Mul tipl e Channel Acousi®o- Optic Mbdul ators
| N\VENTION The invention relates to the field of optics and nore
particularly to acousto-optic modul ators and systens for their use.
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order beam

for

many applications. The amount of light diffracted in an AOM
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Multiple Channel Acousto-Optic Modulators

FIELD OF THE INVENTION

The invention relates to the field of optics and more
particularly to acousto-optic modulators and systems for their
use. '

BACKGROUND

Acouato-opt!.c nodulators (AOMs) are often used to split

. andlor modulate a laser beam. The basic principle of AOMs is that

a transparent medium subject to a stress undexrgoes a change in
the index of refraction., When the stress is high frequency souxi_"&)
waves, such as might be produced by a piezoelectric transducer,
the change in refraction is periodic. The perjodic refraction
pattern can act as a d!ffractlgn grating producing what is called
Bragg diffraction. The undiffracted beam is called the zeroth
order heam and the primary diffracted beam is called the first
order beam.

Amplitude modulation of laser beams is another requirement
for many applications. The amount of light diffracted in an AOM

~ is a function of the acoustic power being applied and can,
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is a function of the acoustic power beingapplied and can,

2 therefore, be nodul ated by varying the applied power. Ceneration of
a second nodul ated beam from one origi nal incident beamusing prior art
techni ques requires a second AOMin series with the first. The second
nodul at ed beam created this way may vary s?gnificantly fromthe first

nodul ated beamin intensity or size and may contain an adm xture of the
nmodul ation characteristics of the first nodul ated beam Many | aser
applications require the use of beamsplitters to derive tw equa

i ntensity beans from an original beam Conventional spatial beamsplitting
techni ques such as partial reflective/transm ssive |ens coatings can

produce two continuous beans of at nost approximately 50% intensity. )
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: Conventional spatial beam splitting technigues such as partial
reflective/transmissive leng coatings can produce two continuous
beams of at most approximately 50% intensity. Another
- disadvantage with conventional beam splitters is that they are
not available for all wavelengths. Mechanical splitting or
chopping techniques such as rotating polygon mirrers have all of
the disadvantages associated with moving Parts such as speed
variations and limitations.

SUMMARY OF THE IRVENTION

The invention 1s a multichannel acousto-optic modulator
(MCAOM) and a laser system utilizing the MCAOM, The MCAOM is a
general purpose optical component which has a wide range of
applications. The simplest use provides the function of multiple
prior art AOMs in a single crystal with the resultant advantages
of lower cost and simpler designs. MNMore powerful embodiments
flow from the fact that an MCAOM can produce multiple modulated
beams with intensity in each beam which is near to that of the
incident beam. The multiple modulated heams thus created can
have high equivalence between the beams. A dual or two channel
AOM (DCAOM) solves the prior art problem of tandem AOMs inducing
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have hi gh equival ence between the beans. A dual or two channel AOM ( DCAOV)
sol ves the prior art problem of tandem AOVs i nduci ng

3 an adm xture of beans by generating two nodul ated and spatially
separate beans froma single incident beam3 The nul tiple beans created
by an MCAOM can be independently controlled by el ectronic neans and need
not be correlated with one another. The total energy in the diffracted
beans existi'ng at any one tirne nust sumto |less than the energy of the

i nci dent beam but within this limtation the nmultiple beans can be
swi t ched, nodul ated and swept independently. An MCAOM uses a crystal
with a plurality of nounting faces for acoustic transducers. A DCAOM

tal has t f ' G 5
Gener at e acoust e qee ot Hbausrap qiiunat hy MG dERLTa0hr R BPEE Y

angl e, i.e., tTRPAFALG)DSANT LXR AhFLRIIS ABFAHCNERIMses three crystal
faces and so forth.rhexmedsiple beansyclézedr bpusbaicatl ebaielindepbhdaricly
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to control eacswigichede| modulasedi Apd swepthdéndepdndemtiyn. Anplitude and
frequency nodul ati QR sibabl sl 4 BBy ANHieh 3 | DMFaL 08y O¥ GiddhtYngNEhRRO! €
of the beans té)orb %c%%gttié’ lilzregisducers. A DCAOM crystal has two faces on which
the acoustic transducers are mounted to generate acoustic fields
which intersect the incident beam at a common angle, i.e., the
Bragg angle. A three channel MCAOM uses three crystal faces and
so forth. Extension to any higher number of channels follows
accordingly.

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

-.axis.

3 A system utilizing an MCAOM has electronic means for
controlling the driving signals ‘to the transducers to control
each channel as required by the application. Amplitude and
frequency modulation of the driving signals allows the intensity
and angle of the beams to be controlled.
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4 . BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a block diagram
of a systemusiing a two channel AOM according to the invention. Figure 2
itlustrates the control functions for a two channel AOM according to the

i nventi on.

Figure 3 illustrates a prior a#t 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 pyram d. 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 cyli ndr trates a crystal with an
| Ndrpkfer GRktRIbrIon BeiE Srddaws

antirefl ection

€ | nci use in a two channel AOM

according to the invention.

AR

Figure 1 is a block diagram of a system using a two channél 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 & two channel AQOM assembly accoxrding to
the invention.

Figures 5a-b illustrate a top view.and a side view of a four
channel ACM assewbly according to the inventian using a crystal
cshaped as frustum of a square pyramid. '

Figures'sa-b i;lustrate a top view and a Side view of a four
channel AOM assembly according to the invention using a beveled

-:xectllinear crystal.

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

Figure 8 illustrates a crystal with an antireflection tilt in the
incident face for use in a two channel AOM accorxding to the
invention.

Figure 9 illustrates an application of a DCAOM in a disk
texturing apparatus.
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Fi:'gur,,e 9 illustrates an application of a DCAOMin a disk texturing

appar at us. Figure 10 illustrates one possible control
means for the driving signals for the transducers of a DCAOM DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Si nce conventional AOWs are typically

designed to operate with essentially single wavel ength light, the materi al
for the crystals are sel ected based on the wavel ength. Materials are known
which are suitable for use over the wavel ength span fromO0.2 to over 20

m crons. Selection of the material for the MCAOVs of the invention is nade
according to these known principles. This inplies that MCAOV may be
constructed for any wavel ength for which crystals can be found for AOMs.
The nunber of channels for which an MCAOM can be designed is |limted only
by the requirenents of the geonetry of the acoustic fields in the crystal
as wll be showa. The.ihventd.on . will first be descrjbed in_a dual K channel
enbodi ment . V\quyl urlg ﬁln"sltugf?sat"gg 20358 ?cﬁPgﬁ?i@arﬂeSf‘s of BCRERI S¥3PRi ng
to the inventioﬁg@g§eﬁ°ﬁl“'bﬁr SoRpsincarH ofnk MEAMich is directed to crystal
12. The |l aser may be of any type, pulsed or continuous. The wavel ength of
the light nust be one at which the crystal is transparent. Crystal 12 has
transducers 13a, 13b nounted on opposing faces for producing acoustic waves

from el ect ri cal DERAFHEP SDESARI BT FOM, ¥, TRk XO¥pi cal |y piezoelectric

devi ces which are attached to the crystal by adhesive or nechani cal neans.

