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application Serial No. 60/627,760, filed Novenber 11,
2004. This application is rel ated to U S. application

ot by | VBN ANTESYSIFST FOW LASIR SOLRMARKING o

THE I NVENTION 1. Field of the Invention This i nvent| on

relates to nethods and systens for |aser soft mark
especi al |y CROS§MEB&EN€EOTO\/%EM§EMPBBWQEEON§

Background Art Lasers have been used for |aser mar ki ng
sem conductor wafers for decades. A listing of
repr esent at i VEhip ap;ﬂmhﬁommldumﬁielhmt:ﬁtoof“sU@rmDaisiO}ﬂal application

rel ated to |aser IS _now.pr

5, Sevade- 08(6%/e 7558551%@2][%0 \r/‘l\fg‘ 8&5 fe@}l% app?hcgﬁgﬁ felated to
f ol SVV'ath&ﬁ%e%m ald.VR/ B3, @011 fiRflevancss 2008 Adidhois hereby
various aspects of |aser marking of wafers and

el éndorporiateddyseefdsencederdin uni nati on, and

i nspection/reading marks: U S. Pat. Nos. 4,522, 656;
4,945, 204; 6, 309, 943; 6, 262,388; 5,929,997; 5, 690, 846;
5, 894, 530; 5, 737, BRAKGROUNBQRAIEE PIVENTIANSt r act
11135390. The follow ng representative references
provi de general information on various |aser marking

met hods @and syigidesnie®Mvedtisrat i ons and conponent s:
"Gl vanonetric and Resonant Low Inertia Scanners",

Mont agu, in Laser Beam Scanni ng, Marcel -Dekker, 1985,

pp. 214-216; Gl AR RGN BA RS narking,
Materi al s", @{ggﬂeﬁﬁorﬁ%giteérs Focus \S/\brl February °

19%Epeqilly fobIethfOndicBnmwaiersi and devises. Lasers Take on
I ndustrial Markets", Laser FocusWorld, May 1997, pp.
143-150. Patent Publications: WD 96/16767, WD

98/ 53949 Background Art

Lasers have been used for laser marking semiconductor wafers for
decades. A listing of representative patents and publications generally related to
laser marking is now provided. U.S. patent 5,329,090 relates to dot marking of
wafers. The following representative patent references relate to various aspects of
laser marking of wafers and electronic assemblies, illumination, and
inspection/reading marks: U.S. Pat. Nos. 4,522,656; 4,945,204; 6,309,943,
6,262,388; 5,929,997; 5,690,846; 5,894,530; 5,737,122; and Japanese Patent
Abstract 11135390.

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

153-160; "Commercial Fiber Lasers Take on Industrial Markets", Laser Focus
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U . S. Pat. Nos. 5,965, 042; 5,942,137; 5,932, 119;
5,719, 372; 5,635,976; 5,600,478; 5,521,628; 5,357,077,

WO 20855388; 4,945, 204; 4,922,077; 4,758, 848; A4pTBASIHE/N41144
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4,856, 053; 4,323,755; 4,220,842; 4,156,124, Published
Pat ent Applications V\D 0154854, publication date Aug.

N e )

' ”t 'gr apgd 1@05 Clﬁ 9@ 0412:1d 5t9ha i37ke’s oand 190 9789373; 5,635,976;
Tshed on , entitled " Met

Sy§t@ﬁh 15 raRlo ,.55%.51 977Gé1n%$5a7$(}1g’f ¥ %%réoafﬂg@h‘% 758,848;

I ti tent
T R T A IR e ¢

[ nvent| on. Both appl i cations are hereby incorporated

ngéff %?Ege%lnbgggﬁl%ent ! ?F%t}?nérg’gf) (#n%(lgﬁi 118£t10ntdate Aug.

Vi sUapo1, ReRE&d 1TORr Mnﬁlgﬂﬂ&ﬂo@ Endssyﬁd?rﬁlfon‘ M@flﬁngArtmles such as
i ncl’udi n% mar k_depth, debris, etc
i

h
derﬂrmﬂecb o eBoATiR clRaraP IF Rt NG BoLikg fad WO 0161275,

Ki | 0 1 n
Lo é)gllbll{%ﬁ 6 9}&5 %3 Oz?fdlggﬁ%gélfil ﬁ%ﬂ%bgp{n*ﬁg %tleigfihﬁﬂoﬁhtomatlcally

pr C(Y/erﬂmtmgrRﬁemxmc d%ﬁiglm Datay forbuge inne rlidues- %IIICIISIOI}/&I Inspection

sus ti,bil to s rface k

yopaha i o argebldn Her B0 B TRl tre L B R BYh applicatons
p r 856 Rbreby iRDEpoRfed Bé frefebdaick (i theirsonsitetm  produced by
the assignhee of the present invention for severa

years, is believed to be the first industrial |aser

mar ki ng syst efjo0;siHilityCOMNINa larksSResdehi Bl ¥isRn system (or b
i nclude a 120 mﬂmar1 ﬂy ng ozllot di anet er hal?}g mar Ki ngf (or by

300)petat0m1fsealsmsp'5ht1@n)ng@y depend ogpseveral fsngp ancluding mark depth,
SPS gll ,? i \?\'ﬁ%clgl in,t aa(dége"c?gfltl %Pﬁﬁ'tﬁﬂll ?rﬁ@fé'c{l{)ﬁ: drQRrtain wafer

exi e SO Ing, IncC I Ng

na}[ﬂﬁaﬂkﬁl&ﬁmﬂi&aﬁ@ﬁsf iae eoheakionildwisdameleadsup tedatpoly lnge marking
waf er

he " "
S N R VR P RN e
forsuRhrkRe 2aMapan vaf er.

Wafer marking systems have long been provided by the assignee of
the present invention. WaferMark™ system, produced 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
marking for 300 nm wafers. This meets the SEMI standard specification M1.15. 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.

