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This invention relates to laser scanners and

especially to a laser scanner using short wavelength
laser radiation.

Description of the Prior Art
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Photoliﬁhography'is commonly employed to produce -

repeatable patterns on devices such as integrated
circuits, integrated circuit masks, flat panel
displays, and printed circuit boards. A conventional
photolithography process coats a workpiece with a layer
of photoresist and- illuminates selected regions of the
photoresist with light that changes the.properties of
the illuminated regions. The photoresist layer is then
developed and either the illuminated regions or not-
illuminated regions (depending on the type of _
photoresist) are removed to leave a patterned layer
covering portions of the wofkpiece. The workpiece is
then subjected to a process such as etching where the
covered portions of the workpiece are protected from
the pfocess. '

A laser scanner is a photolithographic device

which scans one or more focused and spatially modulated
lase; beams in a series of scan lines covering a layer
being patterned. Whether a laser scanner illuminates a
region depends on the laser beam’s intensity as the
beam scans passes the region. The precision of a laser
scanner in selecting regions illuminated depends on the
accuracy of modulation of the laser beam, the sharpness
of the focus of the.laser beam, the precision with
which the laser beam moves across the layer being
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devel oped and either the illum nated regions or not- i1l um nated

regi ons (depending on the type of phot oresist) are renoved to | eave a
pat t er ned wW@y§7450 covering portions of the workpiece. They joS$® is
25 then subjected to a process such as etching where the nﬂ%@@%?ﬁd

portions of the workpiece are protected from t he process. A

| aser scanner pattepmedol andogyaghrendsatien betwagncmodudasione agd nore

focused and spadt&hde "BEULBEETa80y basml beans in a series of scan lines
covering a | ayer being%patterned. et.her a_l aser scanner. illum nates

a regi on deperRist¥R1EAL FEIBReEedRFIUARFefsilafeXs Ahmodulatoram scans
passes the regiedn JPeipspcandoa preaibasar stage.ScTheelagersel ecting
regi ons iléuninated degegdso .&h §51.a ugac OLi dul ation of. the |aser
beam the Zhar$Heesates a ¢ ?ﬂ ge s168%n Fésg ngaﬁP Bn8dciPS3h with
whi ch the | asesydeem isvepliatrbatot hn hayay béi sgparate collimated
-1- Vo %ﬁh&ﬁ&éﬁﬁs. Typically, the laser beam is w1teGYERY 22053
light of wavelength e.g. 363.8 nm (narnometers), or 325
nm. Modulation of the array of beam changes the
10 intensities of the individual sub-beams independently,
typically turning sub-beams on and off; grayscale
(intensity) control can also be employed.
Séan'optids,_including a rotating reflective
polygon or other scanning device and a scan lens, forms
15 an image of the beam or array and sweeps that image
across a scan line in an image plane of the scan optics
onto the surface of the workpiece to be exposed, which
is held on an X-Y stage. The stage precisely moves the
workpiece approximately perpendicular to the scan line
20 direction. Movement of the workpiece can be continuous
during scanning or may only occur during the dead time
between scan lines. As the image sweeps across the
scan line, sub-beams in the beam are turned on and off
to control which regions within the scan line at the
25 surface of the device are illuminated. _
For examples of laser scanners see U.S. Patent
Nos. 5,255,051, issued October 19, 1993, to Paul C.
Allen, 5,327,338, issued July 5, 1994, to Paul Allen,
et al., and 5,386,221, issued January 31, 1995, to Paul
30 - C. Allen, et al., all incorporated herein by reference.
A typical application of such laser scanners is,
as described above, for photolithography. Certain
semiconductor photolithography applications require
formation of very small size features. A demand for
35 higher mask patterning resolution, i.e. equipment for -
forming the masks typically used to fabricate



patterned, and synchroni zati on between nodul ati on and novenent of the

| aser beam A typical scanner includes a | aser, a nodul ator,
scan oploasg7ssand a precision stage. The |aser 5 gener apex/usowedoss mat ed
| i ght beamwhich in a nulti-beam systemis split into an array of
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optics, inePEHFHEeaCfotRti A§PBeAYELEM ©F legR | tham dr88ther scanning

dﬁvi ces andagpgégimheasy i:héﬁﬁ.ilitﬁ.t o whERg qgfpﬁf@tﬁ@%nfitnrmyhan?_ sweeps

t hat i mage across,a scan line in i mage pl ane o e _scan optics

onto the S&V}55§V699F§% werk F&&?ﬁﬁz b qg&iéﬁﬁé)ﬁyﬁ%yps OTis held on an

X-Y stage.r@helutiga pmproveinentowesytive use obr&ipbererappr oxi mately

per pendi cUWayeinbBhs?CaficlelR 20 adldeifild ha MIFITLyRIcLie wor kpi ece
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can be conti nuous n sdannlq aring the dead
tinme vavedengshanusededn fhe priomexrtaepsimcthes350enm scan

line, 39ub-pegiEnl.n tThe iBeaBabR st g @ fobtaintg control which
regions within the sian line at the 25 surflace of the device are
i 11 um nat egommexrcially pypidabls comprqt, Qenkinyeks Wave LASerpatent

Nos. 5, 255¢cQpablessticef@itiart1if optidtidd dithéxrter wavelengths
with powers above approximately 1 Watt. Pulsed solid-
state lasers have been demonstrated with powers greater

15 than 1 Watt. Hence, there is a need for
photolithography equipment capable of operating with a
pulsed short wavelength source for forming very small
size features, i.e. features of 300 nm or less in size.

20 . SUMMARY

) Laser pattern generation, e.g. for mask making or
for direct writing of features for instance on
semiconductor wafers, to form devices having a feature
size of 300 nm or less requires high resolution

25 imaging, only provided by short wavelength radiation,
i.e. about 250 nm or less. There is direct ratio
between laser wavelength and feature size; it is
difficult to fabricate a_feature size substantialiy
smaller than the wavelength of the exposure radiation.

30 - Therefore the present inventors have determined
that a laser pattern generator using a pulsed laser,
operating at e.g. 355 nm or less instead of a
conventional continuous wave laser, allows use of short
wavelength laser radiation and hence fabrication of

35 small feature sizes. '

The present laser pattern generator employs in one
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to the beam placement on the writing grid, i.e. the
data which is used to operate the modulator is
synchronous to the laser beam pulse rate. In this
case, the modulator rise time can be much shorter than
the laser pulse.

Another type of laser pattern generator in
accordance with this invention is an asynchronous type,
in which the pulse rate of the laser is at least as
fast as the pixel rate of the data used for writing the
pattern, and the phase of the pulse rate of the laser
is indeﬁendent of the phase of the external modulator.
The modulation rise time in this case is comparable to
or greater than the pixel period of the data being
written.

In accordance with a (first) synchronous mode
embodiment of this invention, a mode locked laser is
used in an otherwise conventional laser scanner of the
type commercially available. However, the data

defining the pattern to be written, i.e. on, off or

gray level data, is delivered synchronously with the
laser pulses so that the pixels are either exposed or
nonexposed on a fixed writing grid. In a (second)
asynchronous mode embodiment, the pulse rate is
comparable to or faster than the modulation rate and
hence not synchronous to the data defining the pattern.
In order to have an efficient operating laser
pattern generator, the laser typically has a pulse rate
greater than one MHz in either embodiment. Moreover,
the spot size to pixel grid separation is large enough
to ensure a smooth image intensity. The laser itself

ol et)



wavel engt hs. However, as described above, typical wavel engt hs used in
the prior art are in the 350 nm 10 region. It is not possible sinmply to
obt ai n ¥O9827¢Wmercial |y avail abl e conpact conti nuous wREE/YI93/32053
capabl e of efficiently operating at shorter wavel engths W th powers

above appro sn%t floBe- Wtiked %Bfﬁ@' §€;Lté 1aser85at9uke§ﬁ§s 1y haen

dennnstrate W th powers greater Hence, thére |s a need
f or photeold -t I?(é)?ra’fl‘hy &R!?'?ﬁﬁ&a%%;ﬁa%Yéloﬁbéﬁeﬂ-éﬁFﬁgpﬁtﬂ:ﬁ% and | sed

short wavel éﬂaﬁéﬁhffgadfﬂéﬁéﬁhﬂ@rYnsﬂﬁé|ultra&hé&eteathﬁtel-
features of 0Qrm1m pattern

|
gener ati on, es%ﬁﬁa?HﬁF%roptlml?ﬁgwgﬂreEPmﬁwpﬁ n&*@%eFéatures for

i nstancé one. g. Mnmmnmmmngwsr saréoréadilgeveconfgured abyf eature

i ze of 300 | rovi ded
025! SO0 iid ARG dallabig el ey eyl U8 My POV
di rect rati@resenﬁxiﬁkémHWQxﬂlengﬁheng@ﬁ gnurbeat the presentt s

difficult tQdahidiH & dSAlLm: fed°egURSH88" by N¥ser andTiid ef (han the

wavel engt h of the exposure radiatlon ere ore the present
i nvent or s hé@?%ﬂﬁ%ﬁ%ﬁrﬁ&i longex Heavelengehspapdepdsgeker #hOTtESI ng a

pul sedilpasemavelendtilt AtdidI:ld €xEenBSBhat 8hikabiel nabead sHurdes
conventi onal contin, oqglwave | aser, all ows use of sg
are avai e operating at shorter wave engths.
It is recognized by the present inventors that

shorter laser beam wavelengths, e.g. 200 nm or less,

are desirable for defining the smaller feature sizes in
15 the pattern to be written. Hence the present invention
~ is directed to the use of a pulsed laser source in a
laser pattern generator without limitation to the “
wavelength of the laser radiation.

20  BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a diagram of a laser scanner in
accordance with this invention.

Fig.'z shows writing of a pattern in a first
embodiment of this invention with a synchronous pulsed -

25 laser and data.

Fig. 3 shows writing of a pattern in a second
embodiment of this invention with the pulsed laser not
synchronous to the data. _

Figs. 4A and 4B show respectively transmitted

30 intensity and dose verses scan position for the
asynchronous embodiment.

Fig. 5 shows a detailed diagram of a laser scanner
in the synchronous embodiment.

Figs. 6A and 6B show, respectively, a feedback

35 control loop and the acousto-optic deflector for the
synchronous embodiment.
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enbodi mrent a | aser outputting pul sed coherent |ight at a wavel engt h of

e.g. 263 nm This_|.aser _is pulsed at hi gh frequency,, providing a stream
of |aser pul ses Flgﬁatﬂér’tﬁgns Mok MRS dRH e?ﬁé%ﬁégTEh$resent 5

| aser patterpogénivat of Tagerpeudises ind then@mdlttnous emsiediméete t he

pul se rate of theglaser i ngh S 42 Qt be | acenent on the
witing grid, i. e.FH He8 sao?fét% 3&%%%?:‘ |d§a@§t§f1 tOE?oape?%‘Qté;e R Hotf ator s
synchronous deteptorasnd goatrodl sdnoid flor ttlies syncluzegus he nodul at or

rise ti cagmBeaipehtshorter than the | aser pul se. Anot her

type of [aser pattern generator in  _ accordance with this-invention is an
asynchronous typeFig. shows a detailed block diagram of a laser

scanner in the asynchronous embodiment.
' Figs. 10A and 10B show, respectively, facet
detection and facet detection response for the
10 asynchronous embodiment.
Figs. 11A and 11B together show the phase
independence of the filtered facet detect signal.