Each transducer is gORLE Udrn@Enbiodal LM: TPIWyRktRy designed to operate
with essentially singlé wavelength light, the material for the
crystals are selected based on the wavelength. Materials are
known which are suitable fox use over the wavelength span from

- 0:2-to over 20 microns. Selection 0f the material for the MCAOMs
of the invention is wade according to these known principles.
This implies that MCAOMs may be constructed for any wavelength
for which crystals can be found for AOMs. The number of channels
for which an MCAOM can be designed is limited only by the
requirements of the geometry of the acoustic fields in the
crystal as will be shown. The invention will first be described
in a dual channel embodiment.

_ Figure 1 illustrates a block diagram of a DCAOM according to
the invention. Laser 11 produces a beam 16 which is directed to
-pr;ystal 12. The laser may be of any type, pulsed or continuous.

" The wavelength of the light must be one at which the crystal is
transparent. Crystal 12 has tranfducers 13a, 13b mounted on
opposing faces for producing acoustic waves from electrical
signals. The transducers are typically plezoelectric devices
which are attached to the crystal by adhesive or mechanical
means. Each transducer is controlled by it own modulation
signal designated as A and B. Both amplitude and frequency
modulation of electrical signals driving the transducers are
possible using standard techuniques. 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.
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si gnal- designated as A and B. Both anplitude and frequency nodul ati on of

el ectrical signals driving the transducers are possible using standard

t echni ques. A single zeroth order beam 15 energes fromthe crystal. Wen
nei ther transducer is activated the zeroth order beam 15 is the sane as the
I nci dent beam 6

Activating transducer 13a causes a portion Bf the incident beamto be
diffracted into beam 14a which is a first order beamwhich will be called
the Al -beam Likew se activating transducer 13b causes a portion of the

i ncident beamto be diffracted into the Bl-beam 14b which is also a first

order beam The zeroth order beam or residual beamw || always exist at
sonme | evel of anplitude even when the typical maxi mumdiffraction of 80-90%
i s achi eved. Al though it is possible and desirable for sone

appl i cati ons t dcsi¥ating Foenadurey dAs neAuses M Poskdcs raf e cercidenhdedni ven
at a time, the tgegyiffrdctedr oeid beag Ieowkicl ik serustasider beam adiierd

O e ot E1R088 Ll o AICpERE, IRTkeRGAMcRINAT ]! {1ARR0EE: BT

are fractional port I ons ncl dent transducer 1s
all owed to be FAUSEHtBPULLIGNPindhet harigiept r%ﬁ,‘l“‘e8°b‘é%1rﬁ1€$ﬁa‘fféddﬂ‘%ﬁh?o its
nmaxi mum | evel . pikpeanppitawhdck nid bl so ddrsn dvdAe\bemm pTrhe eroth satdeef

pul sed Tirst oifleh B2l bl ulPX IfRkyy Sult! 2L fid feva Ge- 90% of the

intensity of the I ncident nd are | or g aﬁil j cations
to a set of beATRLAEULREYSNLYNSH the byRi CPéd\‘ﬁﬁ @éﬁét % 8% f19%¥dS peam

size for each fachievedder beam can be made essenti aI ly identical, since the

path for each beam j gi&i{?heﬂ@'i’s %gsiu’a aha zfé%‘ik‘hﬂlé"f%% Q&w%gﬁé&atms

al t hough prior art ave two ou beans, | , zer.ot rder beam
and 1st order KOaRPeTRic® HORQAM Mith repg{zm %ﬁdtﬁi‘éﬁﬂ“é’ﬁe‘%e ngharivensat ot
wel | matched i & afipée) tttnke edesgy dnf the relsaltile)Yeans fividdt necessarhly be

possi bl e. reluded fx3n Bhi ARG ANBIL FPOR R (hR1BEATYesn] WanskM | ar

diffracted 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. When operated
in this wmode =n MEAOM can-produce a set of pxlxlsed first order
beams which are maximally similar and have 80-90% of the
intensity of the incident beam and are thus ;uperior for some
applications to a set of beams produced by prior axt technigues.
Note also that the heam 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 zexoth 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
beams there are two possible confiqurations. It is possible to
take the first order beam from AOM-1 as beam A, then direct the
zeroth heam to AOM-2 to generate the second first order beam as
beam B. Beams A and 8 clearly have very dlfferent paths and are
therefare, subject to differences in amplitude and beam size

i i
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beans there are two possible configurations. It is possible to take the
first order beamfrom AOM1 as beam A, then direct the zeroth beamto AOW 2
to generate the second first order beam as beam B. Beans A and B clearly
have very different paths and are thereforeg, subject to differences in
anplitude and beam si ze : 7

making it difficult to achieve highly simlar beans using this arrangenent.
It is also possible to use zeroth and first order beans from AOM 2 as beans
A and B by routing the AOM1 first order beamto AOM2. In this
configuration the problemof different paths does not occur, since both
beans have passed through AOM 1 and AOW 2. However, the longer path length

through two AOVYKidihak ahmam wwﬁ@bbmgﬂiﬁ staa;wﬁrmdubﬁwnﬁuée
due to diffracti.on which, may_af.f % fe I‘IsetIITeE {:Jnnso S|ne|t

not possible th’b‘?’f“ﬂF&‘Ef"‘loo%o‘F PHEe l?é’gﬁ#b &9, BF8: AEHY aﬂ”oﬁ‘f‘

i.nherently contheaws tfrenuhdN{X ascbeansHdy andrd diy mstln@&hebéaﬁrmmmtcan be

on the order of Th akag §Sconf 'g'iEEQ%?;bP'ﬁ-né £obiL & Me
zeroth beamtoozzé:‘r%’gzgr%mlttSAdBfi when f\"ler\qrﬂei |§ anil E eam;b AOMV 2. A DCAQOM

sol ves this prdHERSPEGRAEISERS Mo AFGUE AHNFe: Btgp‘éﬁ“ﬁ Ve PR eRde
beanms from a siﬁl@mghnaoﬂentaziﬂeaon-az \Hokwbvéae, thenlonger pRitgulen@th through

5 AR o DR 0k BB L e

channel AOM in trans ucers are

i ncl udes the aiiue tp géLEractdonehich t“@ﬁ'n&f%ﬁ‘?- thEeP%: -’tﬁ t’?"éﬁ‘ﬁ%dul“&ised
signals A and Bidice genesaicxl pogssspatat difhautelooh afickhe Béam, Ate zeroth

Srpl Tt ude and) e d2pRoROE Yubeffsy” Binelth ERI i SRR Bl Ppdation of
gener at or coul dhse lapytabern d’hliths¢§h:!?|e gr e osder o8 Min?0i: udBkis dgakage
frequency of t%md!\:amﬁbﬁmel €0 Adrifg EhdaRFoBAL béEm %J&branﬂnﬁkﬁﬁtua&

and 1 equenci c&™MeD 5OSER 1Y Ao aBRUE AT S Aaay by 20RHF shd%ef Hdtm
flexibility forpmbLemebragg&mftiagmwccupdwedcnaﬂnépa%i@llém §ppmﬁmbpnm§
embodi ment s YR k0single incident beam as will be seen.