There are roughly two kinds of laser marks currently used by the
industry, namely soft marks and hard marks. Various marking systems for

producing both “hard marks” and “soft marks” are manufactured by the assignee

2-



There are roughly two kinds of |aser marks currently
used by the industry, nanely soft marks and hard

waornles32¢ar i ous mar ki ng systens for produci ng BOThS2005/041144

"hard marks" and "soft marks" are manufactured by the
assi gneeof the present invention. One such currently
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Si gfitheGhresemt {nveniien. (decsueh cprredflic availablpsusig 1§ fgl{u% G§Humonics
chat B RCEGSRAT GRS if 130 "B fhotBogggye by softmark called

_ ris free". These marKs are
t ySupesbimprk@dutan matkhisdgadmllyueipeatterired wist tdebus giges e These

| aser_ systens.. Such Supersaftmark r

i ERrn b GReHCYRRRR ik PP o ARl Bky eystems.
" e RRER YupérSsanhrks ®aare pagiiced weheh@lasa syseimngpieallyippeaiing in a
limt and [ower [inmit wherein acceﬁJtabIe mar ki n .
ocEarew e EYPERARN Norange shierses g, sgBAeR L frad lower Limit
as mavention, is the foundati

of %}%gé?g&?éreg%{%ﬁ ’%é‘g‘?‘?%%dﬁ% ogy for soft marEs. aI It o

d;es.cri bgs a nethod which is characterized by the steps

of irradiati b f sef.: uly

O et s O BRESP, 3522 405 S PIIE i 68 g presn
t i MBerfidnb idiHel fRAdAHOA Sfuthtamereat &Beofechheloghe$or saft marks. It

surface tt nd ad] i h .
P deacrdass prathshy pron Shaeeuea iy ghe pies O fgiaffe b itns ofa

Segl?&?huls@nﬁj siPich seHhdRGIGPRAseSROAE Aga Corredpondingftades times
pattern, the sem conductor material is nelte

nd,
partbial tigey the switacsdreamifdhgrdgsired surdacs dakeray ayk EfﬁPS?tylg the energy

T T S G20 g,

. ! own in
gl gid)f'i]l%sgondﬁigch @ diengirface (gaernPahe se¢misondutiG2@a@EE6] ist melted and

epth of the
qeffgairfti@}}y ye_qg)_rlrz,g .te h egge&ekﬁg @%ﬁ%ﬁ%ﬁlﬂggglggﬁe\ﬁ% Prl?afagi)ge to the original
I NeBASGHutor SHEAR, iaSrafte Anh@SP Gt hild ai rcdseriseentdr, tahehown in
energy density in the center of the pulse. It is well
kncﬁvgurd@mever, that the process w ndow for the energy
density for generating such marks (commonly known as

the super soft marks) is very small. Therefore, the
adj ust nent of Atdvedide i H. S fPatdne Noe d 220 6a thealepih of the recess can
changi n

be con%rolled by energy density, i.e., the depth of the recess will be increased if

there is a corresponding increase of the energy density in the center of the pulse.

It is well known, however, that the process window for the energy
density for generating such marks (commonly known as the super soft marks) is
very small. Therefore, the adjustment of the depth of the recessed area by changing
the energy density on the part is very limited. In addition, there are certain depth

ranges that cannot be achieved by simply adjusting the energy or energy density.

For example, one can increase the laser energy from 970 uj to 980 W]
to get the upper energy limit of the super soft mark, shown in Figure 6. Since the
energy process window for super soft mark in only around 10 yj in this case, the

difference in depth between the two marks is very small. If one has to generate a
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the energy density on the part is very limted. In
addition, there are certain depth ranges that cannot

woeommasmged by sinply adjusting the energy or PEMAISZNS/041144

10

15

20

25

density. For exanple, one can increase the |aser

energy from970 nj to 980 nm to get the upper energy

l[imt of the super soft mark, shown in Figure 6. Since

t henaghevitly a plepthe gkouti htow fosrexampls. ik dy fve%fhfﬁﬂHt,ofm%yPerhaPS
around ] o] ' iof ' epth
L R T
generate amark with a depth about 2 mm for exanple,

it is very diffjcult. d I [ (ble j ot

| aser mar ki n&%tb%W%@‘cﬁg%?%gtzoél t?@&g’més eE’XSY\I}teh go fPhnarks on
S eRF 4G9 YHGL Rffefeabmbhodépis dre edyuiled ® sormaldate, the néw processes.
mar ks on wafers with different mark depth

r edUisr daroforearyidepiaaile i IyeAdHich PEng Lec %Elg |ﬂ£at provides easy
ENERRLOLS o hY nfERhEABHE drand@ifer Sott ARGEs. Mar ki ng

que provi des easy adjustnent for the
mar ki ng depth of the super soft marks. SUMMARY OF THE

I NVENTI ON An obj ec t @’Pelsﬁt"rﬁiﬁ'f' nisto
provi de an inproveguﬁ@lﬁgﬁf and s;gsl em ofr(b]ﬁaser soft
mar ki ng, especially for sem conductor wafers and

devices. In carrying out the above o.bjaect and ot h%vedmethod

obj ects of t H&! PPIEEHhe PResT Iniop 15 1 ROV 40 'HY

et IR 9o fR nSERInG OSGAIRS foraéicohductorrwafas and devices.
sofa?‘?fg}{ﬁé%ﬁ%% W%fer isgpfkgvi dg{i. The net hod i ncl udes

setting a laser pulse wdth of one or nore | aser

e O T RSl Bt el B vEBBICRN alfbofck ABRIrsO ! present

pul ses havin nor € set w dths that affect
t hen@gpion, aflasr-seirkimgrkethbdof mmrking esehuconsictoT eatprmiokform a

depth is suhstantially dependent .on.the . :
SorSoBmASk MRS PO HEThoAN BieiRg, 5 RSP G D a BRp pyse wideh
a P oRE BREdEYaRt pliRes RNRIRtiVEPpeovidd pug optosemstroutput pulses
sel ectively provide the one or np

re oyt put pul ses .
haviaNZoTSI Tare Pt RGBS 1BH Gitept e dpa of fisp Rmark that is to be
accgpt abl s r ' i 1
SR SRS I O 08 o
t hewidne. oTherarechaaufupthier ndlsdes shtiingrigpelhe easrey ¢ thp pae or more

zetr@g]l){hs,p%ls\é\g toc|>t s%fecg\rf]&y tp{r]oevigeetthe toﬁcte %1|.r mte &Hﬁuteﬁﬁgeg %a&iﬂk% set total
output energy that is within an acceptable process energy window for producing the
softmark. The method still further includes delivering the one or more output pulsgs
having the one or more set pulse widths and the set total output energy into a region
of the wafer such that energy density within the region, as determined by the one or
more set pulse widths and the set total output energy, modifies wafer material and

thereby produces the softmark having the mark depth within a predetermined range.

The mark depth may be substantially proportional to a pulse width

over a substantial range of pulse widths.