DETATLED DESCRIPTION

15 - Fig. 1 is a simplified diagram of a laser pattern
generator in accordance with this invention. This
laser pattern generator, in terms of most of its
components, is conventional and generally is of the
type described in the above-referenced U.S. Patents,

20 . and is also similar to a variety of commercially
available laser pattern generators as used for
photolithography. '

However, this laser pattern generator includes,
instead of a conventional CW laser, a pulsed laser 40,

25 which emits a series of laser pulses indicated as laser
beam 42 which is pulsed at a relatively high frequency,
i.e. 100 MHz with a range of typically 1 to 300 MHz.
Such a laser can be constructed from a mode-locked
N&:YLF laser driving an external cavity that is

30 resonant for second harmonic radiation. This approach
has been described, for instance, in S.C. Tidwell, J.F.
Seamans, D.D. Lowenthal, G. Matone and G. Giordano,
"Efficient High-Power UV Generation by Use of a
Resonant Range Driven by a CW Mode-Locked IR Laser,"

35 Optics Letters (15 September 1993). A commercially
available model of such a laser is the Antares Nd:YLF

-6-



in which the pulse rate of the laser is at |least as 15 fast as the pixel

rate of the data used for witing the pattern, and the phase of the
pul se rat WHIBATHY | aser i s independent of the phase of HdTUssrhmssal
nodul at or. . The nodulation rise tine in this case is conparable to

or greater tn@aa%i;efpﬁe oREELRD, OTokh® IAMARINT Fhn W AR £o

I n accordance W néhronadus
i nvention, a9psatecwith| asvespnant cayisy ids weldt wibhiise then\atlilonal

f cisal a | abl t he data 25
| aser scanneropfoddieof orais cemifl. Gl ltlﬁe \%; % ﬂ)graﬁevel ot

defining the pattern t be witten .
is ::Iel i 8er ed ‘g%ﬁiﬁﬁ sT' aty 2 Puhged 135?&'3&5 pm3§e§®@qqmem i xel s
are eithes emwméprwaveleﬂgﬂnépowérencﬁ bpeed tWon! iz#9 HaIGH! pdw

(second) chronou nDde odi ulse rate 'S 30
conpar abl e tol%‘f ?so\s:f%rn? aﬂo?ﬁ% dul §§F‘8ﬁ' Pgﬂ’é £ mHEed ot
synchronous tlasers date théini sgalbespaet and. high electﬁﬂ&agrder to have an

i Ci pi cal | has a
oul o rate " SEHLMeRdr® Mode BBLIEN'QIBHR BRbed RnetE s Sve o
the spot si z@qm?arc@algdeﬂebmeatu st B55| ande2é8omgh to ensure a
smoot h iygpge i nt enphd Vpulséd! Pasér! bash' 42 is coupled to the optical
-4 input port of an acousto-optic modulator 46, which also

has an electrical port receiving a Data signal as
shown. This Data signal represents the pattern to be
written. It is to be understood that the laser beam 42

15 is split into a number of sub-beams and the modulator
46 individually modulates each of the sub-beams, as is
well known in this field. The modulated beam outpuﬁ
from modulator 46 is.incident upon the reflective
facets of a conventional rotating polygon 48 of the

20 . type well known in this field. This is the actual
scanning device and is part of the scanning optics.
Other types of scanners may also be used. For
instance, see "Highly Accurate Pattern Generation Using
Acousto-Optical Deflection" Sanstrom et al., SPIE Vol.

25 1463 Optical/ Laser Microlithography (1991), pp. 629
and following, which discloses a laser reticle writer
using acousto-optical deflection for scanning. An
acousto-optical scanner hence is substitutable for a
polygon-type scanner and was found to be faster at

30 short .scans. Hence while Fig. 1 shows the rotating
polygon scanning device 48, an acousto-optical
deflection device or equivalent can be substituted.

The scanning laser beam, reflected from the facets

of rotating polygon 48, passes through the scan lens 52

35 which typically includes refractive (and sometimes
reflective) optics which focus the beam on the upper
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node- | ocked solid state.laser outputting light at e.g. 263 nm .
Commer ci ayloyygBy@&b! abl e | aser pattern and generators apeEesyr2aesrate in
the ultraviolet. Hence, their optics which are optim zed for sonewhat

higher 5 ~e.g. 350 nmwavel engths, are readily reconfigured b routine
optical engi mEfase of NOFKRFIIE Iy SHRIER(ID tuﬁ?e%@nﬁe;§3oﬂﬁﬁﬁagglength.
O eourse, l_tfs%.f)rq?ﬁﬁltworkpi’éwnsjté oa.g‘r;]s Aotetioleedat brandparemt! aser and
S applicabl e ta I onger. wavel engths an | t hoL ke

wavel engt hs, SXPEHE Kt t“ﬁ#ﬁh SRR I%sg?§§5ugééé bk &e%%% 57ai | abl e
pperatlng ahbﬁupaﬁﬂenuadﬂaniﬂdmer which is alsosfprmednhzpiobp-t he present
i nventors. that . . : lhase e g : nm or | ess,
are desi ?’abl érﬁ‘solrStde]fS%ﬂél%SJ? h%és-érﬁ?%?a},ggt E?g %Pé:eusﬁln% ]f%gg‘t)ﬁe pattern to
be witten. G&mnﬁrQ#ﬁi¥yeﬁ%#ﬂlihk%ﬁEh@ﬁO'r381$§$dFFGCF§B°FGdtWX 3% of a
pul sed | aser &F?ii_d(lébétl.y 250 | AR SraPal LRGENITASER! Beal. t hekamplst ation to

t he wavel éngt t He | aser radiat]on.
of such photo-resists are APEX-E and UV-III from

Sshipley. Typically the modulator 46 is optimized for
10 the 250 nm wavelength region in terms of transducer

geometry and acoustic coupling. Similarly, the
refractive elements of the scan lens 52, using
conventional fused silica and if necessary, calcium
fluoride lens elements, are optimized for the

15 particular incident wavelength. Such modifications are
well within the skill of one of ordinary skill in the
art. A typical optical output power level of laser 40
is 1 Watt.

While a pulsed laser operating at shorter (sub 250

20 . nm) wavelengths is not now commercially available,
research in this area is believed will make such a
laser available in the relatively near future. Hence,
a system of the type depicted in Fig. 1 operating with
a shorter wavelength (e.g. 200 nm or less) pulsed laser

25 also is within the scope of this invention. Of course,
accompanying changés are required to the modulator and
the'scan lens to accommodate the shorter wavelength as
well as a suitable resist; such changes are within the

~gkill of one of ordinary skill in the art.

30 Photoresists exposed by 200 nm are an active field of
investigation with many approaches under consideration;
preliminary results have been demonstrated.

As described above, the apparatus of Fig. 1 takes
one of at least two embodiments. 1In the first

35 embodiment the pixels, i.e. the data applied to the
electrical port of modulator 46, are synchronous to the



20 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows a diagramof a

| aser scanner in accordance with this invention. Fig. 2
shows Wi twWog@spf4se pattern in a first enmbodi nent of thpPeT/AUBY®RMS30N
with a synchronous pulsed 25 |aser and data. Fig. 3 shows

witing of a tern |n a dlne f this vent i with the
pul sed | aser- E’b’b‘ r%ﬁetg}ﬁ)glsaﬁ?t Yatd. 6 Be under'gg ﬁ giaé:nd 4B
show respect i ey ptulzmsmaueecbﬂ(l:he rﬂ;asrtys aadfimed ﬁeeqasns:yan posi tion

for the %éi :_qu% g o] a detailed
di agram of a | scanner Tl %e SS%EH?%%%ug dﬁg gg gﬁd
Figs. 6A and 8@&§nﬂﬂ154ﬂqﬂhﬁllﬂﬁgr EPI%%%thkOBS embﬁdi@BnFoéyeaﬁw t he

acousto-ogti c r dixme WO
acoust o 0@ H¥dsiddtiad Yord'na haﬂ”&%&f‘?&% /8%287 223%3 ,

Figs. 7A - 7DRaw@FerondhoPslor JETRR (PRisergate 1§o8Pt £6n160 Mz pul ses
in the synchr gpowowEWditEiE .is only exemplary and other wavelengths

are possible for the laser as are other pulse lengths
and periods (pulse frequencies).

10 Fig. 2 shows an example of a pattern scanned by
such a synchronous mode laser scanner. The edge
position of the feature being written (shown by the
circles which are intended to be exposed beam spots or
pixels) represents the feature edge position determined

15 Dby a fixed writing grid and the modulator state, i.e.
on, off, grayscale, at the edge pixels. Grayscale
(variations in image intensity between on and off) may'
also be used. In this case, the individual spots, i.e.
exposed pixels, are formed in a sequence by laser

20 . pulées on the fixed writing grid. The polygon scan
axis is the horizontal axis and the stage axis of
movement is the vertical axis. The pixels being on or
off represent an edge of the feature, shown by line A.

Fig. 3 shows writing in the (second) asynchronous

25 mode embodiment. In this case, the individual pixel
spots are not aligned to the writihg grid, but are
turned off gradually by the modulator 46, in order to
achieve the writiﬁg pattern shown in Fig. 2. The
modulator intensity profile determines the.feature edge

30 position, shown by line B. This embodiment alsc can be
used in conjunction with grayscale, but again grayscale
is not necessary. Here the laser pulse rate is e.g.
200 MHz.

‘Figs. 4A and 4B show, respectlvely, the

35 transmitted intensity versus scan p051tlon and the dose

versus scan position for the asynchronous mode second
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Fig. 8 shows a block diagram of a pul se position detector and control

circuit for the synchronous 5 enbodi nent. Fig. 9 shows a
detai | ed Qlgpsghesspadr am of a | aser scanner in the asyng M5
enbodi nent . Fi gs. 10A and 10B show, respectively, ?Rﬁ mﬁ

detection and facet detection response for the 10 asynchr onous
enbodi ment. embodimen€i gsWhenAchadmedBlagsdenhby sednlaterpitsds

i[)gg(e%eg%egc\le %ﬁpif@df{:ét&rﬁglégcﬂaﬂﬁt Be! s&aanfallxels, jn REEA LED

| a Si |a ram ser pattern
gener at or i n aRYvrlpeReUA F'Hb?ﬁ%@epﬁcghﬁ Sﬁ‘geT |Jﬂo§atlon I°%sé:3"epat tern
generaltf" ' raél%éfﬁtéa a8sét &h the wgrkp@@@oﬂ%nﬁs fur:s:t]g@m/@ﬂ itheal and
genera y is 0 escri pe in th a vesre ence
ol ents, 50° modilRtion BAYEEOER PRSELIRR SR TRy PE tH

available Iaq@ﬁl@@ltf&ﬂngenﬂente;sthisummdtﬁmg methqdumsﬂﬁph&mﬁaphy
However, this, ser $a£ grn generator includes, i nstead of a

convent i onal pul sed | aser 40, 25 which enmits a series of |aser
pul ses i ndi cat ed aEJ.gasﬁr showsbaabilozkniialgriam of sedagery seammewaly hi gh

frequency, o pnl-@f4 QQ)E’E%:;%%QP uﬁaﬂﬁﬁeo‘cen%?r?ﬂfy 1 1D it MHz.

Such a | aser can be cons roma node-
10 respects, this laser scanner is similar to those known

in the prior art and referred to above, with the
addition of an acousto-optic deflector and associated
optics for performing the synchronizing, the
accompanying signal processing electronics, and the

15 substitution of a pulsed laser for a nonpulsed
(continuous operating) laser. Therefore operation of
the apparatus of Fig. 5 is easily understood by one of

ordinary skill in the art. Hence the emphasis in the
following description is on the novel elements, rather

20 . than on the conventional aspects of this apparatus.
The apparatus of Fig. 5 has many common elements with
that of Fig. 5 of above-referenced U.S. Patent No.
5,386,221. The apparatus of Fig. 5 is a multi-beam
apparatus, e.g. having 32 laser sub-beams in one

25 version to create-a "brush" which scans the workpiece
(reticle or wafer) by a rotating polygonal mirror.
Each beam of the brush is modulated by a multi-channel
acousto-optical modulator (AOM). The electrical
signals coupled to these channels determine the

30 specific patterns to be generated. This electrical
signals are created by a rasterizer.