Figure 2 1llustrates the electronic control functions for an
embodinent. of a two channel AOM, in which the transducexs are
driven fndependently, which includes the ability to drive them
alternately. The arbitrary modulated signals A and B are
generated by separate channels A and B 2l1a, 21b comprising a
function genexators 25a, 25b and means to modulate the amplitude
and/or the frequency of the signals 26a, 26b. The function
generator could be a standard RF signal generator. The amplitudes
and frequency of the modulated signals A and B-need not be equal
and use of separate modulation control means for each channel
allows the amplitudes and frequencies to be set'..lndependently.
This feature allows a maximum flexibility for a wide range of
applications. Channel gselector 22 in this embodiment is used to
select (enable) A and/or B or to disable both. The channel
selector 1s not regquired to allocate equal time slices to each
channel. For example, Channel A could be selected. indefinitely
without activating Channel B and vice versa. If equal
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select (enable) A and/or B or to disable both. The channel selector is not

required to allocate equal tine slices to each channel. For exanple,
Channel A could be selected indefinitely w thout activating Channel B and
vice versa. |If equal : 8 8

anpl i tudes/frequencies and equal tinme slices are used, then maxi num
equi val ence between the Al and Bl beans will be achieved as a special case.

Appr oxi mat el y 80-90% naxi nrum transfer of the incident beamto the selected
first order diffracted beam can be expected when only one transducer is

bei ng driven. The wavel ength of the |aser and frequency of the piezo-
transducers nust be appropriately matched along with the crystal material.
For exanpl e, oam@idudesyfrequesicigs28ndriaguedstine sildagshammsied, utkenwith a

40MHz tr ansdqugx,_n&“p ghﬂ'@&iéxf& YetPedh ARENRY 4HA @1YBbahs WA 1 BEi & Abed@NY
mat eri al suitable

e use ncl ude quartz and
lithium ni obat?® 2 SPec‘Fﬁ A% 2? %ﬁlgh@%}nmﬁﬁlmlﬁrmg#s ?e‘ih&t ed
to the riseti nenaifdentbeah atedtheusebectedi firsietenderndilf fisacdted besmecar behe

i nci dent beam gl Al iqr thntJ}ﬂy’%hQthéhé&BcéPuﬂj H(f;nghgfg%st al. Therefore,

a snal |l er beam si ze permtﬁ faster rlsetlrre%ﬁ ation.rate. Since

the zeroth order bh&% Wave thPEthe daser ¢ fé:leqPﬁECY B8t PH2RA not
di ffr?ct ed, i tt:zramsd‘mergqmssﬁ)lm Bppeopyiately hﬁamned di apdagpwith the chrystiang
signals to re no t t rom
the earlier dls‘ggc%s#sﬁr&%n #J’?sé’%%gg%'t%glo%t %e?erggtﬁ %gég%%gﬁsggﬂrgog%tg
but not reduceepn (?ezliﬁsda%’-'{"brh“ﬁgﬂ% HeraasAYcer im EPAIRECHORWItheR | nci dent

beam can, of cgbmwuhecmml | ad i:mimead;erﬁdw niakie oL stdmabse :xir A0Ms

shutters, etc | u e;d n

bet ween the socuar?dhﬁ éPﬁs and ’{(%gh%nc% ee% eam% gﬁ%‘géﬁﬂ QR? ustrat es a
prior art AOVInkohatee used. Crystal 31 is typically rectilinear, but the
face of the crystalheppacs tat Whithea beansdat e hdaulavedd Rkl gted targked

;[o danpen acous.té'e(h;ngf | of Cé im%r&illa;.[gg ;Llﬁqsi dER& is determined by the ratio of
| the incident beam dlameter to the velocity of sound in the
t':rystal. Therefore, a smaller beam size pexrmits a fastex
risetime and modulation rate, Since the zeroth order beam is
_S.nherenﬁly the portion of the incideant beam not diffracted, it is
also pus‘éi.ble 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 control]:ed
independently through the use of shutters, etc.’ '
In oxder to illustrate the angular xelationships between the
sound fields and the incident beam Figure 3 which {llustrates a
prior art AOM will be used. Crystal 31 is typically rectilinear,
but the face of the cxystal opposite to the transducer 13a may be
obliquely angled to dampen acoustic reflections. The incident
beam 33 enters the crystal at an angle alpha to intersect the
. acoustic field (represented by the dotted lines 36) at the angle
! alpha. The angle of diffraction of the first order beam 35.is
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beam 33 enters the crystal at an angle alpha to intersect the acoustic
field (represented by the dotted lines 36) at the angle al pha. The angl e of
diffraction of the first order beam 35.is

9 then tw ce al pha. The required gngl e al pha for the intersection
of the acoustic field and the incident beamis called the Bragg angl e which
I's given by [err] where A is the acoustic

wavel ength and [érr] is the optical wavel ength. The acoustic wavel ength is
determ ned by the ratio of the velocity of sound in the crystal to the

frequency: [err] An exanple of a calculation of a Bragg angle for a
Cderr] Iaser [err]= 9.2 mcrons, a germaniumcrystal and a 40 MHZ

t ransducer 8. veIOC|ty of sound of 5.5 * 10[err] cnlsec for
germani um i s avalﬁwb‘l% ﬁht abl es. Thus, [err]

and the Bragg angl €The peguized angle alpha for the intersection of the
acoustic field and the incident beam is called the Bragg angle
which 1s given by :

where A is the acoustic wavelength and 4 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 i =
9.2 microns, a germanium crystal and a go MHZ transducer is as

follows. The veiocity of sound of 5.5 * 10% cm/sec for germanium
is available from tables. Thus,