The mark depth may be in the range of about 1 micron to 6 microns.
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material and thereby produces the softmark having the
mark depth within a predeterm ned range. The mark

depth may be substantially proportiqnal to a | s

wi dth over aTdg mbﬁ@ﬁ’thﬂn%’ahﬁ}gg‘g@er&ﬂl‘%‘iea% @mgcfijw-gﬁé:xacﬂy one
m_a(r?[}itgﬁgﬁ .My be in the range of about 1 micron to 6

m st The mark depth may be predeterm ned and forned

Wi th exactly one output pulse. The mark depth may be

finer than ahqut 1 micran. Yer [ ut put

pul se. may be i ek gsraray B R dai 1ol ol P

m crojoules to about 1100 m crojoul es. The acceptabl e
process ener wi ndow, may be centered on central ;
energy in a %}ﬁf&}’dp as OWipngHng\ﬁé?a%fpﬂﬁaF ra{g&e of about 600
ab%&roi&ul?% ﬁ)_ra@oﬁgiﬁﬁ) hRsGohiean the central energy and

an upper mt about 10 m crojoul es above the central
energy. An output pulse may have a typical set pul se

200 nanosecorie Crtifaiss HaBFRARRIPRN tedeARRiK on a conrl
\;\ﬂetégll&r%ﬁfﬁti ﬁbﬁpi@zlﬂ.frﬁﬁg”eﬂ’ﬁdingwdsquﬁnﬁt df?mbbtltel(lslgzggjogllés ?eess than the
s dorgn s inpe b £ SBeBheR bhORE Sy nre-
of setting the |aser pulse wdth. The steps of setting

may be perfornmed substantially sinultaneously. Further

i R carryi ng ofm otipet pyley BaghjaEe # t&?\‘@alosﬁh@ﬂs%%ﬁl‘ggtlg thy range of
the.present i nv [ O - § Ng system for
narqblgﬁtgf(glls@%g%oglﬁ%toc 8}‘9%6@ gg{otso g%’m a softmark on

the wafer is provided. The systemincludes a | aser

bsyst f ' i
2 cont 1ol er BUGREP ObI o i8R Tyl S RS od Pirtormed

a controller ase

subgysdREht hBe SeH bl Wiliey hegPussenbrger pul se width of

u
the one or nore |aser

The step of setting the pulse energy may be performed subsequent to

the step of setting the laser pulse width.
The steps of setting may be performed substantially simultaneously .

Further in carrying out the above object and other objects of the
present invention, a laser-marking system for marking a semiconductor wafer to
form a softmark on the wafer is provided. The system includes a laser subsystem
for generating one or more laser pulses and a controller operatively connected to the
laser subsystem. The controller sets a laser pulse width of the one or more laser
pulses to selectively provide one or more laser output pulses having one or more set
pulse widths that affect the depth of a softmark that is to be formed. The mark
depth is substantially dependent on the one or more set pulse widths. The controller
further sets a pulse energy of the one or more output pulses to selectively provide

the one or more output pulses having a set total output energy that is within an
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pul ses to selectively provide one or nore |aser output
pul ses having one or nore set pulse widths that affect
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depth is substantially dependent on the one or nore
set pulse widths. The controller further sets a pul se
energy of the one or nore output pulses to selective

I
pr ancepteble Ipeoa@meemmh@owdppmodwpggge Sﬁgmaﬁ]@. gﬁg System ¥urther
total .output e LS. AWM i for deliveri
pr H’GL}‘§1§S 3%S?Byd%\%{l%ﬁo%&?%lrﬂh%tr]\g%lgg%%%ﬁ?@g&g %%@rpr&ét%l rhe e
Sy feyiie fo mtidre foutpue pulBeshavitpetinode loF vearg setymsenyidéptand the set

i ncl udes an opti.cal b f i i t s
o oS L TR P VR0 B RS i e

\(’)"if ijétg::f]tgl, 30 YetchRi®Atoyt Bk @ne Qvinmit sengulgywidihoamd thegeototal pulse

waf er such that ener ensi t thin t )
e gicogy mesifies Wit moGEis) mad BT AE DB e Sifingsh Paging the mark
i gt ~ | se energy, nodifi f
" 0 D BBk s eneray, i uaf o

y produces the softmark having the
mar k depth within a predeterm ned range. The

controller i ncl ude a subsyst ' ts and
conponents artd® gm&t&(ﬂ%{ iy &Cg%%aanﬁt%%n?épeg%%%@g ICCIO])E/nponem san
usgQoh@bl ;%Fiﬁhmlas}s e@BRatipnisedfor ndrkingoystenl doatrobay

further i'nclude a subsystem of el ectronic conponents

and a control programthat is dedicated to control of

the | aser subgyst&moibhemhRS@Fthedisosdem gebsyseal vfeslectronic
fi ber-based l'aser having a tunable pul se w dth H}\fet
dof the laser

st icbmpbnertthendi o coatroly ipregramt thahds alsdigated bjoe eont

ot her objects of the present invention, a

| asBPSYREFki ng nethod of fornming a softmark on a

sem conductor wafer is provided. The nethod incl udes
setting a tenﬁ%ral characteristi.c,of

t .
portion of a | 1asey sy gg?m&ﬂydﬂcfluq%aafﬁegﬁag%f fSaS%el’l&\:/},l]’lg gftunable

a to be formed with the | aser output. The
rreﬁﬁgsgr@gﬁ'her i ncludes setting total output energy of

the pul sed | aser output to correspond to energy within

o tmark on (Ve ORI ety DUt S0 @St i BESbjects of
the present invention, a laser-marking method of forming a softmark on a
semiconductor wafer is provided. The method includes seiting a temporal
characteristic of at least a portion of a pulsed laser output that affects depth of a
softmark to be formed with the laser output. The method further includes setting
total output energy of the pulsed laser output to correspond to energy within an
acceptable process energy window so as to form the softmark on the semiconductor

wafer.

The steps of setting may be performed prior to marking a batch of
wafers. The temporal characteristic and the total output energy may remain set

during marking of the entire batch.

The steps of setting may be performed subsequent to positioning a

wafer at a marking station, and prior to marking a single wafer.

