferred laser parameters. The marking speed represents a relative improvement
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frequency doubl ed operation for Silicon wafer marking. Further details on a
preferred | aser and associ ated characteristics are discl osed i n SECTI ON 4
which 10 follows entitled "Laser Parameters and Mark Quality." 2ReSidt Hifhg to
Fi gure 2A, Vo) !%J 7599 i nspection system 20, view ng the Se‘i’g‘i‘ﬂrsﬁ.’bﬂ%s wil |
general ly include 'an illum nator, camera or other inmaging device and

I nspection software. In a preferred systemthe inspection field is

cal i brat ed t o fot merkingia vidw gfrthetargaﬂuaibemﬁdrmﬂﬂ to Eematkeﬂta&htgh,restohﬂon
centerlines may be aligned 29 as 15. s i h al e overl ap
bet ween the fi Mé ?8?/?%%“@ “%SBP%QE cﬁ%f “Hamn%ﬁeﬁe |e f or
mar k rrganijalj orraallfifmrgmt:\}g-aé) KHa| ww:hrfoddsecatpo@mze osaﬁﬁt @ngmgoch:afm dnmvvs and
Is entitled "Bagksi r ction ont e Regl strat

descri bes det h%ﬂ‘fﬁ%‘ﬁ?%rmqqrgﬁd%‘i ?R(E’oﬁb\%'?@ a‘}ﬁd t he
mar ks (10056 i mﬁﬁﬂaumhpmﬂbﬁebﬂmewmzormr@aﬁmag iS4eS :feveﬁe@jbs et. For
exanpl e, a few lgcations _on the wafer % be marked and the results

anal yzed. |f t/H@iting pencprationopt the heam 19 & ﬁ%leﬁlmmmurmﬁﬂrﬁﬁgem%ﬁbnat ed
regi ons of th%mfﬁrveﬁﬁgm%%1%@%@&%&&&&{&% ohguéﬂawap on a

separate stage wherein first wafer 1s inspecte cond 1s marked
(See Figure Sreauemygdmubledoparatins: fost Scmn wafer enaxhlﬂgvé’uathmadgeﬂmu avherein a
si ngl e stage et ie' i | f ction
and mar ki ng. fﬁgf | nshaé?:t [ Oﬁaséé};é?&irsr{:ﬁa} p?%f%?ggpog%re%vsrﬁ ﬁﬁeﬁeébac%e

regardi ngl mrmllwatnmbdﬁbaswﬁmmcmmmmn)o” maxi m ze yield. For

I nstance, a wafer nmay have 30,000 chip scal e packages as articles. A

mar ki ng field may have at least a thousand die. A separate inspection
systemw th "standard" Rie@lntmgg)ﬁgnre\ﬂﬁe\ﬂﬁgoﬁﬁmpmﬁkﬁsmmbe, vewing\tient age to
establish correl atio ween . var ages, of the fer and deyice
assenbly st epSeHiTESHenW ?‘L%GWHRE” aéi'l %rgg@tog,lcg%@o I OFET, fna, YIC8: SEP 2006

WD 031097290 %I/m@%ﬁiﬁﬂ&mmgpwgm thdRispdREOE EkIGaR calibRdteamoopt i cal
axis is separateq the inspectiaon rr%y occur jn a sequence where a first

field is markdBe Bpe2lsgrnt pisisadicky rr@tarlﬁeﬁqurﬁﬁlmefm%@ﬂrgpgq 298 d will

occur whike a $heGRANY Fi’g%k@ﬁﬁnﬁmﬁﬂ £latgd SvePRp BetwPBH KRIAMIE TS prdAdis fHunber  of
articles are to be inspected
overlaying the marks on the die for mark mamual or automatic visual verification.

SECTION 6 which follows and is entitled “Backside Mark Inspection With
Frontside Die Registration” describes details of an embodiment for inspecting

marked wafers. All the marks (100% inspection) may be inspected, or a user-
20 specified subset. For example, a few locations on the wafer may be marked and the

results analyzed. If the results meet specifications all the remaining designated

regions of the wafer may be marked. The vision system may be mounted on a

separate stage wherein a first wafer is inspected while a second is marked (See

Figure 5A). Figure 2A illﬁstrates an alternative arrangement wherein a single stage
25 18 is used to position the workpiece for both inspection and marking.

The inspection system will preferably provide feedback regarding

mark quality as rapidly as possible to maximize yield. For instance, a wafer may

have 30,000 chip scale packages as articles. A marking field may have at least a
thousahd die. A separate inspection system with "standard” lighting for viewing

30  marks may be an advantage to establish correlation between various stages of the
wafer and device assembly steps wherein the marks may also be viewed. In an
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Il
5 . In an—enbodi ment using a pair of gal vanoneter mrrors, data
representing at |least a sanple of die (or other article) over the field may
be acquired wth a "through the I ens"” vision system(e.g.: a second sinpler
vision systemfor the case of wafer mark inspection). The dat a2 8fed8h ng

operation ap with positioning (indexing) to an | ield. It
shoul d be %g:g%ﬁ?lgt the coaxial vision 10 system m ght ng?k@ggdallts?% a vision
systemwi th conplete inspection capability. For instance, the intensity or

radi ati on pat tembodinient Wwhere éfd inspeetthnsgsiem eptichlexin insepatated thembpeztich thayr ear | y
detection of gross_mark defects ar ather ocess, probl eps...For instance, a
S ngle phot od QR B P isea Hrss SRS pRkSE FE e REePl: Hi TorneeiBham

Tel ﬁcent Iri C Vi@%ﬁr&t el wnrmm&waﬂe hhmu@bdjh?nsfiaﬂia Péiﬂgmﬁed\/\mﬂf dnad | olns
wi th angl e, 5 ich c rovide for inproved classification of signals.
Some further é‘%@@g%&n@g@%gﬁ%{’%ﬂs@c tives: In a preferred enbodi nent
the workpiece 11 is translated when indexing to marking fields. However,

the relative notion of the workpjiece 11 and beam positioning sub-system 19
may includé transl ati on lfangempedimentausing @i pair 6f gahanometse AwFI9ESs| dd%ner (or

t) . i ' ' i
a conponent) %%Rﬁ%ﬁ'léﬂt lcisgfrﬁ%@%reﬂlk%éjo%ﬁ&sﬁke;%hfﬂemﬁuw er

all ows for posi of the g system’l4, mar ens © 351,

i nspecti on syswidha Abrough thedenss visiop sgsiers (&0 a sdcopdsimplee vistonspstém fortkeader . 1 n
an enbodi ment | ' s I . ' canni ng
may be sinpl i?#%gf‘g%lf%r Iédraiﬁ(e%?l%@?\ﬁ \%\/ﬁi\lgtr3 é’? ﬁ%ﬁ@#@%ﬁ@agﬂ%ﬁgmm or
portion of thep@Biosing{isgexting)io sn adjanest fiddt shobldrbenetedthi ihiecenayialfvision a r enot e
embodi ment0f or VAR A SHER g s S &Gk i sl BPeRRuEbnB. AL of o

| east Jbr or - znmmsthariﬁﬁeﬂily?ﬁ.raa‘ﬂaﬁmbpﬂm:pf ost'hteirefnmeh dlstammed Hemnanbé;rSHe may
nove, but novenent t er i referred. The noti on e, -38
DBSEP2006 O BRDERY 8 AR e o1 6B ek ey cp By FRPRST BORES Fone

al i gnment Ca”ﬁh@tar&h‘,sdﬁﬁ@é@pﬁmmto?rﬂa?,hehﬁadﬂb@lyﬁa&ﬁﬁéctmkﬁfg Helte, Wafer is
preferably conpensated, by npvenent (translation, roll,  pitch), of the wafer

with the posit]OsEHES ¥irsingmbess: ressivedyiopehienssind hrednges vagatinns fith angle,

15  which can provide for improved classification of signals.
Some further discussion of various alternatives:

In a preferred embodiment the workpiece 11 is translated when
indexing to marking fields. However, the relative motion of the workpiece 11 and
beam positioning sub-system 19 may include't'ranﬂétion of at least a portion of the

20  beam positioner (or a component). When marking wafers, a single X-Y stage
moving the wafer allows for positioning of thg:alignment system 14, marking lens
351, inspection system 20, and poséibly an of)tijonal' mark verification reader, In an
embodiment wherein the wafer is ﬁaﬁélated, ;aligniﬁént and beam scanning may be
simplified. In an embodiment where the positioning sub-system or portion of the

25  sub-system is translated fiber beam delivery from a remote laser source to marking
head 19 may be used to an advantage.

In one embodiment for wafer marking a Z-axis stage 28 may be used.
A range of at least +- or - 2 mm is preferred. The beam positioner 19 and lens 351
may move, but movement of the wafer is preferred. The Z motion may be
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posi tioner 19 as described above. 5 A total Z range of travel of about 12
mm inplenented with one or nore translators, may be used to allow a
robotic end effector to load a wafer while allow ng for conpengatsrpnypf

waf er sag b%%’?ﬁ%l, e novenent of the wafer and marking %q@g‘
a

| ocati on. %or controlli ng contam nation nmay be an van(tfage. For
10 exanple, a tilted w ndow, placed bet ween | ens 351 and the workpiece, with

a slight anouaeteraﬁnecnﬁgrm& H6hs BB Yhe! éltl@%éﬂacskwﬁémfdoﬁi%hé}ﬁs wrw e | ens.
Air pressure may be used to clean t | ens urlngl Ferlos Atilted
IO

wi ndow wi |1 di £95128¢ &atmhe the water i puef %@YP%FPPW (esaslation, 108er t ai n
errors (e.g.: BedibeingRlads WBinhe Monug%yﬁahn@cwars&uﬁ]b%&ﬁbmé%mn

Al ternativel y, an "air _knife" ma used 15 produce fast noving air
across the IenBQSltme%%%%@%ﬁ}beé PY%l on zone of about 2-3 nmis typically
used. The wafer nest may have vacuum applied on the 2 nm exclusion zone.
The nest may be held with a kinematic nount. The focal position of the

al i gnment $ystem | ens 15A dotdl Z sange af ravel glabouty] 2em, deplefnented atithrane 0k ng a

wafor i s tr anomaragemsiiort A BBl bR Shel e B8y (al)-C B BN S
the position ragiiowinedor (’ﬁmqwepsmnnlocbmzamr st &p rblativeenavaderit oftthe wafsanmd
the |l ens position) and the | ens, and

posi ti oner coor dj,nat
posi tioner traffefy ﬁe%@&&@?ﬂ% 25 I'n one enbodiment slight relative

novenment of the Z-axis position nay be used to conpensate for sag and warp.

For instance, a change L& tEe z axi s osition may be effected at F%
plurality of marking | ocat® foy sontrolling roptamyingtio ﬁ@yb%@ VENIagas 506 WO

03/097290 §CTI bigaiplel 2 @98d firloth, phigd HefivdeR A 35 Zarld tRE FokpicRe, Wil a@w at
The X

ni ne | ocations ( q;ng to conpensate fromcenter to edge) abl e may
have a range ofil¢ VeYIbWOQth@Q‘fwckéﬁ@Bﬂ thgymarking e AAir FeBERMIY f or

posi tion feedbglited 1o clean the lens during idle periods. A tilted window will displace the beam
and aberrations may be introduced. Certain errors (e.g.: beam displacement) may
be cotrected during calibration. Alternatively, an “air knife” may be used to

15  produce fast moving air across the lens.
An exeraplary exclusion zone of about 2-3 mm is typically used.

The wafer nest may have vacuum applied on the 2 mm exclusion
zone, The nest may be held with a kinematic mount.

The focal position of the alignment system lens 15 and camera 13

20  may be used for determining a Z-axis location and for fine positioning of the beam.
In one embodiment the wafer is translated. Alternatively, the camera system may

be focused and the position recorded. The position my then be related to the beam
positioner coordinates (e.g.: the lens position) and the lens and positioner translated

accordingly.

25 In one embodiment slight relative movement of the Z-axis position
may be used to compensate for sag and warp. For instance, a change in the z-axis
position may be effected at a plurality of marking locations over a 100 mm marking
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5 An inspection nodul e may have optical resolution of about 4 mcrons. A
tel ecentric lens nay be used with the fine alignnment system The inspection
nmodul e 20 may al so be used for certain alignnent operations (e.g. ZI508& ¥
a fiducial o hdde) and may be calibrated using a 10 transparent

al i gnnent ta%g?ﬁ@b%stabl i sh correspondence with the coor diP?H 0¥1P6%om  of
the fine alignnent canera 13. The recommended marki ng depth fox optinum
readi ng, while figldoiFdt irgtanicd) A-tratistation g @ccuray nive ledativls @.£H: o ompassateThe

| aser system may._be orgfigueaed for a maxi num mark depth of about 10
mcrons. 15 Enb%’iﬁ’weé' 2F%%e present invention may be used to mark wafers
with programmabl e field sizes and nunber of fields (e.g.: 9-16 fields of

view on a wafer having a_di t in a range of 150-300 nmm., .focusing
options (e.g.: 3 focus pxg‘?%l[%ﬁg’ﬁq‘%?y]%%{? BFREe9 ‘Iﬂiek‘Pfd’Hth]{%]@l%“‘i%F%W“h

i ncreasi ng densijyarfedbodehi fof pbsitimpfegdadk. and various marking speeds (e.g.:
150- 250 mmi sec). 20 Various exenplary and non-limting system paraneters and
associated tolerances nmay include: PARAMETER TOLERANCE Encoder Resol ution
.1 mcrons -stage Travely,l L1C ks wekaq - 40-
I 2 8 SEP Foe Vo 05106 8o Btfiof Indn 8¢ 15 gehlAc&:gégrrugE% of iR, 40
Fine Alignnment Rapeat.ability 1-2 mcrons Spot Size < 60 mcrons nom nal,
25-40 pan preferred 5 Galvo (calibrated field) +1- 30-50 m cron accuracy
Mar ki ng Lens Option (due to sag) telecentric, +/- 3 mcron, 300 mcron

A telecentric lens may be used with the fine alignment system.

. The inspection module 20 may also be used for certain alignment

operations {e.g. locating a fiducial on backside) and may be calibrated using a

10 transparent alignment targét to establish correspondence with the coordinate system
of the fine alignment camera 13,

The recommended marking depth for optimum reading, while

avoiding subsirate damage, may be about 3.5 microns. The Jaser system may be
configured for a maximum mark depth of about 10 microns.

15 Embodiments of the present invention may be used to mark wafers

. with programmable field sizes and number of fields (e.g.: 9-16 fields of view on a

wafer having a diameter in a range of 150-300 mm), focusing options (e.g.:

3 focus positions for wafers 775 microns thick with increasing density for thinner
wafers), and various marking speeds (e.g.: 150-250 mm/sec).

20 Various exemplary and non-limiting system parameters and associated

tolerances may include:

PARAMETER TOLERANCE
Encoder Resolution .1 microns
Z-stage Travel ' 10 mm

25  Z-stage Perpendicularity .1 mRad



waf er thickness, 300 mmwafer Marking Lens Option flat field, +/- 10

m cron, 775 mcron wafer thickness, 300 mm wafer 10 Numerous altzrﬁtpi S
may be used to practice the invention. Variations of the positi r$ t%@e,
nunber of hid rs, vision systens, focusing hardware pes

I ncl udi ng 5929\%"?92 ed and fiber lasers, may be used. Furtﬁgl{@r}%%{s@éhe choi ce
of serial/parallel operation of nultiple markers and inspectors for
efficient prodiathigoActiragy managenent and yi-f-& mitgs@venent, 15 incl udi ng

cluster tools.and,statistjcal .ocess control nay be incorporated for use
with a preci sifgﬂe@gﬂrpﬁ‘ﬁ%ﬂ?ﬁt@ﬁl@f t he inve]ﬁiiml ADS Further, it is

contenpl at ed tSpat Sizéhe pattern recogniti on ag8imidbid MninAChNi ques of present
i nvention may be used alone or in conbination with other production
processes, for instance the "dicing" oper@réhuadseietd in the

af or ement i nedGalf @aRElaRGiel@0 SECTI ON 1- 2[) 30 46AhicREAT. cEzlari ous

comercial l'y avail abl e marking and workpi ece processing systens calibrate
the | aser nar RYlaing legng Opjionddueitpsagd gri d delecentric, ni i Saniceome 30Gmigsor i ng t he
grid on a separate coordi nate neasuring or ”ﬁﬁﬂl@ is an
Iterative process and very tinme consuni ng. %%%%@c oot Sys éﬁf&tse t he
on-1ine 25 thhrMadings Eans Opian vi si on syst emitabfiekdl i4b'r 40 enitdon, THsmicramr ki ng
field on the sane side. Alternatively, a substrate or_gi sposabl e workpi ece
may be nmarked. In accordance with the pr ese"F#eri kﬂ?sf’o?@m%/%aﬁ] mensi onal
calibration” utilizes an x -y stage, a pair of stages translating the

wor kpi ece,and/ or marKi head, or ot her arrangepent which_al,l ows the
on-1ine r’rﬁ@hi ne vision r%us8a1%§ﬁ?1§g§§1ay d@i‘gg‘?ZEBCtPWEJSGWDi‘Q’GQS

sub- syst em 14 afriafib@iéfchd pésiticnee 8ipe PinaiiRr oh foditisRts, Widi systefnk Slofusity on t he
OPPCsSI TE side., The calibration is _used to r’r&rk tcge sizcond si de based on
vision data Wa&et dASels tYRes ninelHding | g-gvitchied cand chiben, laserse qaa pe ptsedy st em

dependent and pgibRhore 2 WO BRGiES of Qbrial DaBBEl ofthiTRLE GruiBdie BX kSl SEanpl e,
four steps for calibration are shown bel ow to .
inspectors for efficient production time management and yield improvement,

15  including cluster tools and statistical process control may be incorporated for use
with a precision marking system of the invenﬁén. Further, it is-contemplated that
the pattern recognition and marking techniqueé of present invention may be used
alone or in combination with other production processes, for instance the "dicing"
operation described in the aforementioned '943 patent.

20 SECTION 1 -2D/3D CALIB ON

Various commercially available marking and workpiece processing

systems calibrate the [aser marking field by marking a grid on test mirror and

| meaéuring the grid on a separate coordinate measuring or metrology machine. It is

an iterative process and very time consuming. Other laser systems use the on-line

25  through-scan-lens vision system to calibrate the laser-marking field on the same
side. Alternatively, a substrate or disposable workpiece may be marked.

In accordance with the present invention, "two-dimensional
calibration” utilizes an x-y stage, a pair of stages translating the workpiece and/or
marking head, or other arrangement which allows the on-line machine vision

41-



Il lustrate aspects of overall systemcalibration: 1. Calibrating canmera

pi xel s for each canera in system 2. Calibrating coordinates of a that
canera to a second canera. 3. Calibrating stage coordinates to c 8

coor di nat es@%% »§@l i brating the scan head to the wafer %sog' gg?g ﬂqﬁ_
schematical l'y Wus rates a typical arrangenent for respective top and

bott om caneras 501 and 502. In at |east one enbodi nent of the present

i nventi on eachsubssystem ild afaFighteal b4 16 aphibateethy khgernmbhrkingt fieldc24renahpi xel s to
actual "real . ardi pates. Fiqures 11P and 11G schenmatical l.y.
illustrate a \i\@b P &3{#@ S8 g@%{br%m}%aﬁ@eg]f? al?éf*‘ipﬂgcﬁéq%ﬁmﬁ‘e% V%‘P‘ﬁi n
camera 501, 502434t ehdfeatikes fydig \the fisefi®y abl y, the caneras may be nechanically
positioned within the systemso the fields of view substanti-ally overl ap,
but the fields may be separated. In one exenplary arrangenent the
crosshairs 506 may be aboMibriavdiaP8E ks st&u'i'%lepeﬁﬂbﬁtbz{tﬂtmﬁdhaﬂadﬁtdlﬂﬂcy%
measuring the coordinates_of the crosshairs and estimating 20 a center
position, $§cal entgutomatic. Byway of grampie, doursteps &rsalibrtion srsshown belavitve to t he
tool. Preferab ' g kzee of the camera will be neasured.
Al ternative e o%?%eé%%@@@nté’§hf?%%‘ﬂ5‘§§ﬂaﬁ’@8ﬁa| crosshairs of other suitable
targets and calibration of sub-fields within the canera field of view

Figure 11H illustrajes |, ' ' nd bottom 25
caneras preferably i/'i ewa?élﬁ’rlrﬁl @%@g@ﬁﬁs"@g@gﬁd a@f&@sgéfeégﬁ by a first
canera and the san® tar@aibrabgicotdihaley oflashstdamends astthndsamermn by a second
canera. The calibration tgﬁrr et ﬁ@g be w’th'%n the "t ool tarea" as shown. A
correction for offset, g%l Mg qurg{nﬁtgﬁ q%ﬁ%?@é 1313 one enbodi nent an
addi ti onalipcr osshai 4, mayCélibratisgabe $oan hedab fihe wifer gt er of the object. This

arrangenment, wth precision -42 2BSEP2006 WD 031097290 PCTI US03/ 15698
calibration, is particularly useful for providing a display show ng a nmark

on the backside of a wafiglirer @iRtsc@natioals; UnRtresid it@iicadSarf@8sn@n fope front
side for the purpose of marls inspection (see_ SECTI 6) .. Yet anot her

cal i bration stZsPseHye P ag Hoey cuserahyfjand 202, {iat Isastone émbodiment of the
present invention each camera is calibrated separately to match the camera pixels to

actual “real world” coordinates. Figures 11F and 11G schematically iliustraie a
15  “tool area” 505, which is relatively positioned within camera 501,502 fields of

yiew. Preferably, the cameras may be mechanically positioned within the system so
the fields of view substantially overlap, but the fields may be separated. In one
exemplary arrangement the crosshairs 506 may be about 5 mm apart. The
calibration may include measuring the coordinaies of the crosshairs and estimating

20  a center position, scale factors, and rotation of a coordinate system relative to the
tool. Preferably, at least the “pixel size” of the camera will be measured.
Alternative embodiments may include additional crosshairs of other suitable targets
and calibration of sub-fields within the camera field of view.