A-5541% 1 9a.10%m
40+10°

and the Bragg ang1e~alpha is: |

=L 32410°46M oo itiradians=2degree
2 1.38+10%m

Since the diffracted beam typi&ally needs to be physically
separated from the zeroth heam by mirraors to be used
conveniently, the angle should not be too small. Likewise too
large of an angle would also present physical problems for the
mirror arrangement. Therefore, it is suggested that the Bragg
angle be between 1 and 20 degrees for convenience, although™
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[-err] Since the diffracted beamtypically needs to be physically
separated fromthe zeroth beamby mrrors to be used conveniently, the
angl e should not be too snmall. Likew se too |arge of an angle would al so
present physical problens for the mrror argangenent. Therefore, it is
suggested that the Bragg angl e be between 1 and 20 degrees for convenience,
al t hough 10 | arger and snal | er
angl es are possi bl e. The geonetry of a crystal for use in an MCAOMi s
constrai ned by the requirenent that the angle of intersection between the

| i ght and the acoustic field be the sanme regardl ess of which transducer is
being driven. The faces of the crystal on which the transducers are to be
nount ed are cut largerspetisadlengingles| are \messdbife inci dent beam axi s,

i.e., the optical axig 9@8&3& Sof Y EE&itﬂB% 688t {RlarfXicaonf id RAngt¥aL
but this is not_requil ree Fi =% ¥ DC?AOVI acco’?dl q ﬁéd

ur es, 4a- trate
i nvention. The B¥gFBe TRAYEERERt Ak %hﬁl ﬁ‘?ﬂsileaﬁf) é&%ﬁ(ﬁ’:ﬁ‘ﬁgﬁ ‘??'F‘ﬁeﬂ %get he
figures in ordedigbhtnmict tihecaroustid \fieldilty dheThany i rrgardless & mbich

section al ong tla?: ﬂ?&&ﬁ@é i%Xbamé &ﬂ%eh Y eAFacel dPene Eﬂé&aW&thhiéh
trapezoidal . In e ot | anes™ ((not sho tzfthe Cross ,sectlon éﬁag S not
si gni fi cant. Th&hPoE-Fa%’f T8t aF‘Flet‘i pEIMIted ATe| G Aty 31 SReci] EE% € and
12d. The inci depelatiee 20 the iheidentebeim axils,whieh, tthe ppticEn@axisanwiich
enters the crystal ../ a t] Le er giy a ucer
13a is illustra gd P‘f{ q}jdggﬁe‘ge#l n&sggggéjntgi Ph ¢ oust’i % Hc%ngégt ed
by transducer 189%8&44 udigures 4arh Adlnstrate n DOIN é&&ﬂﬁ?-}@ f‘T1°eFH§ 41

and 42 are for mpdogat{&l.at 'ffﬁ@' xng?i@é cok-Pe@foriddng! 6! alphat Beé reﬁg@aeaeeaem
mounting faces. The size of

| d be |
ensure that the3ikr9hithe f&ﬂ“Fﬁ% ansclggle‘[eés&mp?ugﬁwleﬁagﬁgr %&p th?%%gh

t he view is of a cross section along the optical axis of the x~y
plane of the crystal which is trapezoidal. In the other planes
(not shown) the cross section shape is not significant. The four
sides of the trapezoid are labeled 12a, 12b, 12c and 12d. The
incident face 12a is the face through which the incident beam 1§
enters the crystal. In Figure 4a the acoustic field generated by
transducer 13a is.1llustrated 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
£lat planes parallel to their respective mounting faces. The size
of the transducers should be large enough to ensure that the
cuxvature of the sound field ig' aufiiciently small through the
beam cross section to be negligible for the application:-Figure--- —
4b shows the required geometry of the mountin§ faces by shaowing
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 propagation of
the acoustic field from the mounting face. Note that the angle
of intexsection with the optical axis is maintained when the axis
is translated up or down on the y-axis. This will also be true

This Sheet Has Been Replaced

WA

¢¥/61 ' 002§ 0N 98751926 2 19 NOSROYZL ¥ NOSRESS B7:L1 8661 934 (¢




beam cross section to be negligible for the application. Figure 4b shows
the required geonetry of the nounting faces by show ng that a perpendi cul ar
line 43 fromthe nmounting face can be projected to intersect the patht of
the incident beam 16, i.e., the optical axits, at -the angle of 90 - al pha.
This projected perpendicular |ine sinulates the direction of the
propagation of the acoustic field fromthe nounting face. Note that the
angle of intersection with the optical axis is nmaintained when the axis is
transl ated up or down on the y-axis. This will also be true

for translation on the z-axis. Therefore, the optical axis need not be

t hrough the center of the crystal, so long as the angular relationship are
mai nt ai ned. Tofext Mrankjativen desitha zfaiise cThsteflorie, the oprical eaxist oebkdve

the inci dent %;H%; fiko Rg{édbg}i{;ﬂ- ‘{)e £ ehBecifiadentof Asfy @s éﬁ@"ﬁgu@ﬂ&

this is not a as W seen ter The transducer s 13a

urre
and 13b are at® “FB E’nﬁﬁﬁ MagnEatesd- oo Fireddy #he 4R54AD &
i ntersect the ¢nysuiﬂnﬁ.tfss:a:o}ﬁen&nar@ chave €fe -ma:h.pbat bRlea ent@:faoe 12c

S phere Lhe ReQnRIELIS: of'Eng! 1REANNLI2280Bd '&‘i‘m@h RAMCRED 2 e

diffracted at us an mnus tw ce ore, e Al and
Bl beans di veragtuallsn redoRsf witl therréseaﬂgﬂtér- “tne qugaﬁéuws 13a and

illustrates a i3 a\fbeateéc&cpusaa&nimg faBes ruzb faar 1zhanmak M&hﬁﬁﬁor ]gil ng
e 1tour

to the inventi The crystal 51.is st u S

transducers 135}‘??%119‘:%’5%/ &e 6“?1'@& % ﬁg}(ﬁoﬁlaﬁg gﬁﬁ fIo%t'ﬁea st al

62a-d which arwhd rea:;iezﬁadalucThs vhete thie bedms esergen [Ritewddrbedwe 14a and

t rapezoi dal e t ngl e
: b G 3", O b 0F 5108, Bhe

al pha S|mlarlytot equi renents can be
met with a frlmm vﬂplﬁ r Byerefone, shguhhrangy BAnbepms, ddunreg dtapnpgnght d,

