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* AND PHOTORESI ST EXPOSURE 5 BACKGROUND OF THE | NVENTION 1). Field Od”r 44{e2006
| nvention WR87913%enti on rel ates generally, to a nethod of peahstz/zoss
processing and, .nore specifically, to a method of photoresist exposure.
2). Discussion of Related Art Integrated circuits are manufactured on
silicon and ot hers METHOIOHIUBIORATEIHGCESSING LWADIFHOFORHsPE ) Of
wafers. A wafer is obtained by drawing-a silicon ingot fromliquid silicon
- -and then sawing the ingot into many ughRs$ygriarious layers are then for med
on the wafer followed by a photoresist fayer. A mask having openings
therein is then | ocated over the photoresist layer and a light source is

| ocat ed over the mask. so that |ight shines through the openings onto 15
selected are These sel ected areas change

chem cal co%%gg&%¢§ﬁw@§e#ﬁégﬁHﬁk@bﬁisg'subsequently sel ectively etched
over areas of the photoresist |ayer that are not exposed to the light. The
photoresist layer is then used as a.mask to etch. layers below the
photoresist |ayer. A cutting edge of a wire used for sawing the wafers
makes a ser i BsFigld @thalhwiitiah hing rai sed and recessed fornations on each
waf er. The formations extend in a direction of the cutting edge and are

d fro | |
PET) US02] 23000 win ah  he Sa b o o dD e O R e R R i ons

are reflect qgm%rkpemﬁcaﬂy, to a method of photoresist exposure.

.

2). Discussion of Related Art

Integrated circuits are manufactured on silicon and other semiconductor
, 10._ ~substrates often in the formi of wafers. A wafer is obtained by drawing a silicon
ingot from liquid silicon and then sawing the inépt into many wafers. Various
layers are then formed on the wafer followed by a photoresist layer. A mask
having openings therein is then located over the photoresist layer and a light

source is Jocated over the mask so that light shines through the openings onto

15 selected areas of the photoresist layer. These selected areas change chemical
: _cox.nposition so that they are subsequently selectively etched over areas of the
 photoresist Iayer that are not exposed to the light. The photoresist layer is then"
used as a mask to etch layers below the photoresist layer.
A cutting edge of a wire used for sawing the wafers makes a series of
.20  alternating rafsed and recessed formations on each wafer. The formations extend

‘in a direction of the cutting edge and are spaced from one another in a direction in -
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t he photoresist layer. The light source emanates a bundle of light which is
*wder than it is long, and, along its wdth, crosses over many &8/ 2006
format i ons Vé@ 0xvi7¢gicven nonment. The |ight has a uni form f oc@cThsogtive@cr oss
its wdth, usually about hal fway between peaks of the raised formations
and | ower points of the recessed formations. The light is thus out of

focus-at the vpiiak Sheasitv bR éss&%fﬁu?1 h thé R Fﬂgs%1fearﬂ6%@§or yrat e e sur e of

t he photoresist |ayer. naccurat e exposure o esi's a er
-results in inRgRe f f ormati ons n, . layers below the
phot or esi st | ayg%t%iiéggureggg 8?‘6@% ELEBEPHA lmgledpéhg ewhish i Widexaf er .

Fi gure 6b 'Stﬁ cro S-sect onal S|de view of Detail A on Figure 6a. The
invention is eaétfilr' Flﬁéﬂltﬁ)wl C@FSBéPéiﬁph@nwofﬂierfematmm o the 15
acconpanyi ng dr avvl ngs wherein: Figure 1 is a perspective. view of a

sem conduct ogl‘ieﬁgmmeﬂ dihredight has a anifornsfocsidengthmatosendwid@uafanyhe i ngot
as it rests in awre saw machine. Figure. 3 1s aviewsimlar to Flgure 2

in enlarged dedibalfwhiyletdbe pAUOLS ths raiddi REMAHRENEH: nwef ?gﬂ{t?otﬁﬂ kS side.

view of the ingot as it rests in the wwire saw. Figure erspectlve Vi ew

f the waf 02/ 03/ 017006
pCT/ u‘éoé’?zé{)g%@%?%ﬂ??%ng Tt GRS RnhBR! opterh eeg avn ot ariga

detail . Fi gulreg ] b i.s.a cross- sectl %irr)gh side view of the wafer and a

sel ected | ayer {ReP BZ?ﬁCmiéFeg‘iﬁPesufe ephoteresistlapen dragcurntelexposem aff t he
waf er, selected layer, and 5 photoresist |ayer fornmed on the selected

1 ii)yer _ the photowsxstlayel results in inaccurate du:nensmns of formations etched in

layers below the photoresist layer.

10

BRIEF DESCRIPTION OF THE DRAWINGS _

The invention is further described by way of example with reference to the
15 accompanyihg drawings wherein;
Figure 1 is a perspective view of a semiconductor ingot.
Figure 2 is a cross-sectional end view of the ingot as it rests in a wire saw
machine.
Figure 3 is a view similar to figure 2 in enlarged detail while the ingot is
20 . being sawed. |
| Figure 4 is side view of the ingot as it rests in fhe wire saw.
Figure 5 is perspective view of the wafer after being cut from the ingot.
Figure 6a.is a cross-sectional side view of the wafer.

- Figuare 6b is a cross-sectional side view of Detail A on Figure 6a.
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Figure. 8a is a plan view of the wafer, a mask, reticle field, and dynam c
‘focus area. Figure 8b is a viewsimlar to Figure 2 after rot ati &¥/P2/44006
waf er. Fi gweoiresan expl oded plan view of the mask, retigbgkihslsgsp and
dynamic 10 focus area. Figure 10 is .a perspective side view of the nmask
over the substrate. Figure. Ila is a cross-sectional side view of the wafer

just before the sg is aRbguUEe. 11b s a yiew simlar to Figure 1lla after
the sel ected areas %?lgg:ﬁ&ufgmia%g%;ﬁﬁmé Blﬁ,riarg?!l ﬁgtaé- pl an view of the
.-wafer, .the nask,F-g_g}é%Eafi_eld, and d_%na_rric focus area. Figure 13a is. a
~ cross-sectional . sPde Vi &w BT rRERA Bfle xiepeof thhwafirend meslestedddyear eas have
been exposed,, 20 Figure 13b is a viewsimlar to Figure 13a after the

sel ected Iaygfer‘f‘f’é’s been etched. Figure 13c is a viewsinmlar to Figure 13b
after the remainder of the photoresist has been renoved. the sel ected

~areas has been r diigwedc iga 68O RONA SR ﬁ@&%ﬁ@@afeﬁ’@iéﬁ@&%ﬁ%ﬁ%%% Figure

13d is a viewsimlar to Figure 13c after the alumnumTaye been

added. Fi@ur@otamsisslagezvﬂoeweébﬂitﬁééeléé%%%re 13d after the al uni num | ayer
has been etched. DETAI LED DESCRI PTI HE | NVENTI ON

Figure 8aisa plan view of the wafer, a mask, reticle field, and dynamic
focus area.
Figure 8bis a view similar to Figure 2 after rotation of the wafer.
Figure 9 is an exploded plan view of the mask, reticle field, and dynamic
10 focus area.
Figure 10 is a perspective side view of the mask over the substrate.
‘ F igure I1ais a cross-sectional'side view of the wafer just before the'selected ~
areas have been exposed.