Pulsed laser 100 provides a laser beam in the
ultraviolet (approximately 250 nm wavelength, e.g. 263
and/or 266 nm) as described above. The laser beam is

35 attenuated by attenuator 102 to adjust the power range
to the resist exposure requirements and steered by a
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Nd: YLF | aser driving an external cavity that is 30 resonant for second

harnoni ¢ radi ation. This approach has been descri bed, for instance,
in S C TVQA2M450) F. Seamans, D.D. Lowenthal, G Mat BGE/USHTI22053
G or dano, . "Efficient- H gh- Power UV CGeneration by Use of a

(15 Sopt enper XA Steqtill AReRefeul®i68, bhepiiteduize o fid ¥4 200
i s the Antarepdxfotir manual il dgnaens0of the source laser beam. The
PCT/ US97/ 22053, 5 atsrpdfésfrem gg flich! Bfie %éga_g P@anﬁmta | aser to

operate with a X onant cavity of one of
ordinary skil|P3gPehe RFUTES ?%aFOtbé beam &ﬁd@i§?§éérthﬁzQQH§EQQiﬁgewer

i s noDst  adyantgie sy aéllﬁtw*eén&/aﬁﬁhéﬂgébﬁngﬂ{ae&% M@n@tlomﬁ hi gh

power " levels is ssj b vanta es of _py | asers
are their snmalFoFeeE %fﬁ ‘&h"%l@&??l Eﬁilg inter Bi-Gi-eddy 1 “ai'é'é'q“l?clked di ode
punped | aser s sale-beams by beamnaplttaérdkmelopnent at 355 and 266 nm 10
The pul sed laser b L/ H%éagﬁeg glgabtggaggt gacollectl%%HF port of an

acoust o-opti ¢ nodula
referred to as the brush. The brush passes through a

16 brush module optics 114 (a relay lens) to re-image and
shrink the beams. The brush then enters the acousto-
optical modulator (AOM) 116. The AOM modulates the
intensity of a laser beam-to a level corresponding to
one of the grayscale levels, for instance provided by

15 the grayscale rasterization as shown. Electrical
signals to drive the AOM are generated as shown
beginning with the data which is the geometric
descriptions 122 of the patterns (features) to be
written. These come for instance from a computer or

20. other source and define the actual patterns which are
to be written on the medium, for instance portions of
an integrated circuit. These geometric descriptions
are supplied to a' data path 124 and subject to scan
timing correction as described below to provide

25 rasterized data. Therefore multichannel data, in some
embodiments including grayscale rasterization, drives
the multi-channel AOM 116 (having one channel for each
sub-beam) . :

The modulated brush then passes through a relay

30 optics 130 which causes the sub-beams to converge on a
spot on a steering mirror 132, The steering wmirror 132
provides for small corrections to the placement of the
brush and the stripe axis at the final image plane.
The steering mirror 132 alters the angle at which the

35 Dbrush impinges on the polygon mirror 148 in the stripe
direction. A stripe correction error factor is also

-11-



has an el ectrical port receiving a Data signal as shown. This Data

signal represents the pattern to be - witten. It is to be understood
that the hesesnrfassam 42 15 is split into a nunber of sub- beayFsewRsbss he
nodul at or 46 i ndividually nodul ates each of the sub-beans, as is

wel | known |np%£b?h£aeé$|% QSsEDQHEakﬁﬂeQﬁ &.EQ%E 132. from nodul at or - 46

is incident u Ve a-conveénti onal rotating
pol ygon 48 of the 2Dn agperdentekwdth thishiovensien (pmds niof the actual

scanni ng devi ¢ 1§Eﬂoéédp§ﬁttﬁé hBevecaRteRentRd $utent Ndlf§”3éaﬂﬁﬁiﬁﬁ
scanners may al so be, used i_nstance, see "ng Accurate Pattern

Gener ation UsiHaere 1SAEBU§F8uEEPr9EF1BeﬁF§éFFGﬁr A0 r&QQn°4ﬂw

]yo:l 25 sl\é/tﬁ&lﬁbéaﬁabénapet dhc ekl tslaeleﬁ:an@/nﬁ&&%) ighreitidyed by and

ol | owi ng, which_di:sc reticle

acoust o- opt i caf? ﬁ%??ei? naowﬁ énﬂ‘f‘n&urﬂn rethc&a‘& g"’rc%% G canner
hence i s substoptuiabl k420r @ptics pdnygwtﬂmemmws dke \eefodadund to be

faster at 30 rg@ge.tﬁ% Sthe RBBS 2{%‘ d ‘T: éﬁt%.t&l?@’v}ﬁlggcfrpt Algllg

pol ygon scanni 8, an acou I on eV|ce or
equi val ent canzéxosandert beam. stop is nOtTH@Qﬂﬂmﬁﬁﬂu?h&ﬂkﬁYbeant refl ected

fromthe i@cetﬁc??stetoPEEét BB#18ek1I0H 448 prdRAMRE HePUgh the scan |ens 52

35 which typica K I NG s refractive (and somet i nes, . reflective)
optics which f8¥RS Fﬁ§15§§ﬁpﬁnaﬁhéeﬁﬁﬁépe above and in further

detail below. Such acousto-optic deflectors are
available, for instance, from Newport EOS. The optics
136 and 142 are simple relay lenses, i.e. focussing and

15 defocussing optics, and hence not described in any
further detail.

Note that the optics 136 and 142 together perform
the function of brush magnification adjustment to
adjust the size of the array of sub-beams, i.e. so that

20 they are enlarged and moved farther apart or made
'smaller and move closer together. The brush is then
directed onto the facets of the rotating polygon mirror
148 which has e.g. 24 facets and causes the brush to
scan the workpiece along the scan axis. For instance

25 the polygon mirror 148 rotates at a constant rate of
20,000 rpm. The once per facet (OPF) sensor 152
performs polygon synchronization and stage control, as
described in above-referenced Patent No. 5,386,221, and
includes the laser light source 152 and the pickup 154.

30 .The brush reflected from the rotating polygon
mirror 148 passes through an f-theta lens assembly 160
which creates an enlarged intermediate image plane,.
e.g. 33 times the size of the image plane. The
reduction lens 186 is located at the other end of the:

35 enlarged image plane.. The brush exiting the reduction
lens 186 is made up of the beams that actually scan the
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surface of workpiece 54, which in turn is held on stage 58. The

wor kpi'ecewio982740 a reticle (a transpar.ent substrat e opcwusetriess f or ned
a layer e.g. of netal to be patterned and over which is also forned a

hoto- 5 resist_layer tqQ_he exposed by the scannipg, be R '
ICC)Jom“ner cially y?EFP&EF&pH&B‘(’J‘- tse(dg l'éé/‘%e e@&)o%e’ae‘b&g;ﬁ ?QL%EBPS%Fﬁara y

250 nm wavel engkk)| a9gr. beam Exanpl es of such photo-resists are APEX-E

and UV-111 from hi_pl ey . i.cal he dul a .46, 4 L] for 10
the 250 nm wavel en@t A gi r}";E rerajrgsyo‘#lﬁr?é;%%%uﬂégﬁln tgéo%egé’raygé d
acousti c couplinbgrméidiiat®r limagehglane rigd ruged vEox| ewensubselstemsscan | ens
52, using can ' fs 4l 4 Gnd L e r ¥ Gl Gl

fluoride FensoggeéQ%% , anelﬁiﬁﬁhﬁgg%éior tﬁgyiggﬁ g??i%ﬁﬁgﬁ ?ﬁggygﬁf-
wavel ength. $megesp@ff iaddanmentamarks onpethe Wworkniese YRANY & neme of

ordi nary Ski'hbesHag waveldrgt | YIS ade@Phd CALLBYEREN BBWAI fiaReel Of
| aser 40 s 1 tt. .
detect photo multiplier tube (PMT) 168. The facet
detect PMT 168 is used for the timing of data for each

10 of the facets of the rotating polygon mirror 148.  This
allows synchronization of the provision of information
from the data path 124 to (1) the AOM 116 and (2) to
the rotation of the rotating polygon mirror 148. The
alignment system 178 is used to detect the position of

15 patterns previously written on the workpiece, so that
the pattern to be written can be accurately aligned to
the previously written pattern. The pattern alignment
gsystem also includes a calibration photo multiplier
tube (PMT) 182 providing pattern acquisition data for

20. purposes of machine set-up and adjustment.

Also provided is a conventional laser measurement
system (IMS) which includes a ring mirror 188 located
on the reduction lens 186. Focus sensor (nose piece)
192 is as described in U.S. Patent No. 5,087,927,

25 issued February 11, 1992 to Tim Thomas et al., entitled
"On-axis Air Gage Focus System." The reticle 196 is
located on a stage {(not shown) which includes a stage
mirror 200. The LMS includes a laser 206 with beam
splittgrs 208, 212, 214 providing beams to measure the

30 relative position of the stage to the reduction lens.

To accomplish the synchronous mode operation of
this embodiment, it is necessary to align, in terms of
time, the pulses generated by the pulsed laser 100 to a
fixed writing grid. It is to be understood that the

35 pulsed laser 100 operates at a fixed pulse frequency
and pulse length which cannot readily be varied, being
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While a pul sed | aser operating at shorter (sub 250 20 nm wavel engths is

not now comercially avail abl e, . .research in this area is believed wll
make suchwipognr4sg aser available in the relatively near fulpgffuse¥ienss.
a systemof the type depicted in Fig. 1 operating with a shorter

wavel ength (e.g. 200 nmor less) pulsed laser 25 also is within the scope
of this inventinherenty igodiwe construgioneli tae chasges aThereforeed to

the -modul at or j@n@eccordddi® WRdh NS {9vaRCOERDERE eofa_efcér%gsﬁemamagengt h
as well as a suitable resist; such changes,are Wthin the skill
of one of ord?ﬁ%?& ifigd, Ry, Prpyisien ?ﬁd&%?%%?s%%se%BGséﬁ2b§°200 nm ar e
an active fielptodfide an iaddi¥ignil cfocdh paiyt apgrweeheshdngeeering
COnSL et 2 O srror ) BT 5ol 5 R, CEOOUB Shhsop o,
enbodi nent s. Ithet lRedusts- @i ie il ectodr t 0 pi xXEhe, ADDel40hepazatesppl i ed
fg_t he clRE YLl g i AN AP vé O rdhfesPChE 0QOUEHEO the
electrical signal provided to its electrical port, to
cause a small angle change to the laser brush when it
10 reaches rotating polygon 148, which in turn corrects a
small angle change to the output of the scanner so it
can be used to adjust the scan position of the brush to
positioh the laser pulses at predetermined grid
locations at the writing surface on reticle 196. This
15 is required to compensate for‘pointing errors between
the polygon 148 facets and to correct for scan position
errors in the motion of the stage supporting reticle
196 by timing corrections of the data.
In order to adjust the location of the scanned
20 . pulses to the desired location, the position of the
pulses is determined by a timing grating 210 located at
the start of the scan at the intermediate image plane
provided by the beam splitting cube 164. Hence this
synchronization occurs once per scan. Grating 210 has
25 a period of twice the distance between laser pulses.
One of the 32 beams is turned on by the modulator 116
for a small portion of the scan line at the start of
each scan. The radiation transmitted through the beam.
splitting cube 164 is blocked by'a beam stop (not
30 showri) just as in conventional facet detection. The
radiation reflected from the hypotenuse of the beam
splitting cube 164 is focused on the grating 210.
Fig. 6A shows detail of Fig. 5. PMT detector 168
is located behind the grating 210 to generate an
35 electronic signal proportional to the amount of light
transmitted through the grating for each laser pulse
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rate of the laser. It is to be understood that the pulse rate of the
| aser is aWO9BEMSPr equency dependent on the actual | asepc(m}sg-y,nogﬁm gn
and materials. The |aser pulses in one enbodi ment are 50

i I nose ds (The
Ul se rate is e ?ﬁ%ﬁlﬁig{“&cﬁﬁ%&?sﬁ o5 SoRERRL SHEMIE, " and

ot her wavel engtq@tI'Ol%rlto% 1vee 218 l(HbOWasen &dgar & eish@raqmque AGIngt hs
and periods (plﬂlﬁﬁ Ireseionesiio 1:anludes Ehgong E%%lﬁ@n@(%”%x%tﬁf

attern scanned ch a chropous node | aser _scanner
BoSition of th@%ﬁﬁuiﬁEaHﬁi %¥$¥h€ﬂn%§ﬂﬁkﬂnb?n@hé slit fpxcifasetich are
intended t & bed@uamnxbﬁmﬁhnw¢més the gratph¥ehsl keRtedeNhyt! Maveealdire

edge 03|t|on ter b |xed witing grid and the nodul ator
stgt eIo . %% %r{”tnrf gra %%%f *the edge pixels. Gayscale

(variati ons in i magd‘hmtsmsm ycmre.‘enebec'andnmf:’s) 1meydriving thebaorsed.
In this case, thldgy Itﬁgxg era §$8 g ? xels are formed in
ar

a sequence by Iaser ses on T xed M The pol ygon scan
axis is the hoFﬁﬁﬁﬂQﬂlﬁﬁéx;QhﬁiQT%nsimgeoédlsumbered pudsesent The t he

vertical apis. éﬂﬁéﬁﬂéﬁﬁﬂhﬂxﬁﬂmtﬁﬁ‘éErvo 150% erﬂﬁff§§aﬁc§nb§@9%ﬁgf the
feature, shown gy | ine A the (Second)
asynchronous 2& é“@ﬁﬁ}tﬂf}?&ﬁ COWPFHE%#swéﬁbeth@hélmggvpeumcpnm

signal. The error signal causes a frequency change in
the AOD driver electronics 218 which advances or
retards the scanned signal (as shown in Fig. 6B)

15 acco;dingly until a null condition is reached. At this
point the frequency of the AOD 140 is locked until the
facet detect signal is received. This signal for the
start of data can be obtained from a slit located after
an opaque region of the grating 210 and an appropriate

20 graﬁing delay.