etc. an NCAOM ﬂﬁﬁﬁfﬂgkﬁd wi th any nunber of channel s using
frusto-pyram shapes ds are also not the only geonetric
structures for cr yFhanse (Sl WMpFEcakas § foB WioWwoRE fofrystal for use in a
four channel AOM according to the invention. The cxystal 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 trapezoidal. The angle of intersection between 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
0f a regular triangular pyramid, a pentagonal pyramid, etc. an
.MCAQH can be constructed with any number of channels using
frusto-pyramidal shapes. Py:amids are alsoc not the only .
geometric structures for crystals that will work in a MCAOM. For
example, the base structure of the crystal can be rectilinear or
cylindrical and the faces for the transducers can be cut into the
‘surface or edges to form the mdunting faces at the proper angle
from the axis. Figqure 6a illustrates a top view of a beveled
: rectilinear crystal 61 for use in a four channel AOM according to
| the invention. It can be viewed as essentially a rectilinear
' crystal with bevels for the mounting faces 62a-d cut into the
_ corners forming triangular mounting surfaces for the transducers
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exanpl e, the base structure of the crystal can be rectilinear or
cylindrical and the faces for the transducers can be cut into the surface
or edges to formthe nounting faces at the proper angle fromthe axis.
Figure 6a illustrates a top view of a bevelldd rectilinear crystal 61 for
use in a four channel AOM according to the invention. It can be viewed as
essentially a rectilinear crystal with bevels for the nounting faces 62a-d
cut into the corners formng triangular nmounting surfaces for the

transducers 12 13a-d. Wen
four corners on a square face of the crystal are beveled symetrically,
then acoustic fields generated by transducers on these faces wll intersect

the incident beb¥a®ki s WhenafewwiRArnexsg| en FisgypEecfrGs of phRspERMStAd 3rde
Vi e¥v of the cr?ﬁé@éléa‘ s?hﬂﬂlfzﬁi@@aly?ﬁitgﬁnti‘tlﬁm%ﬁﬁe ﬁfwrweggnaﬁat? idyl ust rat7 ed
In for a rectillnear, crystal,..a c nari c crysta e_us . L gqur a
is atop view of<ap §¥'§d°ﬂy\"‘??ﬁif@§f*sc‘i’ é#?rl‘s?/ﬁ?nﬁ%ﬁobﬂﬁ‘ﬁegnﬁ gggg‘ g’é’as- d
cut into the tat evopmpnoanglesfigurs @3as B pesspiaiiveonide viesnoLf tibes
even though th%@rﬁ{ﬂ beuf ) Otdang_ U8sRe M S&n&afgﬁ%a_%ﬁeg_s 19 1uYRrated

. 1
transducers na e nount ed osite faces a . Li kew se three
t ransdﬂcer s COE/J,{’H foxr gsé'ﬁcﬁ-}jrf‘%ﬁ"cﬁ%ﬁﬁa&i%ﬁym*ﬁf%hr&%bfmﬁ%get nFed:
faces. In generpigudehgaMiéQM topy stiairsofica riaiceked ecyXindricah ¢xystadufirwith
mounted on al | of LAG MeuDLL ggzn{-ﬁi;%ufwinwmt 865 hyflBGh | SfineduBCEs CPEIL

transducer functions rndependent|y,” oné or nore Iransdicers can mount ed
wi t hout regardh ATghShAER emAadiagents faees 9xe8 theopmy Here. ang Lakomauniing

exanpl e, it ni ghfcdie wheBHEBAE Ve tudeddNUIRE itwoe t fass Aitdasdnay \i5¢ adounted én

relatively |arge nunber ,of noupti f s .e.g..four, realizi t. 1 he
crystal would %P?c? ﬁcf?ﬁﬁs a%é1 eg’gfé, aﬁ%é“&%et ﬁ%éée Cﬁ{gﬁl‘%@ﬂ%ﬁ%%@éﬁ% bg used
Si nce the requiwigiteeachsonhdeing: mopnhed mp dayeef tkhe: three facesmdn angl e
fromthe axis oferddda1l,NEheMtadiedPysties fddabtORAVY f nhbE &' dtndliuksr

i nsensitive to other aspects of thé shape of the_ crystal so |ong _as the
are not in the manted °8a§ fa ke mouné)ing face fox ‘the others %o’ functPo .
Since each transducer functions independently, one or moxe

transducers can be mounted without regard ta whether the other
faces have' transducexs. Therefore, for example, it might be
convenient to manufacture a standard crystal with a relatively
large number of mounting faces, e.g. four, realizing 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 functloming
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. The MCAOM
crystals shown herein inherently avoid significant acoustic
reflections because the mounting faces are angled in respect to
every other face of the crystal. Whenever a shape for the
crystal is selected, the potential problem of acoustic
reflections should be considered.

Since prior art AOM crystals like that shown in Figure“S are
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not induce reflections of the acoustic fields. The MCAOM crystal s shown
herein inherently avoid significant acoustic reflections because the
nounting faces are angled in respect to every other face of the crystal.
Whenever a shape for the crystal is selected, the potential problem of

acoustic reflections should be consi dered. Since prior art AOM
crystals like that shown in Figure 3 are
13 used with the incident beamstrikihy the crystal at an angle other

than 90 degrees, there is no back reflection of the beamfromthe crystal
into the |laser cavity. The MCAOMs are conveniently used with the incident
beam entering the cryst.al perpendicularly as has been illustrated and,

t herefore, back reflection should at | east be considered. The inventors
have not observed this problemin practice, but if it were a problemin a
particul ar applised v@th €A€ SMidehObeanustkik@ng Ochecirgstale aznanrgigdet 0 t he

| ncl dent_face ofe (e LX) adddehEMMAE 8N RASBLLN gengﬁgéi&@skvg@i bgh On.

simlar to crysEsgm thej FEEFEAN dnkio\fhe, laser &i&éﬁ:ﬁh o HIGAGMS 328 5| o5
bet ween the i nca:dammbatéylmcawﬂtm hmembaritdenty Hexwe ent@bingn ¢hé 2ekyetal not

equal as they f% fdl g%iéi&ﬂiy he- nJéé &eﬁnﬁiﬂustﬂie@r&ahe i:@zrekoeé BaleRW

degrees is int to the incident face i nt sectlon
with the rount i FREYEREIORFROYE. pE,T8ast-pe ]°°3ﬁgd§'ffda+ gg‘?]‘m"fﬂ‘é"% XE Bt
i nt ersecti on beshsmaveidhehi® pricbiigm f iac practidef aout EZc itrwer@0aaprohles én not

af fect ed by the,gmdic sﬁﬁﬂ;@a‘é £ ahBso %%asn@gufmrner%saaw&ca af- -

90+a. Figure 4 Ws ti né one ane 1 n_any di rection
will suffice. THRIYS (0] ﬁeo’f "LlﬂE“F Ceeft tlhéc‘é’l'“?d’;? i hP rOOYE & fici ent
refracti on of tpmssibdldeytobHdacktveflegtiors t AaDCAGNemadifiedofint this mennent

beam be adj ust egy tﬂl%@@?@é@@tﬁ ﬁﬂ%m.‘if Eectcrystal & r.isesimaﬁr eagcﬁsghs 15 a
function of the, aGaURLECe NS BRE Bkeebhsdi® tRIhI RRol S Wil Sn TRdUT te the

