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Laser System for Simultaneous

Texturing of Two Sides of a Substrate

FIELD OF THE INVENTION

The invention relates to the field of laser systems and more
particula:ly to systems for texturing disks for use in disk
drives.

-BACKGROUND

. The magnetic'surfaces-of the disks used for data storage
must be extremely smooth with peak-to-valley roughness of some
thin £film disks being less than 100 Angstroms. The design of
most disk drives allows the sliders to rest on the disk surface
when the disk is not spihning. If the sliders were allowed to
rest on a very smooth surface, the result would be unacceptably
high stiction forces between the disk surface and the sliders.

To reduce the stiction forces between sliders and smooth disks, a
band on the disk surface may be deliberately roughened by, for
example, laser texturing to form a contact start/stop (CSs)y '



To reduce the stiction forces between sliders and snooth di sks, a band on

the di sk surface may be del i berately roughened by, for exanple, |aser

texturing to forma contact start/stop (CSS)

2 ~ region. Laser texturing of a CSS is described by Ranjan, et

al., .in J. Appl. Phys. 4-91, p.5746ff. The average surface roughness (Ra)

was varied by altering the beamcurrent. © U.S. patent 5,528,922 describes

the use of increased nunber of |aser pulses to increase the height of a

peripheral ridge in crater shaped bunps. U S. patent 5,062,021 describes

t he. use of | aser created bunps to form.a CSS region, controlling depth and

hei ght of the bunps by varying the | aser power and pul se duration, and

altering the shape of the bunps by varying the | aser beaminclination

rel ative tonggiafi-sk surface. A typical CSS region contains a
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convent i onalrdlatlifveqt®sthe dislSiswefaoet.h sides of a disk normally need to

be textured, A typical CSS region contains a generally spirél pattern
formed from tens of thousands of bumps in a 3mm wide annular
region. Using prior art techniques laser bumps can be produced
in various shapes including sombrero-like bumps, ring-shaped or
dome-shaped bumps. Dome-shaped bumps are preferred for glass
disks. The diameter of the bumps is typically 5 to 30 microns
with spacing of 10 to 100 microns and a height on the order of a
few tens of nanometers.

The laser texturing of disks takes place prior to deposition
of the thin film coatings, but may follow certain preparatory

:éteps. For example, typically AlMg substrates are electrolessly
plated with NiP and polished as an initial step . Other
substrates such as glass are not plated, but may require
polishing. The prepared substrate is laser textured and
sputtered with the appropriate layers and progressively
assembled into a functional disk drive using conventional
techniques. . '

Since both sides of a disk normally need to be textured,
there is an advantage to a system which can texture the two sides
simultaneously to cut the processing time more than in half, as
well as to reduce disk-handling steps and associated risks of
damage. Since the two sides must be extremely uniform it is
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there isian advantage to a system which can texture the two sides

simul taneously to cut the processing tinme rnore than in half, as well as to
reduce di sk-handling steps and associ ated ri sks of danmmage. Since the two
sides nust be extrenely uniformit is

3 " required that the beans on each sjde be essentially identical. Beam
splitting is one way to get simlar beans froma single source.

Acoust o-optic nodul ators (AOVs) are often used to split and/or nodul ate a

| aser. beam The basic principle of AOMs is that a transparent nedi um
subject to a stress undergoes a change in the index of refraction. \Wen the
stress is associated with a high frequency sound wave, such as m ght be
produced by a piezoelectric transducer, the change in refraction is
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concurrently_direct.s
y'I'h periodic refraction pattern can act as a diffraction grating

producing what is called Bragg diffraction. The undiffracted
beam is called the zeroth order beam and the primary diffracted
beam is called the first order beam. The amount of light
diffracted in an AOM is a function of the acoustic power being
applied and can, therefore, be modulated by varying the applied
power. Generation of a second modulated beam using prior art
techniques requires a setond AOM in series with the first. The
second modulated béam created this way may vary significantly
from the first in intensity or size and may contain an admlxture
of the other modulated beam.

SUMMARY OF THE INVENTION

A laser system is described which concurréntly directs
diffracted portions of a laser beam to both sides of a substrate.
The diffracted beams may be generated with sufficient énefgy to
soften spots on the surfaces of the substrate to form texture
bumps as are used on substrates for magnetic disks. The
diffracted beams are generated by a multichannel acousto-optic
modulator (MCAOM) having at least two channels. The crystal in
the MCAOM has at least two mounting faces oriented so that the
acoustic transducers mounted thereon generate acoustic fields



diffracted portions of a |laser beamto both sides of a substrate. The
diffracted beans may be generated with sufficient energy to soften spots on
the surfaces of the substrate to formtexture bunps as are used on
substrates for magnetic disks. The diffracted beans are generated by a

mul ti channel acousto-optic nodul at or (NCQCM having at | east two channels.
The crystal in the MCAOM has at | east two nmounting faces oriented so that

t he acoustic transducers nounted thereon generate acoustic fields

4 - whi ch intersect the incident |aser beamat a common angle, i.e.,

t he Bragg angle. Energizing any of the transducers causes a correspondi ng
first order beamto be diffracted out.  Preferably the diffracted beans are
generated by alternating driving signals to transducers to produce two
beanms with pehbeh iintexsery gheairaridenanl&dss dfeamhat of cotweon ragigdent ibeam
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a unique aXiéhmixture of beam modulations. The system uses shutters and
electronic means for controlling the driving signals to the
transducers of the DCAOM to dontrol each channel as required.
aAmplitude and frequency modulation of the driving signals. is
optional to allow the intensity and angle of the beams to be
controlled. -

The mounting faces of an MCAOM crystal are oriented so that
energizing any of the transducers causes a corresponding first
order beam to be diffracted out. Since the acoustic field for
each transducer intersects the incident beam with a unique

_1¢rientation,.each first order beam is diffracted out on a unique
axis.