-6-



wafer. The steps of setting may be perfornmed prior to
mar ki ng a batch of wafers. The tenporal characteristic
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mar ki ng of the entire batch. The steps of setting may
be perforned subsequent to positioni ng a. vvafer at a
mar ki ng station, and prior to marking S|ng

vvaf er. The st épe S(ﬁﬁfpsﬁtsﬁﬁtlﬁé Wyb%ﬁefé@m@rﬁ?ﬁﬁ%ﬁ%@dl?éﬁ?mng a
wﬁa&% kat Y 'ﬁjlal?ﬁmg Pafoa" ﬁ%’he ¢ gﬂ§n$ta%ﬁgg@ vk, PTh@temporal

a single wafe npor a aracteristic
an tihﬁﬂaetehmcadndahﬂ Iptal ompetr @prgyayay)be vexieidea prastupe snfumasks having
sof rks h [ ent term ned depths on the
5’6& 64 %9h ﬁ% “ibe performed by a
Iaser-mar ki ng system and the tenporal characteristic
and the total output energy nay be set

manuf act ur i nglks fiepsgif sehig|maepe Rﬁﬁf%m?&a@ﬁ/%tl%qﬁ:f -rarkjpe gystem,
Si t Wﬁl%lr Ferﬁé&y?all AnCActdRuK! 40 ﬁ))ésio%m bEphtn bl Qﬁay be set at a

Fur arrying out the above object and ot her
objreatsaciringhsiteptaleiaserimarding systemer| 248 site here the laser-marking
nmet hod of fglgﬂng a softmark on a sem conductor wafer

i s SHPGW 5B e "net hod i ncl udes setting one or nore

| aser pul se widths of one or nore |aser puI ses. The

one or nore set pulse wdths affect

softmark to LRUHhsE iBSaying SHShe R goYﬁ' oﬁﬁgt aqdagtgpr objects of the

pu'ﬁt@ tTHR/eH@(SI?og ﬁéééﬂﬂﬁfklhglcﬂn@ﬂl@& Set formehg of aoftmark on a
energy of the one or nore |aser (g%;l ses. The set

t otmhumndputpr sradar gy prwideds phitgmethd dpalpdsy sqiting; gne g5 more laser
accent ablgﬁﬁﬂo %fo%%io? nidkE rlz?s¥r ﬁﬁlg%ovvfdﬁeooﬁeo(;ﬂﬁl ﬁ%e?ﬁﬁlﬁé@'id?hs affect

on RH¥ or ~wa ment s o t he presen
| Nv@spth enthesyfugerkenodle fyrnieel witke thet(memr oatre dasei pilegs. The method

sof t mar ks or. super sof t mar ks ect of

 VAHRPORCRdSE TG (oL SHPUCTALet O GARep: P ! gulses. The se
ng%gé@rldﬁr’gﬁu-[%e &rf"é%ﬁoﬂﬁnt%f @ekyy Bethim af dcedpysblefprocess energy
abou

cron tTo about
window to form the softmark on the semiconductor wafer.

Embodiments of the present invention may generally be used to

produce either softmarks or supersoftmarks®.

One aspect of the invention features a semiconductor wafer having
a softmark. The mark may generally be in a range of about 1 micron to about 6
microns. In at least one embodiment of the present invention a softmark depth may

be finer than about 1 micron.

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

accompanying drawings.



mcrons. In at | east one enbodi nent of the present
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and advant ages of the present invention are readily
apparent fromthe follow ng detail ed description of
t he best node for_carrying o [ ' en
taken i n conneBRIBH w%@%@%@ﬁ&%ﬁﬁ%ﬁw@
drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1

schematically illustrates first and second soft marks
produced wi t 6. 4 sthemadticabydillnsteptesniinst angd seepnd snfemarkyproduced
waf er, .usi ng..a J aser rKkj '

o gt §I3uAed EROR RGO AR pARE o BRI system of
Notont @mb6inent ofFthe préseint inverticat (esnpified fenjlluatrgtiom gt to scale);
and optical system|ayout which may be used in a

commercial marking systemfor practicing at |east one
enbodi ment ofp1ENe iieRRE bn kREBllydaser Ehdﬁﬁ)ticaﬁsﬁmfh Bbout which
schematical ly illustrate, by way of exanple, a |aser .

c awiiayybe(Bed Uy & cannersiad Iarkingisysieanioar racYFing ik leaghang ymbodiment
l ength to cha 1he |laser output pulse width (Figure

3b)°; ﬂf‘ﬁ ?%.Senﬁéﬁ%gu%’{ll ustrate exenplary tenporal pul se
characteristics of a burst of pulses, and shows an

expanded vi e f. gne re pul.se Lt hi .

PG5 s o tdpS, Beangrd AtsmeBra R, B Bpr bl Gapprte, a lase
gr aphy Angudadad ah@s Slodiidatién 6ftee gyvilylength to clidnge tie laser output
a top view of a prior art super soft mark, graphs and
datpuldeasidih gligwe dhergy 980 nj ; FIG 7 is a graph of

mar k depth versus | aser pulse width for a given energy
density; FIG 8 is a top view of a super soft mark, .
graphs” and daFiGSyidakictiHestrate &xempldryideraperebpiseghapaggeristics of a

mm bu%sr,]tdof pulses, and shows an expanded view of one or more pulses within a burst;

FIG. 5 is a top view of a prior art super soft mark, graphs and data

laser pulse energy 970 Wj;

FIG. 6 is a top view of a prior art super soft mark, graphs and data

laser pulse energy 980 Wj;

FIG. 7 is a graph of mark depth versus laser pulse width for a given

energy density;

FIG. 8 is a top view of a super soft mark, graphs and data with the
mark having a depth of 2.6 pm; and

FIG. 9 is a top view of a super soft mark, graphs and data with the
mark having a depth of 1.8 pm.



FIG 9 is a top view of a super soft mark, graphs and
data with the mark having a depth of 1.8 nmm DETAI LED
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experinmental results, the inventors realize that |aser
pul se wi dt h has nmuch nore inpact on the mark depth

Syet et F AT BRI R G eRER B8 TR DAENTS

FIGURE 1 schematically illustrates first and second
sof t mar ks produced within a |ocalized, regi on of

a
semi conduct or Bagein exprrigenial Bswis. ae javafoss ieakiss Gt laser pulse
t hewﬁ’dtﬁ%@@fnubfh‘fﬁﬁ‘é hﬁéhc( gmm! fnaf@a*epfﬂp q?hldl t errg% BP@meral density

not to sca exanpl e, “mar

andd@2 in raemétbod'rem;tl syistem bhseembodigenzofihe poesaot ipwéngion.
| aser outputs having pulse widths t | and t2 and
energies El and E2. In this exanple a portion of the

wafer is mar kEDGwR@r (3 mhanwao‘aﬂy iﬂmtfatad fipst cqpr $dcend ameftmarks
subst nt| aI ant ser out irecte