Figure 11H illustrates a calibration step wherein the top and bottom

25  cameras preferably view (simultaneously) target 511 as seen by a first camera and
the same target depicted by dashed lines 510 as seen by a second camera. The
calibration target may be within the “tool area” as shown. A correction for offset,

scale, and rotation is applied. In one embodiment an additional crosshair may be

used to specify the cemter of the objeci. This arrangement, with precision
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5 stage tolerances. Figure Il illustrates three crosshairs 520 used for
calibration wherein the entire nest is noved and canera coor di naiﬁg gr@
related to stage coordinates. As such, the tol erance stackup of EE{ E)e

I s conpens anot her calibration may be applied to t he scan
| ens 351 6\%;893;0 ?Jr?g head 19 in Figure 11A to stage coorleﬁg{dggjfﬁ lgure 111
shows a 10 consunabl e part, for instance a black anodi zed di sk 521 which
may be ma[1 ked m’kliblcriatio:nv@ pm'fiﬁﬂetrhﬁ m@iuldme?mhidgtg zaéisgﬁ? shﬁﬁhgmnﬁki? mﬁeddt ok

i nspect the ma Jhe . markin i e may be a fractja e dis
591 et v, and. BERAY B yath FRC 4 gie bobiba e esh et hd Binhgls for e al ok
and nar ki ng bepimposehefafarkdsdpectivhéps SHONON®Y be sufficient and preferred in
a system 15 wherein marking performance is substantially invariant with
depth (e. g.: large depth of focus, relatively large | aser spots,

relativel y smal | wafers Yecvanamexemmnaﬁm hh?r% NPpRedd coRPbiisatéfor RLEr ons and
m ni mal %) I n one enbodj_nment the alignmenf vision subsastem 14 of Figure -

11A nay be caPREH plerapces. Kigusg; L1k @“ﬁ?aé@ﬁl 181e8) grosshpireeOnsed doropalibratien nat i vel y
with a 20 preghgieR i eﬂiué enea {8 ﬁ%& A aRfeBP bYor PP e 'i’&at%@ t8 skagki bration

standard). For instance a nm waf er or ot her maxi num wafer size to be
marked wi th th@oorénpgﬁe@mmybethQMancm@cm@frthmg%mmmpcmtedde with a grid
of fiducials simlar to a crosshair 522 of Figure 111. In one enbodi nent
the wafer has a 77 x 77 array of crossbairs with 2.5 nmspacing with a
special pattern at the c‘e’ﬁtaaothclfcalihmtignmaybespp'ﬁmétccadibramthesamlémBﬁleferabl y

checked (e. g [ [.AS r. e r| d. nmech

aF ustment s irafio HabAfk ML 35" R AR D o biEe 2ohfinatls FEREC 0] Rbus g

Fi gllir gs 9A1i09tC)2) cmymhble?dutmt melance adﬂamkh?mﬁizeamsktﬂldi@hlichm%mﬂked #jtit em The
mar ke cal i br tlon er al or xt. cali ratlo erein
the X-Y stage 9 B?§1° ’?ﬁe‘ﬁ%ﬁi‘”ﬂ‘*&?“ﬁ P?F%E li?ﬁﬁ ﬁ:hﬁay t ake
several hours hﬁrlﬁ@ﬁ@él&h@ybe&&ra&ﬂ&&&ﬁe&ﬁﬁ&lm Qi APX 20 Gta X o83 5698
with calibration over the ran&lg of travel, the calibration information bei ng

recorded by |Fﬁi§’r"ﬁd’°§m€%§§ﬁ disk;angd mpeking beamkp| e target on the calibration
wafer. The data is then evaluated. Athird calibration step of the

enbodi ment is a marking field
These basic steps above may be sufficieni and preferred in a system

15  wherein marking performance is substantlally invariant with depth (e.g.: Jarge depth
of focus, relatively large laser spots, relatively small wafers having exemplary
thickness of about 775 microns and minimal 5ag).

In one embodiment the alignment vision subsystem 14 of Figure 11A

may be calibrated first with a previously marked wafer or alternatively with a

20  precision grid (e.g.: each preferably conforming to a calibration standard). For
instance a 200 mm wafer or other maximum wafer size to be marked with the
system may-be used. The wafer marks may include with a grid of fiducials similar

to a crosshair 522 of Figure 11J. In one embodiment the wafer has a 77 x 77 array

of crosshairs with 2.5 mm spacing with a special patiern at the center of the grid,

25  The camera focus is preferably checked (e.g: contrast measurement) over the grid
and mechanical adjusiments made to the nest. Alternatively, a positioner (e.g.: see
Figures 9A-9C) may be adjusted in depth or attitude if used in a system. The marked
calibration wafer is also used for a next calibration step wherein the X-Y stage 18

is calibrated. The initial X-Y stage calibration may take several hours to complete
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calibration wherein a 200 mm wafer (or maxi num size wafer to be marked) is 5
marked with a pattern simlar that of Figure 111, or other pattern with
suitable density. Preferably, the X-Y stage is calibrated as abold Yafi @ t o
calibration of marker. The mark positions are then ngRsifsgshagsd h using
the fine alwgr?f‘l@r}?% canera, or wth a separate vision subsystem For

exanpl e, the marks nmay be neasured with a comrercially avail able,

"of f-1ine" preaiidicalibition oved gie ranpsiof tavd), the cdiveibnhinfotaitiodeleidgagtordedPr oduct s
(OGP), for instance .a Voyager neasuri.n machi nes. |f parker field |,

cal ibration i stbydmﬂ@nﬁéF¥Q§ A qé‘ﬂ@gleéﬁgﬁ_@%@??a]%@%wagwﬁb?d"['tﬁé"‘ mar ker
in a producti omheneriah@BIENTA tﬂifl?czﬂibtzﬁi@ﬁ%ﬂitp off tht @mbsiinieAis @ ynableing BeRd.
Preferably, the resqglution, and _accuracy of the alignment systemw|

€S l
substantial | y EReEaEoR HEeRit? AHFmR MAIHSE PHEIMAD SEsHles it Pomarsd) Wor kpi ece
sag and waragendiReq RH'Y peftern Rinlhdinai HO HigtRe 2o gtk pabiZ® With Suithbfel er ent

wor ki ng di stances. Besides, there is an increasing need to change | aser

beam spot si zeslewiyi Repferpbly athp &nY stngaaseaalibmatedeas aheve pajos|te edlinsivnsdihenet er s,
such as line w rrg&tk | 7€, St DA d- mar 5 - mar Kk,
t hr oughput, et g%%??@-% |rreﬁéqs§ir?§F a@%ﬁeérlg%%%ap‘yrv%%{gg @I%r%ﬁﬂ%{ﬁng? 20 a

plurality of nwaierag opositlt i Geparaik ongjort babsystent For Axanple,cthalmarks eyl Xser

Ki tiel d il ity i \ _ X Ki
i st ance and oP ERERY it buBERA atep e, OPERE et dfion WSS |20
pﬁSi ]E i olndau?ur q:;qduca'clh:by é)pi:ifeala]@mgai?ro@im m)m@omaglncbmd‘dhmge méaem?igze ?f
the fi1e (o} Vi e cnl ne VLSl on em aur,l n er Ion to
neet different m%ﬁ“&%%{%ﬁ&%@fﬁ%ﬂ%ﬂbﬁ pe @yaf:ﬂ?@wgiaﬁﬂ?ﬁ%ﬁ?ﬁtﬁ% ation
on nmachi ne Vi sigfithernafkeB it hradvsfi@iedviroaMamng thet dignsbaevisibn SR whG® | cal |y

and rmaintain the visign dinensiop accuracy at the sane tine. Referring to
Fi gures 11A- 11msed. nPBrgga%lyf g &sselvtion and; eurey e st nalignment system oyl

procedure rel atg;RgaRiaflP ekdeb®the Hhinihifin blabtiSépasinge to the laser 30 marking
field 24 on the second side includes a calibrated nmachi ne vision sub-system

-44 2 8 SEP 2006 WO 03/097290 PCT/US03115698 14 and calibrated x-y stage 18
that wil jyark a mrror e LONGHIR #r SROMDIRS 3 WM warpage may require

maintaining the same spot size with different working distances. Besides, there is

Q)

an increasing need to change laser beam spot sizes during operation to meet different
application parameters, such as line width, character size, mark contrast, hard-mark,
soft-mark, throughput, etc. Three-dimensional calibration provides calibration at
20  aplurality of marking positions along the Z-axis. As a result, the laser marking
field capability is provided for changing the laser beam working distance and/or spot

size automatically while maintaining the laser beam position accuracy.

There is also an increasing need to change the size of the field of

view (FOV) of the machine vision system duting operation to meet different

25  application requirements. Three-dimensional calibration on machine vision allows
the system to change the size of FOV automatically and maintain the vision

dimension accuracy at the same time,

~ Referring to Figures 11A-11D, in one arrangement, a
two-dimensional calibration procedure relating a position of the first side to the laser
30  marking field 24 on the second side includes a calibrated machine vision sub-system
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Figure 1113). A description of the calibration of stage 18 and carrera
sub-system 14 is shown below (steps 1 and 2). The test mrror %Oﬁl&’t@ﬁ ed
at a predeterm ned working distance with coated surface facing tlz S
source. Theywarikifg | aser 5 beam 93 is directed to several ,ﬂ% on the
surface so as t}oﬁwrarark 95 an NxN grid on the mrror (!t | %ﬁ%trated
enbodi nent the x -y stage 18 noves the mrror in both x and y directions so

that the alignpesid oamsrawﬂxcﬁamg@wlﬁammqmwz(@@wmahms%hﬂ from
non- coat ed surface of t he rror Qpposite side from]|aser source

|11 umination fFgHe5iGht As‘i?ﬁﬁf of ths califirption of stage @dlqmﬁﬁﬁqﬁﬁyw)l‘ﬁs used
10 and depi ct of sl b @b} @&n@q?mrﬁétesﬂﬁﬁr&qppsﬁm{essata r&eeimpede are

recorded. A calibrated orithm or e is then generated

relating the cwerkinndistaace wmh@oai@ §usiaeR fa@wgttb%hmropa@@edéﬁ@rmﬁm%ﬁeé. n are
not restrigted, éaglsas‘i@%ieﬁ&ldto aeaﬁ Q%&%ﬂﬂ&éﬁ%m&&ﬁ%ﬂ%ﬁﬁ#%ﬁ fanpl.e,
y to vva u

the process na app Ing 1n a system wher ck hol ds
the wafer in aow&ﬂtnmwt%lﬁlqbosﬂustr@md emhoﬂmhmthax-kﬂst@edﬂdnwe& theimizmoi on beans

Copsi de  based Brietiopf §1iRkons S Yheie al oty EaRedYe B, BB 0" "

Simlarly, thengieaneihs gmd)ﬁ'dmenaniaqmmthmface of ik miirrat (oppositepsdatron lader gnment

and rrarklngflelds in e single .side of a workpiece.
20 In order to*WH Pn&@’ ﬂ%%‘?%ﬁ’f“r@lma fglfé‘th sé'%ﬁ‘ﬁ é@‘l’\"&ﬁl ‘Eers
sonet i mes 10ne gid d@nﬁcd@rﬁn&uﬁﬁmﬁ@i beaﬂﬁﬁt nmmoofd&mtes l‘oﬁe@ﬂlmﬁé ﬂzeriéco@l&tﬂ ng t he
operation. \Wen ta.Be %B |n s fects the system accurag a new
calibration wifycaha elfl gratd TERiNS ‘JP i%cess is
used to create nulti ple Iayers of cal ibration files with respect to

different systemsetti ngr 25 A three-dinensional calibrated system can
switch between differ ent[2¢cgalibrjign tﬁ‘%hﬂéﬂ?ﬁﬁ desgribed herginaangi 1o esifieied doui r ed

performance ang &é‘rlﬁﬁﬁmgﬁnﬂ!g ES%?@ eaih“’g’?‘?%ﬁfaéf’?l?er ent

Exenpl ary matho to ac ve t ree- rrenS|o rat|
settings on theppligd tewnienalatdeg ima sxsmwhwmggholdsﬂwwﬁcsmm@@a wor ki ng

chuck 17, Ynas BiHigPEad Y SpaRE e iy e Bakoe Sl REctiBiken

Likewise, the workpiece may be marked from the topside based on calibration and

reference data from the bottom-side. Similarly, the process may be adapted for
calibrating separated alignment and marking fields, both covering regions of a single

side of a workpiece.

20 In order to optimize the system for different application parameters,
sometimes one or more machine settings might require adjustment during the
operation. When the change in setting affects the system accuracy, a new
calibration will be required. The three-dimensional calibration process is used to
create multiple layers of calibration files with respect to different system settings.

25 A three-dimensional calibrated system can switch between different settings
antomatically and achieve the required performance and accuracy by using the
corresponding calibration files, Exemplary methods to achieve three-dimensional
calibration for different settings on the system include:

1. Laser beam spot size versus laser working distance: Use z-stage
30 28, and/or a combination of relative motion of chuck 17, and/or motion of an optical
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WO 031097290 PCTI US03115698 sub-systemw thin marking head 19 to relatively
position the test mrror to different working distances with rea&eﬁg@ﬁithe
| aser source. Varying the working distance de-focuses the |aser d
provi des di pot size at the work surface. It has m ned
that a def o@ui@ sp"gt provides acceptable mark quality for%@?@%ﬁ

wor kpi eces, and hence is considered. The two-di nensional calibration

descri bed abOVmU-@stEﬁRﬂﬁﬁlﬁﬂafkﬁﬂg Ra¢ o W@féfdti%ly%bﬁﬁ@ﬁ‘ﬁﬁ tesPmirkdiao dferénk . 2

group of calibrated algorithns or |ook up tables for different spot sizes
Wi th correspon®PHYnE digaRrses gvidy rspngaitedhs Eﬂﬁéﬁ’gﬁﬁt daryipg thegearkingdigianspot si ze

versus | aser baamcais Muthler Seih afl pro/ifes Alferck R REBE i WirkfsBfte® opNtrol

Zoom expan3| on control, he conbi nation. For I nst ance, a conputer

control | ed enbBi b?émde@fmmn% ths gdedecusefiospeh praviden amegable markngmalityefonsed t o
achi eve dif5f er gl @9 éE@é"Hnﬁ%hc‘fSksZ&ﬁmﬁ e, ""Pﬁektv?dJ&ﬂa?e‘hﬁmﬁ;g c}a‘hﬁfaﬁon""ork' ng
di stance. Different conbi ndti ons | aser beam expansi on an ocus can be
used to achi evéesaribrdsiboeelissppeatesl foe eachiweorking distanoe.diAsghs rasnl a geoip Iof at i on 15

aroup of cari T ARGHERe oflocERE RO CRRRE Ry 3P bR cotiwoifint °C et
wi t h correspondrking distamee iygenetedset ti ngs i s generated. 3. Laser beam

wor ki ng di stance versus | aser beam expander setting: Use an expander for
focus control, zoom expansion control, or the conbination. 20 For instance,

a conputer controlled emoﬁdsﬁﬁﬁmmﬁt%\%ﬂﬁmmeﬁﬁemMSEﬁmE Qe en 4, may
be used tog_achi eve s%ma | aser am spot sizes on a work surface at_different
wor ki ng dildt an@endepHar focug co P QHR FEDRISIOR{ 600k 9T the CRPIEANSRf F68 coul d
be hel d const gRfan&, a%@ﬂdgﬁeﬁ’éﬁtﬁ‘ohh’d éiﬁﬂsdﬂﬂnéﬂtf)fﬁ&%%anﬁémﬁo%lﬁﬂélﬁws whi | e
keepi ng the sane spot s hen the two-di nensional calibration described
above is repeatﬂéﬂbﬁwedéa@ﬁhl@@ @ﬁﬁf@b&%ﬁﬁirﬂ@ﬂ spaitsizen gn aaxorkrraripeesatifixed a group
of calibrated or s f& di stances
with correspong’long éoagt?nﬁchp%if%gérﬁtg%ﬁl ngs E:ffs;lgé&e‘%géla Q%M%%E/Ec ne Vi si on
field of view beusadstovichieyn 4 desined apelr azcset'lﬂlamghe torotlinsansional libratiamd f ocus
on Vi si on J.ens/ ehi e nt sizes
of field o]‘r5 Vi cel‘?\(/zlsv Ongdgab%eﬁgjrgqu{egz@bea epe éanél%f)ceﬂle %Setge g%flﬂb% é{% [1@

of calibrated algorithms or look up tables for dlfferent spot sizes with corresponding

—
..|

beam expander settings is generated.

3. Laser beam working distance versns laser beamn expander seifing:
Use an expander for focus control, zoom expansion control, or the combination.

20  For instance, a computer controlled embodiment of the expander 49 shown in Figure
4, may be used to achieve same laser beam spot sizes on a work surface at different
working distances. The laser beam focus relative to the work surface could be held
constant or could vary by using different expansion settings while keeping the same
spot size, Then the two-dimensional calibration described above is repeated for each

25  beam expander setting., As the result, a group of calibrated algorithms or look up
tables for different working distances with corresponding beam expander setiings

is generated.

4. Machine vision field of view versus vision lens/camera setiing:
Adjust the zoom and focus on vision lens/camera 13, 15 of sub-system 14 to achieve

30  different sizes of field of view on a work surface. Repeat and generate a calibration
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-45. 2 8 SEP 7006 WD 03/097290 PCTI US031 15698 al gorithmor | ook up table
for each vision |l ens/canera setting. As the result, a group of calibrated
algorithns or look up tables for different fields of vi ewvvith 7 8 SFP 7006
correspondl‘ggoégd:} camera settings is generated. On an alty Eﬁ;ﬂ'ﬁgggs
arrangenent, tware zoont capability provides for a uSeable range of
operation vmthout 5 requiring noving parts. In yet another arrangenent the

digital and Ophlgﬁﬁdhm 6leﬁnhﬂlu9lt@ﬁelmyea@ﬁvﬁﬂﬂlbﬁb%hnér@s&ﬁﬂg ef/Qr thedesaltf angenent
capability w | ng ovi ded for,_adjustnment _of system paraneters (e g. |aser

beam wor ki ng dFSVRREE alitpted plgpridymscnr IMP&t&bwﬁlf?ﬁ@ﬁqr%f@@waw BHtin the
presence of "Sggfres ﬁfsudmgiéﬂs/@&ﬁerw Igafﬁeeatécp %ra‘ﬁaﬂﬁrﬂm‘e%%%e ?tflcant

relatlvetothe dept h focus for smal Fer spot sizes arti f or
t hi nner wafers wﬁw RRATRC é@abdltjgpr@o@nmfphacuseabé@@merqfwmﬁmw@out In one

enbodi nent st he, n OREE to the
first side) anﬁh&ﬂlggﬁlaﬁlgg %ﬁ%atzﬁé ng%h%tﬂ %F&@ Bgﬂdmva i "dlr ﬁ#l(gtggy&% he

foll owi ng st eppshniqis Saybeombinedr a Cal i bration: Use a preC| sely nmade grid
tenplate 91 (shown in Figure 11-D) to calibrate the fine alignnent canera's
pi xel size over the field of view 25 to the real world unit. This wll

conpensate for geonetri dnaipsefened amangémerih eapaktity willtequudde Badjdment st at i ¢
errors. In an alternative epent ,a sSin Int" target, e

Cr s at ed ¢ nr LG B ATRS 1 o ok BT ok s futte: 1 Bt 2, s

per f or gance Oltlﬁi’ntdi]ﬁﬁg fehlehigtiad in &ie pﬂmnfemeﬂm“qir ¢ n@ﬁrpg% i><t11$atT i gln
time, but y elimnate a , requirenpent ) - abl e
Cal i brati od URGTPRRGMEY he Séﬂ’%"@ﬁﬁ%’laﬁc‘!aﬁ% @l%yép e1,/Sp0f 8188 18 t o
measure a pr ecpéﬁ&ﬂaﬂiﬁﬂ?tﬁﬁﬁﬁe‘wfafe@éQrﬁblkﬁle&rs'(ég 30 ﬁbﬂlﬁﬂpﬂ@)fﬂlﬂaiaﬁﬁtefbf mat ches

the workpiece dinension (e.qg. |argest workpiece to be processed with the
systen). This Inoneembodiment the alignment vision system 14 (e.g. positioned relative to the

-

Pl

first side) and marker coordinates may be calibrated with at least the following
steps:

15  Siep 1.

Camera Calibration:

Use a precisely made grid template 91 (shown in Figure 11-D) to
calibrate the fine alignment camera's pixel size over the field of view 25 to the real
world unit. This will compensate for geometric distortion of the lens sysiem and

20 other static errors. In an alternative arrangement a single "point” target may be
translated through the camera field providing stage limited accuracy performance
over the field 25, at the expense of additional calibration time, but may eliminate a
requirement for the grid.