5 + BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a block diagram
of 4 systemusing a two channel AOM according to the invention. Figure 2
illustrates the control functions for a two channel AOM according to the
invention.  Figure 3 illustrates a prior art crystal for use in an AOM
Figures 4a-b illustrate a two channel AOM assenbly according to the

I nventi on. Figures 5a-b illustrate a top view and a side view of a four
channel AOM assenbly according to the invention using a crystal shaped as
frustum of a square pyramd. Figures 6a-b illustrate a top view and a
side view of a four channel AOM assenbly according to the invention using a
bevel ed rectilinear crystal. Figures - 7a-b illustrate a top view and a
side view of a two channel AOM assenbly according to the invention using a
bevel ed cylindrical crystal.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a system using a two channel AOM
according to the invention. '

Figure 2 illustrates the control functions for a two channel AOM
according to the invention.

Figure 3 illustrates a prior art crystal for use -in an AOM.

Figures 4a-b illustrate a two channel AOM assembly aécording to
the invention.

Figures 5a-b illustrate a top view and a side view of a four
channel AOM assembly according to the invention using a crystal
shaped as frustum of & square pyramid.

Figures 6a-b illustrate a top view and a side view of a four
channel AOM assembly according to the invention using a beveled
rectilinear crystal. '

Figures 7a-b illustrate a top view and a side view of a two
channel AOM assembly according to the invention using a beveled
cylindrical crystal.

Figure 8 illustrates a.crystal with a slight tilt in the incident
face to eliminate normal back-reflection for use in a two channel
AOM according to the invention.

Figure 9 illustrates a system using a DCAOM in a disk texturing
apparatus.
Figure 10 illustrates one possible control means for the driVingnf



Figure 8,illustrates a crystal with a slight tilt-in the incident face to
elimnate normal back-reflection for use in a two channel AOM according to

t he inventi on. Figure 9 illustrates a systemusing a DCAOMin a disk
texturing apparatus. Figure 10 illustrates one possible control neans for
t he driving : 6 signals for

t he transducers of a DCAOM DETAI LED DESCRI PTI ON OF THE | NVENTI ON

A |l aser system according to the invention symetrically and simultaneously
textures both sides of a such as a magnetic di sk substrate. The system
could easily be adapted to other applications where two or nore beans are
needed. Reference is made to Figure 1-for the following. A laser 11
generates a single incident beam 16 which falls on the DCAOM 12. Two pul sed

beans are segighals cfppae evhndluéded danta beasul6, by alternately driving
the first and second acoustic transducers 13a, 13b on the DCAOM to generate
corresponding first order diffraction beans Al 14a and Bl 14b. The driving
signal s, beoREPRIVED ARAORI PTRANT QE THE iNWEYFLONs are identical for both
beans to produce equal texturing on both sides of the substrate. The Iaser

TRy be of any type. l"’péérs%g ngQ&’P&Hﬁ tocué’t % it %rom e?e{%{ A

13b nmounted on opposin ces f dcolstTe wave
signals. TheSim YaFQXF9§¢%aP¢§h[ﬁh@?éePéc@r$¥FQk§ﬁ Gegagpetic disk
attached to &deserarsd.al hyeaghssénmecailidreabanycpé d®ipted toEaehetr ansducer
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P made to Fiqure 1 for the following. A lqser 11 generates a single

incident beam 16 which falls on the DCAOM 12. Two pulsed beams
are serially chopped out of incident beam 16, by alternately
driving the first and second acoustic transducers 13a, 13b on the
DCAOM to generate corresponding first order diffraction beams Al
14& and Bl 14b. The driving signals, beam path lengths and the
active optics are identical for both beams to produce equal
texturing on both sides of the substrate.
The laser may be of any type, pulsed or continuous. Crystal 12
has transducers l13a, 13b mounted on opposing faces for producing
acoustic:waves from electrical signals. The transducers are
typically piezoelectric devices which are attached to the crystal
by adhesive or mechanical means. Each transducer is controlled
_3ﬁy it own modulation signal designated as A and B. Both amplitude

and frequency modulation of electrical signals driving the

+  transducers are possible using standard technigues, but the
texturing system only requires that the incident beam be time
sliced. A single zeroth order beam 15 emerges from the crystal.
When neither transducer is activated the zeroth order beam 15 is
the same as the incident beam. Activating transducer 13a causes
a portion of the incident beam to be diffracted into beam 14a
which is a first order beam which will called the Al beam.
Likewise activating transducer 13b causes a portion of the
incident beam to be diffracted into the Bl beam 14b which is also
a first order beam. The zeroth order beam or residual beam will



and frequency nodul ation of electrical signals driving the transducers are . -
possi bl e using standard techni ques, but the texturing systemonly requires
that the incident beambe tine sliced. A single zeroth order beam 15
energes fromthe crystal. When neither transducer is activated the zeroth
order beam 15 is the sane as the incident_beam Activating transducer 13a
causes a portion of the incident beamto be diffracted i nto beam 14a which
is a first order beamwhich will called the Al beam Likew se activating
transducer 13b causes a portion of the incident beamto be diffracted into
the -B1 beam 14b which is also a first order beam The zeroth order beam or
resi dual beam w || 7 al ways
exi st at sonme | evel of anplitude even when the nmaxi num anount of

diffraction, givRiysakkys80a00%md 3ectehi 6Fethpl i tudeFegdhi ewHéh idHeustakahes one
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period so that there is no overlap. Assuming a 20kHz rep rate
for the oscillator, this means that the pulse width for texturing
the substrate typically -is less than ten microseconds. Both the
amplitude and the width iof the pulses are used to control the
intensity and pulse length of the first order laser beams.

| To texture a band on each side of the rotating. substrate,

_ two alternative techniques are possible. The two laser beams can
be moved across the substrate. One way to do this uses a Galvo
‘mirror pair and an imaging lens with sufficient clear aperture to

. telecentrically scan each of the two focused laser spots on their
respective sides of the stationary substrate to form the matrix
of bumps for texturing.. One bump is generated per laser pulse by
localized softening and resolidification. The simultaneous
nature of the two pulse trains and the equalization of the
propagation distance results in texturing of both sides of the
substrate.