Bragg angle by *
incident face 12a and the mounting 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 toc the incident face then the angles of
intersection with the mounting faces are 50-g¢~d and 90-g¢+j. The
angles of intersection between the mounting faces and face 12c
are 90+-q'5 and are not affected by the modiflcation and are the.

same as for crystal 12, i.e., 90+a. Figure 4 shows tilting in
only one plane, but a tilt in any direction will suffice. The

."1'.:111'._1ng of the incident face may introduce sufficient refraction
of the incident beam to require thai: 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 frequency of the driving signal for the
transducer. This frequency modulation can be used to sweep the
diffxacted 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. Forx
example, if the DCAOM shown in Fiqures 6a-b were driven with
frequency modulated signals the four first order beams would
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nodul ating the frequency of the driving signal for the transducer. This
frequency nodul ati on can be used to sweep the diffracted beam position
linearly through a range of angles. Simlarly the multiple beans of an
MCAOMs can be used with frequency nodul ated driving signals to sweep the
beans. ‘For exanple, if the DCAOM shown in Figures 6a-b were driven with
frequency nodul ated signals the four first order beans would

14 sweep to forman x-y axis. Transdlfeers 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. Figure 9 illustrates a

particul ar application of a DCAOMin | aser systemfor texturing disk
substrates for use as magnetic disks in disk drives. It is well known to
use a laser to tenporarily soften small spots of the surface of a substrate

to forma C|rcular or .spipral .pattern.of n sub te which can be
used as a contact eSPaFf- ?rg'p gr ta fgl}sth'%aggé‘a%er n%’é L*tz’g & °r’f"88?’fta"’nt to
produce uni form%seﬁavwlmﬁ“?%mﬁemd??abét‘l’h%’iedébeo’?eaa‘ssﬁ%t'#‘&t gthexn s

desirabl e to useadidenEi €adnsaitans ﬂaasend)e:aﬁsdcme acpightdanglée. system
illustrated in Fi gur?aguyé%i iR AORLLE O, f g&_glé‘\ylﬁareaﬁpﬁéﬂiw 69%”5&5 in

pul sed | aser beans gener ates a uted thr
shutter 10la. Sti&Sern§YRET (§P§' exiuryng GiskoSYbSETATRE FAR LS EBGAW*I—Z
whi ch has transdijeiiss i biskl dpivsd.veDdt bis sephakrowd3to MseMai thsém tbhi s

application are upBrpl i) Yodhhs Yhat? GRS 8k ClteiEfadd o204 LRl ebia.

14b. The driving srgnal's ed to generate maxi mum
amplitude i n befif¥m BaCErRPleNHORARdKaL PALEEFR ATe HPUBRS AT tBE %‘EHiYFaB?) Mo of
t he i nci dent beaan beecused aisha ccahtacbestaxtSstop aldeantok tthesglidersa Since

wavel ength nmeter;y93¢ gﬁﬁ‘ogx?anﬁnéo %roﬁﬁ@é“im‘ﬁ@nﬁ %hegq&ﬁﬂﬂﬂﬁsté:&u%b f:h

e e e bha S ot S bt b
smal | portion oflasarhbéamssnonseac ISédeed'mty systens plivstaratedotn mgbred povver
nmeters uses a DCAOM to form two essentially identical pulsed laser
| beams. Laser 11 generates a beam which is routed through shutter
10la. Steering mirrors 9l1a, 91b direct the beam to the DCAOM 12
which has tranaducers l3a, 13b driven by signals 23, 24 which in
this application are alternately pulsed to generate pulsed Al and
Bl beams. l4a, 14b. 'J.‘;he driving signals 23, 24 are selected to
generate the maximum amplitude in beams 14a and l4b which as
indicated should be about 80-90% of the incident beam. The
_zeroth order beam 15 is allawed to strike a wavelength meter 92.
‘The Al and Bl beams are routed to opposite sides of the disk
being textured 95 through _
steering mirrors 91c, 91d, 9le, 91f, through beam expande}:s 94a,
94b and through focusing lenses 98a, 9Bb. A small portion of
each baam is reflected by beam splitters 99a, 99b to power meters
93a, 33b. The disk is xotated,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 to be formed on the disk.
Figure 10 illustrates one possible control means for the
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93a, 93b. The disk is rotated, by spindle 96 attached to notor 97 while the
beans are pulsed to allow the beans to texture a circular or spiral pattern
on each side of the disk. The notor, spindle and di sk shoul d be nounted on
a translation stage (not shown) to allow a #and of texture to be fornmed on

t he di sk. Figure 10 illustrates one possible control neans for the
15 driving signals for the transducers of a DCAOM whi ch can be used
with the systemillustrated in Figure 9. The enbodi nent described uses a

mast er 20kHz square-wave oscillator 101 of 50-50 duty cycle to drive
positive and negative edge triggered pul se- generators 102, 103 which drive

gat abl e RF generators 104a $4b to formthe envel opes of the nodul at ed
signal s 23, 2A%HHRGSIEPRLE oFo7 (Fhes braReduassst afick | BTAQH “WhREh A RY used
sel ector. Bearsith tdved sBStemeilinsitrekieddithFigheet H0 Phe smbodimest tduseribed

gener at ed frorugé?ar'n@s%arafmé'squhag?eaﬁfé oRk11 gL Hs 41' %tfoso & E‘Juecgab' y

the pulse wdths are |less than mast er osc at or' &erl
that there i s FFR & SFLIVRRUFATYSa? Eékﬂﬁgﬁﬁéﬁerﬁf%gf¥ﬁlqﬂ%§eﬂse }s&it or,
this neans t hagertdraﬂw‘aseom di0B whichedtived ggtabbe SR ten@ratbypi mdd,ylosb

| ess than ten %\eq_'?zgdg_{wgpéék t Iag @Hl)lr&otdﬂﬁgﬁg ds%é}%]}\g g;sl rs% O:)@epul ses

are used to contro he i nt ensi and pul'se | aser
beans. oscillator 101 serVes the funct;on of the channgd selector. Beams

Al and Bl are controlled by thg two pulse trains thus generated
fxrom the rising and falling edges of the oscillator. Preferably
the pulse widths are less than half of the master. oscillator's
period so that there is no overlap. Assuming a 20kHz xep 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 of the pulses arxe used to control the
intensity and pulse length of the first order laser beams.
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CLAI M5 An acousto-optic nodul ati on assenbly conpri sing:
a) a-crystal mnlcn rs transparent along an axis for |ight of a selected
wavel engt h, th at | east f%%st and second nmounting faces
which are ori ﬁm I'MM. ly to the axis; and b) at |east
two transducers; acoustic waves from el ectrical signal s,
attached to the two nounting faces the transducers being oriented so that
the acoustic waves fromthe first and second transducers wll intersect
the axis at an acute common angl e. : 2. The acousto-optic

nodul ati on assenbly of claim 1 wherein the crystal has a cross section
along the axis which is trapezoidal in shape and the acute angle is from1l

to 20 degreesCLAIM 3. The acousto-optic nDduIatlon assenbl y of
claim | wherein the crystal is a frustum 4. The

acoust o-optic nodul ati on assenbly of claim 1 wherein the crystal has a
cylindrical portion. 5. The acousto-optic nodul ati on assenbly

of claim | mﬂB?El%ﬁt?ﬁﬁlmﬁﬁyéﬁal is generally rectilinear with the nmpunting
surfaces bei ng bevel ed: coners.