02 i's d1 to )
rﬁélog @éﬁm&@p %c‘é?rowa ef‘ 8§1ng a laser markmg

I ns§}%[h&‘1§oﬁth3 ﬁ?éééﬁt lﬂ@hﬁaim @s'ﬁ%bﬁﬁecﬁﬁﬁ”l‘ﬁ%’iraua'ﬂ enct ¢GEHARY. BY way of
i ncl'uded wthin the delivery st em al ong W th various

ot hexample.i BaEksopih @lapths:é?ﬂpm %amoﬁorm@hm@u]@amﬁ@h and second
foc | t r
| st BEsdt AR S p Ay LR Qg B ATLAGREs P B 2. In hi
an dexmﬁple al pastiai efrtHeayafot 1S\/\ﬂmaﬂ<ledmd}er®dlwweﬁ:r Ioptleal properties are
co rci al_marking stem for. actlc n l.east on
SRR RS R LSt retin © it ing ciin He a beam
| aSGéﬂdcﬁfre t§r Iltadcd @ MBNIS ioalvhborAMal kédh&s. The scanner is included
dlode-punped solid state | aser_ produced_ by the

asswghgbthgﬂe]tl‘fﬁéy pifséasia along withnyarions olps vaiius optical components for
c omﬂé S]?J?@loﬁf fo%ﬁ@ﬁ%éagéﬂgzﬁg) nORhd Sidnila® ogeraBSﬂTbn a laser beam.

expan scan dcan mrro
conf i gurat| ons may be utilized in enbodi nents of the

present invent]| T h of FlI

experi nment al FZ@QPFJ g u%ﬁﬁq%& 23 gﬁ:rﬂp agﬁgﬁg&pgeopgﬁalts%tem layout

| as@hidiinge baivded id @rcosmiéréR nRfkihg )Sysi@ﬂﬁsﬂot YradticidgREESeast one

8 and 9 show tﬂ/pl cal super soft marks with mark depths
embodiment of the present invention. The Sigma 100 laser refers to a commerc1a11y
available, diode-pumped, solid state laser produced by the assignee of the present
invention. Various combinations of beam shaping optics (e.g: beam expanders),
scan lenses, and scan mirror configurations may be utilized in embodiments of the

present invention.

The graph of FIGURE 7 shows experimental results of mark depth

dependence on the laser pulse width for a given energy density.

FIGURES 8 and 9 show typical super soft marks with mark depths
2.6 pm and 1.8 pm for pulse widths 124 ns and 72 ns, respectively.

The laser energy, and corresponding energy density, used in

embodiments of the present invention will generally be based on wafer optical
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2.6 mMmand 1.8 mmfor pulse wdths 124 ns and 72 ns,

respectively. The | aser energy, and correspondi ng
wenearep3mensi ty, used in enbodi nents of the precsemis2005/041144

invention will generally be based on wafer

opti cal properties. In many cases the wafers will be

bare and | ished. The wafer n e pol.i she as_t.0
corapaHiED 8 AT <ass 1o Ugfrae il be Seand POTRGec op Jedl® may be
r ef { AREQNGR1sG8 RoRRIED AGhARCe BuBleys dtirRiarDaTh sirface reflectance
bat'ch, and possibly over a wafer. Oxidation can | ead

t o canrbegubecserbiorvar froaubaieh i9ehaicho And RSy pyer wafer. Oxidation
ener gy, Tyoi . by i . _
oy r BRI LRk e B vpicay e
5 (e.igcidemesretgy wil2 bt iwar faage of pboRr@Oenicbdjpulehe- hlOkinisgojoules
w ] occur. at, the pasition of best focus at each

mar igwgmfatl}]é’aac%t}nv%{%glpn)a marki ng field. However, the

mar ki ng may al so occur at positions other than best

focus and may_occur with off-ngrmal incident Ki
bearms. Pref er Bisfayably themankmg illocqprat qusmoag’? é&%?gcelé at each

set 0 . ) . i
T R A ——
as spayitims afthartbap bess dncusi andemay oecur rwvighe ptfanarnieh dgident marking
menpry repair systens. Laser pul se widths can be

sel d over a continuous range from4 ns to 20 ns.

In at | east one preferred enbodi nent a mark depth, a

correspondi ng_| ase ulse width, . I r out put

energy | aser B’lﬂ?%ré{’wp(ft SFalM Beewégtﬁe‘@ﬁ]z eteﬁ%ﬁogﬁett ffad may be
us &%{ﬁﬂﬁaﬁlé.e Onle b6 EBGHIPT0Y Fiadiavdr thhorh PG Pablonitg that is used
syste Publ'ished U. S. patent application :

200k (88sigoce afthieguensnt BVenPIBSCHABAMAPO MIENGSY SERHE Systems.

i nventi o i e ' . i

BBy 9B 5 1941243 15550 EMGETROR 420 .
15sur tdesst oftyproerredf enshodiment a near MIBpAh systreasporalmgigser pulse width,

T S T TN T -
havigrRB p&\ﬁhé@@ﬁh@ﬁ@ﬁmrk—fﬁ%esﬁ@ﬁﬂ and out put rodul at or
e

are controlled to selectively direct one or nore | aser
pul ses

10

Published U.S. patent application 2004/0188399, assigned to the

assignee of the present invention, discloses various laser system embodiments

20  useable for creating or removing a feature on a surface. By way of example, a
MOPA system having a fiber optic amplifier is disclosed. The laser processing
system may include an output sub-system having an A-O modulator. The MOPA

and output modulator are controlled to selectively direct one or more laser pulses

to the target material based on position information. Each of the output pulses

25  incident of the surface may have a different pulsewidth.

