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Akustoopticky modulator
s postupnou a stojatou akustickou vinou

Akustooptické modulatory (AOM), nékdy téz nazyvané Braggovské cely, vyuzivaji
akustooptického jevu pro vychylovani nebo posunuti frekvence optického zafeni pomoci
zvukovych vin (obvykle o radiovych frekvencich). V laserové technice se pouzivaji pro
modulaci Q optického rezonatoru bud pro Q-spinani (AO Q-switch, coz je nejCastéji
AOM s postupnou akustickou vinou) nebo synchronizaci méda (AO Mode-locker, coz
je nejCastéji AOM se stojatou akustickou vinou). Rozdil mezi nimi je vtom,
Zze v AOQS je akusticka vina po jednom prichodu prostiedim utlumena a neodrazi se,
zatimco stojaté AO viny v AOML je dosazeno odrazem zvukové viny na druhém
rovnobézném Cele a interakci mezi proti sobé se Sificimi zvukovymi vinami. AOML tak
predstavuje rezonator pro zvukovou vinu s vlastnimi rezonanénimi frekvencemi
vzdalenymi od sebe o frekvence

Af = va /2L (1)

kde va je rychlost ultrazvukové vinu v prostfedi modulatoru a L je pfiény rozmér
modulatoru. V telekomunikacich se AOM pouzivaji jako amplitudové modulatory,
ve spektroskopii pro Fizeni frekvence zafeni. AOM se sklada z piezoelektrického
meénice spojeného s vlastnim optickym materialem modulatoru, jako je sklo Ci kiemen.
Vysokofrekvencni elektricky signal zpusobuje vibrace ménice, které vybuzuji v materialu
modulatoru zvukovou vinu. Tu si lze pfedstavit jako pohybujici se oblasti stlaceni a
roztazeni, které jsou charakterizovany zménou indexu lomu a vytvareji jeho periodickou
modulaci. Dopadajici opticka vina je rozptylovana podobné jako v pfipadé
Brillouinovkého rozptylu a vysledny difrakéni jev je podobny Braggovské difrakci.
Vysledky teorie popisujici interakci mezi zvukovou vinou a optickou vinou jsou uvedeny
v priloze (Viz: W. Koechner, Solid State Laser Engineering). Jedna se bud o tzv. Raman
Nathlv ¢i Braggav rozptyl, podle toho, zda je spinéna podminka (8.34) nebo (8.38). Viz
obr. 8.25.

Difrakéni jev pfi Raman Nathové rozptylu ma charakter nasobnych difrakénich maxim
symetricky vzhledem k nultému maximu. Intenzita jednotlivych maxim je dana vztahem
(8.35).

V Braggoveé rezimu jsou difrakéni maxima vysSich fadu eliminovana a vétSina energie
je soustfedéna v pouze v nultém a prvnim fadu.

Pfi interakci je podstatny pomér mezi vinovou délkou optické viny A a vinovou
délkou akustické viny A v prostfedi modulatoru o indexu lomu n. Tzn. A=A¢/n, kde Ao je
opticka vinova délka ve vakuu.

Hloubkou modulace nazyvame pokles energie v nultém maximu oproti pfipadu bez
modulace. Dosahuje hodnoty cca 1 % na 1 W budiciho elektrického vykonu pro AOQS a
hodnoty nékolikrat vyssi pro AOML.
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modulatoru s postupnou vinou AOQS a akustooptického modulatoru se stojatou vinou
AOML.
Principialni schéma usporadani méfeni je na obr. 1.
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Obr. 1. Principialni schéma usporadani méfeni. Vzdalenost AOM od laseru je asi 20 cm,
vzdalenost AOM od stinitka cca 1m.

Princip méreni difrakce a hloubky modulace AOM: Pro méfeni pouzivame jako
zdroje He-Ne laseru, difrakéni jev pozorujeme na stinitku ve vzdalenosti cca 1 m.
Hloubku modulace méfime pomoci miliwattmetru (footoodporu).