This 1s better understood with reference to Figs.
7A to 7D. Fig. 7A shows the beams (the curves)
incident on grating 210, with the resulting detected
odd/even signal strengths A, B at detector 168 being

25 shown graphically in Fig. 7B. Fig. 7C shows the beams,
shifted in phase by 180°, incident on grating 210 and
the resulting detector 168 signal strengths A/B in Fig.
7D; when signals A and B are equal (Fig. 7D), the
desired phase adjustment has been accomplished to

30 achieve synchronization for no timing correction. To
compensate for scan axis stage errors, a non-zero
timing correction may be introduced to set the
appropriate phase after facet detect. Thus the signal
from a pulsed spot strobed on the facet detect slit in

35 grating 210 together with the phase adjustment from the
grating servo give a signal representing the true
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spots are not aligned to the witing grid, but are turned off
gradual ly by the nodul ator 46, in order to achieve the witing pattern

shown i n WwiompsrasoThe modul ator intensity profile detepgiss ks
feature edge 30 position, shown by line B. This enbodinent also can be

used in conjunction with %rayscale, but agai n grayscal e i s not
necessary. Hepesikaonasér thel dasex bgam.e ipdependenty qfthe timing Fgs

4A and 4B shoye ggspeake¥ebéan pR1FRs. t MNHPEEHriiENEdty ASISYsiscan
position and the dqse versui SC?P pesition for the agfnchr nous node
second V@$§8%Q?E§Oal°ng with the phase setting to p ac?(#?%SQ?/ZZOSB

enbodi ment. Vpealsedebeadubtt ithe Roredt dicvatdion son thappbriepiéce aapul se
of ‘the S Gepbe: Fobrast. tane G ALINE SN Biqprpgtge oo o
nmodul ati on waembbdimepssilti on and not the phase of the pul se train.
Hence, this witingnteifad)iaheePlaStne a RSP e - amplitudes
causes a 77 MHz/2 = 38.5 MHz frequency component to
appear at the PMT 168 outpﬁt. If one senses the
10 amplitude of this frequency, one can determine whether
the A amplitude equals the B amplitude, but cannot tell
which is bigger. If one synchronously demodulates the
38.5 MHz, one will have a DC output which is a function
both of the amplitude and phase of the signal. This
15 makes it possible to know whether A or B is larger, and
by how much. To make this work, the phase of the
reference signal is made adjustable. This is easily
done. |
Fig. 8 shows a aetailed block diagram of servo
20 . control electronics 1706 (for the synchronous
embodiment). PMT (photomultiplier tube) 168 provides
its output signal to a preamplifier 224 which drives a
38.5 MHz bandpass filter 228, the output signal of
which is coupled to a synchronous demodulator 230. The
25 other input port of synchronous demodulator 230 is
~ coupled to a second 38.5 MHz BDF 236, driven. in turn by
- the clock pulse 242 from laser 100 divided by two by
e.g. flip-flop 240. Demodulator 230 drives 1 MHz low
pass filter 246 which outputs an error signal to AOD
30 driver 218 of Fig. 6A.

This approach is practical because of the rapid
response available from AODs, especially with the small
number of resolvable spots required for this
application. For a single beam system, N, the total

35 number of resolvable spots the AOD 140 is designed to
is: '
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Fig. 5 shows a block diagramof a |aser scanner in the (first) _
synchronous node enbodi nent. In nost 10 respects, this |aser scanner is

simlar twoObssso known in the prior art and referred tpcHpsyfzesi th the
addi ti on of an acoust o- OptIC defl ector and associ at ed optics for
perform ng the synchro , the acconpanyi ng signal processing

el ectronics, and the 1 ? titution of a pulsed |laser for a nonpul sed
(continuous operating) |aser. Therefore operation of t he appar at us of

Fig. 5is eagh,l ur}&ie foul q:?% P%vm o ggescrpo%grgf ”é’éf’lég onl gef{{lgrgat. Hence

t he enphasi s |n lon i s on t € nove enents,
rather 20 tHan sitﬂ-ﬁmebx}m%n‘ﬂ-‘bhangagpéét ynat plus geper margin, The

appar at ug of dﬂcﬂ.\t % haspgmny :ﬁ@ﬂHPﬁlé' Bgﬁﬁit §¥W'tTth with YedineOlsgrehd 5 of
above-referenc Pat ent The apparatus”of Fig. 5is

a nul ti-beameut %ﬁﬁ%@%lﬁ% tEe scﬂﬁv¢h§e§§1P§ser sub- beams in one 25

version to create a "brush" mhlch scans the workpi ece (reticle or -
wafer) by a rotating p rror. Each beam of the brush is
nodul ated by a nmulti-c nne A’acoust o-optical nodul ator (AOV). The
el ectrical signal s coupled to these channel s determ ne the 30

i f t t [
cfeat ed 1) "o WHge 6, 33 CHRkiler J0 oS EAR! (he array b8 BbRaRER |
in the Lﬁqueﬁ/I@te'fb-'(‘laﬁ)pP oRf nthe| gystemamensie1d2gisPots ¢dn g8

and/ or 266 nRjedsiSeSCrThE0ralByg. rékethizead@@dTonal term is to
allow for meeting the Bragg angle tolerance on the
input to the AOD. The configuration of the AOD 140 and
15 the array of beams is shown in Fig. 6B.
N, is given by:

N, = (4/m)Da/dy e/

20  where D, is the length of the array inside the multi-
transducer AOM 116 and d,,, is the 1/e® diameter of each
of the beams inside the AOM 116. (The factor 4/w comes
about from measuring a resolved spot at the 40%
intensity point rather than the 1/e? intensity ‘point.)

25 The total number of resolved spots, N, determines the
AOD 140 configuration and the preparation of the input
beams. In particular the input beam diameter must be
made big enough, and therefore the angular spread of
the array small enough, so the total angular input plus

30 any deflection angle falls within the Bragg angle
acceptance tolerance. An N of 110 is sufficient. For
AODs the equation relating the acoustic transit time,
t, for such a properly prepared input, the total
frequency bandwidth, AF, and N, the number of

35 resolvable spots is:
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35 attenuated by attenuator 102 to adjust the power range to the
resi st exposure requirenents and steered by a

-10- WO 98/44$8/ 27450 | PCTIISHA498y / 22053
beam st eering apparatus 104, which reduces the need to perform manual
al i gnnment ‘of the source |aser beam The stigmator 108, through which

the | aser beam next t =p8§iésRs, insures that the beamis circular by
correcting 5 for any elipticity and other astigmatic problens. The
corrected beamis then split into e.g. 32 individual, sub- beans by beam
splitter 1APD devices aneccommerfialys avaplpbass Wishc Y% dBa/el y

referred t(béiﬁdwi'@clbrg'ﬂﬁin%'hﬁ erafbipassme bEr Quals.a 30 tylyiesl nodul e
e CSCETRETDREORL S I [ G L
nodul at es tgeriod of néegsily vd 20| asegibesnsoota Nevelsamplesspaxling to
o o e S Eihe bt P5' BREBARE" NSk i 2vscal e
signal from the grating 210. Devoting 10 us of the
scan period for grating synchronization allows 10 servo
10 loop time constants for equilibrium to be established.
Fig. 9 shows a detailed block diagram of the -
asynchronous (second) mode embodiment. Most of the
elements are identical to those of Fig. 5 and are
identically labeled. In one embodiment, magnification
15 adjustment optics (not shown) are located intermediate
steering mirror 132 and polygon 148. There is no AOD
or AOD driver or AOD gréting; hence filter block 171
differs from and is simpler than servo block 170 of
Fig. 5 and is for'purposes.of facet detection only, as
20. described below. o
The present inventors have found that two
challenges of the asynchronous embodiment are first
keeping the edge location of a printed feature
invariant to changes in laser pulse phase and second,
25 detecting the scanned beam at facet detect in such a
way that its measured position is also independent of
the laser pulse phase. _
The formation of an edge can be modeled
mathematically as follows:
30 A pulsed laser scanning system scans a pulsed
Gaussian shapgd laser beam across the writing surface.
For pulses that are short compared to the pixel dwell
time, the pulses can be treated as infinitesimally
short. This writing beam is turned on or off by the
35 acousto-optic modulator 116 (AOM). As the sound wave
inside the AOM 116 propagates across the beam, the
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signals to drive the AOM are generated as shown begi nning with the

data which is the geonetric descriptions 122 of the patterns

(f eatWP 837450 be witten. These cone for instancRCTUSAW2308onput er or
20 other source and define the actual patterns which are to be _
written %éé}f‘sﬂgg'wcﬁerpﬁféeanﬁs meahnaead% an gilidat egrat ed circuit.
These geonetric

SCriptions are suppl a dat a\goath 124 and
subj ect tinggion profileng 'E}é?réBFFSHa§§ddé§§FPl§é&Yb8ro Q8P Mdvi de 25

rasteri zer_duéiaha;ui@egﬁ@a@e niukt Geannpl iqkadmmb%qm wheﬁftmdl ment s
I ncl udi n acxﬁscal e rasterizati onl_1 drives bl tb % nmul t| - C rﬁ;g AOM 116
(havi ng AFe$I¢Dr WHS a Phagp. paxipble betwee ated brush

t hen ppassesid hrhmmsatamd:aybéﬂm spanhesbéiWeehi d.laseaumﬂste”na. suhideans to
converge t r 13 TRhe sige g mrror 132
e /et ratfitls U Ll RSO "phn 92na ThE, S1 %D

prOV|des correc aceneht o rush and the
stripe a>d:sst:ﬁn¢¢1eth¢ negam nagansg| dm:mg theThdme: soundy tavesks 132 alters

t he angl ea‘_.agdg/g‘u alget{l ﬂﬁlﬂéﬁ"é}'W'Eﬂé’ssﬁ&ttfﬁs?aéygﬁa_ Rbjqg,or 148 in the
stripe ection. A stripe correction error _factor_is also
The phase variable, dn, sets the phase of the
10 laser pulses with respect to the modulation function.
I, is a normalization constant chosen to give I(x,dn) a
value of 1 for a scanned beam with no modulation, under
conditions which lead to a smooth intensity profile.
This formula applies to an edge where the AOM is half

15 turned off at x=0.