Another way to set a pulse width is to adjust the laser cavity geometry
and dimensions, as well as the reflectivity of the output coupler. FIGURE 3a shows
a typical laser cavity with the output coupler reflectivity, R1, and a total cavity

length, L1. A folded cavity can also be represented with an effective cavity length
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to the target material based on position information.
Each of the output pul ses incident of the surface may

woavw/a3dsf f erent pul sewi dth. Another way to SBCTAS2005/041144

10

15

20

25

pulse wwdth is to adjust the |aser cavity geonetry and
di mensi ons, as well as the reflectivity of t he out put

coupl er. FIGJPVE 3a shows i cal aV|
t hin tig pase. cBIPURE Fephasry m\rttﬁe Iager P B;HV b bidhged by

?:\gér&gngn@g%%blq #ngr[]h g ?‘el 0l e Bkdu c%ﬁﬁle@'réﬂed@ﬁlty to R2. The

ctive cavity lengthin this
c aﬁrﬁvaﬂﬁt@dlﬂlﬁofhb:asiﬁy)vmrrhmvﬁheﬁ@tal refleetopadstie guigitcQRIeTn also

d he._cayi
Sﬁ%ﬁ %ggzﬁp“v@ery ]L,hggt'o tc:lav lél%/goﬂjl ?g%%&@ Cﬂl}f?/rggrg ;rde E%@e the laser
boﬁ&oﬁﬁﬁt E%f@l?dti@h&he( fdm&: t’Dhcﬁiry aed gpm“atmn aﬁr:ldsdr tresonators can be
out put coupl er) can_ al so e en .the tot.
cavouny [1BngeRy X hBeRiEd PindBpaay o8 L4logs, Srpykd by laser

r e NAkQRurGENT DAETAER BrebdiRe S& ”’las&@’e Cb"yYP@&d mmmtam nfoseph

aser resonators can be found in many text Q “
har’Bbbtersputﬁuﬂhbd:hy dlobgstlpm& s plP8Basbhapter 1 entltled Laser

M| T%e%%?a %rﬁgdﬁs&lgg oS h% ﬁé'o‘?g%ﬁd hﬁgﬂkﬁ O $he 1|§¥er|?:@¢/%l‘

err ohn
Sons 1988. Chapter 14 entltled "Laser Resonators

describes in detail the theory an

| aser cavi ty AJQRRITEY RSt ?Bulé%fm h&to kgn cg\faﬁﬁ)efge Oli}% common

t aiiﬁse?@ﬁ%ﬂ&t@ﬂﬁmofz 2 hePEe Wiige ﬂe@%éﬁmwhrﬂhshn@ease d the laser
e puls decreases with the increase of

| aSﬂﬁBrg@fne%@m orgor inadiele STeHOENREU el (v RS laser to a
%ghelr gsgt 2}% rgyuﬁv&ht% Jgﬁgﬁrthfz Qeddddi SN wiith S8nc BRA MK ternally

nee se wi dth, and then
eXta@t%ﬁ@dté yYhabéan uatachiche tltﬁefﬁmltrod gobrigp\densitie to geuibesyper soft
energy density to get the super soft marks. One may
al §B&%pl oit anot her common | aser characteristic, i.e.
, the pulse width increases with the repetltlon rate
of the laser. Operating the |laser at a
repetition r £Dee eR glso %Pﬁ%‘r?gﬁ‘@%ebﬁ?@@ow #ﬁ?har%tfnilstlc Le., the

I ve

| t?{ﬁ)?ltﬂat f Hth@lagéry EDp&BBAGIhe laser at a
lﬁlst &%&% ?eragrlfsgxlp yﬂ%\?{gﬁ e 5 swi t ched, I()jl odeg
purmgh‘brlrapmtma)mtee(ﬁms a longer pulse width), will give rise to a deeper mark

depth for a given energy density.

Commercially available g-switched, diode pumped laser systems
include provisions for adjusting the repetition rate. Such models are available from
Lightwave Electronics and Spectra Physics. In some embodiments, the laser
systems may be combined with an output attenuator to control the total energy on

the surface.

Therefore, commercially available laser technology can be adapted
to carry out numerous embodiments of the present invention. The laser system may

be g-switched or gain switched, and various combinations thereof.
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i nclude provisions for adjusting the repetition rate.

Such nodel s are avail able from Li ghtwave El ectronics
wandeBessra Physics. I n sone enbodi nents, therPCasasR005/041144

systens may be conbined with an output attenuator to

control the total energy on the surface Ther ef or e,

comercially avail abl e, | aser. t 0 n be ada

Cocarry out bReaReTERERER N ARORr Rt et Syt A reristics
| NV eRlyiterket tbeffdchaRfk goish.candreie tbal tsavért ?\h&ﬂleﬁg“y igaiso to be set
swi t ched, and various conbi nat.i ons %pereo In certain
enb3aiirea acopREblsRrOpRsRBTEY WK QF fstance, the laser system may

ch a'bé‘%%)@r]rateﬁt hGS<tBY: R6dSetrnt Buak ‘i'r?a?ft geﬁ@irah %R‘hgracé@ed with an

the to | aser output energy is so to eset W th
San aevsdepeathhteis playdy serdng with rapnedioln. 2 W@Vefpnfgtomceuentsm ef pulses

| as e r
o ST BN eSSBS s Dl s ol rom e
t hasoftraark mmy pe \mcrhya barstoft Itulseesm&bﬂlettanpomhmﬁ&wmm may be at

Cor 1SRG Bt B < loBEi e cre L eafop.(ppporal spacing

sof bam@ekn HYstPCa PUKR WidBHIr 8 g@fal @ph@ﬁg beB&ént #4® or more pulses,
tenporal characteristic may be at |east one of a burst

10wi dtempaselr %‘teﬂ@ﬂ\k@ﬁ‘@?@l iaple Mopk pulses i satidslay balyper af least two
spa 1RG k&ﬁ{l:@)‘?ﬁkebs\%oﬁ a pul se width, tenporal
’ en t or

spa I'ng’be nore pul ses, tenporal overl ap
between two or nore pul ses, a set delay between at

| east two pul se sha Fl GURES .4a- 4

illustrate exmpﬁ}d ‘tlaeﬁ‘g]ﬂu ﬁratﬁﬁf( lgwa}eg&o&l pél}seccgaracterlstlcs
t he thgafnaPeesset ih At dasl @S tmboEmRAD O ihEepres@k ihvi@ition. Numerous
present I nvention. Numerous references teach "burst

mod &8 e@lggesa&:a@h “b‘pf@T 50deh apsragon, p}g}}lgee shaping, Jpissgstretching, pulse

pul S t e,
15 ﬁglag (? %ﬁgcg adg}eélﬁtﬁ&a pg}nle gg%t?[gbﬁ ?%@6%%1 patent application

| eaQOOQFngQVrSéé @Béeasumurq&;&ja 19b, dﬁd 18 anchd9, and correspondmg
corr ondj S 0f. t\h S [

hoRgtgy pHE B8l BEaaRigho RN E GRTEkiAEE} 1alhay be usea
adapt athptedrfotias m@nﬁ)ﬁbﬁnﬁnfmiﬂl&: mﬁseﬁlhﬁlvpntﬁﬁﬁnm embodiments where
[ nveugl aQn. Erﬂﬂn enbod] nent ﬁ I t| uI ses are

us e FHEPlpPEEETAC ISt ‘iﬁ’d?rR Icego ’@Pa%; t“fc?ﬁ%’@ e the order

20t "€ oPHEBIRI ten nanoseconds or less may be best for matenal modification. The pulse

delay or spacing may be determined based on a thermal time constant of the Silicon
substrate. Published US patent application 2004/0188399, assigned to the assignee
of the present invention (noted above) and various reference cited therein also

generally relate to generation and manipulation of pulsed laser outputs.