Alternatively the substrate can be placed on a
rotation/translation stage to move the disk, while leaving the
two beams fixed.
- , : Figure 9 illustrates a laser system using a DCAOM for



mrror pair and an inmaging lens with sufficient clear aperture to
tel*ecentrically scan each of the two focused | aser spots on their
respective sides of the stationary substrate to formthe nmatrix of bunps
for texturing. One bunp is generated per |aser pulse by localized softening
and resolidification. The sinultaneous nature of the two pulse trains and
the equalization of the propagation distance results in texturing of both
sides of the substrate. Alternatively the substrate can be placed on a
rotation/transl ation stage to nove the disk, while | eaving the two beans

fixed. Figure 9 illustrates a | aser system using a DCAOM f or
8 texturing disk substrates for "use as magnetic di sks in disk drives.
The systemillustrated uses a DCAOMto formtwo essentially identical

pul sed | aserelsamingTHesk hikatmatesafer Yse @6t Bpgnatichishie db&dFbti on
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transparent he Tnvention uses a
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and oper at e§°i ERDOC At appr oxi mately ten watts. Laser
gener at es avisimleclimhth thig cﬁﬁP@Gl’Z“ﬂ’P’bLFgﬁn té‘l‘Futlf‘éanFbP% usﬁse& i ng m rrors
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alternately Bﬁ Se enera ternate ul sed_A" and Bl beans l4a, 14b.
The dr|V|ngegﬁgn9ﬁ§e£3wa2%l%ﬁg¥hﬁaWéSPEdb?cPRﬁQ%éP&@@ -t hEnFekd FRm HnBRFt fide
in beans 14gangé b4b1wb0CWatts, ruidc apedaisdrwlilnd thd sabmbiod 80ew)%tof t he

| nci dent beam, TN8maERY e Ot dRltddeaihlar | 1 YeriBUoECaShoak oL@ el 200t h
meter 92. TREPA é §? beans are routed to Jopposite Slgf e di %
bei ng textuﬂ@@ted through shutter 10la. Steerlng mirrors 1b dlrec the
beam to the germanium crystal DCAOM 12 which has 40MHz plezo—
electric transducers 13a, 13b driven by signals 23, 24 which are
alternately pulsed to generate alternately pulsed Al and Bl beams
14a, 14b. The driving signals 23, 24 are selected to generate
the maximum amplitude in beams l4a and 14b which as indicated
should be about 80-90% of the incident beam. The zeroth order
beam 15 is allowed to strike a wavelength meter 92. The Al and
Bl beams are routed to opposite sides of the disk being textured
95 fhrough steering mirrors 91c, 91d, 91e, 91f, through beam
.expanders 94a, 94b and through focusing lenses 98a, 98b. A small
portion of each beam is reflected by beam splitters 99a, 99b to
power meters 93a, 93b. The zinc selenide beam éplitters are
approximately 90% reflective for a 9.25 micrometer wavelength
beam. The disk is rotated by spindle 96 attached to motor 97
while the beams are pulsed to allow the beams to texture a
circular.or spiral pattern on each side of the disk. The motor,
spindle and disk should be mounted on a translation stage (not
shown) to allow a band of texture approximately 3mm wide to be
formed on the disk. _

The described embodiment of the laser texturing system uses



95 throygh steering mrrors 91c, 91d, 91e, 91f, through beam expanders 94a,.
940 and t hrough focusing | enses 98a, 98b. A small portion of each beamis
reflected by beamsplitters 99a, 99b to power neters 93a, 93b. The zinc

sel enide beamsplitters are approximately 90% reflective for a 9.25

m cronmet er wavel ength beam The disk is r¥tated by spindle 96 attached to
not or 97 whi-l e the beans are pulsed to alTow the beans to texture a
circular or spiral pattern on each side of the disk. The notor, spindle and
di sk shoul d be nmounted on a translation stage (not shown) to allow a band

of texture approximately 3mm wi de to be fornmed on the disk. The
descri bed enbodi nent of the |aser texturing system uses
9 a DCAOM whi ch can be any of the shapes which are described bel ow.
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requirements of the geometry of the acoustic fields in the

cryétal as will be shown.
Although it is possible and desirable for some applications
to operate an MCAOM with-more than one transducer being driven at
K a time, the energy in the resulting beamé will necessarily be
reduced from the maximum possible from the incident beam, since
diffracpéd beams are fractional portions of the incident beam.
If only one transducer is allowed to be activated at a time} the
diffracted beam can be driven to its maximum level which is .
preferable in the disk .texturing system. When operated in this
-mode an MCAOM can produce a set of pulsed first order beams which
are maximally similar and have 80-90% of the inténsity of the
incident beam and are thus superior for some applications to a
set of beams produced by prior art techniques. Note also that the
beém size for each first order beam can be made essentially
identical, since the path for each beam is extremely similar. It
should also be noted that although prior art AOMs have two output
beams, i.e., a zeroth order beam and lst order beam, which have
similar paths and beam sizes, they are not well matched in
amplitude due to fact that 100% diffraction is not possible.
In a prior art tandem AOM arrangement to produce two similar