Step 2.
25 X-Y Table Calibration:

Use the fine alignment camera sub-system and x-y stage 18 to
measure a precisely made full field size grid, which approximates or matches the
workpiece dimension (e.g. largest workpiece to be processed with the system). This
step will compensate for static errors (e.g. tolerance stackup), including

30  non-linearity and non-orthogonality of the stages.
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step will conpensate for static errors (e.g. tolerance stackup), includi ng
30 non-linearity and non-orthogonality of the stages. -47 2 B SEfnélEEt? ﬁ
03(097290 PCT/ Us03/15698 Step 3. Marker Field Calibration: Laser [(1:9

field size on a mrror 92, as showmn in Figure 11
calibrated ‘%ﬁqgﬁdg?gognmnt canera (from step 1) and the ?gg{'lﬁﬁa/%?ed X -
table (fromstep 2) to neasure each mark 95 of the grid on the mrror over a

marking field 8#p3This step will conpensate for geometric distortion of the
| aser scanning |ens _and Ga vanorret er systemand other static errors. Step 4.
Three D nensi o PIgHen!Cal i bration: 10 In order to conpensate for

waf er sagging and war paqgasef Hﬁrl%"’ﬁff% fieRl mi@wgﬁd%&l Hﬁx%f 5, :Eéfshbﬁi{%s al ong

the Z-axis 26. l\/UItlf'I:e mar ker cal i bratrons re uired. In this

case, rel ativeFigsrg bHC.of Ussiheopalibeated Gpe aligamery csma@e{w Ste@Z)) afdrﬂhﬂ ng head

19 or internal 49 of
Fi gureI 4, (3) %@%Aé&%y%ww&ﬁ’@t%? provi d@gﬁ%‘%&:‘m %5’{1 g&% p05| tioning

of the mar ki ngotssamakioig gicld24. THais miep wiilh compensats faatgesmeizicalistorpprotibe er mi ned

D1 ronsi onal i AEer APk el bl FRRR R e BRE MG on SR & ror

different wafer thickness, focusing of the 20 fine alignnment canera is set
at sone slight S%Pgl fferent surface levels. The focusi ng operation may
i ncl ude transl h of the fine alignment sub-system 14 along the Z-axis,

or by adj ust nemhreeﬂ)iineﬁhﬁo@gmaﬁeerx&dgwammn@gnbi nat i on Siml arI y, a Z-axis
st age may eusedtotrg{ﬁsl te the vvork Mul ti Vi Si 0 ield

calibratiofs may be re OFQFIPEH’F@* ertsp.ggx%g ‘?@P@gf{z a<§""‘§/6§II f ocus
at several prepglfdehphaatty %'ilewrsaﬁﬁ;gtﬁ%mel ﬂﬁﬂhﬁl@ﬁaﬂm@ﬁa&m&@ﬁbn& is then

repeated for each surface’l evel e technique in Step 4 || also allow
setting differ By be frsuirgd 7 dg thigygase, relative motion of one or more of the (1) stage 18,

(2) marking head 19 or internal optical components, for instance expander

components 49 of Figure 4, (3) stage 28, or (4) chuck 17 provides for relative
15  positioning of the marking beam and grid. The marking occurs at several
pre-determined levels along the Z-axis 26. Step 3 is repeated for each level.

Step 5.
Three Dimensional Fine Alignment Camera Calibration:
In order to compensate for different wafer thickness, focusing of the

20 fine aligmnent. camera is set at some slightly different surface levels. The focusing

operation may include translation of the fine alignment sub-system 14 along the

Z-axis, or by adjusiment of lens system 15, or in combination. Similarly, a Z-axis

stage may be used to translate the workpiece. Multiple vision field calibrations may

be required. In this case, fine alignment camera will focus at several pre-determined
25  surface levels along the Z-axis. Step1 is then repeated for each surface level.

The technique in Step 4 will also allow setting different spot sizes (by
de-focusing) on the fly for different applications Various curve fitting methods
known in the art may be applied at each of the calibration steps to improve
precision. The technique in Step 5 can also be applied to register the mark

30 inspebtion camera 20 and fine alignment sub-system. For instance, the optical
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de-focusing) on the fly for different applications Various curve fitting

nmet hods known in the art may be applied at each of the calibration steps to
i nprove precision. The technique in Step 5 can al so be applied t@grsggizggser
the mark 3 6%&?5&& on canera 20 and fine alignnent SUb_S@&M%{S

I nstance, the optical -48 20SEP2006 WD 031097290 PCTI US centerline
29 may be approximately aligned at setup and the calibration procedure used
to precisely refiedine29thig; S/ dbpsosin@Bl - alifiidsat iséupl 88d RRLBLBAod ftedute

i nspected marks, may he displayed with a mark over] a){l ng .t he ¢correspondi ng
die (for visudsed ?0%5@§?1Y6?SI§W¥@PSW?T§}F§HE&T%MW@ &Bq thabihe ipspept dto
sel ect cor  eCtmd irky b ¥laySl bithGSmdrRovat AR habhirb bBAIAR dieSEETAEM 2 -
FEATURE DETECTI ON AND FI NE ALI GNVENT | n thé | Lunoinj cs 100 waf er

mar ker, of f er dBSPsHoRhdonisRise Soltyareiwil bp programmeditpasslerirorres gliratio i gnment
Vi si on subgsy lonal or offset errors (X Y, Angle) which
are introdace?ﬁ?ggﬁgdp\?\g%@rlfc?‘gﬁl aced in the 10 marking station. A nmanual
"teach tool" allows the user to train the systemto recognize three

non-col | i near ”F‘E‘) Iﬁ% A &P e correction.
The oper at or % f S i I P L corners of the
overall pattern 115 of Figure 12. During 4100 operation a positioner then
positions the canmera ovef .t waf er g@_ﬂ di e corner s Vvisually sel ected.
A "vision model " 15 of ﬁ'ﬁ@er(%ggilgﬂmfngs %ﬁ%f"@%rﬁg‘ TG e e 199986 | &l and
error p (r]I ocess gfitiidpresunt diventicr jalfﬁfﬁr’ﬁﬁghﬁxﬁent fridion Silbis?ﬁﬁﬁ,coﬂﬁﬁ?i‘datﬁlﬂ)nlaﬂbﬂJSt me )nt S
are used to enhance co t . sqQ that, an acceptahle match, ("nodel score") is
obt ai ned at eé&%eto"‘rﬂqrﬁggrggs‘ﬁ?é%w ch P’E?c‘&frp‘g‘?ﬁé “_&ﬁﬂ@a‘i" %ﬁﬂﬁegdﬁﬂéﬁ t he
resul ts i goreahi kg seitfol. t Ramenist eféhchTﬁﬁl”nﬂﬂﬁ\][s thﬁ R&Y iR hd Systcliety used to

determ ne mark | ocations on the bottomsid e 20 wafer. 'The nodel 4100

e of t
is used to prdegsizadhrgesnecaliinean poin pp thy avalirethat i ity deqused (fpy g | d"
backsi de | aser r I P | Ny af ek
ovever . fut uroh ot T coratoMRIKR! it fegior Of oS Bo Bk dcRorb e o
up to 300nm fayeralpatigsnd 15 of Figure 12i dvging 440Gonsration elmgidionesfthen nositions

the camera over the wafer and a die corner is visually selecied. A "vision model"

L

15  of the region is generated using an iterative irial and error process with various
adjustments. Por iostance, lighting adjustments are used to enhance contrast so that
an acceptable match ("model score") is obtained at each of the measurement
locations. Manual evaluation of the results is requiréd with the system. The model
information is then used to determine mark locations on the bottom side of the

20 wafer.

The model 4100 is used to process wafers up to 200 mm in diameter
using a "full-field" backside laser marker {(e.g.: marker ficld covers the entire
wafer). However, future generation marking systems will require marking of
wafers up to 300mm, for example, with miniature die or packages of finer

25  dimensions (e.g. .Smm). Also, smaller wafers may also be produced in the future

with die sizes a fraction of a millimeter.

Referring to Figures 1A and 12A, in a preferred embodiment of a
system of the present invention the die pattern layout 115 and locations for mark
tegistration (e.g. reference data from the first side) are antomatically determined by
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25 dinensions (e.g..5m). Also, smaller wafers may al so be produced in the
future wth die sizes a fraction of a mllineter. Referring to Figures | A
and 12A, in a preferred enbodi ment of a systemof the present iyyergjgp the
die pattern layout 115 and locations for nmark registration (e.g. reference

data from | side) are automatically determ ned by, SEP 2006
WO 0310972%@@??%@@115695 pattern matching of circuit flég{@rg%sgﬁ%gross t he

waf er 3 using a vision sub-system Preferably, no operator intervention is
required, or gphitdreasdtciiifieof ¢itcattfemireomros thewhRl 3nisingld Visiogdute-gfktend.n certain

applications the n er of regions to he anal yzed pmay be .increased (beyond
“three) to im%%?agg?i%? ato 1”@“’%5‘9‘.16’1‘ r‘?ﬂ?&ﬁ%’lﬁf f‘ﬂe@érg‘emvle’fﬁ%’fr ates.
several feat Ukgstantilihe fedudsay Ii@@eﬂh&ﬁibgli&hﬂoh;@th%ﬁﬁlhbm BEeREP e aliifiedn a die
112 circuit features may _include pad 5 which may be an interconnect, but as

i | lustrated nﬁ%ﬂYB@IB"rP%*@ﬁl(b@WP%@F@F?O ImpreRe esHEaielr es to consi der incl ude
trace edge |locations 7, die outline 6, or corner 110 |locations. As shown in
Figure 1D similar information may be obtained from 10 a grid array of

i nterconnetts, for inst&idanfexanplectigares] 2y illugizates severst featveescmhith Arr ay

bal | centers 1S a8, ..l 1 1gImp I s high.
However, if tﬁ%ayygﬁltséd;@{{ﬁ %ﬁ%ﬁgﬁ%ﬁévﬁ@g@? F%ﬁ“g cggélagegﬁrﬁ%%&t@%ﬁdgdge and
the surroundipad 5'whick etay'be e injercennact; byt dsoiflastraters may betahlocalffidhcist.es may be
sel ected for ini.n e.a.if.higher in nt [, = Sim. acl the system
may be trai neéﬁt{l‘% flggﬁtﬁ%a((ﬁ%c'%lc{eﬁg%@gggrﬁﬁege%%io%ésé\i%'ndlgﬁ'gﬁ'ﬂggi X’i forpe
contenpl at ed tlh@lodatiensavies stgevnnie PguretD skpidariinfpribstionseny bevtshiabd fiba (e. g.
aver age pidch) wi || be E reliabl ectmsasure @g%%fg%s% to, rel at 61\’5%0 g@a

avai | abl e!¥ wa P IhETTaY OFIETpueds, Jar msigace, (e tegatipaPtiihe Gridasur ed
bet ween every Aty Bllcdnbies Be STHetformadt bp@ach is Hhefealbn, litdbk @on@dsels HER

provi des coordjnates of the die \ivithi B}é@e {J?a';él rn and a%goci a%%g

i nformation f(ﬂo"‘?@? KienePatasicls 19 b Faten gﬁ‘_@’e%tﬂéﬁ $agr awk thenat i ng
the |ocations sﬂlfmﬂml%et&%&, " e gfid atr@PREatill df 6fher fehtirddgiy Hel¥ele6d BT S, OF
with the use of correlation techniques to match a grey Scale or binary

i mage of regi &ning(c.Sif BBheRY coniragih { Simdlarly. tbnaysise: mabbaigainadde dnalusles. Ot her
features yhi chy"Bche NUSsEMen BE ader: i Edlerdipiatd il (tRe avetabe measured

spacing between several die (e.g. average pitch) will be a reliable measure and easy

to relate to an available “wafer map.” For instance, the average spacing may be
measured between every die and the results averaged. The available wafer map
provides coordinates of the die within the pattern and associated information for -
20  marking. Such information may be obtained by estimating the locations of die edges
(e.g. least squares fit) near the corners, or with the use of correlation techniques to
match a grey scale or binary image of region 116, which may be defined from the
corner locations. Other features which may be present include local fiducial(s) 113
(if presenf) , Or idenﬁﬁcation marks (letters, codes, etc). Such features may be used

25 alone or in combination with the above.

Those skilled in the art of machine vision measurement and pattern
recognition will recognize that a number of tools may be nsed fo obtain the
information be used for the automatic teaching method. For example, the AcuWin
vision software provided by Cognex is suitable for performing various internal

30  "matching” operations. WOQ0161275, earlier cited herein, also teaches various

automatic learning algorithms for use in a 3D system for inspection.
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(if present), or identification marks (letters, codes, etc). Such features
may be used 25 alone or in conbination with the above. Those skilled in the
art of machine vision measurement and pattern recognition will ZeécSfPnijge
that a nunber of tools may be used to obtain the information be used for

t he autorratvj, ngﬁ%gi ng nmet hod. For exanple, the AcuWn vi,@.}@@@g&%mm
provi ded by gnex is suitable for performng various interna "mat chi ng"
operations. WO0161275, earlier cited herein, also teaches various autonatic

VO 031057290 PCT/ LS03/ 15698 |1 one et e e e P rone ey 2000
) n _one enbodi t, durjng the traini
operation, a wi® e“r"?{eflb @emﬁgmﬁtﬁ%%%%m%@mﬁﬁﬂ%@h st ep.
The al gorit hm gdeedt iHleeiefione Sorataihif@ Shsed WEwhfer M¥bSRIorREHANS The redisi Ni Ng
based on waf er, r&ar%él,nf or maigtl on. The region informatjon will often_be
replicated oveArR@UghYE} ottgpbeepicaldovprite Safernes 2 siggleypatierguish bt i r e
waf er. Pre§er aflie erif@waes! Protdrabl§ahé Hstliel c‘fﬂiﬁgﬁteﬁ RKthaht B)3pAdatibladbt ON

process prior to teaching, but a conpl'ete calibration nay not always be
required. ReflEpeashgriphtorteashing, bt a eosepleip caibration ey netabvaibegequired. of

Fi gure IA) andedlirgiieRinitl SAOeSAET YorlSol@halld el rpasl 1ApYss to view

the region. Feature~™ det€ction gorithns are _ el y produci ng
coor di nat e | ocalignuwst Yision isyistem 34 dreerefativelytpositionaskto dew filwer teglon. Rfeafues abl v,

the contrast b | e.f u ' | gal.} ol I ed by
l'i ghting or fo‘gehégﬁglg?%éﬁﬂ]ng’gt%% %%&?etgp@g%ﬂjé%@#%ﬁ@%g%@ﬁ%% ?%;H]\I‘ ocus and
i 'l um natildn codie(and! thabekeide inakkspwWhretfarablyeths cordravi isitweenahelinngs feamesnct
optical netrology. Prefera h ocess. is Lepeated in each region to
obtain perfor n’ﬁ%ﬁ’ «Siué:_r%aéfqmggéqn%rpﬁquﬁayolgé:%pgaqrufogﬁs tah-’élf% %13111?}89‘? anked
and se:c ecL ed ]iammd?mlyM@néodefimsw@aﬂﬁu%agon/v(aﬁmaiaﬂfim _Euohfiﬁi:shorlls a
view of the of the front side, with a nofc r alternatively, a flat
as shown in Fi @ﬁ"rli'éﬂel?ﬁ)ona?ndt PRI-G051aCH AP HJCFﬂ%%aI BW&T@?IY* PIgFdRS to
generate this feph@sifif eathiiepitn trdbtBRpdoMmhRE siitisticd PorlvafiBus fBatieivtihp! t hree
points that are easy to |ocCate and span a reasonably |arge portion of the-

waf er 20 d8r f akerapkedang selepigd pecosingly: fadnarking subsegugit Waiss.enbodi ment of t he
present invention, .

Figure 12A shows a view of the of the front side, with a noich 604

(or alternatively, a flat as shown in Figure 12A} at the bottom of a typical wafer. In

. order to generate this transformation for each wafer at run-time, a minimum of three
points that are easy to locate and span a reasonably large portion of the wafer

20  surface area are to be selected. In at least one embodiment of the present invention,
a positfon that can be calculated based on qualitative information is associated with

the point (such as die corner — upper-left, ﬁppcr—right, lower-left, or lower-right -

and die row and column number). Figufé 12A shows three exemplary dies
602,601,603 which may be used. The expect_éd location of each point is calculated

25  based on the information, and may be usedl to construct a “theoretical polygon” that
is substantially aligned to the movement of an XYZ Stage. At run-time, prior to
processing each wafer, pattern-recognition software is used to detexmine the actual
coordinates of these three points on the wafer as it sits in the nest. These points are

used to construct an actual polygon that is aligned to the die pattern on the wafer.

30  The polygons are then compared to obtain a transformation (e.g.: translation,
rotation and/or scale) between the two coordinate systems. The table below contains
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a position that can be cal cul ated based on qualitative information is
associated with the point (such as the conmer - upper-left, upper-riéyu
| ower-left, or lower-right - and die row and col um nunber). Figaﬂbs 2iAQ
shows thre ry dies 602,601,603 which. may be use ect ed

| ocati on oﬁwég%ﬂﬂgﬁint is calculated 25 based on the info?ﬁﬁ&?@%&é nd may be
used to construct a "theoretical polygon" that is substantially aligned to

the novenent fasigfheMfornlaB6e that\ls tb B pbhéfRed Rir'edbh Gint OF AGSTedn n wafer,
pattern-recognition software is used to determ ne the actual “coofdinates of

these three pdieHre aghWekes QlthedtyReare pragpssed by, theristg@st . These points are
used to construct an actual polygon that is aligned to the die pattern on
the wafer. 30 Theg Lygons are then conpared to obtain a transformation

Q
(e.g.: translatibmy | dQbakh Wt@forﬁﬁﬁlf%}utbet ween the two coordinate
e —AS——5+ 2—8—S
T
|

systens. The t able—Helew—econrtad —-NA—2-8—SER-2006—WD-0-310 9 729 0
PCTI US03/ 15698 bpsl q Rdweandrblommatiieen of thabssocdaiddaiidbst tipepeniat ed f or jeach poi nt
of any given par
system # ner at &d
the associated df g

pefore any waf ers of tiar type are procegsed by the

%eh%‘éﬁc"{?&f wedioPrtaeth upRsrRighty lomgideliner leweraieht: funber ~ of
ffﬁ&ﬁﬂﬁpﬁ My O e %Z%E{Pr% tgé Bugn? bl used; upper -l eft,

upper-right, lo QWer=rig ioh mmdel of the area
around the taught 4diHordidhtBOmEbeiatie e Chridite” Bdidihatd ysibiie " pri mary”

coor di nat e syst em—Thepurpose—otr—the—FrreAtgment—tratrg—procedure is to
generate this information for a particular part type. The table bel ow
contains preferred 10 information about a part type that is to be entered
into the systembefore training can begin. # Input Data for Each Part Type
1 The nunber of rows andheplupasesofahe HinkAlfnmbine aaining frocedafeds to geherae X and Y

P L;CC\H? IarF he dti:ligsmtc())?m%thllgn orfae 5érti%1§lar3p;1rr? %yp)é aﬁ:% T)a(blgIl:)%l':zﬁnIr %gﬁtaiﬁé p-rre erred 2 of

10  information about a part type that is to be entered iuto the system before training can
begin.

Q

# | Input Data for Each Part Type

1 | The number of rows and columns of actual dies on the wafer.