Figure 11b is a view similar to Figure 11a after the selected areas have been

15 exposed.

Figure 12 is a plan view of the wafer, the mask, reticle field, and dynanic

;s:)
.,

- focus area.

Figure 13a is a cross-sectional side view of the wafer after the photoresist of

the selected areas has been removed.

20 Figure 13b is a view similar to Figure 13a after the selected layer has been

etched,

Figure 13c is a view similar to Figure 13b after the remainder of the

photoresist has been removed. -




A nethod is described for inproving the exposure focus for nodern ste/ppers
-used in the Iithography of seniconductor substrates such as waf eld$/0&/2§06
waf er i s savedsdrom a sem conductor ingot in a particul ar craghi/eie
relative to a reference point on the ingot. As a result of the sawing, a
series of raised and recessed formations . manifest on the surface of the
wafer. After vari OiSce 3y€ ; o.th fer ang the _
phot or esi st | ayer f%l read&%ﬁ%guﬁgﬂsgﬁggﬁ%ﬁ%gﬁqgwqﬁ BEREEh t he
-st'epper so that, gafypam ¢ focus area of the stepper is 15 aligned with the
formati ons and/or thé sawi ng direction. Such alignnent inproves the
critical dinensi og con Jol and reduces variability in printing small
geonetry feat ur es’ @UFS mf If  ¥isuFiaplay to Figurd Bidragter thehilghBtuny 1GlefBas Ref erring
firstly to Figure 1, a nonocrystalline silicon ingot 20 is illustrated. The
ingot 20 is E%ﬂ‘ﬁ@hqual with a radius 22, a length along a central axis 24,
two 20 end sections 26, and a notch groove 28. The central axis 24 is a

mul tiple ®df the . radius 22. The end sections 26 taper to the central axis
24. A straight notch groove Z8 is created parallel to the central axis 24
on a surfaceppfa DRt h n ction 26 to the other. The
not ch groove ,chlﬁjcr -Ii}ﬁdN : }&m 4 08/ 02/ 2006 WO 03/017006
PCT/ US02/ 23090 t hrough the central axis 24, has is "V-shaped" with a tip
pointing at the central axis 24. Figure 2 illustrates the ingot 20 resting
inside a wire saw nmachine 30. The wre saw machine 30 includes a jig 32,
~an upper spi ndl eAgmethediipdescribed frtimpdring taRtkpdsEa Witk 6 a8ded t hough not
shpwn, it should be understood that wire saws continonly have nore than

ohe wire sosteppersnany s tHedith@h8Sh B scABcGANE tipe.. ,The jig
‘32 is "V-shaped” with atip %ﬁ?ﬁgﬁ dO\Canar 3. %%?eﬁﬁggggsgﬁﬁﬁlé 34 is

| ocat ed1@li r @&kdris g;egpé@ﬁ._gll;n‘ea-Ae%@‘gndsu%itor}qzllgeot?ﬁgia_%gl_hacuiiairst ance greater than

direction relative to a

reference point on the ingot. As a result of the sawing, a series of raised and
. _reces;ed formations manifest on the surface of the wafer. After various layers
‘have been added to the wafer and the photoresist layer is ready to be removed,

the wafer is aligned with the stepper so that a dynamic focus area of the stepper is

15  aligned with the formations and/or the sawing direction. Such alighment-

improves the critical dimension control and reduces ‘variability in printing small

geometry features during lithography, resulting in higher yields.

- Referring firstly to Figure 1, a monoerystalline silicon ingot 20 is llustrated.

~ The ingot 20 is cylindrical Wiﬂ.l' aradius 22, a length along a central axis 24, two =~
20 . end sections 26, and anotch groove 28. The central axis 24 is a multiple of the
radius 22. The end sections 26 taper to the central axis 24. A sfraight notch
groove 28 is created parallel to the central axis 24 on a surface of the ingot 20 from

- one end section 26 to the other. The notch groove 28, in cross-section transversely
4




tvvimce the radius 22 of the ingot 20. The saw wire 38 includes a cutti n/gz
‘edge 40 10 extending in an edge direction 42 and i s | ocated over 48{$2/2006
t ensi oned W0 ¢i/mwaddy between the upper spindle 34 and theptongiz/spiondl e
36. Both spindles and the saw wire: 38 are novable in unison relative to the
jig 32 horizontally and in a direction parallel to the central axis 24.
The ingot 20 thesgh thasdngial H0824 Q6 A6/ 0L5eY,:0f, the V-shaped jig 32. A

i ne 44 can be drawn fromthe notch gr00\?%&28“8‘&“3BOlf‘HEgeg&iel‘JS‘i‘tr%}xi s 24 of
-the ingot 20axifbgfirst, there is an original angle 46 between the line 44
and a vertical reference line 48 fromthe central axis 24. The verti cal

di stance between 1.he c)elﬂtral axis 24 and both the upper spindle 34 and

| ower . spindl e 36 P8t Hfrates thedngat 20 resting indide a adielssw2RacHind 36 Tlrgot  20.
An operator then .rotates the ingot 20 clockwi se about the central axis 24
in a saw ng V¥eaRWeRachinafiipchidena A9 32 antiialer bfiAdleisacs Pdver SoNgiddcal - -

Fi gure 3&il | ustrates the ingot.20 being sawed. After the ingot 20 has been
rot at ed, X heandiopsaw wairei38d | Adthdh BRgt sHAWE it SR re. [otated cl ockw se
so that the sawwire 38 at the cutti ng éd%g %e%@%S %Ighi%@?ﬁs@&ﬁsly
downwar ds. Bobdtheni9$a0Lhr? 017006, PCT/ US02/ 23090 spi ndl es are noved
toward the jig 32 '?naa savm‘pﬁ]g gl rgg‘élf?%onggb?“aﬂk'f sirateg Miaygbe sevpdent Be bet ween
the sawi ng di | onwand the,line, perpendicular to the cutting edge 40,
per pendi cul arﬁltgo%l%ehe ‘eé’tgtqrzd? gi?ggp‘?ﬁ,wﬁhé tpapqieting dawpwatds. (The uppee 44,
fromleft to .ri?ht on theeﬁaper. As the spindles are noved, the cutting
edge 40 5 ci@dnidadsatedalirarprba@ thalevaepindlgss ke dobak SRy &s X
Eijpure 4 illustrates the ingot 20 being noved after it is sawed. After the
cttting edgtvigetheundius@Rtof Hed gbt OO UM shivy i SR per. _Spindle 34
“and | ower spindle 36 return to positions shcr)wn %nﬁ %e%%?‘gmgl%egﬁegger at or

t hen noles {ih @i : tal _axis 24 so the saw n rocess

i ndi cat ed |$1)h%|1dgﬂl}§g1 %‘2%&{. )Ebe 4B 48 GRE S AL A% over and tensioned vertit%ﬂ?z

between the upper spindle 34 and the lower spindle 36. Both spindles and the

-Saw wire 38 are movable in-unison relative to the jig 32 horizontally and in a

direction paralle] to the central axis 24. The ringo_t 20 rests inside tlu—a concave

portion of the V-shaped jig 32. A line 44 can be drawn from the notch groove 28
15 to the central axis 24 of the ingot 20. Atfirst, there is an original angle 46 between