diffracted beam can be driven to its maxi mum|evel which is preferable in
the 'di sk texturing system Wen operated in this node an MCAOM can produce
a set of pulsed first order beanms which are maximally simlar and have
80-90% of the intensity of the incident beamand are thus superior for sone
applications to a set of beans produced b¥o prior art techniques. Note al so
that the beam size for each first order beam can be nade essentially
identical, since the path for each beamis extrenely simlar. It should
~also be noted that although prior art AOVs have two output beans, i.e., a
~zeroth order beam and 1st order beam which have simlar paths and beam
sizes, they are not well matched in anplitude due to fact that 100%
diffraction is not possible. In a prior art tandem AOM arrangenent to
produce two demmsgkhere are two possible configurations. It is H@ssible tbeans
thgr e gr e t}A&a&esszhell_elﬁwfdﬂwzabbem%dxﬁ AOSI- Fg§§iﬂéa‘iht %Qbi:ﬁl_(ﬁ rif}%é;\t;i rt%%
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size due to divergence. Al'so since i 'S no ract 100% of
the beam t hé‘lféﬁéﬁht bR r"tﬂﬁSAGWFZNF‘FHTer EanFg Rt beawsthave massedact ed
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will be 100% of the beam, the zeroth beam from AOM-2 inherently contains
" the undiffracted portion of the input beam which can be on the
order of 10-20%. This leakage makes it impossible to bring the
zeroth beam to zero amplitude when there is an input beam to AOM-
2. A DCAOM solves this problem by generating two modulated and

spatiall& separate beams from a single incident beam as will be

seen.
Figure 2 illustrates the electronic control functions for an

fémbodiment of a two channel AOM, in which the transducers are
driven independently, which includes the ability to drive them

~alternately. The arbitrary modulated signals A and B are
generated by separate channels A and B 21la, 21b comprising a
function generators 25a, 25b and means to modulate the amplitude
and/or the frequency of the signals 26a, 26b. The functioﬂ
generator could be a standard RF signal generator. The amplitude
and frequency of the modulated signals A and B need not be egual
and use of separate modulation control means for each channel
allows the amplitudes and frequencies to be set independently.
This feature allows a maximum flexibility for a wide range of
applications. Channel selector 22 in this embodiment is uséd to



seen. - Figure 2 illustrates the electronic control functions for an

L

enmbodi nrent of ‘a two channel AOM in which the transducers are driven

i ndependent |y, which includes the ability to drive themalternately. The
arbitrary nodul ated signals A and B are generated by separate channels A
and B 21a, 21b conprising a function genﬁrators 25a, 25b and neans to
nodul ate the anplitude and/or the freque ay of the signals 26a, 26b. The
function generator could be a standard RF signal generator. The anplitude
and frequency of the nodul ated signals A and B need not be equal and use of
separate nodul ati on control nmeans for each channel allows the anplitudes
and frequencies to be set independently. This feature allows a maxi num
flexibility for a wide range of applications. Channel selector 22 in this
enbodi nent iselgsdéd (ppable) A and/or B or sl eliisapdrabbth. A Thed/chvanBedr t o
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For exanple, _a rr]l la of . 9.25 m.crons vel ength can be used with a
40MHz transéﬁ%ﬁ%&%ﬁ g%ﬁ?Lné¥¥(ﬂ?gwﬁfﬁngé%ﬁﬁﬁnﬁﬁﬁéﬁﬁg yg¥%ﬂ?n7¥;i ndi cat ed, any
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can be used with a 40MHz transducer in conjunction with a '
germanium crystal. As indicated, any material suitable for AOMs
can be used for MCAOMs. These include quartz and lithium
niobate.

The rate at which a beam can be modulated is related to the
risetime of a modulated pulse and is determined by the ratio of
-the inciaent beam diameter to the velocity of sound in the
crystal. Therefore,.a smaller beam size permits a faster
risetime and modulation rate. Since the zeroth order beam is

;;nherently the portion of the incident beam not diffracted, it is
also possible to. control the application of the driving signals
to result in modulation of the zeroth order beam if desired.

From the earlier discussion it is clear that the zeroth beam can
be modulated, but not reduced to zero as long as there is an
incident beam. The incident beam can, of course, be controlled
independently through the use of shutters, etc.

In order to illustrate the angular relationships between the
sound fields and the incident beam Figure 3 which illustrates a
prior art AOM will be used. Crystal 31 is typically rectilinear,
but the face of the crystal opposite to the transducer 13a may be
obliquely angled to dampen acoustic reflections. The incidént



the incident -beam di aneter to the velocity of sound in the crystal.
Therefore, a snmaller beamsize permts a faster risetinme and nodul ati on
rate. Since the zeroth order -beamis inherently the portion of the incident:
beam not diffracted, it is also possible to control the application of the
driving signals to result in nodulation @4 the zeroth order beami f
desi.red. Fromthe earlier discussion it is clear that the zeroth beam can
be nodul at ed, but not reduced to zero as long as there is an incident beam
The incident beam can, of course, be controlled independently through the
use-of shutters, etc. In order to illustrate the angul ar rel ati onshi ps
bet ween the sound fields and the incident beam Figure 3 which illustrates a
prior art AOMw ||l be used. Crystal 31 is typically rectilinear, but the
face of thepeaypstal eoppositle taryisitelt atnaa ararl el 34 ok@y theinbeysprd yrhengl ed

tg darrpen a%%%%%kﬁcr ?ng&t{-%esm%ehnﬁjfd@@ dotted lines 36) at the angle

1 beam enters the crystal at an angle alépha to intersect o he
acoustic fi @lPberepFBecrete KR CHETIBEEERN 9ddELTEE PRACENSTE RS, The
angl e of di fdfacCltk@eeOhiphg. first order beam 35 is then tw ce al pha. .