2 | The X and Y pitch of the dies on the wafer.
15 3 | The X and Y die size.
4 | The size of the wafer,

Referring to Figures 12A-12D, preferably, in order to generate the
information shown in the output data table for each point, any portion of any die
may be positioned at the center of the fine alignment camera’s field of view, The

20  location of the die patiern 115 on the wafer and the orientation of the die patiern
coordinate system 605 relative to the “primary” coordinate system having origin
607, which is aligned with the movement of the XYZ Stage.
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Referring to Figures 12A-12D, preferably, in order to generate the

i nformati on shown in the output data table for each point, any porti ﬁ)ﬁf
any die may be positioned at the center of the fine ali gnrrent cd r%e?P@n@
field of VI W¥'3/d359020 | ocation of the die pattern 115 on g ﬂgggsand t he
orlentatlon OP he dle pattern coordinate system 605 relative 16 the
"primary" coordinate systemhaving origin 607, which is aligned with the
novenent of the XYZ St agmw}ﬁ&egoﬁuﬁﬁ&aagﬂﬁfeSMS/ 097290 PCTI US03115698
Three pieces of information are sought: a. The coordi nates 610 of a point
(xI,yl) in the primary systemon the left edge of the dle pattern boundi ng
box 606; b. The coqgy di nalRSolinatk 680 BPL dﬁgmt(%g 5Y ﬂ.l 5tBR oY By St em on
the 5 top edge of the die pattern boun The“rotation of the
di e pattern coordinate 3¢ @@Félépﬁmbowﬂlﬂi@x ﬁl mary coordinate system

di'e pattern boundi ng”ﬁé'xﬁ?ﬁ"?ﬁﬂﬂ%?%?@a@%%%@fﬁf%qéyé‘?é%%@%@ 08 er m noa.

The 10 orfgin of the ditep pigetof e dopatttimbowndingdosnands t hen a di e pi tch y up

and a die_pitch_ ot R

orientation of the c(t:'h e pa tgéa%mpéfo%?g}eﬁgﬁ%ﬁ é@g’ﬁﬁwsﬁ{g&\/\#&?ﬁgﬁé{e tégh y be
noved rel ative to any dlmmWMUIdlmatamystﬁﬂnéO'Wafer Upon determ ning the

| ocations of two actual die corners along the 15 left and top edges of the
die pattern, and with capability for positioning any die location in the

field of view, a search Wﬁhwlﬁfm&@@n(tﬁemcauoﬁemﬂﬁhlppamﬁ%n@ﬂeoﬁéﬁﬁé/rlght)
fromthese two cornergtl)I oKi nﬁ{-ﬂatﬁr the last_die in each directiqn. The

target dies fdficpaesn ng by & POy 9dimnts Sysiom Ay hadetgrmined s Bhe, g

Figure 1 A10 Eagdpibelihé afega&éﬂ@eocﬁmﬁﬁe@ys@amm&ncafdzéﬁﬁcﬁ [ QWb af@h IR _ﬁtc‘hfx each
die. In order to ensure 20 the uniqueness of the area surrounding €ach

corner, the | deehe left of dak #ethopp. §Yith @eposition and, prientaticsy of @e dirpatistn di e 601,
and the upper - goheihat SF B kot itfe S92 NRUHOmBRed SRSt die location on

the wafer,

Upon determining the locations of two actual die corners along the

15  left and top edges of the die pattern, and with capability for positioning any die

location in the field of view, a search is performed {e.g.: search up/down and

left/right) from these two cormers looking for the last die in each direction. The

target dies for this algorithm are 602,601,603 in Figures 12A, 12B and Figure 1A,

Each point is then chosen as one of the four corners of each die. In order to ensure

20  the uniqueness of the area surrounding each corner, the lower-left corner of die 602,

the upper-left corner of die 601, and the upper-right corner of die 603 would be
selected.

A vision model is to be generated in the area around each corner
(including at least a poriion of all four neighboring die locations). The model may
25  include various features corresponding to the model of Figure 12A (e.g.: corners,
edges, etc.) The data for all three points is stored for later retrieval by part type, to
be used at run-time for processing all wafers of that part fype.
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A vision nodel is to be generated in the area around each comer (including
at least a portion of all four neighboring die |locations). The ﬁdﬁl@ y 25
i nclude various features corresponding to the nodel of Figure 1 @FE
corners, edges c.) The data for all three points is st obREcot AL €T
retrieval H&"ﬁ@?ﬁgff ype, to be used at run-tine for proceﬁsﬁsﬁﬁsg a%l9 waf ers of
that part type. -53 2 8 SEP 2006 WD 031097290 PCTI US03/ 15698 Vari ous

al ternatives may be usedViribupaitefnatie:s angebd usedtio pridtice arsenatiematic @rt r ai ni ng
al gorithm For instance, ,additional die nmay be sel ected _throughout . the
wafer and | eastQYe4 g‘?iq]"ﬁ'ﬁ t‘alllgr?éﬁl?mn@d of o1 O\Péa’é’QPéngFeanA?%elgFtﬁﬁll fine
al i gnment  pr ocgssughbit the waRfundlehd RBiarés fitlbE diMeted improB egtirffed. t hm f or
automati c neasurenent of the die pitch with enhanced accuracy. By way of
exanpl e, the process may begin with a wafer transport tool noving a wafer
to the nest. A user integ]a6Raiffifl Highilelprabds® 1oy B8 seBRhRbMAd, QuiRie a waf er
stage 18 of Figure 11A (or alternatively a nmarking head with the wafer held
stationary) t odll glgatidmpior gatomatiy meprenant af the die pilch wiftepnhanced Ae40s89Y. f or

i nstance 10 si gy haty diQchilfle, BRYLei ) BUIE ARG whter BELBGHAGIM A 41 || be
used for the a nge&nt p@o’ces% An |n%gé<_egngf a V\v/gt#’%l; po t%ton \iligé‘gllggspl ayed
and features i wefer id theaests Hrser intsriaceandidinplayalews emoperatovto moveewafkr sel ect ed

region for "te | ng" eyal ual r , ' ogni L d the

| i ghting adj us%%‘l gg qfﬁg%rg? elélaL ("%ﬁ%ﬁ@g"% a4%%&££isi %dmgvgtﬁeiglgo‘{#g%h%@f ered by
t he assi gnee oftatibuaryrtedecate a dicemiai dhe. cehiter Gb iheewefen! 1Ay patiean, fablisstqnat t er n
recogniti sof.t war e be used . nstance.the..Cogn cuW n vi sion

sof t war e. QJ1r6n af%@t%ﬁ@w}emméfﬁ@@%g“&‘#’c‘ﬁmi%lﬁgﬁé’ﬁ&@ BIE¥ to
setting up thproaéssl @asimageePrdwalke poftiondis alidpliys® ahd Ifesedes dmited, foe at

| east three |ogationg 601,602, 60% uged to transfornluco‘prd' pates. The
operator ray pUsiapes, e e Carpsr Q@ 98- ¥ sSlpaterbrSRATe o, Jeachimng: ity Resui tabl e

row of di e andefdniatdiefor iaf@ftatié YecBbMiti6® aMPihe lich@ig adiiidPacRdiched revas | ef t
and upper left_corner of a die. The staq}ey may then"be noved (e.qg.:
interactively) WId 41AQ sigsm rapdoRsy offered ryethe| astgnae o thaeresent FERt®m whi ch
the die pist fﬂgbﬂln?eréiéﬁysivaﬂém@ﬁ&ﬁeﬂi'rebégﬁ&d SORWERE mdy e ReQCR? fstaicd MEN

repeated in

Cognex AcuWin vision sofiware.

In at least one embodiment the die pitch is measured prior to setting
up the at least second and third alignment locations or the at least three locations
601,602,603 used to transform coordinates. The operator may position the stage and

20  view the wafer to identify a suitable row of die and further identify die corners, for
instance the lower left and upper left corner of a die. The stage may then be moved
{e.g.: interactively) to the next die and a corner location identified from which the
die pitch in a first direction is estimated. The process is then repeated in the

orthogonal direction.

25 Preferably the estimate is improved using a program to obtain
additional data by traversing the wafer along rows and columns, identifying useable
~die, and locating features (e.g.: corners) of the die with a patiern recognition
algorithm, The data may be obtained at each row or column where useful daia is
available, or in larger increments. The average spacing may be estimated and related

30  to a wafer map.
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N
1
i

orthogonal direction. 25 Preferably the estimate is inproved using a program
to obtain additional data by traversing the wafer along rows and col ums,
identifying useable die, and locating features (e.g.: corners) of the the
with a pattern recognition algorithm The data nay be obtai ned @t§ SgcHf ow
or colum ful data is available, or in larger i The
aver age sp%é@*@@ be estimated and related 30 to a waf g(?*@ag%ﬂ%&g4 z 6 SEP
2006 WD 03/097290 PCT/ US03/15698 In a present system of the invention "ease
of use" and ninimal opgs @t senﬂgfﬂeﬁ?%wtﬁmin@éﬁioﬁmw@%ge’bﬁﬂfmiﬁi@ _

i nprovenents. QOperator inputs may  be valuable to verify a colum of die are
useabl e, for i9Pstaimdeervepiiog e embidercdbencliciebiamspementsy Opgsatoy dpnuisMPhat a

sel ected di e opiaRfbleSo Yo @naftlof die %:e'l{s%@%r"in 20 OTIHe cxnbBiniasidi ¢ 1 onal

| ocations for pattern matching are the selected, the stage positioned, and
a test to ver ithgoperator gray ewstifyp that e selegted digrrormes s Bisablgcand In @pdeRMAsEh.
SECTION 3 5 V\QSMECE CHUCK/ POSI TIONER 10 It is desirable to grip and hold
wor kpi eces” of Varyi'ng shapes for the application of second side marking
based on first -side data. Simlarly, a preferred arrangenent can al so be

adapted for general "doyble . si.ded’ |aser.pr ssing.and/ q i.n ion
operations. Cenerally, g?‘elagigxsmgrll “@B‘M??é’g‘g &ﬁtg\%%ﬁﬁ tﬁ%*‘ﬂ?@%fgéed to

rel atively 15tgpespdsitioned, endwerikgpite oesify @izdcormof patsre dessnitiont wfisapport and
position workpi eces of varying specified dinmensions. The arrangenent allows
radi ati on bearf®Pt¥directly irradiate the first and second sides of the

wor kpi ece over a large working area. Further, damage to the workpiece is
avoi ded which mght result from nmpunting on a fixture. Still further, a
desirabl e ar r axfeRON 3 . WQRE E SAPOS] en end effector to |oad a

wor kpi ece wi t hout novenment of chuck. In at |east one enbodi nrent a nethod and
system for1

edge chucki n? ) )
0 t is desirable to grip and hold workpieces of varying shapes for the
application of second zide marking based on first -side data. Similarly, a preferred
arrangement can also be adapted for general "double sided" laser processing and/or

inspection operations.

Generally, at least one workpiece positioner is provided to relatively
15  position the workpieces, and configured so as to support and position workpieces
of varying specified dimensions. The arrangement allows radiation beams to
directly irradiate the first and second sides of the workpiece over a large working
area. Further, daﬁlage to the workpiece is avoided which might result from
mounting on a fixture. Still further, a desirable arrangement allows for a robot

20  driven end effector to load a workpiece without movement of chuck.

In at least one embodiment a method and system for edge chucking
and focusing populated and blank silicon wafers of variable diameters and thickness
is used. The meihod and system may also be used for other applications, for
example in a micromachining process where a radiation beam is to irradiate both

25  sides of the workpiece.

Figures 7A-7D illustrates four views of a positioner (top, end, and
side views 7A-C, respectively, and perspective view 7D).
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and focusing popul ated and bl ank silicon wafers of variable dianmeters and
t hi ckness is used. The nethod and system may al so be used for other
applications, for exanple in a m cromachining process where a r 4&i i 164
beamis to_i l.ate both 25 sides of the workpiece. Fig z

Il lustrat eyq%ﬁ?h@{)em of a positioner (top, end, and sigéeﬁglsoéﬁgﬁg?k C,
respectively, and perspective view 7D). -55 28SEP2006 WO 03/097290

PCT/ US03/ 15698 The "chuchie “shumdk? systans inchbdes omd er alorePustionesifbi sippsrting Or

supporting workpieces of varving sjzes, and.,for fjne si,tioning of the
wor kpi ece wi t h"GWBIEGT of yarsdng, e@%d éf%f’?ﬁ%sﬂﬂﬂwn éﬂ“cﬁﬁgﬂ’l@ﬁé‘ﬁ Fer
mechani cal 'y cmuw@grdes)ofﬁeedé@( Thé etk aydtén isShad@nibllp bouplddud ghe2yor ot her

syst em conponents. . Referrj nq_, 0 t&g side 5 view of Figure 7C, a_positioner
includes’a fi riganslg;wgstegqﬂﬁ@ 5%‘\“!" OB pibst YpisRcompERAnts. | Refersing & beiide a
hori zont al 5l i n@gy ofl Bighge 7¢! a p&iﬁdheii’ﬁnclﬁﬂékei sP88s 87 54 {nlﬁlreﬁfgte@eme{tope

achi eved by various nmethods: " e.g. 1, two position, ope oop system such as
pneunat i c cyl i Hgerated, a honizantah Faearidsives [t is kobeendersigpdsthiet hendgue mapbe a | i near
stepper or segy s n tical ]l v dri B, t he

| onest cost 10 cafétvgir_]ﬂ%%gﬁs B{ﬁg %‘%?ox?r es tfvg gléfég pﬁ%hnlaﬁ%bps&%% bi F}?t% The
first axis drinnsungtioeybidderp2. poltiifositiona, cdesed labpwsysteincath goa linwar stegper | | near

axi s (again achj UgR. vari o carr cation to
o1 S (ngaln achy APk, biBeL S ichBHion TS Tl KRR 308 S5ben 541 L
second, ndbmal alteenaviee,tbut provides \less pasitionall flexibility. pOhé fikstaxistdrveioudepitece at

the correct height and orientation (e.q. a plane.relati o an X-Y-Z 15
coordi'nat e sy.s?(gﬁlfnfiéecﬁgd Wﬁ%&@#yﬁ@egﬂgﬁ%@ﬂ%ﬂf’b& a er@Pﬁg’h 1OUS
i(nspection, Ormeﬁggﬁb?!in ﬂﬁchh ioafdgpmcixmrm.hgml@awlebﬁ@_thilmkjssgégémdﬁm'ms_dri ve 54
rotary stepper 57 wt ead _screw gn i near gujde r shown) is a

hol di g or -+ CHRICREAS ARBHHER, S0pe Sepndeiprmalrger BRbTS Bracl SRpe

cl anpi ng mechajk $i@hect bOtE Borféet héiglt andBEdHERbH ge.g.osﬁéﬁe Rtk X5¢-2M t h
clanmp arm59. Alternatively, the arrangenment 20 may be any conbjnation of

vacuum and?postaordiaatesystem) todhe iy fapys gnd Jiradiated by 2 waking: inwpestiong py
actuat or and n%ﬁﬁé r rgﬁ}g} g&ﬁ,{g ve
vacuum ports, a%trﬁ&gg(%ﬁaﬁsoe W th &%&%&gﬁ% Sh%ﬁgﬁgsnpgﬁﬁg@%gw e, ofry?h‘gimgi ng the

lead screw and linear guide rail 58 shown) is a holding or *chucking” mechanism

51. By way of example, the workpiece clamping mechanism of Figure 7C is a

pneumatic rotary actuator 51 with clamp arm 59. Aliernatively, the arrangement
20  may be any combination of vacuum and positive mechanical clamping (such as a

pneumatic rotary actuator and a support base). The support base 53 may optionally

have vacuum ports, or a base with vacoum and no clamping device, for holding the

workpiece while it is positioned and subsequently irradiated or inspected. In Figure

7C a workpiece support base 53 is shown without vacuum ports. The perspective
25  view in Figure 7D illustrates the shape of the support base.

The workpiece positioner (e.g. positioning sub-system) may be
constructed as shown in Figures 8A~8D 1o hold and adjust rectangular workpiece 61
using two positioners 62, 63 each having the construction described above.

A chuck configuration utilizing, but not limited to, nor requiring,
30 three positioners, driven by closed loop Linear steppers or servos, is the preferred
method for holding most workpieces. Figures 9A-9C illustrate an arrangement with
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wor kpi ece while it is positioned and subsequently irradiated or inspected.
In Figure 7C a workpiece support base 53 is shown wi thout vacuun1ports The
perspective 25 viewin Figure 7D illustrates the shape of the s@ffhdPtl Wase.

The wor kpi i oner (e.g. positioning sub-systen) nma tructed
as shown ﬁ@?ﬁ‘ﬁ?@@ 8A-8D to hold and adjust rectangul ar %f@gqs@%&ﬁ usi ng
two positioners 62, 63 each having the construction described above. A chuck

configuration uateelpoamlﬂers ) ﬁ'ncas badmwmal 1y halRlthd SsHdtrlidiReh abovd) aﬁ&'ﬁ@e
positioners, drivep by closed 10 | i near steppers or servos, is

preferred met FGEPHRGY r‘?ﬂﬂdd‘?’?fgplﬁﬁ% 4.\ WhiRhmay be 2 Sticen veafer(s. 5 A0P 3‘@59? ate an
arrangenment Wi 30bmm Rardetér) SEPhel%r ﬂv&aﬁéﬁ(}&f%ﬁ@l ST L1031 69 GAfcH RRr £

positioners 66, 67, 68, each which may have the construction above, and an
exenpl ary r oun¢PRRIBRIHIOE @ ol 104%86@91@&%4 ipa smspnd%:m mgapfacturiag grocesso, 200,

or 300mm gi angt ekdmpidNe wafer is transferred with end effector 69 which is
a conponent of a r&% | oading tool used in a sem conductor manufacturing
process, 5 for exanple. I n operation, under control of a conputer program

the Tirst axis drive(s) FabeRahinpidobf it ShaBRE eI daWiRAe 00, | 0

hei ght, and prhaﬁ(mddiyl z;djusting Hictdistambe bemeeemaqtpm:tl FlewithviteHfirshaxisadhilie(s) tmal axi s.

Component s o MR e TR SE158 wepkiiens;” At ity Bha Rdpltobly M aetile 0l
Further, the aid]doatrowet wmmbaddigilﬁmhmsang‘hﬂogweranwpmgdém%lg{agid R,IAHNETERS
processi n oper ati.on, or e eril ods

AND MARK %@Au gopifipatiog Vﬁg%?¢§%1 ORISR He@% Bﬁ{“?se&ftah justieyt (2.2  eadabl e
marks, at 15 ¥igw, &apqﬂtchﬁ Purfhes, thdalj@ns a9 e dPndnic aREEdcht &igihé engt h,

wi dth, and depth). Further, conformance to, industry specifications
pr ohi bits damﬁF%@fQﬁes%ﬁ&Wt@@ormwmﬂﬁ -ecting the function or
operation of the articles (e.g. a sem conductor device). Figure 10A

il lustrates an enbodi ment which can be applied for
SECTION 4 - LASER PARAMETERS A UALITY

It is desirable to produce high contrast, machine- readable marks, at

15  high speed in a designated region {e.g. specified by lengih, width, and depih).
Further, conformance to industry specifications prohibits damaging or otherwise
adversely affecting the function or operation of the articles (e.g. a semiconductor

device).