- the line 44 and a vertical reference line 48 from the ceﬁﬁal axis 24. The vertical

- distance between the central axis 24 and both the upper spindle 34 and lower

spindle 36 is at all times at least the radius 22 of the ingot 20. An operator then
- Totates the ingot 20 clockwise about the centx%l axis 24 in a sawing rotation
20 direction 49 so that the line 44 is vertical.
- Figure 3 illustrates the ingot 20 being sawed. After the ingot 20 has been
rotated, the upper spindle 34 and lower spindle 36 are rotated clockwise so that

. . the saw wire 38 at the cutting edge 40 is moved vertically downwards. Both
_ _ _ 5




10‘repeéted. Figure 5 illustrates a wafer 52 after being sawed fromthe
‘ingot 20 in the previous figure.- The wafer 52 has a wafer upperP&/9&/206

54, a thickmeswidms a notch 58, and the sanme radius 24 aspikhgshagedy 20.
The thickness 56 is typically 750 mcrons. The notch 58 extends the entire
t hi ckness 56 and appears on an edge 60 15 of the wafer 52 due to the notch

groove 28 on sphflléd90nRRd tdh&: L:0G~Al rection,. 50 is. left to right on the
paper . Referrlpng to Figure Ga%‘f]@‘}?g%%r%g{‘?%V}’]H%E{lhecgp@gﬁ],gv@}_aaavg@gi es of
--raised and g panotopol ogi ¢ formations 62 are fornmed on the wafer
- upper surface gg%ﬁ\%gg?\e?h%e\ﬁ%‘?”&v cHgn ang\ghe linp, peipgndicaloo kogiecuftorgrat i ons
62 have hei ghgs 1204 of 20 between 10 and 100 nanoneters and peak-t o-peak
di st ances 66 “0§¢ 'Pm%‘dﬁuﬂqritﬁﬁ@egﬁﬂmés%akdpat]qimaitu(tbir%&ﬂﬂﬁ&ﬂﬁ ext end
in a distance direction 68 along the sawing direction 50. The w dths of

these for mat fronsleéhte eight oo thdpapendAs the spendisi s hled, iif2 %v%gi gecti on 70
parallel to the edge direction 42. Al though not 6 08/02/200 (% / 0] 7006

PCT/ Usozlasoa;&s&hemghﬂhém?bpzdiﬂté?&caﬂ ﬁ(e%{q?%%%?%?%her formations, some

| arger and sone snualler than the nandtopo tions are al so.present
on the surface ofg; . r._and.do tribute to the problemthis _
“invention is sol vf‘%‘g% Fi g%hsaete%gf? %Otgﬁgg’?gé’é‘b‘ﬁd(ﬂfﬁlfﬂéﬁ graved. eifteritheet ai | A
on Figure 6a, ,b.llustrates some of the smaller 5 formations 71 referred to
col | ecti vel yU54h8 ?iﬁ?g‘ﬁ’r’fé’é%@“ﬂfﬁlf{ taryghdheingot 2% themplparspiralle 34@id loher waf er
after it is sawed, undergoes a series of grinding and polishing processes

whi ch do el ispinHe & mtum tolpesitions shdvn iroFighfe. r 8h 5281 dherk ﬁ#ﬁ%ﬁss@g g b o

formations. Figure 7a illustrates in enlarged detail the wafer

Fayers on i B2 alol@ tith . WAl i r,e_VisiblLe on the wafer
up)[:/)er surfacea54l.@ tEA[\s Cerftéd) Q4R8O Melsalh T PEdBRSn 8 2a Bl in Flgiire 3 Snay be

10 repeated.
Figure 5 illustrates a wafer 52 after being sawed from the ingot 20 in the
previous figure. T’he wafer 52 has a wafer upper surface 54, a thickness 56, a
notch 58, and the same radius 24 as the ingot 20. The thickness 56 'is typically 750
microns. The notch 58 extends the entire thickness 56 and appears on an edge 60
15 of the wafer 52 due to the notch groove 28 on the ingot 20. The sawing direction
- 50 is Jeft to right on the paper.
Referring to Figure 6a in combination with Figure 5, a series of raised and
recessed nmiofopologic formations 62 are formed on the wafer upper surface 54
when the wafer 52 is sawed. The nanotopologic formations 62 have heights 64 of
20 | between 10 and 100 nanometers and peak-to-peak distances 66-of 2 to 10
millimeters.. The peak-to-peak distances 48 extend in a distance direction 63 along
the sawing direction 50. The widths of these formations extend to the end of the

substrate In a wave direction 70 paralle! to the edge direction 42. Although not. -
. 6 ’




illwustrated in 7b, a selected layer 72 is fornmed on the wafer. Althou not
“shown, it should be understood that. the selected layer 72 in fa&B/iOOrfg)I]%PcpeGs
many | ayer 0 ¢xoateéed on one another. A sel ected upper surfaceudeh0dset he
selected layer 72 has formations that reflect the formations on the wafer
upper surface 54. As 15 illustrated in Figure 7c, a photoresist |layer 76 is
then formed chowheitskb@atRdmdayalod Bl ot oresi st upper surface .78 of

t he photoresist |ayer 76 has forr?att?‘on%ﬁlhafma?%qsr%Oé?e’gfﬁelf‘ﬁ-ﬁ%ﬁ‘?ons on the
-sel ect ed UpPP@maAEY af S dinalhese .formati ons have dinmensions simlar to

t hose on the wafer upgléeznasﬂ?}?%o B ProEfigns dregisoinreeohpn Hetsuofcewitthe Fi gure 9
illustrates m?erstru ture of Figure 7c 20 together with a nask 80 and

el ectromagnet 1°C ARdi40 GopvrikugE e ,eEﬁgblﬁwdhisdnwthnytmhﬂvmgeﬂ?@xk@éﬁ,hel d S2 and
dynam c focus area 84, have been place over the wafer 52. The nmask 80 and

the reticle Fi%%cEonalsileted of Petiiled an @i @@ﬂh&'ﬁa@és%oﬁﬂeofgl%’ﬁxﬁf&e W th
sides approximately 20 mllinmeters. The dynam c focus area I's

tialdy form@8pi71AR04G;: ' i R 23090 dl f tical
essentialfy forn %mo%n&%%%soﬁgq&gﬁg&/. i\ﬂg'?ﬁﬁaaq?uog%e of optica