The required angle al pha for the intersegcti of. t icefield and the
i nci dent beam i s TO&l Fgﬂufﬁ%é o 5‘#6?’8 g?ﬁ g]]]el slnéﬁ%\%g%(éggga gf etlfﬁra% wher e
A is the aceushistiwafébbagand it [laciflent hdpm gt icedlefatbe cPERFT angde

acoustic waygl;endtls G$vegtsym ned by the ratio of the velocity of sound in
the crystal to the frequency:

where A is the acoustic wavelength and 41 is the optical
wavelength. The acoustic wavelength is determined by the ratio
of the velocity of sound in the crystal to the frequency:

A=Y
; f

An example of a calculation of a Bragg angle for a CO, laser 4 =
9.2 micf'éns, a germanium crystal and a 40 MHZ transducer is as
follows. The velocity of sound of 5.5 * 10° cm/sec for germanium
is availéble from tables. Thus,

5.5+10°
40=10°

A= =1.38+10"2cm

and the Bragg angle alpha is:

=14 9:2¥10°40m a3 ia dians<2degree
2 1.38+102cm

Since the diffracted beam typically needs to be physically
separated from the zeroth beam by mirrors to be used



[err] - An exanple of a cal cul ation of a Bragg angle for a CJerr] |aser

[erf] = 9.2 microns, a gernmaniumcrystal and a 40 MHZ transducer is as
follows. The velocity of sound of 5.5 * 10[err] cm sec for germaniumis
avai l abl e fromtables. Thus, [err] and the Bragg angl e al pha is:
[err]- Since the dlffracted bean1typ|cq |y needs to be physically
separated fromthe zeroth beamby mrrorS to be used

13 conveniently, the angle should not be too small. Likew se too

| arge of an angle would al so present physical problens for the mrror
arrangement. Therefore, it is suggested that the Bragg angl e be between 1
and 20 degrees for convenience, although |arger and smaller angles are
possi bl e. The geonetry of a crystal for use in an MCAOM i s constrai ned
by the requbbanentenhby ttte anglle shouldt ercdedei enobshakkn tlikeWiight tamd t he

acoustic fighdspeskhgy smé eQandl Qféo cgréyyneh ph{/@gégfcﬁfoﬂl%nge &89 Qﬁé ven.
The faces of _the crxsta on which the transduycers are nount are cut
at a SpeCIfW&rﬁﬂﬁlé rangement. Therefore, it is suggested that the Bragg

angle be between 1 and 20 degrees for convenlence, although .
larger and smaller angles are possible. '

The geometry of a crystal for use in an MCAOM is constrained
by the requirement that the angle of intersection between the
light and the acoustic field be the same regardless of which
transducer is being driven. The faces of the crystal on which
the transducers are to be mounted are cut at a specific angle
relative to the incident beam axis, i.e., the optical axis, which
is typically the central axis of the crystal, but this is not
required. Figures 4a-b illustrate a DCAOM according to the
invention. The angles corresponding to alpha are exaggerated in
all of the figures in order to make them readily visible. The
view is of a cross section along the optical axis of the x-y
plane of the crystal which is trapezoidal. 1In the other planes
{not shown) the cross section shape is not significant. The four
sides of i the trapezoid are labeled 12a, 12b, 12c¢ and 12d. The
incident face 12a is the face through which the incident beam 16
enters the crystal. In Figure 4a the acoustic field generated by

jtransducer 13a is illustrated by the dashed lines 41 and the
acoustic field generated by transducer 13b is illustrated by -the
- lines 42. The acoustic.fields 41 and 42 are formed as relatively
flat planes parallel to their respective mounting faces. The size
of the transducers should be large enough to ensure that the
curvature of the sound field is sufficiently small througﬁ the
beam cross section to be negligible for the application. Figure
4b shows the required geometry of the mounting faces by showing
that a perpendicular line 43 from the mounting face can be
projected to intersect the path of the incident beam 16, i.e.,
the optical axis, at the angle of 90 - alpha. This projected
- perpendicular line simulates the direction of the propagatian of



relative.to. the incident beamaxis, i.e., the optical axis, which is
typically the central axis of the crystal, but this is not required.
Figures 4a-b illustrate a DCAOM according to the invention. The angles
corresponding to al pha are exaggerated in all of the figures in order to
make themreadily visible. The viewis of _.a cross section along the optical
axis of the x-y plane of the crystal whi cfi%i s trapezoidal. In the other

pl anes (not shown) the cross section shape is not significant. The four
sides. of the trapezoid are | abeled 12a, 12b, 12c and 12d. The incident face
12a is the face through which the incident beam 16 enters the crystal. In
Figure 4a the acoustic field generated by transducer 13a is illustrated by
the dashed lines 41 and the acoustic field generated by transducer 13b is
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twice alpha. Therefore, the Al and Bl beams diverge at an angle

of four times alpha. Although the incident beam is shown as
entering face 12a, the device will function for a beam enteriné
the opposite face 12c¢c, since the geometry of intersection with
the acoustic field is essentially the same although mirror
imaged.