. - ~2 (x-(n+dn)a)?
1 e R (n+dn) a]]
I (x dn) =—n e z l-exf
21, Z-:- ( ( doff

20 . where I,= Y, e *

For suitably selected parameters it can be shown
that the edge location is in fact invariant to the
25 phase variable dn. This is illustrated in Fig. 4B.
The signal generated from a pulsed laser
traversing the facet detection slit can likewise be
modeled mathematically.
A facet detect pulse, or start of scan signal, is
30 generated by scanning the pulsed Gaussian beam across
the narrow facet detection slit (not shown) provided
e.g. in grating 210 with the PMT detector 168 located
behind the slit. This can be done at an intermediate
image plane at a higher magnification. If the detector
35 response is Gaussian to the short pulses of light from
the laser or if appropriate electronic filtering
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to adjust the steering mrror 132. I n accordance with this
i Nnvent WEn98(2345¢ not di scl osed in the above-ref er enceHCcPasEm20830.
5, 386, 221) there is an acousto-optic deflector (ACD) 140 on which 5 the

af ocal spot,on the steering, nirror_i.s_rei.,mged,.b pti.cs 136 and which
inturn mnié%%F¥ e%?ﬁ%%?%ht6s perSBFPEQ ?%ZQhE%FP§QU%4fHQﬂﬁ er reinages
the afocal fromsphe desedsorh@épCboogivet heCuasaiiang nesipryse, The

zer o- or der B‘F@%ﬁéé’@di §i§ﬁ£1§h8¥“v8%a§lear fyoe kgxea@%(ilé%tsog.%io iGellef | ector

140 provides t E%n roni zati on as descri be jove an further
detai |l bel Y Slrerdatobelevept Thigefionpdr 4sacalculates B@ide, for

i nstance, ffonedEyRost 5SBitibA OBt the beamld® aMd A tdhRy sinple rel ay

| enses, i.e. focussing and 15 defocussing optics, and hence not descri bed
in any syRftFRtCdet ai | . Note that the optics 136 and 142
t oget her performny cohetatnciedaysf iatuoducednidy tdis detadjteat THE to

adjust the siz ofsﬁge arrgg-gt §Ub1 eane, E&?' sSQ th%_ 2% th are
enl ar ged anrd noVRdSYRPTHEY p F} SFHEdETT °F S B ST STt oser
t oget her. Taee meghectedhenThe intliegest vardabde g ftheetphasfe t he rot ating

POl YgoR, M ¢ QL aple %ﬂs ﬁflﬁcéhga&iﬁtﬁnc%‘lsfc%%te% %beze%'hs‘it%néle brush to

scan the workpr ece al ohg e scan axis. For 1nstance e pol ygon
mrror 148 peieessaat axecbhet gamer ascappve. A new constant, w, is

defined as the 1/e* pulse radius, in distance scanned,
caused by the laser pulse width, the detector response,
~and any electronic filtering performed on the detector.
15 S, is a normalizing constant chosen to make S(x,dn) = 1
at x and dn=0. The coordinates are chosen so that the
peak signal occurs at x=0 for smooth integrated

signals:
_ - -2{{n+dn)a)? -2 (x-(n+dn)a)?
20, S (x,dn) =1 Yy e x? e w?
’ So nx—sw
- -2 (na)? -2 (na)?
where Se=) e ¥ e ¥
nE-n
25 For suitably selected parameters it can be shown

that the filtered signal position is independent of
phase variable dn. This is shown in Figs. 10A, 10B and -
11A, 11B. Fig. 10A shows a round laser beam traversing
the rectangular narrow facet detection slit. Fig. 10B
30 shows the resulting unfiltered electronic signal from
‘the pulses under-an envelope of what would be the
signal if the laser were operating_in a CW mode; the
vertical scale in Fig. 10B is amplitude and the
horizontal scale is scan position. Figs. 11A and 11B
35 show graphically the response of the facet detector in
terms of the broadened pulses from the above-described
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20,000 rpm The once per facet' (OPF) sensor 152 perfornms pol ygon

synchroni zation and stage control, as descri bed i n above-referenced
Pat ent Now0982880221, and i ncl udes the |aser i ght soecTmsdt2oessnd t he
pi ckup 154. 30 The brush reflected fromthe rotating pol ygon

TrrOr 148 PASRER LNLAUOR AL LilhoteLR0n BRRCHY ¥ 6Ly oirdiily O eates

an enl arged i I'mage p of the
i mage pl ane. Ie of Flged%cam@nthensum8ef| §hEo§a1§@c$1§t et t@chekingdd of the

35 enlarged ¢ le@@aprﬂﬁﬂsey Ssbegtmed&em&térm lens 186 is
made up of the ans t hat actua |’y scan
-12- Warsitrashly chosen phases. ComParlng Fig. 112p&p ey 22053

wor kpi eces i l]15tsRbed HR4E EBeasn@l sl Qne&pma@mucafo@ulse pisdge 196.
A beamsplitter 164 d| osed wiihin the e i nternedi.ate imge
plane is used for %ot €£%s§§Y% TOBOYfc© ?gﬁgﬁgF@ﬁV|§hﬁ1W5 kﬁ t system
178 whi ch capthui®s differences between the laser pulses and the data
pixel clock signals are accommodated'by appropriate
choice of system parameters, of which a range have been
10 found to be appropriate. One exemplary version for a
263 nm wavelength laser beam uses a pixel size of 160
nm, a spot size (1/e?) of 320 nm, an AOM spot size
(1/e®) of 144 nm, a pixel period of 20 ns, and a laser
period of 13 ns. Then it is found that the distance
15 the beam scans between laser pulses is 104 nm, the 1/€*
radius of the image spot is 160 nm, and the distance
the beam scans during the time the acoustic signal
travels across the 1/e? diameter of the spot inside the
AQOM is 192 nm. Such a system has been found to write a
20 phase independent pattern on the workpiece, with
negligible errors, without laser pulse-to-data
synchronization, and using commercially available
system components.
Moreover, in the asynchronous embodiment it has
25 been found to be satisfactory, in spite of the pulsing
of the laser beam, to use several stages of a low pass
filter network to broaden and make Gaussian the output
signal from the facet detector PMT 168, to achieve .
facet detection of the pulsed laser beam. For example,
30 four series-connected low pass filter stages each
having an RC time constant of 15 ns coupled to receive
the output signal of_PMT 168 pfovide sufficient signal
smoothing for facet detection; this-is filter circuitry
171 shown in Fig. 9. The filtering of the facet
35 detector PMT 168 output signal thereby allows facet
detection in the asynchronous embodiment.

-21-



i mages of alignment marks on the workpiece using a non- exposi ng

wavel engt h. The second subsystemis a facet detect photo nultiplier,

t ube (WMI9s2b4ss. The facet detect PMI 168 is used fopcihﬁwigjmgng of ‘data
for each 10 of the facets of the rotating polygon mrror 148. This

al | ows synchronlzatlon of_ the provision of information fromthe data
path 124 to (1) TH&E AANClOFURRl ¥)itistratige andt Pk H—“‘F-ﬁéngmt ating

pol ygon m ;fh?thMB moﬁleflcat:ainsgrwmml Eeysipﬁa:&éﬁﬁl sousnd bridgeact ht he
position o atter.ns jprevi ou witten on the wo |ece so t hat

the patter i g'hﬁ’p Y bt tfééa‘)c/l?iﬁ a"ﬁ%‘??l%??ﬁﬁeda% the previously
witten pahtmamdeme:q:)zﬂaﬂdr witihignnehne  scopeysf etthel sppendeddes a

callbrgtlo l% A0 mul tiplier tube (PMI) 182 providing pattern

acqui si'tion {& for 20 pur poses of machi ne set-up and adj ustnent.

Al so provided is a conventional |aser neasurenent system (LMS) whlch
includes a ring mrror 188 | ocated on the reduction |l ens 186. Focus
sensor (nose piece) 192 is as described in U S. Patent No. 5,087,927,
25 issued February 11, 1992 to Tim Thomas et al., entitled "On-axis
Air Gage Focus System " The reticle 196 is | ocated on a stage (not
shown) which includes a stage mrror 200. The LMS includes a | aser 206
with beam splitters 208, 212, 214 providing beans to neasure the 30
rel ative position of the stage to the reduction |ens. ' To
acconplish the synchronous node operation of - this enbodinent, it is

necessary to align, in terns of

-22~.




tinme, the pul ses generated by the. puls fixed wit
grid. IS to be understood that the ﬁmgmjﬁm mlml 100 operates at
fixed pul‘é’é)%ﬁé@ency and pul se | engt | ch canrot r ®aaiUSp7/2esyar
bei ng -13- WD 98/ 27450

PCT/U897/220§§g¥¥ﬁﬁikgggh@@% in the construction of the |laser. Therefor
I n accordanc tion the optical system has been nodi fi
by provision of optics 136 and 142 to provide an additional afocal
poi nt between the steer 148, at th
| ocation of tﬁ% acd%s o ¢ ééege%ﬁ r%ﬁgﬁifﬁﬁmﬁgﬁﬁ%%g oper at es
due to a change in its @rpwb8¢¢ehasn€ygene@atamg a pudised r}arer si gnal
providedgo its elggipical port, to cause a small angle change to t
| aser brush when it 10" r eaches rotatlng gp y on 148 which in turn, corr

a smal [ angl e char@® RDLRECEPHH ito receive
used to adj ust th&ﬁ@%p@sdtb@moénahmoﬁh&&het Qhe pulsed beam with

an electrical signal defining the pattern;
a scanner located to receive the modulated
10 - pulsed beam from the modulator and scan the
modulated beam across a medium; and '
a scan lens intermediate the scanner and the
medium to focus the beam on the medium. .

15 2. The laser pattern generator of Claim 1,
wherein the laser is pulsed at a frequency of at least
1 MH=z.

3. The laser pattern generator of Claim 1,
20 . wherein the laser radiation is at a wavelength less
than or equal to 355 nm.

4. The laser pattern generator of Claim 1,
wherein the scanner includes a rotating polygon having
25  a plurality of reflective facets.

5. The laser pattern generator of Claim 1,
wherein the scanner includes an acousto-optical
" deflector.
30 '
6. The laser pattern generator of Claim 1,
wherein a diameter of the beam incident on the medium.
is less than 400 nm.

35 7. The laser pattern generator of Claim 1,
wherein the laser is a frequency quadrupled solid state

I ng
a
i ed,

e
ed

e
he

ects
e
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position the | aser pul ses at.predet ' i | ocations at the
writing surface on reticle 196. Thlﬁllmnﬁ'ﬁjyur"iﬂﬂjﬂ d to conpensate for,

poi nt i NyoesRmse bet ween t he polygan ni and gcxrresyngesd for scan
position errors in the notion of the stage supporting reticle 196
by timng gorrections of the data. In order to adjust the

| ocation of&¥%& -scanned 20 pul ses to the desired | ocation, the position of
t he pul ses is determned by a timng grating 210 | ocated at t he

start of the sc%gft ﬂ@iﬁ%%@%{%l BlaPeor c1Rigvided by the beam

splitting cube 1 nce k : roni zat1on occurs once per scan.
Grating 210hexeirs the mleqsrisiak wignake ¥eRYepest bat gEaKSFader pul ses.

One of gt he ;32 theaid Hd WAL D &Y ¢he mBdihmt or 116 for a small

portion of 'the scan line at the start of each scan. The r.adiation
transmtted through the beam splitting -cube 164 is bl ocked by a beam
stop (not 30 ghown)THe!Stager ipatttewenjéenepatbacef deagmtion. The

radi ation Egﬂqw?ed from the hypotenuse of the beam splitting cube 164
i s focused & Bhf Fig. 6A shows detail of Fig. 5.
PMTI detector 168 a idefloaciiond imha ptheofr thenhgedhObebwgenethee an 35

Che ol v e TP 008 A0 A 8 Bhelhih! che nabigror o
- 14- a detector to detect the beam; and -
a control circuit coupled to the deflector
and to the detector to deflect the beam
synchronously with the detected pulses:of the

15 beam.

10. The laser pattern generator of Claim 9,
wherein a rise time of the modulator is less than a
pulse period of the beam.
20 . .
11. The laser pattern generator of Claim 1,
wherein a pulse rate of the laser is equél to or
greater than a pixel rate of pixels of the pattern.

25 12. The laser pattern generator of Claim 11,
wherein a phase of a pulse rate of the pulsed laser is
independent of a modulation frequency of the electrical
signal.

30 '13: The laser pattern generator of Claim 1,
wherein a rise time of the modulator is equal to or
greater than a pixel period of pixels of the pattern.