Figure 10A illustrates an embodiment which can be applied for

20  various high speed workpiece 77 marking applications. Pulses generaied from a
Q-switched Vanadate Laser 71 , having a typical output wavelength of 1.064pm, are
shifted by wavelength shifter 72 1o a shorter wavelength for efficiently coupling the
energy into the workpiece. For wafer marking a frequency doubling crystal will
produce a wavelength output at about 532nm. The optical switch 73, typically an

25  acousto-optic modulator, is computer controlled to allow pulses to reach the
workpiece 77 on demand. The motion of the workpiece mounted on stage 79 and

X-Y galvanometer deflectors 75 is coordinated by the computer. US Patents
5,998,759 and 6,300,590, assigned fo the assignee of the present invention, teach
various aspects related to "pulse on demand” conirol techniques using a high speed
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20 various high speed workpiece 77 marki ng applications. Pul ses generated
froma Qswtched Vanadate Laser 71 , having a typical output wavel ength of
1.064m are shifted by wavel ength shifter 72 to a shorter V\avemsﬂa §@§
efficiently coupling the energy into the workpiece. For wafer

frequency daybldegecrystal will produce a wavel ength out? ghgut 532nm
The optical swtch 73, typically an 25 acousto-optic nodu ator |s corrputer
controlled to allow pulses to reach the workpiece 77 on demand. The notion
of the workpi epicahswittieds cipplddage serficandoctorGéngay epaie Beamdekitieatngrs 75 is
coordinated b the C ut.e US Patents. 5,998, 759 and 6, 300, 59 assi gned
to the assign cﬁng?)l\‘teé’éﬂtls WP& ?%‘?ﬁveq EQJ(,“P}" aﬁf’ﬂ%’g’gm&l& % ated to
"pul se on dendinkk. control techni ques using a high speed -57 28SEP2006 WO O
310 9 729 0 PCTI U303/ 15698 optical switch as ‘applied to sem conductor nenory
repair. Beam positioning accuracy of about .3mis typically achieved for

cleanly renoving seni COPfoé‘rhlﬂg the 1&&%@{@@5@@&&:&&&@8@{%@&%“ Il be
generated from an Neod Vanad ate | aser th a wavel ength of 1064 nm

for proceski né’aﬁ‘ﬁ‘@llaﬂ?&%@a&ﬂ?@]ﬂl&hﬁgw mef%momﬁﬁmmetalb@sefls@ﬁmﬁ%y doubl ed
using the secqpd oﬁt?ﬁmﬂmg&geﬁcydaﬁm@@u tg@ ecéxg& haRohie e B Blbe

substrates (e. gzj |1 con I um ar se en pra(,gt I cl ng the present
i nvention var Pousmaor apmanetal subsiraiys (seg. Sﬂlééﬁiotmﬂlmlawn@nbrgy control, for

i nstance, controlling (pulsing) the punp diode 14 power for "marking on
demand” with a series of pulses. US Patents 5,854,805, 5,812,569 describe
such nethods as appl i ed“ﬂmnmdﬁphg&mem’ehwbm varives hlbetnatives may de cont r ol

in |laser syste s.a de r|b S Pat ent 4, Variau

conbi nati ons 8%&13 ufs 2%5?% j’nﬁ’ (’ﬂ?ﬁ"ﬁ%l OE&?%%%@W%&% m%ﬁ%’go be of
benefit fr powerrmtl"magsmglenamm witht Peeries ofipulesy. NYS Matenald, 834,805,etc. 15
In a preferre Iment for el ecentric lens 76 and ptical
sub- syst em 74ga§igt§§gé]85q IH%#D@F ﬂ‘gafg’gﬁf{ ISV EPIEERPrRFeSEpS - b‘gt"f‘eg‘ﬁ’d Q%hi ch

pr gf erably WIt Iphlsé B@ﬂttmlcm Qs@érl K8teidlis MY WsEribeliie URPPiteti % 83R604. f vartigusposi tion
under. compt %cr)mgl?agtticgn?s of pump, g-switch, and optical switch controls may also be of benefit

for controlling the energy output, improving reliability, ete.

15 In a preferred embodiment for marking, a telecentric lens 76 and
optical sub-sysiem 74 are used to control the spot size and distribution, which
preferably will include optics for varying the spot-size and focus position under
compuier confrol.

In an application to laser marking output pulses are produced having
20  a set of pre-determined pulse characteristics including a repetition rate (and
corresponding temporal pulse spacing), pulse width, and output energy.

Selected pulses gated by the switch 73 or otherwise controlled (which
may be a "burst” or "string" of pulses) irradiate the wafer 77 surface at a first
predetermined marking location within the marking field of the mirrors 75. The

25  stage 79 may be a step and repeat stage used when the workpiece is larger than the
marking field (e.g. as also illustrated for the "second side" case of Figure 2A).
Referring to Figure 10B, a laser pulse penetrates the wafer surface (e.g. silicon)
within a depth range sufficient to produce a machine readable mark 781 at the
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In an application to | aser marking output pul ses are produced having 20 a
set of pre-determ ned pulse characteristics including a repetition rate (and
correspondi ng tenporal pul se spacing), pulse width, and output energy.

Sel ect ed puI ses gat ed by the swtch 73 or otherw se controlled (Wh§ip 2008y
be a "burst" "string” of pulses) irradiate the wafer 77 surface at a
first predéY%P‘WW@a marking | ocation within the marki ng fPETEHSEF15¢%e
mrrors 75. The 25 stage 79 may be a step and repeat stage used when the

wor kpi ece i s 'gﬁ:ﬁ&ﬁ%se to heDaIHEéekanﬂlef A Evcﬁdedaﬁ "Hn'fiﬂnél ééﬁé Piiapd for

the "second si ure 2 erri re a | ase
pul se penet r at penettadomzdZetas m;giftzhc eleeﬂlr@i bystlhb |1tﬂﬁm)3rgyvlﬁvdi) w1ﬂacmm!pﬂ nf thange

W0 03/ 067200 PRTRUSHPAERBEe RF, FRAIROLE JFRK bnbl Bl bFe it DPRE ol dea

by limting thpen&trmdnmresﬂnmaaacmma@efeaed ms@hithbéasammgyadsmmhe 1/ e

energy level) w. nt of th aracteriLs |ns ce the
peak energ W%ET’@@ aﬁanﬁg Hepﬁiﬂgwpﬂ%%%?é%i F@%QH%‘@S? ack. In
a prefer (r]I ed ﬁys‘]gm% pl@entesfdro efaellmw?aana%aaeﬁgazardm bffdess mhdwm@amsaatea

maxi mum dept m.in a ical silicon substr tro|, prevents
m cro cracki ng?°7%3 bubhlesyt h epﬁtﬁﬁﬁfdgﬁ@alé?& Bcfepegif ‘ila@lé‘P 1%19 fRAKEE (e g.
bubbl es). The gegfor®f irradiating is repeated at a plurality of marking

| ocations. Preferably, the pulse width will be within a range of about 10 to
10 15nsec to produce a mark with sufficient contrast. The energy per pul se
i ncident on the surface heiiir 00025
Joul es (eg: 230-250 m cr%&gﬁfgs%éwﬁ(ﬁgﬁhl g &nqﬁgf]moé ?%g%ﬁ%lﬁan i con
waf ers. Priéfer éinsyctqpredmrww@rmﬁbwﬁm@mmtmd to a higher linear speed
15 on the wafer surface 77, with a relatively high pre-determ ned pul se
frequency of the |aser 71. By way of exanple, a repetition rate of about

15- 30KHz, for instance TE&@ﬂzrgymenpﬂmbemidﬁngmﬁﬁém&f&eisrmefmmmmhemm earlier
waf er marklngs Infrar | engt hs.
e 7 7K1 SYSHAEB 3 GfofuEl 2% LAHED 0H L ARl hiRR

on Silicon wafers.

Preferably, the marking speed is improved to a higher linear speed
15  on the wafer surface 77, with a relatively high pre-determined pulse frequency of
the laser 71. By way of example, a repetition rate of about 15-30KHz, for instance
25KHz, provides significant improvement over earlier wafer marking systems used
at both near Infrared and Green wavelengths. With a preferred spot size of about
30-35pm, linear marking speed greater than 150mm/sec is a relative improvement
20  over previous wafer mark systems. A spefed of about of 350mm/sec is expected for
use in a sysiem having the preferrecj lasérj pulse characteristics. Reduced solid state
laser power at high repetition rates fconstrlained earlier performance, and separation

of spots on the surface were observed which limited mark quality.

A laser pulse is focused into a spot diameter to produce energy

25  density within a predetermived range. The minimum distance between a pair of
machine readable marks may be further reduced by conirolling the spot diameter

with optics 74, Such an arrangement may include a "zoom" beam expander in 74

or other optical componenis which are removable/insertable, preferably under
computer control (e.g.: as shown in Figures 4 and 6). The spot size adjustment is

-59-



30-35m linear marking speed greater than 150nm sec is a relative

| mprovenent 20 over previous wafer mark systens. 'A speed of ab?gt gﬁn
350nm sec is expected for wuse in a systemhaving the preferred Ié@ r %ulse
characterisﬁ(i(ﬁﬁmgz uced solid state |aser power at high g sldso rates
constrai ned earlier performance, and separation of spots on e surface
were observed which limted mark quality. A laser pulse is focused into a

spot di aneter penepilgUidsieatdRr @yitroldbe gigfkSlideyidth bhd Bordtrapf. Al @p&didnRes inange.
The m ni rum di st ance between a fal r of nl,?i(éhl ne readgﬁ;e mar ks ge]\g be
further reduced "HEeHHPPE 4 Hy3 H%a%cgﬁtwcﬂ fdisiance ip fhp yptkpiese P4 0@fch an
arrangenent may(nif e 9§0mm s&ta@ﬁ@aﬁﬁ@g&%foperaﬁan. The hAIRE sPRkize al

abl e

conponents whi ch are, renovabl e/ i nser e, preferably under conputer
control (e.g.: Peyidghimpioysd capabilite for progyeing highgrmarkdlepsityicpmparay] thstartisnt i s

-59 2 6 SER 20 1%}% 7 2Pnief ekl 34320884 £ ahi ' £ to control
the mark Iinew&g{ %%ﬂcg%htras?.ﬁg&blé%got ﬁ%?ampg@qlﬁnamgy?%%dgrgpéabout 30 to
35m and a working distance to the workpi ece of about 220mmto 250mMm

represent exenplary ran . | : S‘?l%ﬁ I | I des

| nproved capability forg%%gg%@?ﬁg&ﬁ%%%rkm%?k eﬁsﬁ%&g%gé@gmf@é@grl ler 5
mﬁr Ki n? s.ysz ensngantia h:}aglhis][to bpzbmjlii B$(()j plyoan ngigmh i ?)tp?t{hg:e[almwhifne readﬁble )
characteristics, sults for bhac rking .o ilicon wafers have shown
the depth r anﬁl@ﬂ%ﬁelawprgpﬁoqgé @B“%g{oaﬁg?]?C%T?@da%ﬁtmﬂﬁ%‘ﬁ?ss%’n&ﬁyﬁ3Huce a
machi ne r eadabéspecifitik ihaB Lrpdrtpendroivg desth Riak asquited. The r@akkgsoprsidedhe

result was, contrar 0 an .expegctatjon that |arger penetration depth was
required. Phe ?@@@mﬂ%fﬁra&ﬁd AMPEL-addi ti onal margin for avoi ding
damage. Figure 14 shows a top view of a mark 950 to illustrate neasured

variation of average marking depth 951 with various |aser paranmeters. The
height in the table bel Bigufeeht shomstastopatiey ohp mwmk %50 to Alusipiganemutede nar k

resul ting Iromyad iR R bvdhed BirkligepMosTRii Mioud P pekAGes TP i | at ! on
measured with an i nter %rorret reP I"'ustrat es exenplary perfornante with

| aser power anih thepalie below reprasentsatatorial D52 ontee sifle of theenak reywltingOBo®s r at i ng
allows for an st IPbE nferfiP Y TiRing® Wk UvERBS Yepth VarihBbd PRk LGHR H2S

obt ai ned:
15 interferometer illustrates exemplary performance with laser power and repetition

rate at various marking speed. The 100% rating allows for an estimate of maximum
performance, The following data was obtained:

Laser Power | Rep. Rate | Mark Speed | Average Mark | Average Mark
(% max. rating) (KHz) (mm/sec) Height (pm) Depth (pm)
20 80 20 120 4.36 -4.75
80 20 200 4.53 -4.43
80 20 300 4,65 -5.61
100 10 120 3.58 -5.40
100 10 200 3.41 -4.33
25 100 10 300 3,64 -2.90
100 20 120 4.08 9.91
100 20 200 3.58 -6,45
100 20 300 3.55 -4.53
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Laser Power Rep. Rate Mark Speed Average Mark Average Mark (% mex. rati ng)
(KHz) (nmm sec) Height (nm) Depth (m) 20 80 20 120 4.36 -4.75 80 %%SQE%%
-4.43 80 20 300 4.65 -5.61 100 10 120 3.58 -5.40 100 10 200 3441

100 10 300 0 100 20 120 4.08 -9.91 100 20 200

300 3,55 - ANeIIEEIP) o' 20%00E0 U 031007200 PaT USoa1 1 e
anal ysis of the marks indicated sufficient contrast for machine readability

over a range of about 3- Fuﬁﬂe%mxalyslswfﬁﬁm:hdi@at@fdhiﬁcﬁﬂp&dﬁhﬁﬁtﬁﬂlﬁadhﬁfeger
nunbers f or |nsta]? ucedq crac ﬁr% JAN nterferorre Hﬁ;scan was

obtai ned of a EAd8 ﬁ%?ﬂ?éaraqgggga@# et & fna{]é death 10088 1a885Far ki ng

speed of about nh2@8R] R GnstaeRY 99 ums prfltsATrakifxenpl i fied by the "spiky"
data which results fromstructural variations at a dept h of about 9m or
nore. Scans al so showed good results with maxi num depth of about 4m The

shi fted wavel ength may DADRIRIkAMAARSA! Rt WbifdeoPh fifr Lkl ece

mat erial, but need not be restrlcte to 5 nm For 1 nstance wor kpi ece

may be Sili%on repetition rate ofet(aKHzTand awaadkieg) gpdedef] abopk 2Qmmbses. Hievere
bstantially |.ga t. " mar ki n
;Sﬁ Saccolr dange W Pﬁbgﬁ&&&%gg?@ﬂ Ev | ;ﬁ%ﬁ%gﬁéqégqlﬁ?ﬁﬂééet?%c@g@@%@ Hide o

comercially awhi ﬂqﬁhef&bmempmmme_ Beang BIRb shdwdedviGd Iresits svitvimdximtmut 6
Watts | R out put eﬁ’tﬁ%g ?ii!aﬁﬂ 3 Watts in the Geen. An alternative, though

nor e expensi ve, (W DPL laser with about 10 WIR and 5 Wgreen
out put power. Preferably, the optical systemwl|

The shifted wavelength may be below the absorpiion edge of the
10  workpiece material, but need not be restricted to 532 nm. For instance, the

g 100 20
e

workpiece may be Silicon wafers or metal, The wavelength will preferably be
substantially less than the absorption edge of Silicon (1.12 pm) for marking in
accordance with the present invention.

Suitable lasers may include commercially available diode pumped

15 (DPL) Nd:YAG lasers with about 6 Watts IR output, and output 3 Watts in the

Green. An alternative, though more expensive, is a 10Watt (W) DPL. laser with

about 10 W IR and 5 W green ocutput power. Preferably, the optical system will
contain high efficiency optical components to minimize Iosses.

The Vanadate laser is preferred for marking Silicon wafers, but is not

20  essential for practicing the invention, The desired pulse characteristics may be
implemented with other designs, provided all specifications (e.g. beam quality,
stability) are met, For instance, a fiber optic amplified system (e.g. Master
Oscillator Power Amplifier) may be used to produce short pulses at relatively high

rates. A solid state laser, inc;luding a fiber laser, with a slower repetition rate but

25  sufficient power may be "pulse stretched” with a delay line and beam combiner(s)

to increase the output repetition rate of the laser system.
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contain high efficiency optical conponents to mnimze |osses. The Vanadate
| aser is preferred for marking Silicon wafers, but is not 20 esserztg’ gaéP iﬂ@ﬂ'
practicing the invention. The desired pul se characteristics may be

I npl ement e her designs, provided all specificatio am
quality, ;kygnblgpb.f?%/“) are net. For instance, a fiber optlc@g:rTrp 1 }Sg%esystem
(e.g. Master Gscillator Power Amplifier) may be used to produce short

pul ses at rel afECEIONIS -GFRECISI@N THLBCHENTRKT BENS| aser, including a fiber

| aser, with a slower repetition rate but 25 sufficient power may be "pul se
stretched” wth a delay line and beam conbiner(s) to increase the output
repetition rate of t he | sprecisiph &0t maolling aBd SEfr 200iter WMReAS HAEIEI

PCTI U503/ 15698 CTI,C]\I -, PRECI S A'ELECENTRI C LENS I.n preC| sion | aser
mar ki ng and ot 10%"1‘%3 ipstance ey %,e CRIGrfymming, thers i5 gmeed tPdyroduee ance

enbedded resi stifi¢ spdtistil BE as id6dritrol Shedwidae sd @bﬂ%ﬁch—fcaemaﬂd V\ﬁﬁ @@fwhabzes S
as to control the wdth and contrast of a mark (or mai nt ai ni ng

preci se spat  plabEHREg PEgise SI@tP@F%@Q%YWaF@?%lW%@CBﬁW ﬁP@P doI For
I nstance, a 309@5&1&@%@00 WitV fiafl hivedi ﬁﬁesrr%igﬂﬁé‘ﬂoﬁlra%ﬁt Bl el 11 meter

or less with a tightl'y constral ned mar mg}re on defli ne W|th|n the die. A
spot size of &mmthwgbﬂvmnstrawp@md@nmmg echwtthm«dle Buspatisigedept h of

i n ok er st ngt e SR pESACL RAR Colfay Mol B FBRUBRIS R, 7"

focus, so the fdmrﬁmaﬂllﬂ:mﬂﬁmdhmmfsmbrms:ikmwﬁtﬁmspll?atémewafm@ﬂlslvdqnml ons are

A A e g e ML A

syst em accur asiye/spsi placzment iconsiderationsrage vakablee result of workpiece tilt,
def ocus, sag, warp 15 or any deviation froman ideal target plane. For
non- nor mal incident angles of the scanned beam the z coupling is

approxi mately the devi at Ingfonasiedettrio Rmmee 11¥ed sysﬂemﬁl%@ﬂﬁl@cémdﬁﬁérrbﬂfathocm z
error. Preferably, .a telecentric scan |lens_is useg focusi ng the marking

| aser onto theWorkpigse Wikl @Bk mithideptde apd may, signy tlikﬂ%‘ﬂ[ﬁdq the SY‘ﬁ@ﬂf i eld of
l'aser scanni nggechfacy's SAcH PaxiPdritrahdy B tRERSuIDSF WikpleBCtilt e uaNds Svah the

15  or any deviation from an ideal target plane. For non-normal incident angles of the

scanmed beam, the z coupling is approximately the deviation angle from normal
incidence times the local z error. Preferably, a telecenfric scan lens is used for
focusing the marking laser onto the field. The telecentric scan lens, well known in
the field of laser scanning, is used to maintain a near normal incidence angle of the

20  beam to the workpiece thereby minimizing z coupling and the resulting x and y
position errors. The approximate invariance of angle over the ficld may also have
other advantages, such as providing for coaxial detection of reflected radiation.
Coaxial detection can be used with many know methods to determine focus position,
for example astigmatic spot detection.

25 Considering the first order scan lens properties, placing the scan
origin at the front focal plane of the lens will produce a telecentric scan. In
practice, there are non-linearity errors in the lens design that deviate from perfect
telecentricity. Those skilled in the art of scan lens design recognize that correction
of these errors is possible by modifying the individual lens elements and/or adding

30  additional elements to the lens design.
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20 beamto the workpiece thereby mnimzing z coupling and the resulting x
and y position errors. The approximate invariance of angle over the field
may al so have other advantages, such as providing for coaxial d@tB5hP 8 of
reflected rgdighdRey Coaxial detection can be used with 5 padegTet hods
to determ ne focus position, for exanple astigmatic spot detection. 25

Considering the first order scan lens properties, placing the scan origin

at the fron':1 focal pl anq@ﬁcan?,@d:eﬁgawdﬂomemgﬁn@ t@nhgﬂ'@mﬁ“ﬁmﬁﬁ’mf In
practice, there are ngn-linearjity errors in the |l ens design that deviate
from perfect %@“@c’é‘ W‘Ef‘tﬁdlﬂ%‘? “@%‘W @d?r?‘f?mtﬂ:"éf?lﬁ?‘ltmt&ﬂg’?EW&%mdesi gn
recogni ze t hat o&isicGEpaRates 18€ QS E THE frir6r JeParBRhTrdAteS di¥ersM déan)oirighst he

i ndi vi dual Iengﬁrel enments and/ Qr adding. 30 additional elements to the |ens

design. -62 2 Hrsaeh s6dEnd Yhpsetpse piryoyd bk eresioan being docpind; & e lons Fopty y
gal vanonet gy sﬁ_ﬁm@xﬁé.emfteﬁ,stﬁe%cai_ el DIARE® ot AP int SRt PobifdndUTRis4. A
di stance sufficient to prevent physical interference and beam occlusion
separates the giepicyrag, adiiionsl fieldrdepeglenitelasenttieibin emer,dbased raanthe sBHrPror i gi ns
for each axis : r [ 5 D P%{ﬁ%? SRR 9#@‘:@ t he

|l ens front 5 fgdgg?&%%%%g@1§%§¥q%}%'f gicg P aﬁtéEl s place t airslﬂ) 25

i nt er medi at e pdegredsoat. tha iwegst: field pob. aViariditedhoigues frectsdfid cfor aoredting

telecentricity Lo . 1.h \ rror. i ocal
angt h 1na ¢ cplrei) B o abe B h@ond 005 pRBR AT, BRIne %,
field poi nt0. Vahichus Heeehyninqorperatedeby sefbehed or itc entirdt.i N betml tewiatari city
error, for instance gtgedescr.i bed in US patent 4685775 by Goodman, 10 which
i s hereby i ncolPPEEHE 67 EP-y ence in its entirety. A beam transl ator
i nproves the correction. Wth field dependent error, a portion of the field
may be selected to reduce errors at the workpjiece. For instance, a small
central portion of the f%étpd{ei‘%de%‘é‘ée&t RS ﬁﬂ@l@lpwftheﬁe& Bag be elecipd in
i nproved tel ecenfubd &irdr¥ at thE Warlgiistes TRP inflabéed b sﬂaﬁﬂk&ﬁ@aﬁﬁé‘rﬂ&ﬁ%ﬁﬁeﬁl& sont
focal plane of the lens, a first axis of the field addressed wth this
mrror will habeedsed meferiabis pregessed avitymproyad ieleseritipily .2 With eRsdPaBEEDY a
SeCond 0T TR LEROhtb 260 Bind 6ARL 1ch s P thd etk Mok Bt
this mirror will have better telecentricity than a second axis addressed by a second

mirror more remote from the front focal plane. In this case, a portion of the field
having improved telecentricity may be selected with a larger dimension along the
first axis and a smaller dimension in the second axis, for example a rectangular
20  field. Iiis also recognized that by using a rectangular field, the first axis may be
larger than the edge a square field. Selecting a portion of the field may reduce other
field dependent errors such as thermal drift of X-Y galvanometer deflectors. For
example, a quadrant of the field where gain drift is mitigated in part by offset drift

in each galvanometer may be selected to reduce beam-positioning errors.