1. A acousto-optic modulation assembly comprising:

a) a crystal which is transparent along an axis for light of
a selected wavelength, the crystal having at least two mounting
faces; and

b) at least two transducers, for producing acoustic waves
from electrical signals, attached to the two mounting faces, the
transducers being oriented so that the acoustic waves from the
transducers will intersect the axis at a common angle.

2. The acousto-optic modulation assembly of claim 1 wherein the
crystal has a cross section along the axis which is trapezoidal
in shape. !

3. The acousto-optic modulation assembly of claim 1 wherein the
crystal is a frustum.

54. The acousto-optic modulation assembly of claim 1 wherein the
crystal has a cylindrical portion.

5. The acousto-optic modulation assembly of claim 1 wherein the
crystal is generally rectilinear with the mounting surfaces being
"beveled corners. '

6. The acousto-optic modulation assembly of claim 1 wherein the
axis through the crystal intersects two faces of the crystal and
the intersection of the axis and at least one face forming an
oblique angle.
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17 ptic nodul ation assenbly of claim 1

wher ei-n t he omthe transducers intersect in the crystal
at an angl e wh ﬂﬂ’gﬂ@ﬁg@ ;acut e common angl e. 7. The
acousto-optic no Iy of claim1l wherein a cross section of

the crystal along the axis through the crystal is a trapezoid having a
front, back and two sides with the sides gontaining the first and second
nounting faces and the acute angle is from1l to 20 degrees. 8.
The acousto-optic nodul ation assenbly of claim 1 further conprising:

c) athird nmounting face on the crystal oriented symetrically to the axis
wth respect to the first and second nounting faces; and d a
third transducer, for produci ng acoustic waves fromelectrical signals,
attached to the_third nmounting face, {F third transducer being oriented so
that the acoustlic TREV%%"“FI"BngPﬁ’e" FRAPIAEEPR ASFSERLY \BY (C123Pet R axi s
at the acute comzoRs Serfiion of the crystrl alonglhbeazwnistthropgh cchenduoysitalon

assenbly of cl alsma &aswotmeﬁavmrfﬁdm back and two @lidas it RnavsddsNg -

face on the cryst orient ally to the axis wth respect to the
first, second aﬁ&“ﬁﬁf?ﬁ“%ﬁﬁt?%g"ﬁg gcegr'\d f) fourth transducer,

for prodUC|ng acoustic waves fromelectrical signals, attached to the
fourth nmounti ng gf.@ke, additbouptit mbaasHionr addmbBly O6f @1hes BCeudtaert he

comprising:

a) a third mounting face on the crystal; and

b) a third transducer, for producing acoustic waves from
electrical signals, attached to the third mounting face, the
third transducer being oriented so that the acoustic waves from
the transducers will interxsect the axis at the common angle.

9.The acousto-optic modulation assembly of claim 8 further
comprlsing:

a) a fourth mounting face on the crystal; and

b) a fourth transducer, for producing acoustic waves from
electrical signals, attached to the fourth mounting face, the
fourth transducer being oriented so that the acoustic waves from
the transducers will intersect the axis at the common angle.

10, A crystal for use iIn an aconsto-optic modulator comprisiqg:

a planar incident face;

a planar exit face disposed opposite the incident face so
that a laser beam ente:ing'the incident face at a selected angle
will travel along an optical axis to exit through the exlt face;

at least first and second planar mounting faces for mounting
first and second acoustic transducers, the mounting faces being
oriented so that a line perpendicular to the first mounting face
can be projected to intersect the optical axis at an angle alpha
and a line perpendicular to the second mounting face can be
projected to intersect the optical axis at the angle alpla...

-
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18 acoustlc waves fron1the fourth transducer will intersect the axis at

the acute coumnumnﬁllm 10. A crystal for use in an

acoust o- opt i LM"ISIHQ a planar incident face;

a planar exit “face dISpO ed opposite the i m&ident face so that a | aser beam
entering-the incident face at a selected angle will travel along an optical
axis to exit through the exit face; at least first, second and
third planar nmounting faces for nounting first, second and third acoustic
transducers, the nounting faces being oriented so that a first |line
perpendicular to the first nounting face can be projected to intersect the
optical axis at an angle al pha and a second |ine perpendicular to the
second nount i ndlf-aZbecerystnd phoFdeird O durthen soppriftnp@ itbikdapianan t he

angl e al pha, ambhhwnblfm:aoqraaemdu@w:@ al enifdi&chitstde Wﬁdﬂﬁefﬁcﬁxé%x%
projected to inter i cal axis at t

e .ang
and second |in&&Y Pﬁf@?séﬁﬁe lﬁﬂ arxfnted, fe & rhﬂtpﬁaﬁme perpengiig ar t°ﬂ%§e
crystal of cl aifdixrs® mownting ifhegef ¢arstbea projestmdd tpl intersemknthagoptixds are

oriented at an | £4. W egh the axis of from1l to 20 degrees.
12. The crys?a? ¥ *a1n1 8 ?u?%%ér conprising a fourth planar nounting

face for nmounting a fourth acoustic transducer, the fourth nounting face
bei ng orientedi2.Sohé atystali be @ﬁﬁﬁﬂdl Ekﬂ:ﬂfezt Qoﬁxﬁ?iémlj tah fBGHﬂE Imﬁ‘aace

can be proj ect ¢d Lo LD AISCGhy mblifi9R! HCBbuAH ScBlstlf AAHL5uELE e

fourth mounting face being oriented so that a line perpendicular
to the first mounting face can be projected to intersect the
optical axis at the angle alpha. '

13. The crystal of claim I0 whereinm the crystal has a cross
section along the optical axis which is trapezoldal in shape.