14. The laser pattern generator of Claim 4,
35 further comprising: '
a slit located to receive the pulsed laser

-24 -
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WD 98/ 27450 S97/ 22053 and
provides this signal to servo contr Illmﬂtmlﬂ/!““lﬂljﬂtcont rols ACQD driver
218 (showwQO9esasy. 5 as part of AOD: g 210 pormissoezoss N1 one
enbodi nrent a gratlng part for pul se synchronlzatlon and a slit for

facet 5 detectio homevgi t@ g£atinghand ? it _do nﬂ have to be on
the same struct uream rerlected rrem Lhe fpEating. BOYER 170 driving the
AQD - 140 develops taodeteetarelagatded pehlind the slit;egpbctively the

cven and odd punbered pyl £efeed"Eolfl of 8" cHEINRl b SR S:d e

di fference between npare th'the tim
correction sippRYideha %;g@alsngﬁapa@aaseg docasdeanaf dhehge in

the AOCD dfiver eIegéégegcgfzgﬁem@bggtgggaﬁgggggh retards the scanned
signal (as shown in Fig. 6B) 15 accordingly Gntil a null condition is

reached. At this poi nt the frequency of the ACD 140 is | ocked until

t he facet detpest SAg:a@thd:d bﬁcgmugdngThl §>1mr1altyf wf tgikels owtart of
data can be obt ai ed fro Ll gated afte %h. %ye reglon of the
grating 210 é%d“ ﬁt aser eam, comprlslng

pu151ng a laser beam;
10 modulating the pulsed laser beam with an
electrical signal defining the pixels;
scanning the modulated beam across the
medium; and '
focussing the scanned beam on the medium.
15 . _
16. The method of Claim 15, wherein the laser
beam is pulsed at a frequency of at least 1 MHz.

17. The method of Claim 15, wherein the laser
20 . beam is at a wavelength less than or equal to 355 nm.

- 18. The method of Claim 15, wherein the scanning
includes rotating a polygon having a plurality of
reflective facets. '

25 .
19. The method of Claim 15, wherein the scanning
includes acousto-optical deflecting.

20. The method of Claim 15, wherein a diameter of
30 the beam incident on the medium is less than 400 nm.

21. The method of Claim 15, wherein the
generating is by a frequency quadrupled solid state
laser.

35

22. The method of Claim 15, wherein the

. ~25-
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20 grating del ay. _ Thi s 1“'*

( ood with reference to
Fi gs. 7A to 7D. Fig. 7A shows ﬂ EH“"H &ﬂ urves) -incident on

grati ngodg@maspi th the resulting detected . n ven ggo&nssssengt hs A,
B at detector 168 being 25 shown graphically in Fig. 7B. Fig. 7C shows

t he beans, shifted in phase by 180[err], incident on grating 210 and
the resul SlRFtaciek LIPS IPRYSSER kYt HEAKFBals pRgtern t°7%? when

signal s Awaid terirch eth@l médiwm. 7D), the desi red phase adjustnent has
been acconplished to 30 achieve synchronization for no timng correction.
To conpensate for scan axis stage errors, a non-zero timng

correcti on may 4. i MThediethbd cofeClaim 15, fapphepr camprilsdsg:after facet

det ects Thus the si %e?%%%?L%IEQmﬁEH%§EQ§SEBE ﬁ%g&begn(an t he facet detect

slit i'n 35 grating [ hase adjustnment fromthe
grating servo give Hdeflgetingpekecheangsynehronously wigh $&e27450

PCT/ US97/ 22053 11 5e 05t L+ RO Wéahne | aser beam independent of the timng.
of the | aser béén1pu‘ses. An appropriate data delay is

24. The method of Claim 23, wherein a rise time
10 of the step of modulating is less than a pulse period
of the beam. '

25. The method of Claim 15, wherein a pulse rate
of the laser beam is equal to or greater than a pixel
15 rate of the pixels.

26. The method of Claim 25, wherein a phase of
the pulse rate of the pulsed laser beam is independent
, of a modulation frequency of the electrical signal.
20

27. The method of Claim 15, wherein a rise time
of the step of modulating is equal to or greater than a
pixel period of the pixels.
25 28. The method of Claim 18, further comprising

the steps of: _
| passing the pulses of the beam reflected from
the facets of the polygon through a slit;
detecting the pulses after passing through
30 the slit; and . '
filtering the detected pulses, thereby to
indicate a location of the facets of the polygon.

-26-
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i ntroduced along with the phase setting to place the
correct
t he synchwanessy4soe
pul se anplitudes

appear at the PMI 168 out put.

enbodi nment .)
causes a 77 WHz/ 2

frequency, one can determ ne whet her ﬂﬂb
anpl-i tude, but cannot tell whi ch is bigger.
denodul ates the 38.5 MHz, one wll

both of the anplitude and phase of the signal. This 15
to know whether A or Bis |arger, and

t he phase of the ref erence signal is nade adjustab

| ocati on on the workpiece at 5 the correct tine.
Any i nbal ance i n gcdigud785u#; B

= 38.5 MHz frequency conponent to

| f one senses the 10 anplitude of this

A anplitude equals the B

I f one synchronously

have a DC output whi@h is a function

pul sed beam at the

(This is used in

gpkes it possible

e.

by how nuch. To frake this work,
This is easily

done. Fig. 8 shows a detail ed bl ock deagram of gervo 20 contro
el ectronics 170 (for the synchronous enbodi ment) . phogomul tiplier
tube) 168 provides its output signal to atp.bearrpll ier Z?4§,V\:hlch
drives a 38.5 MHz bandpass filter 228, qahutput o172 whi ch
is coupled to a synchronous denodul ator 230. The™2 ﬁgﬁﬁ hput port of
synchronous denodul ator 230 is coupled to a second Z8¢B| MHz BDF 236,
driven in turn by the cl ock pulse 242 from kaser GO i i ded: by teg by
e.g. flip-flop 240. Denodul ator 230 drives 1 NPE:TOMI -.BEFS filter 246
whi ch outputs an error signal to ACD I L)
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30 driver 218 of Fig. 6A . This approach is practical because of

the rapid response avail able from AODs, especially with the snall
nunbeywodgphfe0l vabl e spots required for this appl pEptkPibd0r '@ single
beam system N, the total 35 nunber of resolvable spots the AOD 140 is
designed-to I'S: _ - 16- WO
98/ 27450 , 2/9 PCT/ US97/ 22053
N=Nerr], where- ND js the nunper of spots of deflection required
to shift by one witing grid unit plus sone margin, 5 about 5. For a
mul ti pl e beam system wi th beans spread out largely in the scan
di rection: _
_A
/
= Polygon
scon Oxis
Stage axis
B
/ : Polygon
ORI [ T T 1 =5
Stage axis

FIG. 3
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N=Nerr] + Nerr], 10 mhere N[err] is the nunber of spots in the
array of scanned spots or "brush" of the system e.g. 102 spots in one
versi on. Wa@sRus8on for this additional termis to al PCTUBI2268et | ng
the Bragg angl e tol erance on.the input to the AOD. The configuration
of the AOD 140 and 15 the array of beagy is shown in Fig. 6B.

N err] is given by: N e ‘~i = (4/]err])Derr]/d[err], 20
whefe Dierr] is the length of the array inside the nmulti- t ransducer
AOM 116 and d[err] is the 1/e[err] dianmeter of each of the beans

i nside the AOM 116. (The factor [err COITES about from neasuring a
resol ved spot at the 40% |nt tl,eddahemdyr ather than the 1/e[err]
intensity point.) 25 The tot al nunber of resolved spots, N, determ nes

t he AOD 140 configuration and the jpreparation of the input beans.
In particular the in ter1 st be made bi g enough, and
therefore the angul ar spread of t array small enough, so the total
angul ar input plus 30 any defl ecti ngle falls within the Bragg angl e
acceptance tol erance. An N of 110 i@83ufficient. For

-5 -1 =05 0 05 1 15

Scan Position

FIG. 44

Dose

-1.5 -1 -0.5 0 0.5 1 1.5

Scan Position

FIG. 4B
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AODs the equation relating the acoustic transit tine, t, for such a

properly prepared i nput, the total frequency bandwi dth, [err]FE, and N,
the nwydesnato 3 resol vabl e spots is: PCT/US97/22053
17- ) 98/ 27450 g PCT/ US97/ 22053
t = NJerr]F. - AOD devi ces are co rcially available with 110 M
bandwi dth giving a transit time of 1 Bf9r]s. A typical 5 facet period of
pol ygon 148 is 125 [err]s. A | aser pul se period of e.g. 10 to 20 ns
gives 50 to 100 sanpl es per transit tinme, adequate to prepare an
aver aged error 5|§nal frﬁ tihe gr;Ltg_!ng 210. Devoting 10 [err]ls of the
= 2 o
£ & 2™ -
3% &
L 0 - g
s 85
p- |
a5
a
*
5. o2& o
ES =38 = £5 N
31 o ° £ = =
o O ET a = 9 — T
.Q—B S -~ o |—— QL o
L= = O = = —-—
7 R 0TS S = 88 2
= 8 Qles uv S o
2= 3 © = =
§ \ 3.3 o <C 'g
| >3 2 2
s 8- S »
() [a%4 et =
k) \ e S
(=2l w w QL
—_ (5] [an]
E 5 = |= A=
= - << O =
7] o O ==
w— = o -
w 72 <+
~_ 2 b S
A = { S
— = g‘l — )
7] O = —
o 3 E —
= =
g —" <> & o
- K
- 2 £
- e "3 E o
o qE’ o= 9
=N 8 | A = k-
<C ) b b3
. o w = g 1=
st w ™~ o~ T3 e
£ ] 7 £
@ o . 2] ]
o~ o === = ] =
S"-_\g = - & .§ 3 ~ = —
=S S < 5 o 4
< Serv E, 83 S 3
- N 1Y o™~
. o QL = o
® S 3 S g &
-— -— o
@
s N \ \ S
[=] — e
. = & 2
o - - =
0 . L
g . J g
- o g [ o~ w
T =25 = 2% =
- 2= o 5 8
eSS -2 £ uvagd
o~ [an] — L — o= »n ¢y N l
Yol ) = 3 [=]
= o- e = o
o0 5 - K o
,\-\ :
- 2 5 <5
G E 5 E =
£ .2 S . 2B =
& 2 © T B3 =,
< <C

SUBSTITUTE SHEET (RULE 26)




scan period for grating synchronization allows 10 servo 10 | oop tine
constants for equilibriumto be established. Fig. 9 shows a

det ai [ ed’ Womsk7450agr am of t he asynchronous (second) no@#eTArs9neliosENt .
Most of the el enents are identical to those of Fig. 5 and are
identically | abeled. In one enbodi nent, magnification 15 adjustnent
optics (not shown) are |ocated internedia? steering mrror 132 and
pol ygon 148. There is no ACD . or AOD driver or AOD grating; hence
filter block 171 differs fromand is sinpler than servo bl ock 170 of
Fig. 5 and is for purposes of facet detection only, as 20 described bel ow
The present inventors have found that two chal | enges of the
asynchronous enbodi nent are first kedjsamdintitge edge | ocation of a
printed feature i nvarian { ofhanges in llaser pul se phase and second,
25 detécting the scanned be acet detect in such a way that its
measured position is alsa i nef8p elingt of he | aser pul se phase.

The formation d¢f an edpe 'can pef jrodel ed| Rrne tical [y as Tolto
A pul sed | aser [scAQDi ng—sy-stem pul s %F AN ADRGfked aser
beam across thg witin n;ﬁbtﬂbe 168 FRL_D pld thdt arelshort conpargd to
t he pixel dwell t1me; tbapaglses can be treatgd as infinitegi mally
short. This wifgi ng beamis W on or off by tm 35 acoust o-opti 918

nodul ator 116 (AOM|. As the sound wave

30

FIG. 64

140 |
Input 1 Output
Beams Beams
1% T

/

)

FIC. 6B
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i nside the AOM 116 propagates across the beam the WD 98/ 27450

PCT/ US97/ 22053 intensity of the pulses is nodulated by an errqr .,
functi opogRhdsee. The integrated intensity or dose on pcTAUBS//22083t i Ng
surface is given by I(x,dn) below, where n is an integer, dn is a phase
vari abl e between 0 and 1, 5 a is the distance beam scans between | aser

pul ses, r is t he 1/e[err] radi us ofﬁﬂhe Gaussi an beam and df[err] is

t he di stance the beam scans during the tinme sound travels acr oss
the 1/e[err] diameter of the spot inside the AOM The phase

vari able, dn, sets the phase of the 10 Ilaser pulses with respect to the
nodul ation function. I[err] is a normalization constant chosen to give

I (x,dn) a . value of 1 for a scanned beamw th no nodul ati on, under
conditions which |ead to a srmoth intengity profile. This fornul a
applies to an ed S turned off at x=0

i (x,dn)=[err]

FIG. 7B

FIG. 7C

FIG. 7D
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20 where I[err] = [err] For suitably sel ected

paraneters it can be shown that the edge location is in fact invariant
to the WO9RMIBe variable dn. This is illustrated in Fi BCT/AE97/22053 The
signal generated froma pul sed | aser traversing the facet detection
slit can |ikew se be nodel ed mat h tically. A facet detect
pul se, or start of scan signal, is 30 nerated by scanning the pul sed
Gaussi an beam acr oss the narrow facet detection slit (not shown)
provi ded e.g. in grating 210 h the PMI detector 168 |ocated
behind the slit. This n be @:ve at ab@wterrredl ate irrag?_.pla.n.e_,at a
hi gher magni ficati on. Q_response is GausgBapjto the .ghort
pul ses of light from the -a5e rolfzsapproprlate el ectTonfc _figtefing
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WD 98/ 27450 _ PCT/ US97/ 22053

(described below) is perfornmed on the output signal fromthe detector
168 t o0 giwe@osis®ssi an response, the i nt egrat ed si gn&@CT/U8Y7R258 age,
fromthe pulses is given - by S(x,dn) below This signal is calcul ated
as a 5 function of position of the beamat the witing substrate.