25 For embodiments using through the lens viewing, the scan lens is
typically required to image a target at wavelengths other than the processing
wavelength. Color correction elements can be used in a design to improve viewing
performance. Telecentric scan lenses with color correction for through the lens
viewing are know, for instance the scan lens used in the commercially available GSI

30  Lumonics Model W672 laser trimmer.
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havi ng i nproved telecentricity may be selected with a |l arger dinension al ong
the first axis and a smaller dinension in the second axis, for e;_x@gF[bg][]@
rectangular 20 field. It is also recognized that by using a rectangul ar
field, the {jr |s may be |arger than the edge a squar ' el ecting
a portion OWQ'%}QS‘@?%I d may reduce other field dependent elst‘}%{r@kgﬁﬁgﬁ as
thermal drift of X-Y gal vanoneter deflectors. For exanple, a quadrant of
the field where gain driAtpréferrsd bdbfiseht ifér fRedidioRMs@irhaRingWFidrke whrseach

gal vanonet er may_ be ,sel ected to reduce beamposjtioning erraors. 25 For
enbodi ments usifgs fRphications fnelides 4 Biperslpmephigleseniric peandens 90 pgphopay | y

required to i MQEigrd B3QCThRlle¥48 R BEERTe BdAPTeni R 15548 A'5386H ahd'E
wavel engt h. Col or correction elenments can be used in a design to inprove

viewi ng per f oaabkeof foanpiag SAtmicionspals avens s fieldofc¥lngr sgeate.c dibp dnalf or
through thele ‘Eﬁ% dﬁﬂﬁw’ | Enffdd Usedein the
conmmer ci al Iejy a@gﬁh]lg e s%oﬁf%ﬁo u'mvg{t%gn%\c}g%éﬂw’ﬁ’%&] asergltﬂireﬁgn’%%r. -%3 2 8
SEP 2006 WO 0 eBoDisgpmaxinaElyP2iistes0 Figues 8B and t KF shovetie ésltsontrinignerrdror
precision | aseg ' f [ dysimlar | i i.ons. Lncl udes a
t hr ee- el ement tggrglir‘:&éér%&%c%sss{ggon g‘ﬁ@ﬁzg%nggegsﬁ%%ﬁcﬁ%ﬁs@% gﬁ%’ﬁgﬂ% ﬁ;}s | ens
has an eff ect i weridtioomalOvee adejptheingtsbnuspahdibdormafanggiod +--300at, ¢heoforftor m ng
30 micron spots_over scan field of 80 square. .The total 5 path length is
Sbout *360mm WEE g ERRR oS ety T g aieiy 108 wrcort et Bgheter £ o7 [
approximately 2 degrees. Figures 13B and 13C show the telecentricity error
991 and 992 across two ofthogonal, ,scan axes. I n both cases the eryor, has
non- 1 i near%0 vari ation. rth% Hepan r%#g@gc&ﬁt%pd‘mﬂ% 'E’BGEWQFB‘F“S?H@ of - +-
300. m the wor $ilerafi@s AeeRfine RYAGE PBASIBIES ihd spobPlastment ackhFicy of tillédsy | ess

t han one spot dianeter. 10 In the precision marking system wherein three

di mensi onal t SY¥em ide de maigainely Heldingaagiod ippihEce: iepshealipragien e nt

accuracy of th ﬁg@li, oddsineiel pesT! | ' gl {Bieiiod for
t hr ee- di nensi 02%1{) cabl br at ngﬁ‘@f%rgs nletﬁgérrbo |£r]re%§¥k$¥eﬁgﬁ% erf]lgbsﬁ%osi tioned
wi th a wor kpl ad# plse {avenihervager) ismdignes nigewal to fhiemagking deqdo v dovatien isdesr ) i s

2l gned NOfYTR! o Ry A o 3ohug BolifGRl B0 debohE Uyl hn UPERRPE D5

relative to bes us posi tTon ecentric s emo gure '13A,
The beam positioner is directed based upon the location of features and stored

calibration data.

At least one embodiment of the present invention may include a
precision scan lens with improved telecentricity when compared with a conventional
20 non-telecentric scan lens. In one example, the maximum angle incident at the
workpiece may be less than about haif of the maximum angle of the beam incident
on the scan lens entrance pupil. In another example, the maximum deviation angle
to the workpiece may be limited to less than about 10 degrees. This type of scan
lens can be smaller, and may be less complex than a larger telecentric scan lens.
25  Thus, a precision scan lens with improved telecentricity may be used to provide a
design compromise with both a level of improved marking accuracy with changes
in the workpiece beight and reduced lens size, complexity and cost.
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The beam positioner is directed based upon the |ocation of features and
stored calibration data. At |east one enbodi nent of the present invention
may include a precision scan lens with inproved telecentricity

conpared w entional 20 non-telecentric scan | ens xampl e,
t he maxi num %&(2‘&%0 dent at the workpiece may be | ess th%#@ gﬁgﬁalf of

t he maxi num angl e of the beamincident on the scan lens entrance pupil. In
anot her exanpl QSE@'MQNT@Xl mum devi ati on angle to the workpiece my be
limted to |les T’llétype of scan |ens can be
smal | er, and er telecentric scan lens. 25
Thus, a pl’eCISI -8 : | ecentricity may be used to
provi de a design conpron se W|th both a level of inproved marking accuracy
wi th changes in the workpiece height and reduced | ens size, conplexity and
cost. -64 2 8 SEP 2000 WDeatly OSTEHED HEFrSIREksdn yalanonkyy esEBACIKES DE MARK
VI SUAL | NSP. %@” T, f r of
certain bacE dﬁﬁjareﬁ\' sfitce I'ng d\sq?s!takeiﬁgﬁgﬁ Sgﬁlé' %ocjgér{ggnggyra%lces‘ll%fgétgfﬁd to
"backlight" a vmmmgbdemmwcmtrg\mdnwingmdmap'ﬁham te. "bathlight " gioadewﬂi ty

circuitry incr e the "backlight™ approach will not
al ways be possfg\%éﬁg?{?tj%ﬁo#ﬁ’? ﬁtﬁé‘ tllrShe enbodi nent of a wafer marking
systemused to formmarks on the backside of a wafer, an |nspect|on feature

i ncl udes a registered di 0 rk a :i d|e eferr
enbodi ment i nspection fei‘? % g8 %‘t‘mf’\ll&?jf e‘iﬁﬁ{ ow t he

waf er. Figure Zf ihé backiinabes waiee, oia&’ea@ire irlcltﬂes RldgBRaEddis pla;ﬁdf(@lﬁb system
14 registered al on ent rli ngﬁﬂZQ the, mark ipspection system20. A
sat i sfact 045 defé?‘fg dic, Fa wmgg CHQ CRIBHIIET FYP $40HAS, OBfnd

backsi de waf er gpgyd hﬁm%nmloaﬁt@cmﬁyeqﬁgﬂré h A REhed W SRRt 1336 ASt em 15
setup, for |nstance Systemcalibration may then be used to inprove the

preci sion. | n dignmessisigheysterplicgisieredspiong genterjive afwithibe gtk Hapsation
cal i brates system 20. A satisfactory degree of image matching between corresponding front

and backside wafer portions may be achieved with manual adjustment at sysiem
15  setup, for instance. System calibration may then be used to improve the precision.

In at least one embodiment of the system, the equipment calibrates
the bottom camera system 20 to the top camera system. Preferably, the cameras are
in fixed positions. One or more cameras may have a zoom lens which is mammally
adjustable, In one arrangement, a calibration target of a transparent surface is

20  placed between the two cameras. The image is acquired with both cameras. The
images are superimposed and, using pattern-matching software, for instance
commercially available tobls from Cognex Inc, a correction offset, angle, and scale
is calculated to align the bottom camera's image to the top camera. Figure 174
illustrates a calibration target, the image of which is to vary with offset, scale and

25  rotation. Various other commerciaily available or custom targets may be used. The
translation, scale, and rotation correction (including inversion of a coordinate axis)
is automatically determined in software.

During the inspection operation the top camera is used to acquire an
image of the die on the topside of the wafer. The bottom camera is used to acquire
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the bottom canera system 20 to the top canera system Preferably, the
caneras are in fixed positions. One or nore caneras may have a zoom | ens
which is manually adjustable. In one arrangenent, a calibration Z@SEIE?Uﬂﬁ)f a
t ransparent is 20 placed between the two caneras. i I's
acquired V\A‘Fﬁ%%%ﬁcarrer as. The inmages are superinposed ggﬁﬁlgﬂgﬁ%
pattern-matchi ng software, for instance commercially available tools from
Cognex Inc, a &Oﬁﬁ@etépﬁl OfbiChn RO BhéksiaB (BE Hfer. | BF gt tiRe @l i gn
the bottom canera’ imagé3 to the top canmera. Figure 1%& sfﬁrﬁgat es a

cal i bration t agogetinate $ystemsnddedwo impges, dnslysis dotarmingd thp aeutaggof theawle and 25
rotation. Vari o] rcially avail able or customtargets nay be
used. The traﬂ@gﬁﬁ?oglc;ﬁ% and rotation correction (including inversion
of a coordinate axis) is automatically determ ned in software. During the

i nspection operation th . ] o) j [ the die
on the topside of the Wg?'}érrﬂ'% ]ﬁ%g&gogt @%@%@aﬂaﬁggml%ﬁgm&ng%?%%ei 65
28SEP2006 5SWO Ugihf) pattaf nREdHindSOROCRoDRware therdapatiod of the makicelativet oghdacksi de

of the wafer. superj nposing the coordinate systens of the two inages,
anal ysi s det erﬁ;‘(ﬂ’é’gtﬁﬁée EE‘UF@W‘M the mark with respect to the die.

During inspection, this calibration data is applied to the mark image. 5

Usi ng pattern matching qr, soffware the ] ocation of the mark relative to
the “location of the di 3" F%%E?%W&erﬁt‘?odiéatt%m%ﬂtﬂﬁ?dér”ﬁ rstrigtedio fP]P]P%‘?f eature
i's not restri ChREsdOWhRP nbEng, e kil B8 apRie o BRY ﬂﬂd’ﬂdeﬁ%tsq%%ed)ﬂeléﬂm ied to

any two sides or separated fields. "Inspection of marks may be done on-1line
or off-line. The inspection 10 may i nclude a random sanple of die or up to

100% i nspection. In at "ﬁ%’%ﬁi@ﬁéﬁm@&%%&@ﬁ’@mﬁﬂﬂ& ?‘e dRoR T egion

of interest 900 within a I'mage corresponding to at St a portion
of a die d9 shwap incindei ayrandom7@mpler ¢ff d¢ ablup, totlP0% mspectivor Inat leasbenabl e t o

adj ust 901 the araa of i 3. FLaur A . ny

necessary adj u%@grpen S 1‘air1 g#&étsﬁgn%r@&urég&%nvﬂ@# %éx%&r%p %@j%%ﬁ#er%@ﬁ%gbet ween

die. A typi cal comespomding toaclepst a30:thM ofa die as Kisovar m&igifre 478 Erefdyelily, et o
operator will be able to adjust 901 the area of interest, as shown in Figure 17C,

and make any necessary adjustments from a wafer map or with minor adjustments
15  between die. A typical mark may occupy 50-60% of the area of a die, but up to
about 80% is possible.

_ While the best mode for catrying out the invention bas been described
in detail, those familiar with the art to which this invention relates will recognize
various alternative designs and embodiments for practicing the invention as defined

20 by the following clains.
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about 80% is possible. Wile the best node for carrying out the invention
has been described in detail, those famliar with the art to "ﬂﬁ*‘znhﬂ“ S
invention relates will recognize various alternative designs “an

enbodi nent cticing the invention as defined 20 b oW ng
oo ea G Bl BBC L © S e o D60 ot Usoal 15606 et TEHESRITIERISMY ) A
system for sem conductor wafer marking conprising: (a) .a first positioning
subsystem f or wgamtIsam AMED/I8ser marking field relative to a wafer, the
positioning being along a first direction; (b) an alignment vision

subsystem (c) 5 a laser marker including a |laser for marking a | ocation
within the marking fielg w tla.syﬁceinetﬁlegenﬁ&fnhwsrQsﬁﬂma&ﬂﬁgeoﬁﬁﬂmﬁg:gay(on

program for caljbrating at |east one_  subsystem of the system an e) a

control | er, wadkgippsitigring sbrysini for ppeitioning adlasss oarkingfield relativerter weltan t he

waf er, and wh | 'tfo!ﬂﬁ]gl r 3 "?l?)san Welo ' . n | ens
for opticall y‘%IE dr%% ai ni r;%ﬁg aédﬁzhﬁ%tr meg %ﬂy the%e%ﬁ%%%%v%’zgﬁw thin
an accept abl e adasegpmarkieninchuding allasenfor oarking dlopatiomevithin fiemgarking fidldsdttas  to
avoi d undesiragb Lk . Lakl ons i at ] [ t her
variations i % i&%ﬁ%ﬁ@%@’h@f? gﬁlgj%\‘?% ﬁ%ﬁ%@/@%@@@?ﬁi&f&ﬁr ei n spot
]Pl af:gment accyunbsyytemsof wiet hg'rslmma;bmd \s\?rmcsmmllﬁd,i ameﬁrf t]m/marltﬂ@ﬁra]:w ks nlg

ield. 15 3. The,system ai.m 1 erei.n t can ns is a three el ement
ens. 4. The Syt e foad MRy AR e By BRmaREE peripreh 8o a0
conprises a syhgidifg batdryleheioz @ptitdllyGndiiaitioat spobformed biEe bywd emn@f claim 1

wherein the | aser nmarker co | ses a_ 20 npveabl e qptical el epent for
f ocusi ng f—‘ﬁe Ivﬁgg_rmﬁﬁﬁlﬂlﬁﬁfeg@ TapgeSboyfdh %q‘:’ng}%‘.". the gakinedield 345 ol . 6.
The system of & bhvdidthd W18 mhrk PAIABREIss TP with Rfaldtd8S of other variations

conputer-control |l ed beam expander for adjusting the spot size.
in depth within the field.

2. The system of claim 1 wherein spot placement accuracy is
within about one spot diameter over the marking field.

15 3. The system of claim 1 wherein the scan lens is a three clement
lens.

4.  The system of claim 1 wherein the alignment vision subsystem
also comprises a substantially telecentric imaging lens.

5. The system of claim 1 wherein the laser marker comprises a
20  moveable optical element for focusing the laser marking beam onta the wafer using

compuier control.

6. The system of claim 1 wherein the laser marker includes a

computer-controlled beam expander for adjusting the spot size.

7. The system of claim 1 wherein the spot size at a focns position
25  of the marking beam is in the range of about 25-40 microns and the marking field
size is in a rapge of about 75-100 mm.
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7. The systemof claim1 wherein the spot size at a focus position 25 of
the marking beamis in the range of about 25-40 m crons and the marking
field size is in a range of about 75-100 nm -67 2 8 SEP 2006 AMSERN0P7290
PCTI USO311 The systemof claim 1l further conprisin

posi tioni ng‘%gﬁ(ﬁ*‘s%"t emfor automatically positioning the %&%@gﬁgﬁg%i ve to
the | aser marker along a direction substantially perpendicular to a plane

of the wafer. 9. The sysgem EIH]D?CIWI?ﬁ@gﬁwﬁgg%‘ﬁg@%&siﬁ%gg 5

subsystem conpri ses neans for_ supporting wafe aving-pre rmned sizes
and for provi 8ibsgsiem foradamatigellycpogitioniss 8 wWaleradaiive torthe labeamiavker plosigt i oni ng
of the wafers. ] o cl Al el i bration program

i ncl udes a thrgii& @%ﬁgﬁ%@%ﬂnﬁk%@gﬁ%ﬁ%ﬁo%&p@rﬁﬁﬁk\?%f;éﬁcal i brating the
marker at a plurality of three-dinensional |ocations. 10 11. The system of

claiml wherein the firs§ posksionin uhsystem. co ises_an X-Y Stage and
the calibration programincl E'ic]%es% ¥ SO%f@?]&Cél %P?F% SPHR aﬁ"F’éﬂ?ﬂE‘ﬁt Vi si on
system thé& X- Yusystga comprisdshecahafoe suppartiagrwafdid havihg peedeteanined sigdsaind 1

further conpriging a,visipn inspectio subsyst em, i ncl udi n cangra for

i nspecti ng the%‘?\:ﬁ’?%}qmgg{ ]%gsttvm e%%@@ﬁﬁ%&%%&ﬁﬂ‘?Rm‘&PBng"fﬁf}s“ia-?gspecti on
subsystem conprises an inspection positioning subsystem for positioning the
wafer relative to the caper t he inspection positioning sybsystem being
separate fromthe first l(ggfsia’[]i‘epﬁYSFF@l é’gt‘}iﬂ}@té hegoin e %P%Péﬁgf%qlai m 1
further conpri ﬁcﬁﬂe@aﬁhﬂééﬂiﬁéﬁ%ﬂ%ﬂi&@ti&ﬂﬁgdﬁ&ﬁﬁo} @hlibrEEY e npirkdrfagh Side of
the wafer, a second imagi ng subsystem for “inmging a second side of the

waf er, the i maBiurjity gb8yes-dimsnyienahlpcati®d. t o  superinpose an i mage of a mark
on the second side of the wafer with an i mage of a corresponding portion of

the first side. 15. The s%stem of claim1 further conprising a calibration
target 25l0and an al gori thm fBie systtrs obeleipml] Wheneimtthfirsypdsitiosinganbsysenond

target i|mages 88581'1&?911 X-Y stage and the calibration program includes means for calibrating
the alignment vision system, the X-Y stage, and the laser marker.

12.  The system of claim 1 further comprising a vision inspection

subsystem including a camera for inspecting the marks.

15 13.  The system of claim 12 wherein the inspection subsysiem
comprises an inspection positioning subsystem for positioning the wafer relative to
the camera, the inspection positioning subsystem being separate from the first

positioning subsysiem.

14,  The system of claim 1 further comprising a first imaging

20  subsystem for imaging a first side of the wafer, a second imaging subsystem for
imaging a second side of the wafer, the imaging subsystems being used to
superimpose an image of a mark on the second side of the wafer with an image of

a corresponding portion of the first side.

