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Raman-Nath Diffr action
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Our e xpressions for the o ptical beld diffracted fr om
the a coustic wave assume the re is only one diffr acted
order (m=x1). | s it p ossible t o have

Im|>1, orresponding t o more than 1 phonon absorbe d?

Canser vation of en ergy r equires k and kQbe almost the
same length (except f or the r elatively small incr ease of
kQdue t 0 absarbed energy of pho non). This isn®
possible for more than one order atat ime, with a

unique K vector. .
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Acoustic Beam Spread
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If the a coustic wave is a Pnite beam with w idth " X,
Heisenbe g®uncertainty r elation " x" p"<82 tells us it

will have a range of K-vectors " K=1(2 " X).
If the r ange of K-vectors is large compared t o the

Bragg angle, multiple phonos to be absarbed witho ut
changing length of k O elative to k.
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Raman-Nath Cr iterion
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Acoustic beam spread is " K=K'#
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Thus the Br agg angle (! p=$/(2n % ) can be
expressed in t erms of the a coustic beam spread

Q=2 5w

n

Q>1is @lled the Bragg regimeOand corresponds
to single order diffraction

Q<1 is @lled the (Raman-Nath r egimeOand
corresponds to multiple order diffraction
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Raman-Nath Diffr action

Casider a narrow acoustic beam intr oducing a
change in the in dex of r efr action in a material of

Il n(0< x<! X)=1! ngsin("t! K &)
an optical wave expressed by

E_ Eoei(! t k&)

IS Incident at x=0, upon exiting the a coutic beam
atx="Xitcanbewritten as

E= et ka! #)

with PIX g
| = =7\ hdx
cos"' ¢

0
where ! Is the dir eciton of the o ptical beam
relative to the x -axis
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Raman-Nath Diffr action
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If " Xissmall(i.e.in the Rama-N ath r egime), index n
(X,t) seen by optical beam can be considered congant
across beam width

I X # I X # . ,
I = EE' n= §E| nOS|n("t! I'$ a$)
giving
E = I4:-0ei(! t! k&1 #sin(! t! K &))
where
I X #
'l ———1 ng
cos" C

Is called the mo dulation index. This can be expanded
using a f orm of the J acobi-Anger i dertity

I
eiz cos! — ian(Z)ein!

n="1
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Bessel Function Expansion

—
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Expanding

E = Eoei(! t! k&t #sin(! t! K &))

Into Bessel functions gives

E_t, I Jm(")ei (" miyt (k" mK)&)

m="!

and the di ffr action efbciency f or the m ™ order
diffracted beam is

ln=J2("M =35 ——=! ng
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Bessel Function Expansion
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Example

—-

Cdculate the a coustic beam width " Xto
maximize diffr action into the m=1 order f or

" Np=0.0001,! =0° and $=633 nm. What fr action
of the p ower g ets diffracted into the m=1 beam?

J1(&) Is max at &1.85, solving for " X we get
" X=19 mm
Ewaluating ' =37(185)!0 .33
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Acoust oopt ic Devices

—
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Like the el ectr ooptic effect, the a coustooptic
effect c an be used t o condr uct M odulators,
beam del3ectors, fr equengy shifters, tu nable
plters.

Unlike the el ectr ooptic effect, the el ectr ical
driving sighal needs to be encoded on an RF
carrier, rather than a pplied directl y.
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AO Modulators

—-

The diffr action efPciency in an a coustooptic interaction is
Idi! racted — sinz- | _" L " M Ia“
Iincident # 2COS$B

where L is the in teraction length, ! , is the Br agg angle,
| 2 IS the a coustooptic intensty an d
n°g’

RVE

M =

IS a bgure of merit f or the ma terial tha t de pends on
polarization and angle, the in teraction conbgurat ion and
the dir ection of propagation. At| ow acoustic intensty
n 2L2
' 2#2 coS $g M
any amplitu de modulat ion of the a coustic signal can be

used t o modulate the in tensty of the di ffracted beam
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AQO Deldectors
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The Bragg angle deter mines the dir ection of the
diffr acted beam and obeys

2! sinf = An
where %=V f is the wa velength of the a coustic wave of
frequencgy f w ith a sp eed of propagation v. Thus the
Bragg angle can be written

lg = sin' ! "f ! !
2n# 2n#

since it is a sma ll angle.

The angle of diffraction 2! , iIs | inearly proportional t o
f. Thus fr equency modulat ion of the a coustic signal can
modulat e the del3e ction angle of the di ffracted beam
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Bandwidth
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The analysis so far ha s assumed monochromaic optical and
acoustic radiation (i.e. plane waves, not beams) and requires

a unique acoustic K vector t o meet Br agg condition
- \\k

vO
<[K
k

Modulat ion on acoustic wave is equivalent t o intr oducing

fr equency components w ith different K-vectors. For the se
to produce diffr action the o ptical and/or acoustic beam has
to have a range of k- vectors (i.e. be a beam not a pl ane

wave) O
= Zj K
k

The angular spread in the beams thu s deter mines the
usefu |l modulation bandwidth of the de vice
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Modulat ion Bandwidth
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Differentiat ing expression for Bragg angle

| | il

B - m
gives ar elation between the b andwidth " fand
the spread in the inci dent an gle

_ 2nvcosf

I f 1o
A

but the sp read in incident an gle contains a

contr ibution &!'2 $/(#n ( o) fr om the o ptical
beam with Gaussian waist ( o, and &) ! % L fr om
the a coustic beam of w idth L

11 ="1 4+ "¢
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Modulat ion Bandwidth
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B~

The modulat ion sidebands
on the a coustic beam
couple t o different o utput
angles for the o ptical —
beam For the o ptical ="
modulat ion sidebands to —
overlap the an gular spread
In the a coustic beam must equal or e xceed that of the
optical beam &) "&! =$/#n ( o giving a b andwdith

j, Light beam

e===oa Trangdueer

('), = %! f = %COSEE
which is r oughly equal t o the r eciprocal of the tr anst

time of the a coustic wave across the optical beam
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Modulat ion Bandwidth
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Requiring the spread in optical beam naot e xceed the
diffr action angle requires "' $ , so that

(L F)y , 1 F 1
f 2f 2

where " fnis the b andwidth of the sig nal that
produces a spread in the a coustic fr equencgy fr om f£" f.

This means if the RF c arrier fr equency f ¢ an be
modulated at a fr equencyuptof/ 2. Clearly ifitwere
modulated at a fr equengy of f , the re would be DC
components tha t w ould f ail t o del3ect the di ffracted
beam causing it t o overlap with the u ndiffr acted beam.

ch 10.18




Material Figures of Me rit

=
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Efbciency and Bandwidth of a mo dulator are
Important p roperties that de pend on the material and
conbguration geometr y of the mo dulator. Various
bgures of meritr elate the se quartities of material
Independert of

n’p? Proportional t o the di ffr action efbciency and
lv the modulat ion bandwidth in a mo dulat or of
length L an d heigh h w here
' n2p2 2$2 T P,
"# % cos& h

M]_:

2|f0| f =

Proportional t o the di ffr action efbciency in a
modulat or of | ength L an d heigh h at a coustic

2 L
power Pawhere  _ U EMLP.

= X2 cog s h ch 10.19
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