25 In practice, the pulse temporal characteristics and energy may be set
for a lot or batch wafers, without a requirement for further adjustment. Future
requirements may lead to setting of the pulse characteristics for marking different
depths within a field. The surface variations of the wafers lead to a requirement for
“process studies” to determine the laser output energy requirement, and such

30  variations generally determine the frequency of such measurements. Preferably, the
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or about ten nanoseconds or |ess may be best for

materi al nodification. The pul se delay or spacing may
woeodasessi ned based on a thermal tinme constanPCoOfUSkdees/ 041144

Silicon substrate. Published US patent application

2004/ 0188399, assigned to the assignee of the present

i nvention_(noted aboy nd vari eference cite
th elPRAT K Syeirer Mcles Grse ot e BELON Gt Grie 204 software to
gé}%ﬂrﬁ{ Arg/nnéaﬁed)g o268 JnRREY witk! hithiafm bperbiod GhteARntibhle

pul se tenpor racteristics and energy may be set
for a lot or batch wafers, w thout a requirenent for
further adj uskipdfimdidl f e fadhl RUBRIGh 48X i@ﬂg #Rd for “dot”
setting of the pul'se C Aracteristics for I'n _
di f foemetst odapfifss sidet bf thaawhfeelrday Ph @Oilahefdatma standard. Various
varl ns of .t he waf ead to, a.require

"o belEngar b gnginepiimal hE G Sy e ojyperking
r eqpiokiSes Prodwed By ehe Madigilel M thedpresdl inveRtedgr for ridstance the
t he” frequency of such neasur enents. Preferably,

t heG8HamonieskWaderapek eematlgdes det ecti on and

calibration hardware and software to perform any

needed process studies w th m ni num operator

i nt er vent i on. Whilsodinheditentst of ite prvssden Hayeebrenomlugirated and

| d f " £
 heoRrind. o2 e e el BT Bplahty GhusRaficutt describe ai
10€ nbgébsﬂﬁé'lf(ﬁnﬁfoﬂthe iveasiemt Rawentheomoriaynsed in rﬁeﬂ]leaﬂfreahon are

the series mar ki ng product roduced
assW@ﬁ@é) é‘FSC{lﬁEOIbFaégeéﬁbaq #éﬂ’colno &’ % rﬁ% d;ﬁattvlqgous changes
! e fltBe invention.

JT% ngr@egeﬁﬁgalé%g%% ﬁggﬂﬁgveﬁ%tgg%};l? I\%Ust rated and
descrlbed, it is not intended that these enbodi nents
illustrate and descri be all possible forns of the
i nvention. Rather, the words used in the specification
are words of description rather than limtation, and
it 1s understood that various changes may be made
W t hout departing fromthe spirit and scope of the
i nvention. WHAT IS CLAIMED IS: 1. A laser-marking
nmet hod of marking a sem conductor wafer to forma
softmark on the wafer, the nethod conprising: setting
a laser pulse width of one or nore | aser pulses to
sel ectively
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provi de one or nore | aser output pul ses having one or
nore set pulse widths that affect the depth of a

weabdoasisst hat is to be forned, the mark dept hPCo/US2005/041144
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substanti ally dependent on the one or nore set pul se

wi dt hs; setting a pul se energy of the one or nore

out put pul ses ectively provide the one or nore
out\&ﬁAﬁﬁ%I}S&ﬁi% a set total output energy that is

wi thin an acceptabl e process energy w ndow for

produci ng the softmark; and delivering the one or nore

out put pul sesl.-havihdasehmagkiag srethask of arking,p semigopdygor wafer
and .t t ' - J.€gi on of the

2Oy AR Cn B P, L E Mo BR800 On The
det er m ned bysetthe alager pulseovidihsetongur seoreilasehpulagsdtotshlectively

set total output ener nodi fi.es. waf er _nat er i al .

* neBEE 9PE AL L FHE SYPERIIES HAVIAG BN TAEK hRpER Vidths tha
Wi t4HeBt e BERHOF 8 koAt thange. beXormd tehitdicpt oltaisnbdantially
inclaiml, wherein the mark depth is substantially

pr olspendeshan theoong PuNYe sqh BHlse wikhs:a substantial range

of pul se wi dthg; ' ' bdMolselectivel
wherein the n%?twg%x&%ﬁ@}ﬁ%ﬁé%ﬁ%%@%ﬁ@éﬂl Egm o .y
i gyrowide ¢heomei ox moors outhut Phleeshaving ses tasalpupmsd energy: fhgh i within

L S L 5Pl B LD B e

clained in cl@liveding Weemeion nidre onmuk pulegtiiavirg the oae or more set
than about 1 micron. 6. The method as claine #'ln c%ai My that
1, e widhead e sehtofal QUIRHLEEIEY IO Hapalanof the, waler such tha
UYyPife cFéﬁE‘i%‘;wﬁflinQBQi’kt &0 Qs M FAined b§ $hel sheak hbre $di@flse widths
m cr o] Bul es.”7. The nethod as clainmed in claiml,

wh eangi the séfetotat ouipraencsgy roedifiss water gyateial g theyeby produces the

d . - ' havi
o e Ry e SR S0 WA SpRubBnR R0 [T

central energy and an upper limt about 10 microjoul es
above the cen%ral %Rer%
. € 1

thod as claimed in claim 1, wherein the mark depth is

substantially proportional to a pulse width over a substantial range of pulse widths.

3. The method as claimed in claim 1, wherein the mark depth is

in the range of about 1 micron to 6 microns.

4. The method as claimed in claim 1, wherein the mark depth is

predetermined and formed with exactly one output pulse.

5. The method as claimed in claim 1, wherein the mark depth is

finer than about 1 micron.
6. The method as claimed in claim 1, wherein energy in a single

output pulse is in a typical range of about 600 microjoules to about 1100

microjoules.