15.  The system of claim 1 firther comprising a calibration target
25  and an algorithm for substantially matching first and second target images obtained
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~8 2 8 SEP 2006 WD 031097290 PC17US03115698 with first and second i nmagi ng
subsystens so that the superinposed target inmges correspond. 16. The
systemof claiml wherein the laser is a frequency doubled VanddaifP 108ser
havi ng a gr, ut wavel ength and a pulse width | ess ut 50 ns.
17. A metho F%édraﬁ?grki ng a sem conductor wafer, wherein aﬁcﬁﬁs@{ﬁ%gfiel dis
substantially smaller than the wafer, the nethod conprising: positioning a
| aser marking itRfdstr@lablond inagihd Subsfiiahs & MBOHS sﬁﬁ:é’rﬁﬁpos&lfa?é&hﬁi%e_slo
optical ly maintaining spot placenent accuracy w thih the marKking ield so
as to avoid un%%‘?"‘?%l%-e mark variation associated with wafer sag or other
variations in depth within the field; and marking the wafer. 18. The net hod
of claim 17 wherein the step of maintaining is 15 based on a predeterm ned
rel ati onshi p between spoib.pl abenivsiemaef glaipy! ahereinnilralaser i 2 fgareent i on and
waf er pl acenen | ' L LE QR t he

waf er | ocati on&?%lhéaa?? %%ngq?ﬁimn%? %%%??’gﬁ,g{ ?gv%%{ggh%dna Pﬁ%é R’lrldg?zli#?onshi p,
wher eby t hé sptan pbarg8femt accuracy is inproved. 19. The nethod of 17
wherein the step of maintaining includes the 20 step of selecting a portion
of the marking field and wherein the step of positioning the wafer relative
to the nmarking field posi%i ons ndisdnfef enarking ait semricdrdutter mafdseevhereft i n t he

sel ected portion_,of Jarki ng.fiel ereb he spot acenent accuracy

e o oved. - 2k Bld o Bilarty siafien AT R ety e Bl Bl RRRERDg L e
marking 25 field has a pysioging@diads nfarkihg eklo@laEod id Sl &aBa by 4 Firser r or .

21. The nethod of 19 wherein the selected portion of the markin field is a

rectangul ar fi$eFH8M gned with the preferred axis. -69 .
10 optically maintaining spot placement accuracy within the marking

field so as to avoid undesirable mark variation associated with wafer sag or other
variations in depth within the field; and
marking the wafer.

18.  The method of claim 17 wherein the step of maintaining is

15  based on a predetermined relationship between spot placement accuracy at a marker

field location and wafer placement along the axis, and wherein the step of

positioning the wafer location relative to the marking field is based on the
relationship, whereby the spot placement accuracy is improved.

19.  The method of 17 wherein the step of maintaining includes the
20  step of selecting a portion of the marking field and wherein the step of positioning
the wafer relative to the marking field positions the wafer location to be marked
within the selected portion of the marking field whereby the spot placement accuracy

is improved.

20,  The method of 19 wherein the selected portion of the marking
25  field has a preferred axis with reduced telecentricity error.

21.  The method of 19 wherein the selected portion of the marking
field is a rectangular field aligned with the preferred axis.
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2 8 SEP 2006 WO 03/097290 PCTI US03/ 15698 22, The nmethod of 19 wherein the
selected portion of the marking field is a substantial part of w&fﬂq nt
with a reduced thermal drift characteristic. 23. The nethod of “claim
further co | S utomatically positioning a marking beamrelative to the
waf er al ongwgnﬁ}a“%g@substanti ally 5 perpendicular to a plEEUPF IR waf er
so that the narking beamis incident at the marking location on the wafer

whereby the wafer is nmarged al‘he&ﬁ?:?ﬂd%?% M&ewém}éﬁ@ﬁ%%fh\é%@g ons in

depth of the wafer relative to a focus position o g 24.
The met hod of H¢ldiina gubsientalean of Bauedrey with predieddohenmyl dgft charagtepstist ed for a
plurality of positions. 25. The nethod of claim23 wherein the positioning
includes relatively positioning the wafer and focus position of the marking
beam 26. The nethod of 23 ai Mh23nethed ef nlatn 17 astheroemenprisingharienspaliy f

relativel 0Ssj [ t.oni t finst direct] and al ong th 15 1s based
on a 15 %rgdé%%tfﬁ%%a%%t%%ﬂ rﬂgqvgr 03@8.‘}"%% aq;glg aﬁ’e?’ﬁﬁcf“ﬁ*%m 23
\C/iv_herei_n at 5l Sape:rpl endicutr b tbfa_qalme&ﬁghe){vafered:dta't ﬂielmamiﬁehmﬁ? Ii]@:i@h]tc)a]ghlé he
irection and al gn e.axis s based,on,a , neasurement er, |l ocation
with a depth s’@ﬁ’g?;?g. &%‘?‘mﬂ?«g tlf]?ﬁtvFPé% Sherepythg f@%%@r@wﬁ(eﬁtatﬁgﬁecaaﬂ% of the
steps of 20 rgdqithatedding @G iatibeyin @gpidl 0B Re: Witer fl4tie6 td 8 focb goGli@Der thbe axi s
is based on a plane fit to the wafer. 29. The nethod of claim 23 wherein
the wafer is tYakNERBA-al ong the axis. 30. The method of claim 25 wherein

positioning is carried out 25 using a novable lens element. -70 2 8 SEP

2006 WO 03/097290 PCT/ U503/ 15698 31. The nethod of claim 23 wherein the
steps of relatively 24,  The method of claim 17 wherein the step of positioning is

10 repeated for a plurality of positions.

25.  The method of claim 23 wherein the positioning includes
relatively positioning the wafer and focus position of the marking beam.

26.  The method of claim 23 wherein at least one of the steps of
relatively positioning along the first direction and along the axis is based on a
15  predetermined estimate of wafer sag.

27.  The method of claim 23 wherein at least one of the steps of
relaiively positioning along the direction and along the axis is based om 2

measurement of a wafer location with a depth sensor.

28.  The method of claim 23 wherein at least one of the steps of
20  relatively positioning along the direction and along the axis is based on a plane fit
to the wafer.

29.  The method of claim 23 wherein the wafer is translated along

the axis.

30.  The method of claim 25 wherein positioning is carried out

25  using a movable lens element.
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positioning in the first direction and along the axis are carried out
concurrently. 32. The nethod of claim 17 further conprising calibrating a
system for carrying out the nethod. 5 33. The nmethod of claim 24 Wp @mba
portion of r wwthin the marking field is also w §hj é g@?ﬁ
field at tﬁéy§W%?%Fity of positions, 34. A laser nmarker f%@hﬁ%%ﬂfﬁg

wor kpi eces, the marker including a substantially telecentric scan |lens for

correcting spot placement, toTh tnhithodbP el S wheeln tHeadtBisess ailafvefy Mar ki ng
field substantially snaller than the workpiece so as to 10 avoi d undesirable

mar k vari at i oR§SIHORIBE i thedirgtdineciipn 304 akang theaxis areparyiad aph EPRCUIISMY . i n dept h.
35. The | aser marker of claim34 wherein the telecentricity error 1is
further reduced using pupil correction. 36. The |aser marker of claim 34
wherein the tel ecentricty efbometing ofsclpigy dRdurthesdensantising ealibratins ta onal
scan | ens el engals fodar odt 3nEhedBd ker of claim 34 wherein the scan Iens
is acolor cofrected telectentric scan lens. 38, The |laser marker of claim
34 wherein the marking field is a selected sub-field selected to further

i mprove beam positioni nggacc . ' 4 wherein the
sel ected s%bfi eld is a g?'e_ctg&gﬁé@?‘?&éﬁﬁl%ﬂ%ﬂg%ﬁigﬁné?ﬁﬁﬁgg%e%wg% axi s.
40. The mar kerthefmarkiag fieldds aibrewithin thdwmarkirtoefisld ti the phiralivp ok posttions. det er m ned

by detecting radiation collected through the scan lens. -71 2 B SEP 2006
41. The system of claim 1l wherein at |east one of the alignnment vision

system and the | aser nmagker adseef i@eker for ROrkpR @ the 9@ARR incliiing The
mar ker of claim 34 vmaﬁre' n an ur;afsi rabl e nar va{ﬂi ation ingludes at |east
one of mark pdsTPyRt meﬂlﬁ‘]@ :@PFE”_Q’HECW&SRO%’_ W%W%?’Fé‘i’qubﬂ?%th
depth. 43. Th%p@ﬁé@é?ﬁ%eﬁmaﬁgﬁemﬁib@ﬂaﬁﬁduy\@ﬂﬁn@dtﬁaﬂmewsﬁmede%a%?tos a

telecentric |Ilens. X met hod "of | aser mafking sem conductor wafers
conpri si ndf  avoid undesirable mark variations associated with workpiece sag or other variations

in depth.

35.  The laser marker of claim 34 wherein the telecentricity error

is further reduced using pupil correction.

36.  The laser marker of claim 34 wherein the telecentricity error
15  is further reduced using additional scan lens clements.

37.  The laser marker of claim 34 wherein the scan lens is a color

corrected telecentric scan lens.

38,  The laser marker of claim 34 wherein the marking field is a
selected sub-field selected to further improve beam-positioning accuracy.

20 39, The marker of claim 34 wherein the selected subfield is a
rectangular field aligned with the preferred axis.

40,  The marker of claim 34 wherein characteristics of marks are
determined by detecting radiation collected through the scan lens.

~71-



generating a pul sed | aser beam the beam having a |aser pulse with a

wavel ength, pulse width, repetition rate, and energy; and irradiating a

sem conductor wafer with the pul sed | aser beam over a spot dianeter to
produce a machi ne readabl e mark on the sem conductor wafer, the ha6KkP W@yi ng
a mark depth, wherein the pulse wwdth is | ess than about 50 ns, and wherein
the step of irradiating irradiates over the spot dianeter to produce a mark
having a mark depth substantially |less than about 10 m crons wherein

undesi rabl e subsurface danmage to a sem conductor wafer is avoided. 45, The
met hod of cl ai m 44 4uherrae systeef Blaink] @RgdiR atiléast die biRe digR@entefsiocabout 3- 4.5

m crons. 46, Th t hod of clajm 44 wherein pul se energy incident on the
surface i & aélgﬂ'rggﬁ&ré“ad er&mfsesffﬁguﬁgghefﬁhﬁegi%ul es, the pulse width is in a
range of about 10-15 nanoseconds, and the repetition rate is in a range of
about 15 - 30 KHz. 47. .The nethod.of claim44 wherein the step of

irridiating is car r‘éedT tf" r?ifoc gm, 3 rHerelp 4 ‘E?Eg'ﬁ?[}'ﬁ V&Hﬁf”\ﬂﬁ%ﬁ?@f’% the spot
di amet er asledstiona of AA Gositiongiaard 1in@®idd0 ardli redrlomtrasn Gariatifiewiliedekihng speed i s at

| east 150 nmi sec. 7% 2 g SEP ZOQE{ %f, The nethodhof cl.aim 44 wherein the
step of irradiating?is R&FFREYSAA™E P£9P JdrEierd hEAendeses & RS wher ei n
the spot dnaneter is in a range of about 30-35 mcrons and the marking
speed is at |east 150 nun/sec. 49. The nethod of claim44 wherein the spot
diameter is in a range of about 25-40 mcrons and a marking field size is
in a range of aboutys75-A100h500f 138 mafififs FRIDRMERF whk] ohptthingher ei n the

sem conductor wafer conprises a silicon wafer and wherein the step of
generating is carrigeepraing a galpaddaser tepmadhrchven hardugn lawr pisewithe | aser  having a
green out plelM@HEERHifn, repktitio16te HRE ng,%yp,{ndcl aim 44 wherein the |aser
repetition raté is at |east 10 KHz, 52 The method of claim 44 wherein the

| aser repetition rat#ligtigs 4 samicpsductor wafy withsthe prlsed dseth BRMo pveE |3a$net 44

wher ei n t RERABTSARB £mIdRRUEIRNE nHATAAR: debfdoHARRr wileE iR RIRGKIRG 54 A
pul sed | aser systemincluding a |aser for carrying out the nmethod of claim
44. mark depth, wherein the pulse width is less than about 50 ns, and wherein the step of irradiating

irradiates over the spot diameter to produce a mark having a mark depth substantially less than

about 10 microns wherein undesirable subsurface damage to a semiconductor wafer is avoided.

45, The method of claim 44 wherein the mark depth is in the range of about 3-

4.5 microns.

46. The method of claim 44 wherein pulse energy incident on the surface is in a
range of about 230-250 microjoules, the pulse width is in a range of about 10-15 nanoseconds,

and the repetition rate is in a range of about 15 - 30 KHz.
47. The method of claim 44 wherein the step of irridiating is carried out at a

plurality of locations and wherein the spot diameter is in a range of about 25-40 microns and

the marking speed is at least 150 mm/sec.
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55. The system of claim54 wherein the laser is a Nd: YV04 frequency doubl ed
| aser having a green output wavel ength. 56. A sem conductor device having a
machi ne readable mark.with a depth of about 3-4.5 mcrons. 57. A

sem conduct or devi ce having a machine readable mark with a depg(l;%ggp 1@bout 3
- 4.5 mcrons produced by the nethod of claim44 73. 2 8 SEP 2 58. In a
preci sion | aser based nethod of marking a sem conductor wafer having
articles which may include die, chip scale packages, circuit patterns and
the like, the marking to occur in a wafer marking systemand within a

desi gnat ed regi on4g, el atTihy enethod afitclaim 4 iwGiérein ARSteh bPifadibiig iOBERAAuCLRPr i Si Ng:
det er m ni nggq,t If ast one, |.ocatjion from which refgt{%nce data is to be

obt ai ned PIEHR ?‘&?ﬂqnﬁ?%%"b ¢ PROLHIHF CH™ 4 1308 ok aPe 2B aierapsepdie i s

defi ned amgri{iiy)speedvd fildas 16@ae)sec.0f at | east a portion of at |east one
article; obtaining reference data to locate a feature on a first side of the
wafer using at |east one signal froma first sensor; positioning a marking
field relative togshe Wab@lethd®ofSaih Q4 RASHHRRPA dlaBRRS is iPSARRAN afbulB40 NY

| ocation on a second side of the wafer, the positioning being based on the
feature | odErdnptnd agprikipgfisdd sige iaingrranpe pEfbatEd 0Pt ern on the second side of
the wafer using a |aser marking output beam wherein the step of

determ ning conprises: neasuring at |east one feature in an inage obtai ned
froma first wafefl.por tThemethodbddimg4 whereimtesemisondieart wafe comprisas avwlicon nap;
and storin f.or her rKi fer tanti Y+Adentical to
the fi rst‘gﬁl{‘%gurl ,%%rﬁia t%gﬁéf%ewf %@ngg? %aﬁ%eg%}fl Wﬁ%ﬁé ETF f?'}r%g% dr%tlé ]eaﬁ‘!rliéybégaae 'stori ng
are per f orlweihg agreeoomput @abtdigngth59. The net hod of cl aim 58 wherein the step of
measuring i ncludes neasuring the average pitch of a plurality of articles
and rel ating the average pitch to a wafer map. 60. The nmethod of clains 58
wherein the artichgs COMpiie8Rd af dl4MAQ hWkerein Batliser Bpetifibn Mic8s at®iad 10RexLi n t he
step of determ ning further includes; |ocating a pair of orthogonal edges

52. The method of claim 44 wherein the laser repetition rate is at least 15 KHz.

53. The method of ¢laim 44 wherein the undesirable subsurface damage includes
microcracking.

54. A pulsed laser system including a laser for carrying out the method of

claim 44,

55. The system of claim 54 wherein the laser is a Nd:YVO4 frequency doubled

laser having a green output wavelength.

56. A semiconductor device having a machine readable mark with a depth of

about 3-4.5 microns.

57. A semiconductor device having a machine readable mark with a depth of

about 3 - 4.5 microns produced by the method of claim 44
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of the rowcolum pattern; form ng boundi ng boxes fromthe edges and;
defining a die pattern coordinate systemfromthe bounding boxes. 61. The
nmet hod of claim 60 wherein the relative positioning of the wafer rled
out in a primary coordi nate system substantially aligned with th@aﬁgy

of at |east one positioner, the nethod further conprising transformng
coordinates to relate the primary coordinate systemwth the die pattern
coordi nate system 28SEP2006 62. The nethod of claim58 wherein the step of
determ ning further includes; . obtaining a cqordinate using a wafer nmap to
provi de the inforﬁ%troﬁ’FP&Wﬁ%ﬁlEﬁ”gmﬁgéﬁﬁF%ﬁﬁémﬂyﬂ%a55@?P@P@”F§”&§flned

and i magi N@viag attiRRS Whidh ROtk Ae, Afp el @b@gwc@cuiﬂpaﬁém%fdeﬁe fiiQ, @enerate
the vision npdel, 63, A nethod for i nspecti ng machine readabl e narks on one
side of a MEKEE (o gFcERA wrfeﬁmaqkpwyrtmragwgbmmwa%reawp relp@edy 2fr om

anot her si ugh the wafer, the wafer having articles
whi ch nayzgﬁg?%ﬁgggﬁ@@& Ip sékﬁg@packages circuit patterns and the like,
the marking occurri dv@rmmng monmmq@mlywh'@hrémnwdahiintoebe ofitagiednat ed
region rel e th [ i\N rn on a
first si del% ﬁ@ 15%@%102 lvgllcggﬁlcca{n?n of an a?tlc?e %|d§§ e an g )Oaf 1@ Y %E)&$

i magi ng arﬁecbmmapmdenoﬁnmhacmaﬁmmk establrshrng correspondence betmeen a
portion of first side image and a portion of a second side i mge; and
superi nposi ng i mageolddhiag feferandeldatafio losite Aftdtuseafirssiidbas theovadatigingl ne at

| east the osrtrq rk relative to an article. 64. The system of
claim63 f%‘?ﬁé?eEEWEEP aptially matching i na opt ai ped fromthe
first and second si %glog@gtahrg@r IW ield, slatvayie Sy Wi’t%%@% %B’r P8P8 &BF¥ espond,
wher ei n t hgast@ R nkkisy Rebintdnd dekodBdideimBe Whfed @rrergr WioRidE bbin Beked on
calibration target and a matching algorithm 65 he nmethod of claim64
further cdﬁ%ﬁ?@ﬁﬁ@“@ﬂ@@ﬁ@rng an input using the user interface so as to
cause a region of ﬁ'r&% p%sa{ 1teﬁet é?e?fﬁa%&ﬂ o ﬁn@'s&o\% sid@%’i’tthé‘w&ﬁf h&ﬂ-?g'aOf an

i mage of an article | ai m 65 wnerein the region of
i nt er est ilgseoparkingogutput beam wherem the step of determining comprises: measuring at least

one feature in an image obtained from a first wafer portion; relating the measured feature to
a wafer map; and storing the data for use when marking wafers substantially identical to the
first wafer, and wherein the steps of measuring, relating, and storing are performed

automatically.

59. The method of claim 58 wherein the step of measuring includes
measuring the average pitch of a plurality of articles and relating the average pitch toa

wafer map.

60. The method of claims 58 wherein the articles comprise a rowcolumn pattern
of die, and wherein the step of determining further includes: locating a pair of orthogonal edges
of the row-column pattern; forming bounding boxes from the edges and; defining a die pattern

coordinate system from the bounding boxes.

61. The method of claim 60 wherein the relative positioning of the wafer is
carried out in a primary coordinate system substantially aligned with the movement of at least
one positioner, the method further comprising transforming coordinates to relate the primary

coordinate system with the die pattern coordinate system.
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adj ustable. 67. The nmethod of claim®64 wherein the superinposed data is used
to determne the position of a mark relative to the article. -(S 2 8 SEP
2006 68. The nethod of claim 64 further conprising providing an inspection
station having a wafer positioning subsystem separated from a posBSEPARIRT
subsystemused for marking, 69. In a precision |aser based system of

mar ki ng sem conductor wafers, the wafer having articles which may include
die, chip scale packages, circuit patterns and the like, the marking to
occur in a wafer r ki systemand within a designated region relative to
an article posit9n, ?lﬁ@%F?Eé’ﬁf’a]é@'h}p%qurﬂﬁ.?l‘er??&r?gg?tﬁﬁm”ﬂég ‘h‘f’ﬁ 4t | east
one | ocat ioBRirfidpCBovkliifate dsRicQ@I TG ndab BrovRle tR iIRBrmAlh FoRBrhitibh DYatloR)of the
information fromwhich a location of an article is defined and (b) a vision

nodel of afticjedsdefingd;npd imagingot legst 3 noglion of preartiple pe p &irst aten to gegeratsieai ni ng
reference @ala,dR! ocate a feature on a first side of a wafer using at

| east one signal froma first sensor; neans for positioning a marking field
relative to the wafer so as to position a |aser beamat a nmarking |ocation

on a second side of theA\qrrg %B’fortinﬁ’egﬂlgg‘%dg?% %Qﬁiﬁ?fk%nt"ﬁgsiﬁé &AL Uhe,

| ocation; and neans for rking a‘pre ern on the second side
of the wafvathoutusquigngtrimasiessionsf kidimyt energyufrorh @astiertshle afglxnwafeoanddidtogghm ni ng
nmeasur es | east , one feature j. an. i mge. opt.ained, froma first wafer

por ¢ on. e 4EBE 1 d'aferBieceriden fPich FRRSnRE R thtr” Sl pestisB BHE ot
for use Whatieriabkd nige 1ikd,ethe matkiag antursihg in i 20 @afer andrking dylemf arids vitiaf €r, and
wherein the neasuring, . relating, and storing are perfornmed autonatically by
the neansrh%g“ate&é?%? eftiNg o apcsTticke wgwaarfh telpyaayinga m&erﬁﬁe#%t Sideelfiabl e
mar ks on gmghodicdRp@ding Wafer wi thout requiring transm ssion of radiant
energy from another side of the wafer and through the wafer, the wafer

havi ng articl es whi sy frsieidgebthgimaterchi p scal e packages, circuit patterns

and the like, the npriifQ LCHHGIE BBmL WaRrWaf er marking systemand within a
designated region relative to an articlé position, the articles having a

pattern on a first e%iaggshir}gm%rrés)ﬁ%ﬁa%me BethRh ia%in@i%ﬁ of first side image and a portion

of a second side image; and _
superimposing image data from the first and second sides to determine at least

the position of a mark relative to an article.