Pouzité AOM:
a) AOQS se zdrojem 45 MHz, max vykon 20 W.
b) AOML se zdrojem Intraaction, 60 — 80 MHz, max 5 V/50 Q

Postup:
Domaci priprava:

1. UvaZzujte akustoopticky modulator ztaveného kfemene o interakéni délce
/=40 mm a indexu lomu n = 1,46. Rychlost Sifeni ultrazvuku v kfiemeni uvazujte
Va= 6 km/s. Spoctéte vinovou délku zvukové viny A pro frekvence 47 MHz a
75 MHz.

2. Spoctéte pro obé budici frekvence soucin ‘A a porovnejte ho s kvadratem
akustické vinové délky A% Urcete, zda je spinéna podminka pro Raman-Nathovu
nebo Braggovu difrakci (8.34) nebo (8.38)

3. Pro pfipad AOML stanovte frekven¢ni vzdalenost dvou rezonacnich frekvenci
podle vzorce (1). Uvazujte tloustku modulatoru L= 1 cm.

4. Spoctéte pro obé budici frekvence Bragguv uhel v prostifedi modulatoru o indexu
lomu n a uhlovou odchylku prvniho difrakéniho maxima vné modulatoru. PouZijte
vztahy 8.39 a 8.40.



Méreni parametrii modulatort

5.

6.
7. Zméfte hloubku modulace (procentualni ¢ast vykonu difraktovaného z nultého

8.

9.

Nastavte modulator AOQS tak, aby byl na stinitku vidét difrakéni obrazec
s maximalni intenzitou. Zaznamenejte jeho tvar napf. pomoci fotoaparatu
v mobilu, Ci nakreslete.

Zméfte uhlovou vzdalenost prvniho difrakéniho maxima od nultého maxima.

maxima)
Opakujte body 5-7 s modulatorem AOML se zdrojem IntraAction.
Zmeéfte kolik procent vykonu je obsazeno v jednotlivych maximech vyssich fadu.

10.Zménou budici frekvence generatoru proméfte vzdalenost dvou sousednich

frekvencénich maxim difrakce.

11.Proméfite Sifku jednoho frekvenéniho piku a stanovte, jaka musi byt stabilita

budiciho generatoru. Stanovte finesu akustického rezonatoru AOML.

Pozadované vysledky:

4.
5.

1. Schéma usporadani méfeni.
2.
3. Tabulka naméfenych a vypoc&tenych hodnot parametrl uhlovych vzdalenosti

Obrazky prubéhu difrakéniho jevu pro oba modulatory.

sousednich difrak¢nich maxim pro oba modulatory.

Hloubka modulace a difrakéni u€innost obou modulatora.

Graf zavislosti hloubky modulace AOML na budici frekvenci v rozsahu 100 kHz
kolem maxima.
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8.4 Acoustooptic Q-Switches

In acoustooptic QQ-switches, an ultrasonic wave is launched into a block of trans-
parent optical material, usually fused silica. A transparent material acts like an
optical phase grating when an ultrasonic wave passes through it. This is due to
the photoelastic effect, which couples the modulating strain field of the ultra-
sonic wave to the optical index of refraction [8.62-67]. The resultant grating has
a period equal to the acoustic wavelength and an amplitude proportional to the
sound amplitude.

If a light beam is incident upon this grating, a portion of the intensity will
be diffracted out of the beam into one or more discrete directions (Fig. §.24). By
properly choosing the parameters, the diffracted beam can be deflected out of
the laser resonant cavity, thereby providing an energy loss which is sufficient to
(Q-spoil the cavity.

The ultrasonic wave is typically launched into the Q-switch block by a piezo-
electric transducer which converts electrical energy into ultrasonic energy. The
laser is returned to the high (Q-state by switching off the driving voltage to the
transducer, With no ultrasonic wave propagating through it, the fused silica block
returns to its usual state of high optical transmission, and a Q-switch pulse 1s
emitted [8.9, 68-70]. Two different types of diffraction effects are observed de-
pending on the optical and acoustic wavelengths A and 4, and the distance [
over which the light interacts with the acoustic beam.
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Fig. 8.24. Acoustooptic Q-switch employed in & ow-pumped Nd : YAG laser, The major compongnts
of the Q-switch are a very thin quartz crystal transducer having a thickness of a half acoustic
wavelength, a fused silica block to which the transducer is epoxy-bonded, an inductive impedance-
matching network, an acoustical ahsorber ar the side opposite 1o the fransducer, a water-coaling
jacket system 1o conduct away generated heat, a thermal interlock which automatically turns off the
of power if the temperature in the modulaior rises beyond allowable fimils, a Bragg angle adjustment,
a 50 MHz of driver containing a pulse penerator, and logic which allows adjustment of the repetiticn
rate from 0 to S0kHz