-14-



8. The nethod as clained in claim1, wherein an output
pul se has a typical set pulse width in the range of

wahkaostos1B88 nanoseconds to about 200 nanosecondsPC9USTI8/041144
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method as clained in claim1, wherein the step of

setting the |aser pulse width is perfornmed subsequent

to the step of setting the pul se energy. 10. The

met hod as cl i med Tha methodrast claiped & ¢ainnd., sehepeiphe acceptable

setting the pulse e [ Adbe havi
b e YRR Y Rup Pk By P gyand e having
netdest 1asit of absmdOinmicrdjailes less thhe tsi gentrhleenst gspandogn upper limit

setting are performed substantially sinultaneously.
12_abwt?1§51g}cr&gp P A VQ@? B?Htlfaan%}{ki ng a sem conduct or

wafer to forma softmark on the wafer, the system
conprising: a |aser subsystem for generati

nore | aser pdfi-ses;Thg BeHeq as FléPnQﬁldé‘r%‘l‘%L: ‘gﬂ%fgl_rﬁ]lneaé%‘étam pulse
L0108 (L BREH oo YARLSHAM 08 GhigcPol ARAL 10ulAesctbitshoaibout 200

ser pulses to selectively provide
ongafdsetodd. | aser out put pul ses havi ng one or nore set
pul se widths that affect the depth of a softnmark that
is to be formed, the mark depth to be substantially _
dependent on ¢ he onge Methedisclaated putiamm W whersin Gindtep of setting

pul se energy of the qone or re output. pul.s t

selthe tasararujsegyig i acripi@ncd SEDSAVGRY io.thg Gteslﬂf S%ﬁ?%ﬁ]se pulse epergy.
having a set total output energy that is within an

accept abl e process energy w ndow for_ producing rége .
sof tmark: andlG beEm mehpdd as glaisiedtin flaim ds Wherefn e steg,pf setting

optjcal. subsystemfor Lveri : B Ise width.
cupEPUSEFEE ot s hELiE T dMr Ry TR Bt pulse
and the set total output energy into a region of the

f h that ity within t j .
\(/jvgt Z{ m‘S ﬁgd byla}.hzn’gﬁpgl%gtggqﬂ% céX@]\gg ublf}?]gé{]%vféﬁerglljsﬁgensgafshoéf setting

set RBGHAY sifdhddoasiywaf er material and
thegrrg%)?/{fg{r%g%(ﬁ%les thleyys%ftrrark hgvi ng the mark depth

Wi thin a predeterm ned range.
12. A laser-marking system for marking a semiconductor wafer

to form a softmark on the wafer, the system comprising:

a laser subsystem for generating one or more laser pulses;

a controller operatively connected to the laser subsystem to set:

a laser pulse width of the one or more laser pulses to selectively
provide one or more laser output pulses having one or more set pulse widths that
affect the depth of a softmark that is to be formed, the mark depth to be substantially
dependent on the one or more set pulse widths; and

a pulse energy of the one or more output pulses to selectively provide
the one or more output pulses having a set total output energy that is within an
acceptable process energy window for producing the softmark; and

a beam delivery system that includes an optical subsystem for
delivering the one or more output pulses having the one or more set pulse widths
and the set total output energy into a region of the wafer such that energy density

within the region, as determined by the one or more set pulse widths and the set
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13. The systemas clainmed in claim12, wherein the
controller includes a subsystem of electronic

woanpoasasss and a control programthat is generariug2005/041144
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used for marking systemcontrol. 14. The system as
claimed in claim12, wherein the controller includes a
subsystem of el ectroni c conponents and a_ cont

. |
pr oyalapulshanerey, sodificareafct atait @A Bereph é’fP‘_ilﬁch‘ the softmark
Sugsﬁ,ﬁg S0 drk de@tﬂ A8l IBléBgn B bageof forming a
sof't K él uc

on a sem con or wafer, the nethod
conprising: setting a tenporal characteristic of at

| east a portign of_.a | sed Iy h tSntroll
depth of a sc}gt mark etsg'ﬁﬁgl §so¢%§'gad v\ﬁgﬁ%ﬁﬁg’l glél%xr%fﬂc e Sontro e.r
out Rkt des AN dusStieinef EREabnio Wopplonemerayyd afcontrel prigsen that is
| aser output fo correspond to energy within an

ac genarally bsqs for apeking SYHEM KPHEJw so as to formthe
softmark on the sem conductor wafer. 16. The nethod as
clainmed in claim15, wherein the steps of setting are
performed prildc t oThessykiengasaclpimashingglaipg 2y whergipythe controller

wherei n the tenpora racteri sti.c..a i
ol U SPBRL S SRS, ol epkl fogrn
batgehicatkd to Th@réRifhindlass sobgiswad i n cl ai m 15, wherein

the steps of setting are performed subsequent to
positioning a wafer at a marking station, and prior to

marking a sing e Waf pkerhSkinphendtRédast @snghai aesbfimmrk on a
clai m 15, wherein the steps of setting are perforned

s ubsmigemdtictoowptesi thie gt : EMRIISER at a mar ki ng station
and prior to Sn@{“? Eﬂgr[n oral &%}a%ﬁéi‘ﬁfi@ bf Tlt%‘ﬂt WhsFiRinbftafuised laser
X Stfc and t

tenmporal char ri e total output energy
ar eoue@ftithal affecirdepliaed asoftmel ksbeforined vdflf the daser output; and

Gl ai o i ol G GHBprR e aq Beltlfsel BhiBiftoTorespond t
energy within an acceptable process energy window so as to form the softmark on

the semiconductor wafer.

16. The method as claimed in claim 15, wherein the steps of
setting are performed prior to marking a batch of wafers, and wherein the temporal
characteristic and the total output energy remain set during marking of the entire

batch.

17. The method as claimed in claim 15, wherein the steps of
setting are performed subsequent to positioning a wafer at a marking station, and

prior to marking a single wafer.

18. The method as claimed in claim 15, wherein the steps of
setting are performed subsequent to positioning a wafer at a marking station and
prior to marking a single wafer, and wherein the temporal characteristic and the
total output energy are varied to produce softmarks having different predetermined

depths on the wafer.
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within an acceptabl e process energy w ndow to formthe
softmark on the sepi conduct or Mftgé%rozfl The syst
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setting one or more laser pulse widths of one or more laser pulses,
the one or more set pulse widths affecting depth of the softmark to be formed with
the one or more laser pulses; and

setting total output energy of the one or more laser pulses, the set
total output energy corresponding to energy within an acceptable process energy

window to form the softmark on the semiconductor wafer.

21. The system as claimed in claim 12 wherein the laser

subsystem includes a fiber-based laser having a tunable pulse width.
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