light, fromthe el ectromagnetic rad urce, th S6

extendi ng | Numick8HEE B4l } 8..and a width 90 extending in a wdth
direction 92 perpendi gg:t%ere&%ltgggﬁtgl 1téﬁﬁj‘ﬁ?dd’rl?‘igﬂi’%“rf‘ Bges ghgrinding d0 of the

bundle is A tiple of the length 86. The width 90 of the bundle is

appr oxi mat elqjy %%&e‘gf‘%%eﬁ%esagnﬁ%éopkw@w i et 5o, of the haisedriccl e field 82.
The length 86 of the bundle is approximtely 2 mcroneters. Figure Sa in
conbi nat i on TieEIRdEPEIREOIS. i | | ustrates the original orientation of the
y\?er 52 under the reticle field 82. There is .a stepper angle 94 between
the width direcFigore B2llaneated® dnlfedtdeta Okl ofal es the wafer 52
10 countercl ockwi se about the centrgl a(;'(ias 47'9?%;2"8{1%1&;%1?}'?893& n

di recti om 95'11§ﬂanotopologic formations 62 are visible on the wafer upper surface 54. As

e
O

illustrated in 7b, a selected layer 72 is formed on the wafer, Although not shown,
- . itshould be understood that the selected layer 72 in fact includes many layers
located on one another. A selected upper surface 74 of the selected layer 72 has

formations that reflect the formations on the wafer upper surface 54. As

15 illustrated in Figure 7c, a photoresist layer 76 is then formed on the selected layer

54. A photoresist upper surface 78 of the photoresist layer 76 has formations that
reflect the formations on the selected upper surface 74. These formations have
- dimensions similar to those on the wafer upper surface 54.
Figure 82 in combination with Figure 9 illustrates the structure of Figure 7¢
20 together with a mask 80 and electromagmetic radiation source, as indicated by the
reticle field 82 and dynamic focus area 84, have been place over the wafer 52. The
mask 80 and the reticle field 82 are both square and approximately the same size

- with sides approximately 20 millimeters. _The dynamic focus area 84 is essentially
N ’ .




théf the stepper angle 94 is zero. Figure 8b illustrates the wafer 52 after
‘being rotated. The light source is aligned with the wafer 52 so 48{H2/42006

width. direeotpni@e is parallel to the wave direction 70, perdishhigsebengt h
direction 88 is parallel to the distance direction 68. 15 Figure 8a
illustrates the wafer 52 with an initial stepper angle 94 of approximtely

30 bei ng rot at bahdiovhbpticd] Gk 1 st.epper...angle 94 is 0, the ,
width direction 92 i sp%ar aﬂfﬁé\?gt&oﬂ? hlgkﬁr{’%ggﬁ%c lgﬁlﬁh‘[”ﬁ OYrER gfiH Hiersdt i on 88

| -~is-parallel tgsdhgdisaWd PRLGirectjon 50, as illustrated in Figure 8b.
Figure 9 illust rat eéﬁct eéqgrrﬁ% ! f?,‘:h?’h@ e ¢ vty Q0x¢pnding iamdwidile dynani ¢

focus 20 ar %gjiegé ia9 nore detail. The mask 80 has openings 96 therein
t hrough whi ch 1T ght ~ =~ PEEFFERELNR t)fhe lengih dieqtianfisy dfhe svid e ofitid Bsapl t he
openings 96 are between .13 and 2 mcrons depending on the dinmensions of

desired feat &t &8 UHPleRé thedbrgth 5. TheWidt WOk A bis IR gk@?g@)% be
under st ood that the openings 96 cover the 8 WD 03/01708 0 66

PCT/ US02/ 23080neat thedemgth lof 8¢ siﬁ@@ftﬂb’?é\;l{@l&ﬁ%lﬁ(‘ggsTﬁgfei%gﬁﬁ%%)sf BB din a.

scanning direction 98 parallel to the I'ength direc gds

direction 68apHodinSAulk M0l i.on 50. The scan extends to cover the
entire reticleﬁfiel‘dwgz Fi g(l;frﬁgt O illustrates the mask. 80 | ocated over the

wafer 52 as |ightg; 5r el.ectromagnetic radiation) fromthe |ight source _
propagat es t hr ouglf thie® 1 grrnatopyyithifigure 9dllastrdtecthe ovipizal dient@ashss t he
phot oresi st |ayer 76, resulting in openings 96. Because of the alignnment of
the dynanic ‘%é&éﬁrﬁé@@n&x«mﬁcle Feld S2oMivetei i9 8 StepPet NGV Bltwadn

%?;rti cul arly the nanotopol ogy of the wafer 52, "selected areas %0 of the
pho

t or esi st Widihedirdionel2npdekobsett. bihelddrdth Sia pﬁgg@?ga}gggg t hr ough
openi ngs 96, at any given, tinme, are approximately The s

10 counterclockwise about the central axis 24 in a stepper rotation direction 95 so

that the stepper angle 94 is zero.

Figure 8b illustrates the wafer 52 after being rotated. The light source is
aligned with the wafer 52 so that the width direction 92 is parallel to the wave
direction 70, and the length direction 88 is parallel to the distance direction &8.

15 . Figure 8a illustrates the wafer 52 with an initial stepper angle 94 of approximately
30° being rotated counterclockwise until the stepper angle 94 is 0°, the width
direction 92'is parallel to the line 44, anid the length direction 88 is.paralle] to the
sawing direction 50, as illustrated in Figure 8b.

Figure 9 illustrates the mask 80, the reticle field 82, and the dynamic focus

:20 . area_84 in more detail. The mask 80 has openings 96 therein through which light -
fron the light source propogates. The widths of the openings 96 are between .13
and 2 microns depending on the dimensions of desired features on the wafer 52.

Although not shown, it should be understood that the openings 96 cover the
. _




hei ght. The |ight source can focus light to a single particular depth at
‘any given _tinme. Therefore, a greatly increased portion of the | {0§H{02/2006
exposi ng t B® CA1&06ed accurate exposure of the photoresi st PEEYSH22300

Accur ate exposure of the photoresist layer 76 results in accurate

di mensi ons of the selected areas 100 to 15 match the di nensions of the
openi ngs 96. SRRTSTRESE]. tkhejdynaminfostearex Po scan®id infaQEFBlih PBSe@iopRd i N

| ayers bel ow the photoresist |ayer 76 and thus higher yields. Figure |la

“iliustrates phealinhfoshe Ehgwi dfedtibg Ss,ﬂiﬁﬁh@dﬁ@clﬁ%hlelﬁ,éﬁ}%@]é%&l h(,oﬁalggc%%%b_ | ayer