Any constant del ays introduced by the det88tor 168 or the subsequent
filtering are of no inportance.and are negl ected. The integer variable
n, the phase 10 variable dn, and the di stance scanned between | aser

pul ses a, are the sane as above. A new constant, w, is defined as the
1/ e[err] pulse radius, in distance scanned, . caused by the | aser pul se
wi dt h, the detector response, and any electronic filtering performed on
the detector. 15 S[err] is a normalizing constant chosen to make S(x,dn) =
1 at x and dn=0. The coordinates are chosen jso that the peak
signal occurs at x=0 for snooth integrated siygnal s: 20

S(x,dn)= [err] S

0
Scan Position

FIG. 10B

-100

-200
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wher e S[err] = [err] 25 For suitably selected paraneters

it can be shown that the filtered signal positionis |nd endent of
phase varW¥8&7¢89. This is shown in Figs. 10A, 10B and E%”W¥4E3 Fig.
10A shows a round | aser beamtraversing t he rectangular narrow facet
detection slit. Fig. 10B 30 shows the r/@ulting unfiltered el ectronic
signal from t he pul ses under an env pe of what woul d be the

sigrnal if the |aser were operating in a CWnode; the vertical scale in
Fig. 10B is anplitude and the hori zontal scale is scan position. Figs.

11A and 11B 35 show graphically the response of the|facet detector in
ternms of the broadened pul ses fromthe above-describ Q:
- 20- WD 98/-27450 N PCT/ US97/ 22053

S
=] -—_
=
Ry
o =
— 2 ‘n
o -~ )
© 8
S
2 o &
>
(S = [
Ce] [x) N
v w &'
|-
]
= o
fire e
|
o
o
N
y |
o
o
~
S
S —
c
2
(75 = -t
— 2
S = ]
© 7] A
2z = a
3 s TS
S —
= o
@ gl o
S
]
-
i

-100

~200

SUBSTITUTE SHEET (RULE 26)



electronic filtering carried out by filter CII‘CUItI‘y anélp"‘“”"
the sumof the signals (dotted |ine) fromthe mct!“‘“( I I g Iﬂr t wo
di fferent arbitrarily chosen phases. Conparing Fi 11B

shows that the sumis independent of pul se phase. In th|s
asynchronous enbodi nent, the variable phase differences between the

| aser pul ses and the data pi xel clocR3signals are acconmpdat ed by
appropriate choi ce of system paraneters, of which a range have been 10
found to be WHATOES SLAIMEDnESexenpl ary version for a 263 nm

wavel ength | aser beam uses a pixel size of 160 nm a spot size
(1/e[err]) of 320 nm an AOM spot size (1/e[err]) of 144 nm a pixel
period of 20 ns, and aal aa@er pattlehl gen@katdrNéompBeBihf:i s found that

t he di stance 15 t he beam scans between | aser pulses is 04 nm the

1/ e[err] radi us of pudsedadaesepogensrasdnanp pndseflelapsrahean; t he
beam scans during the C e t he

1/ e[err] dianmeter of t%hﬂgféggt% %&E hggdaEgEX§N%PgE%§§ %§1§§ %§a system

has been fourtthet Opulséd Deifin phdsemodulbpesndabie ppuleed dGednewdehkpaece,
W th rrqQrs;, .withaout | aser BUl se-to-dat a

I.i gi bI e
synchroni zat %&ﬁ ﬂi'@“@ﬁﬂﬁﬁf&i“é:lngytéﬁa pLLezn; syst em conponent s.

Moreover, in the aSyan&W@%'éin%Eboibﬁﬁ%d' ttBaSrZEe:.@SentﬁQU%&@lét?ed
satlsfactory, in spite of the pul sing of the | aser beam to use

several stag@uleleds beampdizom thef imodulatamonkdt sdamadde anedwiated
Gaussi an theb%"é&rp"écross a medium;

a scan lens intermediate thé scanner and the

medium to focus the beam on the medium;

a deflector in a path of the beam between the
modulator and the scanner to deflect the beam;

a detector to detect the beam; and

a control circuit coupled to the deflector and
to the detector to deflect the beam synchronously with
the detected pulses of the beam.

2. The laser pattern generator of Claim 1, wherein

the laser is pulsed at a frequency ofat least 1 MHz.

3. The laser pattern generator of Claim 1, wherein

the scanner includes a

rotating polygon having a

pPlurality of reflective facets.

4, The laser pattern generator of Claim 1, wherein

the scanner includes an acousto-optical deflector which

synchronizes the scann .
yn er to the pulsed beam This Sheet Has Been RTllaced
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signak fromthe facet detector PMI 168, to achieve faCﬁwﬂﬁlmmuﬂmn“I
the pul sed | aser beam For exanple, 30 four series-connect l l

filter stages each having an RC tine constant of 15 ns toupléd t'o 5 *
receive t he out put signal of PMI 168 provide sufficient signal

smoot hing for facet detection; this is jlter circuitry 171 shown in
Fig. 9. The filtering of the facet 35 detector PMI 168 out put signal

t hereby all ows facet detection in the asynchragnaous ,embodi nent .,

-21- VWO 989 2745Bhe laser pattern generator of Claim 1,pwheRein oo(053

Thi's di scl 0guls abd tlel! L@ﬁrefnthoém 9Qb 1 hbAL! il the ofddidier 1gPdiddLat i ons
w Il be apparent to one skilled In the art 1n light of this disclosure,
and are thap ef@@dnmo fall within the scope of the appended 5 clains.

é. The laser pattern generator. of Claim 1, wherein

the laser is a frequency quadrupled solid state laser.

7. The laser pattern generator of Claim 1, wherein
the electrical signal represents a grayscale pattern to

be written on Ehe medium.

8. The laser pattern generator of Claim 1, wherein
a rise time of the modulator is less than a pulse period

of the beam.

9. A laser pattern generator comprising:

a pulsed laser generating a pulsed laser beam;

an acousto-optic modulator located to receive
the pulsed beam and modulate the pulsed beam with an
electrical signal defining the pattern;

a scanner located to receive the modulated
pulsed beam from the modulator and scan the modulated
beam across a medium wherein a pulse rate of the laser is
equal to or greater than a pixel rate of pixels of the
pattern, and wherein the pulse rate of the laser is
asynchronous to the modulation of the pulsed beanm,
whereby a pattern defined on the medium by the beam is
not aligned to any fixed grid defined on a surface of the

medium.

10. The laser pattern generator of Claim 9, wherein
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a phase of a pulse rate of the pulsed 1laser is
independent of a modulation frequency of the electrical

signal.

11. The laser pattern generator of Claim 1, wherein
a rise time of the modulator is equal to or greater than

a pixel period of pixels of the pattern.

12. A laser pattern generator comprising:

a pulsed laser generating a pulsed laser beam;

an acousto-optic modulator located to receive
the pulsed beam and modulate the pulsed beam with an
electrical signal defining the pattern;

a scanner located to receive the modulated
pulsed beam from the modulator and scan the modulated
beam across a medium wherein the scanner includes a
rotating polygon having.a plurality of reflective facets:;

a eglit located to receive the pulsed laser beam
reflected from ﬁhe rotating polygon;

a detector located behind the slit; and

a filter coupled to the detector, to provide a

broadened signal indicating a location of the facets of

the rotating polygon.

13. A method of imaging a plurality of pixels on a
medium with a laser beam, comprising:
' outputting a laser beam from a pulsed laser;
modulating the pulsed laser beam with an
electrical signal defining the pixels;
scanning the modulated beam across the medium;
focusing the scanned beam on the medium;

detecting the pulses of the beam; and
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deflecting the beam synchronously with the
pulses of the beam.

14. The method of Claim 13, wherein the laser beam
is pulsed at a frequency of at least 1 MHz.

15. The method of Claim 13, wherein the scanning

includes rotating a polygon having a plurality of
reflective facets.

16. The method of Claim 13/, wherein the scanning
includes acousto-optical deflecting to synchronize the

scanning to the pulsed beam.

17. The method of Claim 13, wherein a diameter of

the beam incident on the medium is less than 400 nm.

18. The method of Claim 13., further comprising

generating the laser beam from a frequency quadrupled

g8olid state laser.

19. The method of Claim 13, wherein the electrical

signal represents a grayscale pattern to be written on

the medium.

20. The method of claim 13, wherein a rise time of

- the step of modulating is less than a pulse period of the

beamn.

21. A method of imaging a plurality of pixels on a

medium with a laser beam, comprising:

outputting a laser beam from a pulsed laser;
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23 . A laser pattern generator conprising: a pul
(100) generating a pul sed | aser beam an acousto-opti cﬂiﬂl&ﬂﬁmm “Ill “ IIIl
(116) located to receive the pul sed beam and nodul at e 1Se s+
beamw th an el ectrical signal defining the pattern; a scanner (148,
152, 154) located to receive the nodul ated pul sed beam from t he

nodul ator and scan the modul at ed beam acfbss a medi um (196) ; a scan

| ens (160) internediate the scanner and the nediumto focus the beam on

t he medi um a dmbeiabingl4®he n pulssdh ofasée bbemmbetwiddn tadre
nmodul at or and ct _the_ beam a detector

th . to,defl
(168) to detE&chﬁzgggggégﬁﬁ& deflglng Egﬁtpbﬁe%FFcuit (170) coupled to the

deflector and to the dgkaah®hgt @hdembaGlat88 beam acB838 enaCHEeQRaMs! y Wi th
t he detected pul ses of the beam 2. The | aser pattern generator of

Claim 1, wherein the Easusing filiesceicamned beam on chhen@pddumgt andst 1
VHz 3. . t f ' |
oFAEeL° Y BRLE RS YA et Thlpm! I L 00

incfudes aro ol'ygon havi ng ive
facets. 4. greatee Ithamr appikelnrgeecodit bheopikkdsm 1, wherein a dianeter
of the beam i nci dent on the mediumis |less than 400 nm

22. The method of Claim 21, wherein a phase of the

pulse rate of the pulsed laser beam is independent of a

modulation frequency of the electrical signal.

23. A method of imaging a plurality of pixels on a

medium with a laser beam, comprising:

outputting a laser beam from a pulsed laser;

modulating the puised laser beam with an
electrical signal defining the pixels;

scanning the modulated beam across the medium;

focusing the scanned beam on the medium,
wherein a rise time of the step. of modulating is equal

to or greater than a pixel period of the pixels.

24. A method of imaging a plurality of pixels on a

medium with a laser beam, comprising:

outputting a laser beam from a pulsed laser;

modulating the pulsed laser beam with an
electrical signal defining the pixels;

scanning the modulated beam across the medium;

focusing the scanned beam on the medium;

wherein the scanning includes rotating a
polygon having a plurality of reflective facets:

passing the pulses of the beam reflected €£from

the facets of the polygon through a slit; J—
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frequency - "quadrupi'ed Sol i d st a?'eai aser, o %Ei ] gﬁﬂm@ﬂmﬁuﬂ | ||||
generator of Claim1l, wherein the electrical signal rep

grayscal e pattern to be witten on the nmedi um 7. The Iaser pattern
generator of Claim 1, wherein a rise ting of the nodulator is | ess
than a pul se period of the beam 28

24 8. A | aser pattern generator conprising: a pul sed | aser (100)
generating a pul sed | adetedtling the pulmesacufifen-ppssingotbireugh (this)

| ocated to r fﬂ__ve +&e pul sed beam and nodul ate the pul sed beamw th
an electrica S|gna defining the pattern; a scanner (148, 152, 154)

| ocated to receive thefiDtetihgd thésSedebsstad Qidlses to provide a

broadened output signal, thereby to indicate a location

of the facets of the polygon.