14. The crystal of claim 10 wherein the crystal is a frustum.

15. The .crystal of claim 10 wherein the crystal is generally
cyiindrxcal with the mounting faces being beveled portions of an

edge.

16. The crystal of claim 10 wherein the crystal is generally
rectilinear with the mounting surfaces being beveled cornexs.

17. The crystal of claim 10 wherein the optical axis through the

crystal intersects two faces of the crystal and the intersection
of the optical axis and at least one face forms an oblique angle.
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19 13, The crystal of claim 10 wherein the crystal has a cross
section al ong ' gs Which is trapezoidal in shape.

14. The chmumlﬂHImym'M“FV\herel n the crystal is a frustum

15. The crystal® of c?taism *0 wherein the19crystal is generally cylindrical
wi th the nmounting faces being bevel ed portions of ‘an edge. 16.
The crystal of claim 10 wherein the crystal is generally rectilinear wth
t he nounting surfaces being bevel ed corners. 17. A | aser
system conpri si ng: a crystal which is transparent along an axis for |ight
of a sel ected wavel engt h; ' a |l aser for producing an incident beam
of light of thessel audsed woueeREddbrikRag: t he crystal; at | east

first and second acousti ransducers atiached to first and secon

nmounting faces on t%@zyf&g?aﬁh’a%h B CEARERR PFi lt’aqs’ﬁ/ ‘{%oat ﬁ%i)ﬂ%eg so

t hat acousti c wvalehgthor each of the transducers intersect the incident
beam at a conmon anglig clBSi stal ; - LSt |

means for produci ngg gggr"e?vgqgi%%%:?gﬁ %ﬁe"‘*tﬁ%{l tt?%?% ufcé'];lbg‘?) ?é)a;dm\éﬂé
first acousti ccxysfal fQrt KRiGh iheyCcrygtal Nbf FTABPPREANGT t he incident beam
to diffract to forath aebbtsfitgtdaindisatvoid ;actadtic transducées olstathedeto

second acoustq gty ¥fig Giiest”be Hhes SERRHS IRIHEThS! Fopeh B B
to transducers intersect the beam at a common angle; and
first driver means for producing a drive signal for the
first transducer to form & first acoustic field in the crystal
causing a portion of the incident beam to diffract to form a
first oxdexr beam Al; and
second driver means for producing a drive signal for the
second transducer to form a second acoustic field in the crystal
causing a portion of the incident beam to diffract to form a
fixst orxrder beam Bl.
19. The laser system of claim 18 further comprising means for
modulati@g an amplitude or frequency of first and second drive
signals.

20. The laser system of claim 18 further comprising means for
selectively driving first and second transducers to form beams Al
or Bl to chop the incident beam so that when beam Al is formed it
has more than 50% of the energy of the incident beam and when

beam Bl is formed it has more than 50% of the emergy of the
incident heam. '

T .
T
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diffract to forma first order—beam B1.

20 - tem of claim 17 further conprising neans
for nodul ati ng“",'ij’“m Et m frequency of first and second drive signals
to nodul ate Dbednsc : The | aser system of claim
17 further conprising nmeans for .selectlvely driving first and second
transducers to formbeans Al or Bl to choB the incident beam so that when
beam Al is forned it has nore than 50%of -the energy of the incident beam
and when beam Bl is forned it has nore than 50% of the energy of the

I nci dent beam 20. The | aser system of claim 19 wherein the
nmeans for selectively driving first and second transducers all ocates equal
time slices to Al and Bl beans and drives the transducers wth equal

anpl i tude signgls LReCosE Weelh FdiBln 13ARerd D, RctRgENt Il v

equi val ent . ser system Whierej n t he
first driver mEglectively aﬂréé”-&gf?’éi:ﬁ}eﬂﬁ? s(?F°Pﬁet’qu\s§P°SE%lP§t1PEaﬁseI36“?b
\éary an ?ngl e dfimd bhiess itn aaf ahdiedl Abadwaﬁmcatlﬁuemg theetddnsaaeerd mtwefep
etween first e Ul emo
claim217 furt h%%q“ggrrgﬁgg ‘q‘é& ts%.ﬁ:ﬁ'%lcf é"goﬁas % th rans &cgr tl’?%acﬁgﬁ o the
crystal and oriessengiably rrauiyaleroustic f| eI d for the third transducer

intersects the incident beam at the conmmon angle. 23. A et hod
of operating azﬁ?s%es §§§rms§r% r| S Q:(ia;. ;[wﬁgrseionf ‘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. '

23. The laser system of claim 18 furthexr 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.

24. A method of operating a laser system comprising the steps of:
generating a laser beam incident on a crystal;
applying a first drive signal to a first acoustic transducer
to form a first acoustic field in the crystal ‘-which intersects
the laser beam at an angle which causes a portion of the laser
-‘beam to diffract into beam Al; and
applying a second drive signal to a second acoustic
transducer to form a second acoustic field in the crystal which
intersects the laser beam at the angle which causes a portion of
the laser beam to diffract into beam Bl.

25. The method of claim 23 further comprising the step of
modulating an amplitude of the first drive signal to modulate an
- amplitude of beam Al.
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generating a IaseL—beaﬁ++ﬁefdeﬁ%—oﬂ a crystal generally along a central
axis of the crystal: 21
applying a first. B“l“? ﬁmﬂﬁumal first agoustic transducer nounted on a
first face-of th ‘a first acoustic field in the crystal

whi ch intersects the aser bean1at a Bragg angl e which causes a portion of
the | aser beamto diffract into first order beam A, and applying a second
drive signal to a secqond acoustic transducer nmounted on a second face of
the crystal to forma second acoustic field in the crystal which
intersects the | aser beamat the Bragg angle and symmetrically with respect

to the first agousid Qnéﬂr@ddo‘ﬂ’“bf@;r&%‘!ﬁréh&oréohghgi?lﬁ '\?né %&%b ggam to

diffract into first order beamB hod "of _cl ai m 23
further conpriBPRRLAtNE B STEAUABEN 2L iTHE - §+F5'aﬁ|5l"ivfuﬁ%9'!ﬁ1 t"r?e‘“PF!Pé?t%iﬁ’\/e
si gnal- to nodubadbe asf ajffiractdtonfod dam ALl . 25. The net hod of
claim23 further conprising the step of nodulating a frequency of the
first drive signal- to nodul ate an angle of diffraction of beam Al

26. The rreg%odrhﬁ natdioh 98 clatmed EurPhesicomPrhsing fheyStgpt 8fnatel y

driving first aneesemand td&aosﬂyceifsﬁ/\nahh S6ila dERhbdwekrssiwdrdl 8gagl form
equal |nten3|t¥ f”%&ﬁ% szgnaisngoﬁgorm qu%l intensity pulses of beams Al and
Bl.
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