76 before exposure of the selected areas 100 to

i1 Tustrates Theswafektenad t@dvel e6R . of . sel ected areas 100 20 to
| ight. The conposition of the sel eﬁ%{f%gfr%e%ﬁg%o has changed. Figure 12

illustrates the gur.ation simlar to that in Figure 7. After the

‘dynani ¢ focus ar ggg%"ﬁﬁé@“&@éﬁﬁé%ﬁﬁ%@éo locpisd pventheomfens? asdightl e fiel d 82,

the Iight S@Prce noves relative to the wafer 52 causing the reticle field
e s

82 to o rHgmagpety pdaggnfiqro ke bglﬁmhMQﬁ'op&GTéngﬁ?gﬂgo is |ocated

over a region of the wafer 52 where the sel ected areas 100 have not be

exposed. Fi qperings 95) Be&hllsﬁbfﬂ:ﬁehﬁ?]m@iﬂd}'kﬁea'ﬂﬁ 8 ' oxi mately 2D
mllimeters in- a direction parallel to the }éavm' ﬁg I r}ééc??d?‘yra]i%ggj,e lef t to

right on thdormpaes oﬁfm@@a;é;ngrﬁgb gﬂih‘?éllqan%gog???ggﬁé%%re ositioned, the
[ ed.

process depicted in Figures 9to 1 repea WewEs2depicted in
Figures 9 t@ud2ad S, ntil the all of the selected areas 100 on the
waf er 52 have %‘%%’%g%@@é@eﬁﬁwﬁgﬁiggq 7% being sxeesed hp thelight 52 after the
mask 80 and_the |ight source have been renoved. The sel ected areas 100 have
been et chedPoR?BavashreRgh openingst96datiaay agivattime) AwapIReinAERiItAEe mef t he
photoresi st |layer 76, all but the 10 selected areas 100, haS not been

subst ant{ al hejghif fTdetlight sdirgeioan (63l light 5 4 6RERSpArREINAIGlin 32 §i6kn t e
sel ected | ayer 72 has been
time. Therefore, a greatly increased portion of the light exposing the selected
 areas 100 will be in focus when it reaches the photoresist layer 76, resulting in-
‘accurate exposure of the photoresist layer 76. Accurate exposure of the
photoresist layer 76 results in accurate dimensions of the selected areas 100 to
15 match the dimensions of the openings 96. This results in accurate expoéure of
formations efched in layers below the photoresist layer 76 and thus higher yields.
Figure 11a illustrates the wafer 52 with the selected layer 72 and
photoresist layer 76 before exposure of the selected areas 100 to light.
Figure 11b illustrates the wafer 52 after exposure of the selected areas 100
20 tolight. The composition of the selected areas 100 has changed.
Figure 12 illustrates the configuration similar to that in Figure 7. After the
dynamic focus area 84 has been scanned across the entire reticle field 82, the light

source moves relative to the wafer 52 causing the reticle field 82 to move so that it
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-

~are trenches 104 of the selected etch depth 102.
- wafer 52 aft esxpasedal Fagh,RUMH QLS thRQI-JE%gerP%Qo 20.added on to
Tayer F$%a

~ordinarily skilled in the art.

etched. The selected layer 72 is etched to a selected etch depth 102. This
‘etching process only affects the selected | ayer 72. The renai nddt8/%242006
phot or esi stWP&¥81700676 has not been substantially affected. HE/Eogesoeo 13
illustrates the wafer 52 after the remai nder of the photoresist |ayer 76
has been renoved. The photoresist |ayer 76 has been conpletely renoved

from the waf eis BatedTver ankgiof ea&ur@epmgéﬁgg@;d%ge& Ne. Si@iﬁc altvg ?}l 8{ lFa%/fr t?ﬁ
I gure | es e

p of the
sel ected layer 72. Thé al um num PorEgarrIgepatdigtigh to

conpl etely fighiiidh trenches 104, Figure 13e illustrates the wafer 52
after the alum nu%effsg%ear&ﬁ% Oﬂé’grag]@EW' BFIemgdlirestiom$t left wornglamerths now | ay

in the trenches 3./9%1 only. 10 WO 03/017006 08/02/2006 PCT/US02/23090 Wil e
certain exenpPafy eRboWiTREHe SeldB2dab been wpssitivhet) trnskosheWapidd whe

acconpanying drawings, it is to be understood that such enbodi nents are

merely il PustEigaeesftodiids mepteateels e glrbates @dpitte® ¢ Pt Rl &Q&%‘Eﬁ%&ﬁgnd t hat
s*a

this invention is not restricted to the specific constructio

t filehe aB ' ' pfilcatl to th
o dinari Ty okillod i tie oy 466 00BN TRAlG of T Bheniarpared 1 A et nod

of patterning a g LesSt | copprising. form ng a selected |ayer over
a sem conduct or SE@I slgrlg?kel,ﬁlt S{Tﬁg%gé‘f ‘é’@&gé&fi Fethe mask §9 and ghakightispyrcef
alternating s aibsed_and recessed selected formations reflected on an upper
surface t her3F bATRIGROwd dihgselepigd andas 460 banek beeneehad to seilest that €
-f_r_.(j,r mations on an upper surface of .the substrate;

selected layer 72 below. The remainder of the photoresist layer 76, all but the

10 selected areas 100, has not been substantially affected.
Figure 13D illustrates the wafer 52 after the selected layer 72 has been
. etched. The seléctéd layer 72 is etched to a selected etch depth 102, Tlﬁ's etching
process only affects the selected layer 72. The remainder of the photoresist layer
76 has not been substantially affected.

15 Figure 13c illustrates the wafer 52 after the remainder of the photoresist
layer 76 has been removed. The photoresist layer 76 has been completel}.r
removed from the wafer 52. The only features now present on the selected layer
72 are trenches 104 of the selected etch depth 102.

S Figure 13d illustrates the wafer 52 after an aluminum layer 106 has been
.20 added on -tol.s of the selected layer 72. The aluminum layer 106 is at ieast deep
enough to completely fill in the trenches 104.
Figure 13e illustrates the waferVSZ after the aluminum layer 106 has been

~ polished. Aluminum components now lay in the trenches 104 only.
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form ng a photoresi st |ayer over the selected | ayer, the photoresist |ayer
"having a plurality of raised and recessed photoresist fornatiom?%ﬁquQQQQj
on an uppeM@AWEE t hereof due to the sel ected formnmati ons Pem/UShE230pper
surface of the selected |ayer, peaks of successive raised photoresist
formati ons being separated by a distance extending in a distance direction
and each raised f &Vhi deorihencimygas ethisHdimexd ea i AV i i on
transverse to the distance direcs?bn, t he mﬁgﬁﬁégg?ﬁgmgﬂﬁﬁl ﬁﬁﬁghgﬁhthe

-di st ance; | odht¢ bQuibaliRSIs DY Fn nﬁiaqja%%ﬁg]:_s?otodltgl%r%%{eg@ogask havi ng a

plurality of openings;” and positioning an €lectr H0F74E f6n sour ce.