25. The laser pattern generator of Claim 1, wherein
the laser beam is at a wavelength of less than or equal to

355 nm when output from the laser.

26. The laser pattern generator of Claim 9, wherein
the pulsed laser beam is at a wavelength of less than or

equal to 355 nm when output from the pulsed laser.

27. The laser pattern generator of Claim 12, wherein.
the pulsed laser beam is at a wavelength of less than or

equal to 355 nm when output from the pulsed laser.

28. The method of Claiml13, wherein the laser beam
is at a wavelength of less than or equal to 355 nm when

output from the pulsed laser.

29. The method of Claim 21", wherein the laser beam
is at a wavelength of less than or equal to 355 nm when

output from the pulsed laser.
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t he nodul.ator and scan the nodul at ed beam across a ei n alPes cop
pul se rate of the laser is equal to or greater thanﬁﬂmmiiﬁgﬁl{miilpl xel s-
of the pattern, and wherein the pulse rate o S

asynchronous to the nodul ati on of the pul sed beam whereby a pattern
defined on the nedi um by the beamis not aligned to any fixed grid
defined on a surface of the nmedium 9. 28 The |l aser pattern generator of

Claim 8, wherein a phase of a pulse rate of the pul sed | aser is

i ndependent aqf a mﬁg&r@hﬁaﬁg&ﬂaﬁmea@np@émg he el ectrical signal. 10. A
| aser pattern generator n(p pul sed | aser (100) generating
a pul sed | aser beamulsed laser 9@%%@8)36}3]@%1%&9% or (116) located to

receive the pul Seq‘&b% t@%ﬂ?ﬁ modulatgpgi"i(ﬁt Rocklf tBu}eﬁéi% %@@?g&%@@a ad,)

el ectrical signal ni ng canner
| ocated to recei vmddhhtmdphlse(bueanumanl&muichrs)gnal defining tHeepatteshiy| at or and

the modul ated b | 196) .wh th
el udes o 1ot at | AGSHOIY Q. 134G J9REH ' 8PeiYe e odlaied phlsed beS L <.

aslit (210) loca | d fromthe
rotating pg%gw&sm&&%hg&q %%?%gd %%?cr{%c at ﬁﬁ%gﬁ?ﬂﬂ the slit;
and a fil tarscz(tm (160)inkerniediatet the scianercnd the medipmotei fdensahédbezmt ened

signal indicating_a | ocation of the facets of the rotating polygon.
11. A net hod of 4% ﬁq" W% a plurality of pixels on a nediumwith a |aser

beam conphidefleéor (140) in a path of the beam between the modulator and the scanner
to. deflect the beam;
a detector (168) to detect the beam; and
a control circuit (170) coupled to the deflector and to the detector to deflect the
beam synchronously with the detected pulses of the beam.

2. The laser pattern generator of Claim 1, wherein the laser is pulsed at a

frequency of at least 1 MHz.

3. The laser pattern generator of Claim 1, wherein the scanner includes a rotating

polygon (148) having a plurality of reflective facets.

4, The laser pattern generator of Claim 1, wherein a diameter of the beam incident

on the medium is less than 400 nm.

5. The laser pattern generator of Claim 1, wherein the laser is a frequency

quadrupled solid state laser.

6. The laser pattern generator of Claim 1, wherein the electrical signal represents a

grayscale pattern to be written on the medium.

7. The laser pattern generator of Claim 1, wherein a rise time of the modulator is

less than a pulse period of the beam.
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Qutputting a | aser beam from a pul sed | aser; Modul at i
| aser beamw th an electrical signal defining the pixels; rmlfmw:l % I" III'
t he nodul at ed beam across the nedi um # cC L M s %
25 Focusi ng the scanned beam on the nedi um Detecting the

pul ses of the beam and Defl ecti ng_the beam synchronously wth the

pul ses of the beam 12. The nethod of*d ai m 11, wherein the | aser beam

is pulsed at a frequency of at | east 1 MHz. 13. The net hod of

Claim 11, wh&rei nAtdser pattenmgengratoradongpeisingot at i ng a pol ygon having a
Phe. acanni ng | nel toResett ) gprortiie s pulied e beam” © ™ L Mheren
an acousto-optic modulator (116) located to receive the pulsed beam and
modulate the pulsed beam with an electrical signal defining the pattern;
a scanner (148, 152, 154) located to receive the modulated pulsed beam from
the modulator and scan the modulated beam across a medium (196) wherein a
pulse rate of the laser is equal to or greater than a pixel rate of pixels of the
pattern, and wherein the pulse rate of the laser is asynchronous to the
modulation of the pulsed beam, whereby a pattern defined on the medium by
the beam is not aligned to any fixed grid defined on a surface of the medium.

9. The laser pattern generator of Claim 8, wherein a phase of a pulse rate of the

pulsed laser is independent of a modulation frequency of the electrical signal.

10. A laser pattern generator comprising;
a pulsed laser (100) generating a pulsed laser beam,;
an acousto-optic modulator (116) located to receive the pulsed beam and
modulate the pulsed beam with an electn'czﬂ signal defining the pattern;
a scanner. (148, 152, 154) located to receive the modulated pulsed beam from
the modulator and scan the modulated beam across a medium (196) wherein the
scanner includes a rotating polygon (148) having a plurality of reflective facetsé
a slit (210) located to receive the pulsed laser beam -reﬂected from the rotating
polygon;
a detector (168) located behind the slit; and
a filter (228) coupled to the détector, to provide a broadened signal indicating a

location of the facets of the rotating polygon.

11. A method of imaging a plurality of pixels on a medium with a laser beam,
comprising:
Outputting a laser beam from a pulsed laser;

Modulating the pulsed laser beam with an electrical signal defining the pixels;

Scanning the modulated beam across the medium; REPLACEMENT SHEET
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deflecting to synchronize the scanning to the pul sed beam

met hod of Claim 11, wherein a dianmeter of the beam i ncident oﬁlilll% m I" ||I|I " |"|
mediumis | ess than 400 'nm 16. The met hod of O aim 11,

conprising generating the |laser beamfroma frequency quadr upl ed

solid state | aser. 17. The met hod of Claim 11, wherein the electrical
signal represents a grayscale patt@?n to be witten on the nmedium

18. The met hod of Claim 11, wherein a rise time of a nodulator in the

step of nodEdcating the ssatried beaman the medinm; peri od of the beam 19. A

met hod of i magin | ur I|ty of els on a mediumw th a | aser beam
conpri si ng: “Det ¢ PRiBges %fq?ea ;88%4m from a pul sed | aser;

‘nodul ating the p%gﬂtlhgﬁgbegﬁ%%gﬂﬁgﬁgg?{gw%&mg gimdefining the

pi xel s; scanni ng | um

12.  The method of Claim 11, wherein the laser beam is pulsed at a frequency of at
least 1 MHz.

13.  The method of Claim 11, wherein the scanning includes rotating a polygon

having a plurality of reflective facets.

14.  The method of Claim 11, wherein the scanning includes acousto-optical

deflecting to synchronize the scanning to the pulsed beam.

15. The method of Claim 11, wherein a diameter of the beam incident on the

medium is less than 400 nm.

16.  The method of Claim 11, further comprising generating the laser beam from a

frequency quadrupled solid state laser.

17.  The method of Claim 11, wherein the electrical signal represents a grayscale

pattern to be written on the medium.

18.  The method of Claim 11, wherein a rise time of a modulator in the step of

modulating is less thana pulse period of the beam.

19. A method of imaging a plurality of pixels on a medium with a laser beam,

comprising:

outputting a laser beam from a pulsed laser;

modulating the pulsed laser beam with an electrical signal defining the pixels;

scanning the modulated beam across the medium,;
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26 . . focusing the scanned beam on the nedium and, wherei I

rate of the |aser beamis equal to or greater than a pﬁ*ﬂ‘l@lﬂ%iwﬂlmm"l
t he pixel s. 20. The ‘'net hod of C aim 19, wherein a phase of I s %
rate of the pul sed | aser beamis i ndependent of a nodul ation

frequency of the electrical signal. 21. A nmethod of imaging a plurality

of pixels on a mediumwith a | aser beam 26 conpri si ng:

outputting a | aser beamfroma pul sed | aser; nodul ating t he pul sed

| aser beam wi th afocasifg ttel segined besialon dies ibdins, i whiereth 8 pulse rate of hea@ei Ng
t he nodul at ed beam across the nedi um focusi ng_the scanned beam on

the nedium wher ebeamyisiaqudl te prgreaer thapepixchrate of the pixels.n t he step of
nodul ating is equal to or greater than a pixel period of the pixels.

20.  The method of Claim 19, wherein a phase of the pulse rate of the pulsed laser
beam is independent of a modulation frequency of the electrical signal.

21. A method of imaging a plurality of pixels on a medium with a laser beam,

comprising:

outputting a laser beam from a pulsed laser;

modulating the pulsed laser beam with an electrical signal defining the pixels;
scanning the modulated beam across the medium,;

focusing the scanned beam on the medium, wherein a rise time of a modulator

in the step of modulating is equal to or greater than a pixel period of the pixels.

22. A method of imaging a plurality of pixels on a medium with a laser beam,
comprising:
outputting a laser béam from a pulsed laser;
modulating the pulsed laser beam with an electrical signal defining the pixels;
scanning the modulated beam across the medium,;
focusing the scanned beam on the medium,; .
wherein the scanning includes rotating a polygon having a plurality of reflective
facets;
passing the pulses of the beam reflected from the facets of the polygon through
a slit;
detecting the pulses after passing through the slit; and
filtering the detected pulses to provide a broadened output signal, thereby to

indicate a location of the facets of the polygon.

23.  The laser pattern generator of Claim 1, wherein the laser beam is at a-

wavelength of less than or equal to 355 nm when output from the laser. /
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22. ., A gethod of imaging a plurality of pixels on a nmedium |
beam conpri si ng: , outputting a | aser beam f rom%lﬂ“ﬂﬂ*@ﬁ“ll'l " |II|
[ E *

| aser; nodul ating the pul sed | aser beamw th an el ectr

defining the pixels; scanni ng the nodul ated beam across the nedi um
focusi ng the scanned beam on the nedium wherein the scanning

i ncludes rotating a polygon having a plufélity of reflective facets;

passi ng the pul ses of the beamreflected fromthe facets of the pol ygon

t hr ough 24. @ e faser pattern gehfabsildMTlainh B, Miblefeds R piflsedPRSS bedm! Rrapwgh
the slit; and filtering the detected pulses to provide a broadened

out put signal, t Hweavsiepgthoof less than griegialde 85% nmokkan apws fromnthepalsed dase. t he
pol ygon. 23. The | aser pattern generator of Claim 1, wherein the |aser
beamis at a wavel ength of less than or equal to 355 nm when out put

fromthe | asg.. The laser pattern generator of Claim 10, wherein the pulsed laser beam is at a

wavelength of less than or equal to 355 nm when output from the pulsed laser.

26.  The method of Claim 11, wherein the laser beam is at a wavelength of less than

or equal to 355 nm when output from the pulsed laser.

27.  The method of Claim 19, wherein the laser beam is at a wavelength of less than

or equal to 355 nm when output from the pulsed laser.




N ' 78045 32.9..
27 24+ The | aser pattern generator of Claim8, wherein the pulsed | as¢res copy

beamis at a wavel ength of Iess than or equal to 355 ngfReN out peipaceme
fromthe pul sed | aser. 25. The | aser pattern generator of@gissm 10, SHeers
wherein the pMGEdY | aser bEWlW%‘Lﬁ?gﬁkgm%ﬁ@ih of Ie * Sy an Or

equal to 355 nm when output fromth T ed | as
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