Raman-Nath Scattering

Raman-Nath scattering occurs when either the interaction path is very short or
when the ultrasonic frequency is very low, ie.,

Iy A% (8.34)

Maximum light scattering is observed if the light beam and ultrasonic wave are
perpendicular with respect to each other. The light beam is scattered symmetri-
cally in many higher diffraction orders, as shown in Fig. 8.25a. The intensity of
the individual orders is [8.66]

I

E =R(Ad), (8.35)

Iy
where I, is the intensity of the nth order, I;; is the intensity of the incident light,
I, is the Bessel function of nth order, and A¢ = 2nAnl/A is the amplitude of
the phase grating. The amplitude A¢ has been shown to be [8.63,71]

2 L

where A, is the optical wavelength, Fj. is the acoustic power, [ and w are the
dimensions of the flat rectangular transducer, and M, includes a group of material
parameters known as the acoustooptic figure of merit,
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Fig. 8.25. (a) Raman-Nath and {b) Bragg angle acoustooptic Q-switches
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) (8.37)

where n is the index of refraction, p is the appropriate photoelastic coefficient,
¢ is the density, and v is the acoustic velocity.

Bragg Scattering

When the frequency of the ultrasonic wave is raised and the interaction path is
lengthened, higher-order diffraction is eliminated and only two light beams of
zero and first order become predominant. The condition for Bragg scattering to
occur is

IAs A%, (8.38)

In the Bragg regime the optical and ultrasonic beams are offset slightly from
normal incidence to interact at the Bragg angle

A
sin & A (8.39)
[t should be noted that A, A, and © are measured inside the medium (that is,
A= Ag/n). As shown in Fig. 8.25b, if measured externally the angle between the
incident light and the acoustic wave is @' = n& and the scattering angle is twice
that, i.e.,

Ag

0 =2n0 = 3 - (8.40)



The intensity I of the scattered beam is [B.71)

I| e | dﬂ"
— =sin | == 8.41
A sin ( > ) , (8.41)

where the phase amplitude is the same as defined in (8.36).

Depth of Modulation

It is apparent from (8.35-41) that the amount of diffracted power depends on the
material parameters expressed by A, the ratio of length 1o width of the interac-
tion path, and the acoustical power P, In a given material such as, for example,
fused silica, the value of the photoelastic coefficient p in (8.37) depends on the
plane of polarization of the light beam with respect to the ultrasonic propagation
direction and on the type of ultrasonic wave, i.e., longitudinal or shear wave.
With shear wave generation the particle motion is transverse to the direction of
the acoustic wave propagation direction. In this case the dynamic optical loss is
independent of polarization in isotropic materials such as fused quartz {8.65, 72].
Table 8.2 lists the pertinent material parameters for an acoustooptic Q-switch
fabricated from fused silica.

Since at a small depth of modulation the sine function in (8.41) can be
taken equal to its arpument, the diffracted power is proportional to the figure of
merit M. From Table 8.2 it follows, that in a Bragg angle device employing
longitudinal-mode ultrasound, light polarized perpendicular to the acoustic wave
vector is deflected five times stronger than light polarized parallel to this direction.
The shear wave device, which operates independent of the light polarization, has a
higher diffraction efficiency than parallel-polarized light in a longitudinal device,
but a substantially lower efficiency compared to the perpendicular-polarized light
in a longitudinal modulator,

“Table 8.2. Material parameters of acoustooptic Q-switches employing fused silica (Bragg and Raman-
MNath devices)

R

Polanzation of Acoustical
optical beam with  Velocity of  Figure of  power Fy [W]
respect to acoustic  sound merit for 1% deflection
Acoustic wave  p coefficient  wave vector w107 <10~ (lfw =10
{cr/s] [sHE]
Shear wave e = 0075 Independent 376 (47 (.42
Longitudinal i =0.1%1  Parallel 505 0.30 0.67

Longitudinal piz = 0270 Perpendicular 5,95 1.51 o3