over the mas tic.radi ation source emanating a bundle of
eIectronagneF?%ﬁvggﬁgﬁﬁ%ﬁgﬁggﬁﬁ65§“P§ﬁQ?HméﬁﬂfatﬁFGB%Nbﬂaﬁﬂvéﬁb@ to the

| ength, the Agcuflbeing a_nult%Fle of the length, the el ectromagnetic

radi ation solt¢e BRIEHYPLAPIHFEH touhetspetifiecobstiaisandsardngainehBehbeagt h of
the bundl e of el ectromagnetic radiation extends in a |length direction which
i s subst aht i & flessaibed biske modifiatidhsinap oecudiss Bfisk BfHind G sClIRANA RIBGDE i C
radi ati on propagating through the openings in the mask’onto sel ectéed areas
of the photoresist |layer so as to change the naterial. of the selected _
areas into a material which can be selectively etched over a renai nder of
t he photoresist layer. 2. The nethod of claim1 further conprising: saw ng
the substrate froman ingot prior to formng the selected | ayer, the ingot
being sawed in a sawing- direction with a sawi ng angl e between the saw ng
direction and a line between a central axis of the ingot and a reference
§QQint on the ingot |located distant fromthe central axis of the ingot, the
Substrate having, as a result of the sawing, a plurality of alternating
rai sed and recessed substrate formations reflected on an upper surface
thereof. 3. The nmethod of claim2 further conprising: rotating the ingot
prior to sawing so that the substrate is sawed in a presel ected saw ng
direction with a preselected sawi ng angl e between the presel ected saw ng
direction and-the line. 4. The method of claim2 wherein the reference
point located distant fromthe central axis of the ingot is a first.
formation which is engageable by a second formation to rotate the ingot
about it's central axis. 5. The nethod of claim2 wherein the reference
poi nt |ocated distant fromthe central axis of the ingot is a notch. 6.
The nmethod of claiml further conprising: renoving the mask; and
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sel ectively etching the sel ected areas over the remainder % %&@t
photoresist layer. 7. The nmethod of claimI| wherein the su g eis
silicon. .8. The nethod of claim1 wherein the selected |ayer is a

di el avhdi; clasmec?r' al. 9. The nethod of claim| wherein there is a plurality
sel ect eoﬁaye FS. 12 8.2.2006 10. The nethod of claim 1 wherein the raised
-and reaessfsh J PAERHidg oioFb%ﬂsHQferQ&H&faB&m ogic formations wth. heights of

; apprOX| mately 10 to 100 nanoneters | St ances between successi ve peaks. of
- I at s deming Ddelddiet CY6r b DURTINEITRE Slbgtrade [the delbctldlldyenRivRg S pluddh onbigilagag €ach
. ext endbeardeccnsed dgected fotnfetiossrbfidcted o an digper JiacambRRorttivefo diematnglabieii n
~t he lrenedbesl substratedioratioragn et kpper adfaaé bfdie substrabeyed rel ative to the substrate

in a scanning direction which is substantially parallel to the distance
- di r ed®TH aa‘ﬁ'ﬂt"%ﬁ‘s‘?@ﬁf"feém e'e 8¢ layerhe phytqrepist aé?f derngp Pfé@{'WGﬁalsitiza"dT he

met hdgrPegied "3‘P’ L (;rins wqu A hore! s iariheseiestsgimatiaps g he

oot ol B R D &# i o,%%ﬁﬁ “o %FE;; g@%ﬁgg@&; £ehe

un ﬂ%ﬁ

| eng tdﬁe& r%he met o?eﬁ h letrtél ed' the bundl e of

el ecudc@mmsksvéra@ phblofist usyeatmé B8Kha@RGa Mamys%aémhgmsd its length. 15
The nmethod of claim| wherein the bundle o? el ectromagnetic radiati on has a

- | engbbsitohing pp elestionatediiy rédiation soumepiaitse aadt, e wlecttdmaghetia Cadistibh soweieer s. 16. A
et hettacating a beridecof elseiminragnatic sadision bavingfarlenytearslenyidid traiseerse toi tiegletgth, tiee i ngot -
bei nyiddhging 4 muliplesef fierlenath. thesteciomadnete radialianisougee | aigrisd twite the substrateawi ng
-d| reé? ihafrfh 1Rat of th%@ﬂﬁ'@%woalasww radatien@xengs intaren t:t!oam&lcamr ef erence

F“ ﬁ‘"' parglle ? i i, f Hygrelqetr Q'C'H%G ré@ﬁﬁt;f’ [oragating e ngot ; '
for o 85 Yer s¢ 83 IS % %ﬁ Iayer of
ovﬁg g se|“'é‘53 & v P‘#@ﬁ eférfa i 3 AL 0% KRS oo ot
I ayeg ,Thgtﬂ.%m;gggkcg},ﬂ\.jlﬂg}g,eacomp%,% ity of openings therein; and positioning an
el ectromagnetic radi ati on source over the mask, the el ectromagnetic

- 1 adi @iwirgtheQUBEERe freBmiagétHBorado forHIAY me@aeeéﬁeperrgﬁ@ge&mbiﬁg EaviHdad & dwimavi ng a
| engditectuadvith awhbelihd atglamaveandies datvirghi@edtionghda lidelb@tween a central axis of the ingot

and a reference point on the ingot located distant from the central axis of the ingot, the substrate having, as

a resuif of the sawing, a plurality of alternating raised and recessed substrate formations reflected on an

upper surface thereof.

3. The method of claim 2 further comprising:

fotating the ingot prior to sawing so that the substrate is sawed in a preselected sawing direction with a
- preselected sawing angle between the preselected sawing direction and the line.

4. The method of claim 2 wherein the reference point located disfant from the central axis of the ingot is a
ﬁrst.formation:which is engageable by a second formation to rotate the ingot about it's central axis.

5. The method of claim 2 wherein the reference point located distant from the central axis of the ingot is a
notch.

6. The method of claim 1 further comprising:

removing the mask; and

seiectiuely etching the selected areas over the remainder of the photoresist laver.
- 7.The rhethod of claim 1 wherein the substrate.is silicon.

.8.:The method of ciaim 1 wherein the selected layer is a dielectric material.

9. The method of claim 1 wherein there is a plurality selected layers.

12




width being a nultiple of the length, the el ectromagnetic r@%&&%ion source
being aligned with the substrate so that the |ength of the bundl e of

el ectromagnetic radi ation extends in a length direction with a scanning .
angl e between the length direction and the |line, the scanning angle being

subst@ichétlodtlv@dim 1 RhdrEf thaRNda%ind AREdsBd fdhfioRs ﬁ&&(feq{gﬂ&[gﬁﬁdgﬁ bridligs! On

. pr opag@thkiasts bhippr@imatdle1 0ap @00 MBSmbtars! iQakiRs Bet@nGue@s§¢d fRdkHoreasedo! the
phot derewticts of appesxinsstelypBtot10 ndvaage, dndevidii, sdhakterding 18 @n e6deast ttRGuBsteRs i Nto a
mat eri al which can be -selectively etched over a renmi nder of the ST
-phot di eHiegnethaghob elaimlTAvheiiethmburiteof efectednaignetit Badidtien simovehelativegfothel s - sawed

wi t h sHbsjiledn 3 seenningdireption whishtimeubeiantiellnanlielgo tedlistsinpe ditestianrgdsutistantained in a- - -

di r e @R QA BRIt girectitst anti al |y perpendicular to the central axis of the
i ngo : t.had of claim 16 further conprising: . .ro ing the ingot =~
oyt 2 el oL FAA oy e Bl e AT GRS I Shoen ot had of
Pat t §5 NnaGhethoB BPLARASREei RY Glat WA eldTRYh e ol ngugh a |
sem geRsHClns its Ragh, t O seéw a su s'ltmrg ab'_tugdx?grggéﬁ %dé%g'ﬁgcorg :f:i’iXY{o ésa%ge\ia\l/&b r."gde havi ng
a cutting edge extending relative to the substrate in an edge direction;