Figure 5a illustrates a top view of a crystal for use in a
four channel AOM according to the invention. The crystal 51 is a

.‘frustum of a square pyramid. The four transducers 13a-d are
attached to the four mounting faces of the crystal 62a-d which
are tfapezoidal. The angle of intersection betwéen_the
trapezoidal faces and the square base and top is a function of ‘
the angle alpha similarly to the DCAOM. ]

Since the geometric requirements can be met with a frustum
of a regular triangular pyramid, a pentagonal pyramid, etc. an
MCAOM can be constructed with any number of channels using
frusto-pyramidal shapes. Pyramids are also not the only
geometric structures for crystals that will work in a MCAOM. For
example, the base structure of the crystal can be rectilinea; or
cylindrical and the faces for the transducers can be cut inéo the



13b are attached to mounting faces 12b and 12d. The mounting faces

I ntiersect the incident face 12a at angle of 90 - al pha. The exit face 12c
i's where the beans energe. The Al -beam 14a and the Bl -beam 14b are
diffracted at an angle of plus and m nus tw ce al pha. Therefore, the Al and
Bl beans diverge at an angle of four ti al pha. Al though the incident
beamis shown as entering face 12a, the device will function for a beam
entering the opposite face 12c, since the geonetry of intersection with the
acoustic field is essentially the sane although mrror inaged. Fi gure
5a illustrates a top view of a crystal for use in a four channel AQOM
according to the invention. The crystal 51 is a frustum of a square
pyram d. The four transducers 13a-d are attached to the four nounting faces
of the cryssakféla-or wiges ape foraperoindaintitgefanegt eaofthenpeppertanmie

bet ween the (L rAPERQI 4o s f a68gu2Bd64 NE S4ILebASCLEH U LA JES adbbuitdd on of
the angle alpha_simlarl oM e the
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romthe axis. Figure 6a illustrates a. top.vi evel; e i ne
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Figure 7a is a top view of a faceted cylindrical crystal 71 with

mounting faces 62a-d cut into the top. Only two transducers 13a-
b are shown on adjacent faces even though there are four mounting
faces which can be used.- The two transducers may be mounted on

i opposite faces as well. Likewise three transducers could be used

with each one being mounted on any of the three faces. In
generaltfthe MCAOM crystals do not have to have a transducer
mounted on all of the mounting face for the others to function.
Since each transducer functions independently, one oxr more
transducers can be mounted without regard to whether the other
 faces have transducers. Therefore, for example, it might be -
conveiient to manufacture a standard crystal with a relatively
iarge number of mounting faces, e.gqg. four, reaiizing that the
crystal would also function as a one, two or three channel
device. )

Since the requirement is that the mounting faces be cut at a
common angle from the axis of the incident beam, the functioning
of the crystal is insensitive to other aspects of the shape of
the crystal so long as they are not in the optical path and do
not induce reflections of the acoustic fields.

Since prior art AOM crystals like that shown in Figure'3 are



transducers on these faces will intersect the incident beamaxis at a _
contron angle. Figure 6b is a perspective side view of the crystal of Figure
6a. Using the sane approach as is illustrated in for a rectilinear crystal,
a cylindrical crystal may be used. Figure 7a is a top view of a faceted
cylindrical crystal 71 with nounting faces 62a-d cut into the top. Only two
transducers 13a- b are shown on adj acent 1% aces even t hough there are four
nounting faces which can be used. The two transducers may be nmounted on
opposite faces as well. Likew se three transducers could be used with each
one-being nounted on any of the three faces. In general, the MCAOM crystals
do not have to have a transducer nounted on all of the nmounting face for
the others to function. Since each transducer functions independently, one
or nore transsker’eristic dihebénpbdentedenn Bbuikivgarhe taryasttelhat darmengteer
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have not obser inp I'cé probl'emin a
incident face 12a and the mountlng faces 12b and 12d are not

equal as they are in crystal 12. If a small tilt angle J of a -
few degrees is introduced to the incident face then the angles of
intersection with the mounting faces are 90-a-J and 90-g¢+d. The
angles of intersection between the mounting faces and face 12c

are 90+a and are not affected by the modification and are the

same as for crystal 12, i.e., 90+a. Figure 4 shows tilting in
onlf one plane, but a tilt in any direction will suffice. The
.tilting of the incident face may introduce sufficient refraction
‘6f the incident beam to require that the angle of the incident
beam -be adjusted to compensate for effect.

Since the Bragg angle is a function of the acoustic
wavelength, it is sometimes useful to modulate the Bragg angle by
modulating the wavelength of the driving signal for the
transducer. This frequency modulation can be used to sweep the
diffracted beam position linearly through a range of angles.
Similarly the multiple beams of an MCAOMs can be used with
frequency modulated driving signals to sweep the beams. For
example, if the DCAOM shown in Figures 6a-b were driven with
frequency modulated signals the four first order beams would



particul ar application, one solution would be to introduce an angle to the
i nci‘dent face of the crystal to renobve any possibility of back reflection.
A DCAOM nodified in this manner is illustrated in Figure 8. Crystal 81 is
simlar to crystal 12 in Figure 4 with the exception that the angles
bet ween the incident face 12a and the nopnting faces 12b and 12d are not
equal as they are in crystal 12. If a small tilt angle [err] of a few
degrees is introduced to the incident face then the angles of intersection
with the nounting faces are 90-[err]-[err] and 90-a+[err]. The angl es of
i ntersection between the nounting faces and face 12c are 90+a and are not
affected by the nodification and are the sane as for crystal 12, i.e.,
90+a. Figure 4 shows tilting in only one plane, but a tilt in any direction
wi Il sufficevwerk &d Iforpganf xthedigei earsdunsasnaybi and ottt s PPPPEL Bt
lr3 ef ragti 03 fidde v&dmjddgabdbeamatrmdhfguéme vHiale the aag.he fir e bﬂlﬁiaﬁent
eam be adj d e i g angle is a
function of%éiqgaég&§%¥§8§g€£$ Lﬂ{ 1 E 85&h%5ﬁ%€§n3285%é$65r%% nodul ate t he
Bragg angl e by nmithiil& th§ ih@eﬁﬁﬁﬂﬂ @ﬁ@the%ﬁ nard iguierhy shyimianfor the
- transducer. dedcxifierljnanny redeltdifid @d &aprdfertead eiibodieenpt | e giififirpet ed
beam positi h e, of | es t tiple
beans of an%&%et%ygyn ge{-_ﬁg@@ samt]}?%?r égu%%%rﬁogaﬁ %P%Jﬁ}’sw%% én% s to
oweap ¢ he. DS a6 ASEAYDI BEY 4 MAECDERERE 4 ot "PHE FGRA 5L T oW Fbe
driven w th dpiafgitertid sedpeadedelsd gmakatidre. four first order beans woul d
17 sweep to forman x-y axis. Transducers 13b and 13d on opposite
si des woul d produce tandem beans while the beans for the other pair of
transducers 13a, 13c would be at right angles. Wil e-the invention has
been particularly shown and described with reference to a preferred
enbodi nent, it will be understood by those skilled in the art that various
changes in -