64. The system of claim 63 further comprising substantially matching images
obtained from the first and second sides so that the superimposed image portions correspond,
wherein the step of substantially matching is carried out using a calibration target and a matching

algorithm.

65. The method of claim 64 further comprising providing an input using the
user interface so as to cause a region of interest to be defined within at least a portion of an
image of an article.

66. The method of claim 65 wherein the region of interest is operator
adjustable.

67. The method of claim 64 wherein the superimposed data is used to

determine the position of a mark relative to the article.
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_rfé;ris for imaging the first side of the wafer to obtain an i mage; means for
i magi ng the mark on the second side of the wafer to obtain an inage; -rb
28SEP2006 neans for establishing correspondence between a portion of a
first side imge and a portion of a second side inmge; and means §EFZU{]6
superinposing imge data fromthe first and second sides to determne at

| east the position of a mark relative to an article. 71. The systemof claim
70 wherein at | east one of the neans for inmaging includes a zoomlens. 72.
The systemas clainmed in claim70 wherein the means for establishing .

cor respondence i nd. udesTlg mahddntataim 64 fiaihgetompricing proaddiioraintifsectién stalidh a

| aser based systemfor.laser rkin f,substrates such as sem conduct or
waf ers or % i"t’#?? P% Bgs&wgesgbg%?tﬁw Sﬁlgﬁr‘gide’?"%P%l?@lrﬁé&ﬁﬁys?ﬁé‘sﬁglﬂ%@s
having a repetitive pattern of articles arranged in rows and columms, each
of the articles having feature detectable wth an inmagi ng subsystem the
system having a I@ser nﬁr%’rﬁ‘"gls‘ﬂlé;’d‘?r. faprd SYF’??’&Q‘?W@”E‘H&SS%E@?H“PGF viafggitheg and
measur emeihfer Bavitll Ar@fleSWRISY faf TNAY AR cilp 24aBOFackspes, cROSE pdrRiHs A4 B [ikEast the
substrate relative to the inagin _subsysFem .and "a ‘user interface connected
at |east ths making imesonyinsa nalps markingnuysiemtand wikibs gesignated wpaionctelptivaitoean nar ks
are to bguiPle3686o2ineRiEIELEMSRHLd | ocations relative to the articles, a

nmet hod of Ilaggr mar’khfeng vvi‘tgrﬁlgpbe m position control using predeterm ned
pattern features, tiheansdorhdstbrooing it déasigonedow@tiond frong, whithr migénct etaus &y be

[ f 0. ; . . f the . be. .
dont i 11 oo A ol el FPHSGuy RIB o T LREREY Hd 2 iem ne

vi si on al godé¢lbhimiegpospdriimnifagleast bhe sticlgubstrate rel ative to the inmagi ng
subsystem automatically to traverse the pattern along at | east one of a row
or colum of the patdne ot ob@ind reRreacedhitd 1 locaRGSehire an alfird side 664 wafet  of
feature | ocations; . rTE.aSL{I’i ng di nension using at |east one detectable
feature of'% atgffaﬁf‘rogf’?’lgﬁ}a Sromsg {ST4eRN + he al gorithm . and. the i mage dat a;
storing di mensi onal mﬁFé‘P&“d%?é'é‘ﬂ“‘Bﬁ%“F?é“‘ﬂ%Qéﬂ

laser beam at a marking location on a second side of the wafer, the positioning based on the

A

relatiysito the wafer so as to position a

feature focation; and

means for marking a predetermined pattern on the second side of the wafer
using a laser marking output beam, the means for determining measures at least one feature in
an image obtained from a first wafer portion, relates the measured feature to a wafer map, and
stores the data for use when marking wafers substantially identical to the first wafer, and
wherein the measuring, relating, and storing are performed automatically by the means for

determining.

70. A system for inspecting machine readable marks on one side of a wafer
without requiring transmission of radiant energy from another side of the wafer and through the
wafer, the wafer having articles which may include die, chip scale packages, circuit patterns
and the like, the marking occurring in a wafer marking system and within a designated region
relative to an article position, the articles having a pattern on a first side, the system
comprising:

means for imaging the first side of the wafer to obtain an image;

means for imaging the mark on the second side of the wafer to obtain

an image;
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determning at |least three feature | ocations of a second set of feature

| ocations relative to the pattern using the di nensional data, the feature

| ocations of 17 2 8 SEP 2006 the second set suitably defining a

rel ati onship between a pattern coordi nate system and a stage c odrocbfatll
system renoving the first substrate; positioning a second substrate to be
mar ked relative to the inmaging subsystem |locating the at |east three
corresponding feature |ocations of the second set of feature locations in
i rage data obtai ned fro t he rres ondi aﬁgﬂgrn on th {second substrat e;
rel ati ng coor di nat e8P ¢ reétaB@ ‘c')sﬁo’fdr%gcef n g gRLep ?% b the
corresponch;degmagbaetnﬂerpnrmﬁofia&cslﬁb@dbdnﬁgd@sﬁd at e; and posi tioning the
substrate relative to tr}e mar ki ng, beam bas%ngm{nrt | east the three feature

| ocations of the seb6HH IYSHPIERERINE Pigs daty ‘?gmwseqqqésﬁ%% hod of claim

73 wher ei Mo detdrivirilat RadtkHEBIosiHioN of NBarll rETRAR t®4h drficle.0bt @i ned by sem automatic
rel ative positioning of the substrate and the imaging subsystemover a

substantially small area of the pattern and further conprising: identifying

a feature in a dirgpl ayephdsRas o ARt RAME Sk b ABASK) BEAEON Of € he

feature using the user rface. 75. The nmethod of claim /74

substrate ln@utﬁssémn@bnﬁuctor wafer, the articles are die, and a feature is
a coner of the die. 76. The nmethod of claim75 wherein the di nensi onal
measurenent is the average die pitch neasured over a substantial nunber of
di e al ong at | eas?2.one Hfe sgsteroas daﬁ@eddmcblainn?ﬂ whéreill the meetshiodestiblishiigg m 76

wh inth o i | th. f . 78. Th t hod
of eE:F:ainm ffe?“%\rl?g’rq‘ B ‘Pﬂad"'g& EHI‘I?'PSO&%% aﬁ ?"\é\g‘lgﬁygﬁgm\l\ﬁagraﬂnpori gin d:f irrﬁed0

relative to a boundary of the pattern.

73. In a laser based system for laser marking of substrates such as
semiconductor wafers or similar substrates with a laser marking beam, the substrates having
a repetitive pattern of articles arranged in rows and columns, each of the articles having a
feature detectable with an imaging subsystem, the system having a laser marking head, the
imaging subsystem for imaging and measurement, a motion subsystem having a stage for
positioning at least the substrate relative to the imaging subsystem, and a user interface
connected at least to the imaging subsystem and motion subsystem, wherein laser marks are
to be placed at predetermined locations relative to the articles, a method of laser marking
with beam position control using predetermined pattern features, the method comprising;

providing, through the user interface, an input so as to cause a portion of the
pattern to be identified for automatic feature detection and measurement with a machine

vision algorithm;

positioning a first substrate relative to the imaging subsystem
automatically to traverse the pattern along at least one of a row or column of the
pattern so as to acquire image data at a first set of feature locations;

measuring a dimension using at least one detectable feature of a
plurality of articles, the algorithm, and the image data;

storing dimensional data based on the measurement;
determining at least three feature locations of a second set of feature

locations relative to the pattern using the dimensional data, the feature locations of

all



2 8 SEP 2006 79. The nethod of claim 73 wherein the step of determ ning

i ncl udes searching for pattern | ocations, and wherein searching is carried
out controlling the stage based on pattern system coordinates. 80. The

met hod of claim 73 wherein the step of providing further includes?gSEP 7006
generating a vision nodel using an inage of a portion of the pattern. 81.
systemfor carrying out the nmethod of claim73 82. A nethod of calibrating a
| aser marking system the nmethod conprising: calibrating a | aser nmarking
systemin three dinensions, the step of <calibrating including storing data

cor r espondi thg sdcondsepbuitabll idt inif a Reitighshg beflaieah Phttdn SoordIRAS §yskmh dMaASHMEENENt
of a workpiece.to be marked; and associating stored calibration data with
t he positi OFPOFFHARLS FYsihnt 8%‘-6 The met hod of claim 82 wherein the data is

stored in multiple cdPPpYiagthghirstsyhsde; the calibration files corresponding

to a plurality of pr@odaidid deshdWbdiuitdo B ALRE rlRVERLSmafl! | nos. 84. The
nmet hod of claim83 wherein the nmultiple calibration files correspond to a

hei ght | evelypdnnPne of marker system paraneter settings is a marking field

di nension. 85." The mgihed @t of Il TheB3 cHASD g Hure lochlitha RS DGRVSE BT

parameter settings is a spot size. aim ereln one
of the mar Keastereslpeations parimage deta abétinadnfiemi the acomespkinding giatieranme thefcorthe
net hod of ¢} al.m.82 wherein the mar ki ng systemis a backsi de wafer narking
system having a fine alignnment canera for obtaining reference data froma
topside of the wafer, i 2 8. 8. t for | aser marking of
sem conduct or wafers r?%%t\‘/‘%gr%’é""g‘“ggg P getggg%ﬂﬁ%aonftﬁ? leli@ssulg%teotf’ ﬂiehcé) H&%)chilgg, and a
second si depatiérntohéhevwadond sulisbatbeandar ked at predeterm ned |ocations relative
to the pattern and wipbditienimg thesdbistige felagiveltothdmabrddhipibadrh Yasedah hideast thathréehe

waf ers, the.system.co i Sing:
featgretlocatlons %P e secogd set to mark the substrate.

74. The method of claim 73 wherein a first estimate of the dimension is
obtained by semiautomatic relative positioning of the substrate and the imaging subsystem over
a substantially small area of the pattern and further comprising:

identifying a feature in a displayed image; and

communicating the image location of the feature using the user
interface.

75. The method of claim 74 wherein the substrate is a semiconductor wafer,

the articles are die, and a feature is a comer of the die.

76. The method of claim 75 wherein the dimensional measurement is the
average die pitch measured over a substantial number of die along at least one of a row and

column.

77. The method of claim 76 wherein the average die pitch is related with a

wafer map.

78. The method of claim 73 wherein the pattern coordinate system has an

origin defined relative to a boundary of the pattern,



means for calibrating a marker nmeans of the system and neans for
controllably positioning a marki ng beamrelative to the wafers based on the
calibration. 89. The systemas in claim@88 further conprising: an é—Y
translator for relatively positioning the wafers and the marker ne nasSEPfZﬁﬂﬁ
calibrating; and neans for calibrating the translator to the marker neans.
90. A |l aser-based wafer marking systemfor marking a wafer having a topside
containing a circuit, the circuit having circuit features, the wafer having

a backside to be narked, the iyste_m conpri sing a calibrated gal vanonet er
marki ng head havi n§-a sdhnmeBAd obglam73pdiersitntye Step of dptesminingainelides ssarding | er

than the wWaf QhtierRiob@iond)aAd RflerBRSbdriRiY i8 GarRb PER coifolIGR Y bhid Bl W th a
range of notion |arge enough to position any wafer [location to be marked to

wi t hi n t hesysgkeonglinaies) d; a calibrated alignment camera with a field of view
substantially smaller than the wafer; a frame which nounts the stage
rigidly with respect to the camera and the marking head; and a controller
having a map for c¥brdi dhe mathodl ocaimo3svistein the staprkprovjding fietther ntlades, and

al i gnnent . . LNg: . h .kKing head to be positioned
rel ative tg@ngg‘lcé: g%?ﬁgﬁﬁbﬁ%ﬂg{%gﬁuﬁ%%\%aa?%ﬁo%gﬁgg%t#gjf ely marked on its
backside relative to the <circuit features on the front side. 91. The system
of claim90 where fhe alignnent canera apd the rKi field are |ocated on
opposi te sides of %]he wﬁ‘fsg’ﬁt.em Oré’ag@ﬁg?btgge m@'g'f’d% tem of clai m90 where
the alignnment canera is offset fromthe marki ng head. 93. The system of
claim90 where a nmark inspection canera is offset fromthe, marking field.

94. The system of % aj m'oRethiptbofeabipatingslescompkpesstptaemsthprdeati on of a

mark obt apggglisfdzom t he inspection canera with a |ocation of a circuit

obtained with the alignnent ] . .
calibrating a laser marking system in three dimensions, the step of

calibrating including storing data corresponding to a plurality of heights; obtaining a
position measurement of a workpiece to be marked; and associating stored

calibration data with the position measurement.

83. The method of claim 82 wherein the data is stored in multiple calibration
files, the calibration files corresponding to a plurality of pre-determined marking system

parameter settings,

84. The method of claim 83 wherein the multiple calibration files correspond to

a height level and one of marker system parameter settings is a marking field dimension.

8s. The method of claim 83 wherein one of the marking system parameter

seftings is a spot size.

86. The method of claim 83 wherein one of the marking system parameter

settings is a working distance.

87. The method of claim 82 wherein the marking system is a backside wafer
marking system having a fine alignment camera for obtaining reference data from a topside of

the wafer.



canera. 95. The systemof claim90 wth a second alignnent canera is offset
fromthe marking field and a mark inspection canera is offset fromthe
marking field on the backside of the wafer. 96. The system of cl aizrgg%m
wherein the scan lens is a telecentric |ens 97. The systemof claim b
wherein the controller coordinates positioning of first and second wafer
portions to be marked based on the map, and wherein the portions overlap
the marking field. 98. In a | aser based marking system for marking

sem conduct or subz%r ates and the like, th systﬁm havi ng .a | aser marker
with a marking fié&fd whickstee fedgeer marking pl senticpndyctor Wafgs heriae supterate, a

posi ti oni ng SHREHES SMhdFufeRYardia cohdSHRUT thedwafbRltebé ¥RIAI ROFeddi@miRg t he
marking field and the substrate, and an alignnment vision subsystem separate

from t he rigfakigns rehive & theinsgera and Fyithin a gnpriking dwskh substantighy gmaller thay ke vel y
posi tion thg.uhsikRhSofpHsin@r ki ng fiel d based on a location of the feature,
a nethod for calibrati nfq the system conprising: neasuring a plurality of
fiducials di sposed oneaamiogcilipmiing e magleyoeansiof e syfiemanidgnment  vi si on

subsystem calibrati j RVARSY e nmeasured
fiducials, the fi dué’?kgfif&ﬁ%@%“ﬁgﬁﬁf@“‘égi%@h?nﬂ‘eﬂﬂ“p%%%@‘f@%ﬁ‘?&ﬁ%@%ﬂ&p 2006
posi ti oni rgsddm the @fjbratied.at i ve to the alignment target to calibrate the
stage using data recording the novenent of the stage and data obtained with
t he alignment vision subsystem the calibration of the stage being
performed subsequent t oThdwystsmapindaimeliflitiat codgprisinge al i gnnent vi si on
system positioning a test substrate to be marked; marking the substrate at
a plurality of |OCaTah(XWt:\&hilhbﬂfoi%ftﬁtifdélﬁlbdsiﬁdﬂhighh@@vifers@ﬁdﬂ}‘élmaﬂ&émeaxﬁEasuri‘ng
mark | ocations_w.th a calibrated optical nmeasurenent systemto obtain

measur enentPsCAR@ILE2AY t he measurements to calibrate the laser marker
wherein the means for calibrating the translator to the marker means.

90. A laser-based wafer marking system for marking a wafer having a
topside containing a circuit, the circuit having circuit features, the wafer having a backside to
be marked, the system comprising

a calibrated galvanometer marking head having a scan lens and a marking
field substantially smaller than the wafer;

a calibrated positioning stage for carrying the wafer with a range of motion
large enough to position any wafer location to be marked to within the marking field;

a calibrated alignment camera with a field of view substantially smaller than
the wafer;

a frame which mounts the stage rigidly with respect to the camera and the
marking head; and

a controller having a map for coordinating locations of the marking head,
stage, and alignment camera for causing the stage and the marking head to be positioned
relative to each other such that the wafer is accurately marked on its backside relative to the

circuit features on the front side.

91.  The system of claim 90 where the alignment camera and the marking field

are located on opposite sides of the wafer.



systemis calibrated. 99. The nmethod of claim98 wherein the predeterm ned

| ocations of the fiducials disposed on the alignnment target conformto an

i ndustry standard for neasurenent. 100. The nethod of claim 98 further
conprising holding the alignnent target stationary, wherein the X-Y E§88e 00§
positions at |east one of marker and the alignnent vision system 101, The
nmet hod of claim 98 wherein the spacing of the fiducials is about 2.5 nmm and
the alignnment target includes a pattern for vision systemalignnent. 102.
The net hod of cl ai m?B fuyrther cgrlp_ri si ng r(grmyi ng the calibration target
from the system and fepl Heiskeent Aeclam G05rhers Bnaligimgat capgerays affsebiomdifost r at e
to be markeghrkinyh@gei n the calibration target and the test substrate have a
substantially identical dinmension and are positioned within a conmon nest
in the system 103. The method of claim98 further conprising noving the

alignment target woth tHe X3, 8t A% %e@dﬁh&%sﬁé@ioﬁ?&é%ﬁ%ﬂ%@d%@gem

vision system stationary during the step of novi 104.
The net hod nefrkiog &¢lda 98 wherein the calibrated optical nmeasurenent systemis
t he alignment vision subsystem 105. The nethod of claim98 wherein the
calibrated optical neasurenent system is a nmetrol ogy system having

resol uti on subst ant 94l | yTigrsesi¢re of tlhiard3spacd thgcdntoilaenmpives arbcdtion ofiachatk eat er

than resolution.af the alignment vision subsystem -8 . .
otb]tamed Fom the mspecgon Camhera with & [0cation of & Circuit obta?fled with the alignment

camera.

95.  The system of claim 90 with a second alignment camera is offset from the
marking field and a mark inspection camera is offset from the marking field on the backside of

the wafer.

96.  The system of claim 90 wherein the scan lens is a telecentric

lens

97.  The system of claim 90 wherein the controller coordinates positioning of
first and second wafer portions to be marked based on the map, and wherein the portions

overlap the marking field.

98.  In a laser based marking system for marking semiconductor substrates and
the like, the system having a laser marker with a marking field which is substantially
smaller than the substrate, a positioning subsystem having an X-Y
stage for relatively positioning the marking field and the substrate, and an alignment
vision subsystem separate from the marker for locating a f?ature on a substrate used to
relatively position the substrate and marking field based on a location of the feature, a
method for calibrating the system comprising:

measuring a plurality of fiducials disposed on an alignment target with
the alignment vision subsystem;
calibrating the alignment vision subsystem based on the measured

fiducials, the fiducials having predetermined locations;
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positioning the stage relative to the alignment target to calibrate the stage
using data recording the movement of the stage and data obtained with the alignment vision
subsystem, the calibration of the stage being performed subsequent to the step of calibrating
the alignment vision system; '

positioning a test substrate to be marked;

marking the substrate at a plurality of locations within the field to obtain
marks; and

measuring mark locations with a calibrated optical measurement system to
obtain measurements and using the measurements to calibrate the laser marker wherein the

system is calibrated.

99. The method of claim 98 wherein the predetermined locations of the

fiducials disposed on the alignment target conform to an industry standard for measurement.

100. The method of claim 98 further comprising holding the alignment target
stationary, wherein the X-Y stage positions at least one of marker and the alignment vision

system,

101. The method of claim 98 wherein the spacing of the fiducials is about 2.5

mm and the alignment target includes a pattern for vision system alignment.

102. The method of claim 98 further comprising removing the calibration
target from the system and replacing the calibration target with a test substrate to be marked,
wherein the calibration target and the test substrate have a substantially identical dimension

and are positioned within a common nest in the sysiem.

103. The method of claim 98 further comprising moving the alignment target
with the X-Y stage and holding the marker and alignment vision system stationary during the

step of moving.

53
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!
104, The method of claim 98 wherein the calibrated optical measurement system

is the alignment vision subsystem.

105. The method of claim 98 wherein the calibrated optical measurement system
is a metrology system having resolution substantially greater than spacing between the marks

and greater than resolution of the alignment vision subsystem.
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