13 812 .TheaftHoo bitialy 1avhesirathé @idthl ol yhe bueiies clddRorhagnsiicradigtion fsait agt@na ,
phot thoesand timpaisdengtif a mat erial over the selected |ayer; locating a nmask
having a plurality of openings over the photoresist |ayer; and positioning
an el2cdte ¢ efrglaim A ahprein tambungig of eedipmagnetieradiation hasarendihey appreximatelie 2 of

el ecPiCHREFRENA Wit 9f 2t PBMe$s/i ng a | ength and a width transverse to the

| engih, width.being a nultiple of the length, the electromagnetic
r adi L'f\or%lgfgoglﬁ)@g”%n@i ng aligned with the substrate so that the |l ength of the

bundl gifafa subbtefd FANRERGLdnGudi@ Nt iR hoStteriidSwbdlind o Ll R6d Qhing. . .
oD A SR o LB Bt ind oAl G g,

r adi taé ingét IgaRBRABRN fRgh hb esHsalaxisheteRRet: Ngs i n the mask onto sel ected areas
of the photoresist layer. 21. The method of claim20 wherein the ingot is

sawddrming shsetectad layesever th@ Bubsifite; met hod of cl ai m 20 wherein the ingot is

~sawed in a direction which is substantially perpendicular to a central
axi Jorgtingarhoforrgist layer of a materiaf over the selected layer; . _ : .

locating a mask over the photoresist layer, the mask having a plurality of openings therein; and

positioning an electromagnetic radiation source over the mask, the electromagnetic radiation source
emanating a bundle of electromagnetic radiation having a length and a width transverse to the length, the
width being a multiple of the length, the electromagnetic radiation source being aligned with the substrate -
so that the length of the bundie of electromagnetic radiation extends in a length direction with a scanning - -
angle between the length direction and the line, the scanning angle being substantially equal to the sawing
angle, the electromagnetic radiation propagating through the openings in the mask onto selected areas of -
the photoresist layer so as to change the material of the selected areas into a material which can be
selectively etched over a remainder of the photoresist layer.

17. The method of claim 16 wherein the ingot is sawed with a wire saw.

18. The method of claim 16 wherein the ingot is sawed in a direction which is substantially perpendicular to
the central axis of the ingot.

19. The method of claim 16 further comprising:
rotating the ingot about the central axis thereof prior to sawing the ingot.
' 20. A method of patterning a photoresist layer comprising:

- moving a saw blade through a semiconductor ingot to saw a substrate from the ingot, the saw blade having
- a cutting edge extending relative to the substrate in an edge direction; - ) : - e
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23. The nethod of claim 20 further conprising: rotating theB'bQ&%t about a
central axis thereof prior to sawing the ingot. 24. A nethod conpri sing:
“rotating a sem conductor ingot about a central axis; sawing a substrate
fromthe senmi conductor ingot, the ingot being sawed in.a saw ng direction
Wit h Brmfifd ftbcied RbevBahdaRBrditle sawi ng direction and a |ine between t he
central axis of the ingot and a reference point on the ingot |located .

di st domirgaphotormistiaydr bbd matsiiss ok tHelRelette@Ryer; t he substrate having, as a
result of the sawing, a plurality of alternating raised and recessed
substlecating 4 Baskdavions pluraiity ebapedngsrovarthepptaresistilafercandt her eof ;  forning a ,
sel ect ed Iayer over the substrate, the selected |ayer having.a plurality of

al t ePgslt9 fc "‘?‘ B SQUCEFaNES ‘!méﬂ‘semaéﬁﬂr@@tte'ﬂd’@)ﬁf%ﬁ?fﬂmgﬁmsurface
e

t he éﬁ " \grﬁ aéﬁggﬁ?ﬁ (¥ beln aTIS (\S?FQ%V{OII'I S str teﬁgpfl'ﬁfg%en gf tﬁeﬁ gf Hee

1 h
cu ot eege wectaI Stlg%

SUDS e Sinag Rl hdton of %@M p
| aye'electrrcﬂ?agﬁ Rirgdifidh plo g’é Ad ¢ 8 offbnid an I#'I st)nto s@ Et@?Q% h
r eceph@erebigtndyet.i ons re Iecte oh an upp surtace thereo
formations on the upper surface of the seI ected Iayer, peaks of successive
rai sedl Tk otetitod 5i gdim{20 wivareinaimsingue isngweepiar ehipgkaw. by a di stance extending in:
a distance direction and each raised formation having a width extending in
a wakdhameded pogiaim 26 whereindhe ingst istsewet] i paiiecioniwhicieis isarstantislily peipaiidiculaefong a
ul t?ﬁ?’é’ab‘?’“st%@edﬂgﬁ ance; rotating the substrate about the central axis;

I hot oresi st | ayer, the mask having a plurality of |
ogg’ﬁ #13@3 Fﬁ@a‘i?frf’%’m 5%@”%‘?%8'%369"‘%' el ect ?/omagnet ic radi a;/: og sogr ge o{/e?/ t he.
mas krotatt th@'InSStta{bQ g:@ﬁtf’ell gXI f?lgljegftd:IrtgnP eln natl ng a bundl e of

el ectromagnetic ra latlon avin a wi dth transverse to the

I enggmAnsEIme,d cwng,ﬁslmgbel ng a nul ti pI e of the I ength, the el ectromagnetic

radi ati on source being aligned with the substrate so that the | ength of

t he rotatie @sedficoatientdr ingbtedoata e@ntrdl agls;at i on extends in a length direction with
a scanning. angle between the length direction and the |ine, the scanning
ang| swingiarsgbsinatedtoariné sanhigondenterlingoo thelingoblzanigrsgwedingl sawing izedtiengittha stiwinect i on
bei rRj9§PEMEaNthe spWigg eacmae atlipe befweani the cantral ais obtbe inget,and B eefererastnobhergnet i ¢
_ rad;’ggn 95 @Egg’?’éf‘qfw e, R, h'ﬂxewéthe Al hg SUbstrate fhaving: 8k 2 swsulboldbe wawingda ar eas
of t ety aaling faised gad reces %SLP&"at I‘?amj'e"% nelectaghonan Appespufase theegoct ed

ar e@?@éﬁ aose%ctgﬁ a%lJ oqer twsu% ra(%egJl rh sele%ted %9&' h\é(\%ln ap upant?( of gternatar?g r%%gg :Ianrclider 14

d formations reflected on an upper surface thereof due to the substrate formations on the upper
surface of the substrate;