formand.detail may be made therein w thout departing fromthe spirit and
scope of the invention. 18 CLAI M5 What is
clainmed is: 1. A laser system conprising: a crystal which
Is transparent for |ight of asel ectedwavel ength; a laser which

produces an incident beamof |ight of the sﬁmﬂ h upon
the crystal; at least first af second Imnmﬁgmcers
~attached to the crystal and oriented so that*acousti ® fsel€s for each
of the transducers intersect the beamat a comon angle; and

first driver neans for selectively producing a drive signal. for the
first transducer to forma first acoustic field in the crysta
causing a portion of the incident beamto diffract to forma first
order beam Atr.AIMS second driver means for selectively producing a
~drive signal for the second transducer to forma second acoustic
~field in the crystal causing a portion of the incident beamto
~diffract to forma first order beam Bl; means for
directing beewmtAl isldrdmadf isst path to strike a first position on a
substrate to be textured,; means for directing beam Bl al ong a
second path to strike a second, position on a substrate to be
textured; 1- B laser SYRRER.FRMWPRESIfSins for directing beam Al al ong a
first path directs daysadl which is trangphrest &inldightaofabstrate and the

means for directingheamiBlich! grEnkaaNdnPfddht beam ofdiigRE SoBlid 2

second side of. a su stra&
selected wave

ghgth upon the crystal;
at least first and second acoustic transducers attached to
the crystal and oriented so that acoustic fields for each of the
transducers intéersect the beam at a common angle; and
first driver means for selectively producing a drive signal
for the first transducer to form a first acoustic field in the
crystal causing a portion of the incident beam to diffract to
form a first order beam Al; ’
second driver means for 'selectively producing a drive signal
for the éecond transducer to form a second acoustic field in the
crystalﬁéausing a portion of ‘the incident beam to diffract to
form a first order beam B1; ' _
means for .directing beam Al along a first path to strike a
“first position on a substrate to be textured;
' means for directing beam Bl along a second path to strike a
second position on a substrate to be textured; ' '
whereby, the substrate is locally softened at first and
second position, then allowed to solidify to form texture on the
substrate. -
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wher eby, ,the substrate is locally softened at first and second position,

t hen allowed to solidify to formtexture on the substrate.

19 2. The | aser systemof claim1l wherein the first and second drive

signals are alternately pulsed. 3. The |laser systemof claim 2 wherein

pul ses of the beans Al and Bl each contain nore:t rgy of

the incident beam 4. The laser system® claim qmmm"“ufm”mgf t he
Nte

beans Al and Bl are essentially identical in siZe, ensity and tine

dur at.i on. 5. The laser systemof claim1l wherein first driver neans
further conprises neans for nodul ating an anplitude or frequency of first
drive signal. 6. The laser systemof claiml wherein the first driver

means nodul ates a frequency of the first acoustic field to vary an angl e of
di ffraction 2of ThielAFeEetrf trithF e A vhremin ¢henddpsbetmeiPdand drang
second posi tdignals are dheetmseslsyrliesdof claim 1l further conprising a
third acoustic transducer attached to the crystal and oriented so that

acoustic field for the third transducer intersects the beamat the connpbn
angl e. 3. The laser system of claim 2 wherein pulses of the beams Al and

Bl each contain more than 50% of the energy of the incident’ beam.

4. The laser system of claim 2 wherein pulses of the beams Al and
Bl are essentially identical in size, intensity and time
duration. '

5. The laser system of claim 1 wherein first driver means further
comprises means for modulating an amplitude or frequency of first
drive signal.

6. The 1aser_éystem of claim 1 wherein the first driver means
modulates a frequency of the first acoustic field to vary an
angle of diffraction of the Al beam causing the Al beam to sweep
between first and second positions.

7. The iaser system of claim 1 further comprising a third
acoustic transducer attached to the crystal and oriented so that
-acoustic field for the third transducer intersects the beam at
" the common angle.

8. The laser system of claim 1 wherein the means for directing
beam Al along a first path directs beam Al to a first side of a
substrate and the means for directing beam Bl along a second path
directs beam Bl to a second side of a substrate.

9. The laser system of claim 8 further comprising means for
rotating the substrate to form texture in a circular or spiral
pattern.

i This Sheet Has Been Repl

jl i 1




8. The | aser system of cl ai'm 1 further conprising nmeans for rotating the
substrate to formtexture in a circular or spiral pattern. 9.
The | aser systemof claim 1l wherein the texture conprises bunps on the

substrate. 10. A met hod. of -operating a | aser_system conprising the
steps of: generating an incident beamjmm a
crystal; . driving a first acoustd ¢ trahsﬂ t he
crystal to create an acoustic field in the cryst mml”mm HHts t he
i nci dent beam at a common angl e whi ch causes a ' pottionto mhesi dent beam
to diffract to forma first order beam Al ; di recting beam Al
along a first path to strike a first position on a substrate causing a
spot on the surface of the substrate to soften, then noving the beamto
allow the spot Thesbisel foysitiemood ¢tkxinu¥ewheaeinethe texture cdmpxiswy a
second acoushimphl 8ASEWE Jurtt-aehed to the crystal to crate an acoustic:
~field in the crystal which intersects the incident beamat a commopn angl e
- which causes a portion of the incident beamto diffract to forma first
order beam Blllandl method of operatingp HegerBiyvatencenmEcdnd phe rsteps

strike a secgpd position on the substrate causing a spot on the surface of

the substrate to SgﬁéﬁgkiéJ“Q% E%gP éﬁl éég% of laser light upon a crystal;

driving a first acoustic transducer attached to the crystal
to create an acoustic field in the crystal which intersects the
incident beam at an angle which causes a portion of the incident
beam to diffract to form a first order beam Al;

directing beam Al along a first path to strike a first
position on a substrate causing a spot on the surface of the
substrate to soften, then removing the beam to allow the spot to
solidify into a texture feature;

driving a second acoustic transducer attached to the crystal
to create an acoustic field in the crystal which intersects the
incident beam at an angle which causes a-portion of the incident
beam to diffract to form a first ordexr beam Bl; and

directing beam Bl along a second path to strike a second
position on the substrate causing a spot on the surface of the
substrate to soften, then removing the beam to allow the spot to
'solidify into a texture feature. '
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beamto . allow the spot to solidify into a texture feature; ,
-wherein the step of directing beam Al along a first path directs beam Al to
a first side of the substrate and the-step of directing beam Bl al ong a
second path directs beam Bl to a second side of the substrate.

21 - 11. The nethod of claim 10 mhergin beans ernately
pul sed. 12. The method of claim 11 whéfein pul.ses .and Bl
each contain nore than 50% of the energy of the i rﬂ!ﬂiﬂﬁﬂ\@'@m‘m . The
met hod of claim 10 wherein pul ses of the beans Al L seatially
identical in intensity and tine duration. 14. The nethod of claim 10
wherein the stop of driving a first acoustic transducer conprises

modul ating an anplitude or. frequency of an acoustic .field. 15. The

met hod of clléi-rrfl'nge peERed (P Fdadmepl grherainy Rgamst ALsandBuke transducer
conpri ses madikeahangly pulegdency of the acoustic field to vary an angl e of
diffraction of the Al beam causing the Al beamto sweep between first and

second positions,
13. The method of claim 12 wherein pulses of the beams Al and Bl

each contain more than 50% of the energy of the incident beam.

14. The method of claim 12 wherein pulses of the beams Al and Bl

are essentially identical in intensity and time duration.

15. The method of claim 11 wherein the step of driving a first
acoustic transducer comprises modulating an amplitude or
frequency of an acoustic field. .

16. The method of claim 11 wherein the step of driving a first
acoustic transducer comprises modulating a frequency of the

. acoustic field to vary an angle of diffraction of the Al beam

; causing the Al beam to sweep between first and second positions.

C17. Thejmethod of claim 11 wherein the step of directing beam Al
along a first path directs beam Al to a first side of the
substrate and the step of directing beam Bl along a second path
directs beam Bl to a second side of the substrate.

18. The method of claim 17 further comprising means for rotating
the substrate to form texture in a circular or spiral pattern.
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16. The pethod of claim 10 further conprising nmeans for rotating the
substrate to formtexture in a circular or spiral pattern. 22
17. A | aser system conprising: a crystal; a | aser

whi ch generates an incident beam on the crystalw first
and second acoustic transducers attached.to the crystal so I rst and
second acoustic fields generated by the "acoust |,c\ m\ﬂﬂ“l ﬁﬁ‘ﬂ”sect_ t he
i nci dent beam at a common angl e; : a fi rst‘“ connect ed
to the first acoustic transducer to formsaid fiirst acoustlc field in the
crystal causing a portion of the incident beamto diffract to form pul ses
of beam Al ; a second pul se generator connected to the second
acoustic transducer to formsaid second acoustic field in the crystal

causi ng a pasti anlasert heystem denpribedmgt o diffract to form pul ses of beam B
1; an ogciiator; Which alternately tri ggers fi rst and second pul se
generators to gene ate al'ternate gul ses of begm and ; nmeans

for directing pufst8SoF P ACPEG2EST i ¥ ANEH ggnﬁf beolar%u‘b%ttrhzft grystal;
means for directahglpastsabinit hodns8iond axozstdndtsansdwienshatsabbéed ate;

and _ tnBeapgstl g@ttaiatnqlkbe SMP SR adBustic RIS LRALLEL&E Ay
17 wherei n %H 5 Se€ transducéks Qgtggééé%u%%esgLéfggéglﬂgemFQQts S
surface of tRE 8GB8TraTe common
angle and cause a portion of the incident beam to diffract into
beams Al and Bl1;
a first pulse generator connected to the first acoustic
transducer to form pulses of beam Al;
a second pulse generator connected to the second acoustic
transducer to form pulses of beam Bl; )
an oscillator which alternately triggers first and second
pulse generators to generate alternate pulses of beams Al and Bl;
means for directing pulses of beam Al to a first side of a
substrate; ,
means for directing pulses of beam Bl to a second side of
the substrate; and
means for rotating the substrate.

20. The system of claim 19 wherein the pulses of beams Al and Bl
;cause softening of spots on a surface of the substrate.
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