and

- forming a photoresist layer of a material over the selected layer, the photoresist layer having a plurality of
alternating raised and recessed formations reflected on an upper surface thereof due to the formations on
the upper surface of the selected layer, peaks of successive raised photoresist formations being separated
by a distance extending in a distance direction and each raised formation having a width extending in a
wave direction transverse to the distance direction, the width being a multiple of the distance;

rotating the substrate about the central axis:

locating a mask over the photoresist layer, the mask having a plurality of openings therein;

positioning an electromagnetic radiation source over the mask, the electromagnetic radiation source .
emanating a bundie of electromagnetic radiation having a length and a width transverse to the length, the
width being a muitiple of the length, the electromagnetic radiation source being aligned with the substrate
so that the length of the bundie of electromagnetic radiation extends in a length direction with a scanning:
angle between the length direction and the line, the scanning angle being substantially equal to the sawing
angle, the length direction being substantially parailel to the distance direction, the electromagnetic
radiation propagating through the openings in the mask onto selected areas of the photoresist layer so as to
change the material of the selected areas into a material which can be selectively etched over a remainder
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- a di ?tt%fee"%wsewd @Pﬁﬁuﬁa‘éﬁsﬂ@ﬁéefaﬂﬁyloe%{bﬁftﬂﬁesand each raised formation

of the photoresist |layer; renoving the mask; and sel ectiveéé( @}Gchl ng the
sel ected areas over the remai nder of the photoresist |ayer. 2 The net hod
of claim 24 wherein: a plurality of sem conductor ingots are rotated about

t he c er eof plurality of substrates are sawed fromthe

pl ura f%if)'%ég%y%gnductor ingots, the plurality of sem conductor ingots
bei nge,ﬁwhé Ragk: @M ng direction with a sawi ng angle between the saw ng
direction and a [ine between the central axes of the plurality of ingots
and - acketvely ettbieg peisaitcibdaainsienne tehaindaanthephaib@sist idyeom t he central axes

of the plurality of ingots, the plurality of substrates having, as a result
of t I¥6. Bwvinatepd ohclaimddathietein: of alternating rai sed and recessed substrate
formati ons reflected on the u surfaces thereof; a plurality of selected
I ayer""s”'“ﬁ?'ev qfé?%ﬂ‘dﬂ?}@r'”ﬁoffér%ﬁﬁ%qb% tlaﬁcegtﬂigquélﬁeégof the plurality of

sel e%t havi

o S gi i sae@g%%m%a gtéE 5%:%% %& d,f'ﬁi‘éﬁ ﬁqgm{jgﬁfﬁ‘ﬂ ons

iof]
m)é@rpﬁ% céit'r"afé?(@@& t pid rg1 Hfo@ an gﬁ Alstah¥irddf the
-phOt QbrtGl Sles bRANEHISrafty ofndbR ﬂ% pfaliffofs thF aViME asta @su@ Hﬁ@- ading, 8 !u%‘ﬁ ect ed
- | ay ebsaltetnaBngphisddednd récesded s bR F@matns FAY@ESGoEY Upper surRbadriRdrbdry Of
alternating raised and recessed formations reflected on the upper surfaces
.t her eoluraliiyef selecteddaybranaioinmmiverthe piealiipgfeubsiates Abeglurality bixelepled fagérist y of
- sel ebaving 4 Riyalitsof aftesanling tfised sad weensedfermativadlidoted en thieomsertsoifangs Yepsaf dsed by

hew ngl F F! yer irection transverse to t d| ?iyan
et o stgi)lé "%Q*EF VY of

QufkRh masks _‘
havi BgedfordRatigh Advigda vadith QREMIAYIS a WaGE (ﬁf‘e@tion%a \/els@ kd d (ﬁ@&tﬂ)ﬁqﬁgﬂﬁh' c
r adi g m@nily Tes didigncposi tioned over the plurality of rras s, the plurality

of electromagnetic radiation sources. emanatl ng a plurality of bundl es of

el edhedmgmeﬁaubstMBa&notathMthmntrdiexsgth and a width transverse to the
l ength, the width being a nultiple of the length, the plurality of"

el ect Ay elanasks ara!ﬂceseq? oY rﬁwﬁe@@oﬁ@qﬁg&eﬁti@w@dm\plvmldv pEmaske haiigtay of -
subdtY3ihed oBings feraihe Iength of the pI urality of bundles of

A:ngft elut:) %ﬁ Etgﬂg}a%d at| extends | n ﬁﬁ{‘eﬁr‘? érlh %3@55? i.on gn t Q}r@;@&@r}gl Bgl g

é E}}&éﬁeﬁ.ﬁw g}i e

| ocajig sgchelrarsteE?orr%tléﬁ@!)én‘igyseﬁ ral@

a
m'(l tin a urali u edtromagne ic Fadiati avin
V\){dtﬁ%[:a' Sto r’&lﬁe HE-, i@h é.ﬁg art‘n ple of the length, the plurality of
electromagnetlc radiation sources being allgned with the plurality of substrates so that the length of the
plurality of bundles of electromagnetic radiation extends in a length direction with a scanning angle between
the length direction and the line, the scanning angle being substantially equal to the sawing angle, the
~ length direction being substantially parallel to the distance direction, the electromagnetic radiation
- propagating through the openings in the plurality of masks onto a plurality of selected areas of the piurality
- of photoresist layers so as to change the material of the selected areas lnto a material which can be
- selectively etched over a remainder of the photoresist layer;

“the plurality of masks are removed; and
- the plurality of selected areas are selectively etched over the remainder of the plurality of photoresist layers.
26. The method of claim 24 wherein the raised and recessed formations include nanotopologic formations
- with heights of approximately 10 to 100 nanometers and distances between successive peaks of raised
formations of approximately 2 to 10 millimeters.
- 27.The method of claim 24 wherein the bundle of electromagnetic radiation is moved relative to the

- substrate in a scanning direction which is substantially parallel-to the distance direction and substantially
parallel to the length direction. :
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| ength direction being substantially parallel to the distanggz&k{ectibn,
the el ectronagnetic radiati-on propagating through the openi'ngs 1 n the
plurality of masks onto a plurality of selected areas of the plurality of-

photoresist layers so as to change the material of.the selected areas into

a ety TRt mehbdd cRM2DherSfINg SlebiRhabnl s ARdioR ¥ ceds 5#6%'!;5!351& Qhed he
phot oresi st layer; the plurality of masks are renoved; an tﬁe_pluralLty of

sel ected areas are selectively etched over the renmai nder of the plurality

of photoresist layers. 26. The. method of claim24 wherein the raisedAandan--f

recessed formations include nanotopologic formations wth heights of
approxi mately 10 to 100 nanoneters and di st ances between successive peaks
of raised formations of approximately 2 to 10 mllinpeters: 27. The nethod
of claim 24 wherein the bundl e of el ectronmagnetic radiation is noved
relative to the substrate in a scanning direction which is substantially.
parallel to the.distance direction and substantially parallel to the
length direction. 15 8.2.2006.28. The nethod of claim24 wherein the

el ectromagnetic radi ati on source is an optical |ight source. 16
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