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ACOUSTO-OPTIC MODULATION OF LIGHT 
 
 
I. Objective:    To study the interaction between light and sound waves in matter, and determine the       
                        characteristics of an acousto-optic (A-O) modulator. 
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III.  Theory: 
 
1.  Introduction. 
 
The phenomena of interaction between sound and light generally can be separated into three regions: 
 
(a) (~10MHz) Low acoustic frequency region. The simple phase-grating theory developed by Raman 
and Nath can well explain the multi-order diffraction phenomena observed in this region. The region is 
also called the "Raman-Nath diffraction" region. 
 
(b)  (~100MHz) High acoustic frequency region.  When the frequency of the acoustic wave is raised, the 
diffraction to higher orders is eliminated and, at certain angles of incidence of light, energy exchange 
between the zeroth- and the first-order light beams becomes predominant.  This type of diffraction is 
called the "Bragg reflection". 
 
(c)  Moderate frequency region.  The preceding two cases give the diffraction features occurring at the 
two extreme and idealized cases.  In this "transition" region the Raman-Nath equation has no analytic 
solutions, and the diffraction is characterized as the mixture of those of the Raman-Nath diffraction and 
the Bragg reflection. 
 
Since we are more interested in the light-sound interaction in high-frequency Bragg devices, we will 
discuss this region more detail. 
 
2.  Bragg Diffraction 
 
(a) Particle model.  
Many of the features of Bragg diffraction of light by sound can be deduced if we take advantage of the 
dual particle-wave nature of light and of sound. According to this picture a light beam with a 
propagation vector k and frequency ω can be considered to consist of a stream of particles (photons) 
with a momentum ħk and energy ħω). The sound wave, likewise, can be thought of as made up of 
particles (phonons) with momentum ħks and energy ħωs. The diffraction of light by an approaching 
sound beam can be described as a series of collisions, each of which involves an annihilation of one  
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incident photon at ωi  and one phonon and a simultaneous creation of a new (diffracted) photon at a 
frequency ωd   = ωs + ωi , which propagates along the direction of the scattered beam.  The conservation 
of momentum requires that the momentum ħ(ks +ki) of the colliding particles is equal to the momentum 
ħkd of the scattered photon, so 

d s ik k k= +                 (1)
 
  
The conservation of energy takes the form 
 

    d s iω ω ω= +           (2) 
  
From Eq. (2) we learn that the diffracted beam is shifted in frequency by an amount equal to the sound 
frequency.  Since the interaction involves the annihilation of  phonon, conservation of energy decrees 
that the shift in frequency is such that ωd > ωi  and the phonon energy is added to that of the annihilated 
photon to form a new photon. 
 
From the momentum-conservation relation (1) we can derive the Bragg condition, 
 

     2 sins n
λλ θ =           (3) 

 
where λs is the sound wavelength, λ is the light wavelength, θ is the angle between the incident or 
diffracted beam and the acoustic wavefront, as shown in Figure 1, and n is the refractive index of the 
acousto-optic cell. 
 

      
 

Fig. 1.  Momentum-conservation relation. 
 
(b)  Diffraction efficiency.  Under the Bragg condition, the coupled-wave theory can be used to analyze 
the Bragg diffraction of light by acoustic wave.  The two light beams kincident and kdiffracted  are coupled 
because of a sinusoidal perturbation in the density of the material of the A-0 cell.  The diffraction 
efficiency can be obtained from the analysis. 
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where Ii and Id are the intensities of the incident beam and the diffracted beam, respectively; ω is the 
angular frequency of light; l is the interaction distance between the two beams and is equal  
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∆n is the amplitude index change due to the strain s and can be expressed as 
 

3

2
n pn s∆ =       (6) 

 
 
In Eq. (6) p is the photoelastic constant of the matter.  The strain is related to the acoustic intensity Ia 
by 
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where vs is the velocity of sound in the matter and ρ is the mass density.  Combining (4), (6), and (7),  
we obtain 
 

2sin ( )
2 a
l MIπη
λ

=           (at θB)   (8) 

 
where M = (n6p2) / (ρvs

3) is defined as the diffraction figure of merit.   
 
 
A list of acousto-optic properties of some materials commonly used is shown in the Table 1.  
 
Note: Mω = Mmaterial / MH2O 
 
Table 1.  List of A-0 properties of some materials 
   
 

(c)  Deflection angle change (∆θ) as a function of the sound frequency. 
 

The momentum vector diagram originally introduced in Fig.1 is closed and the beam is diffracted 
along the direction θ6 as given by Eq. (3).  Now let the sound frequency change from νs to νs + ∆νs.  Since 
ks = 2πνs/vs, this causes a change of ∆ks = 2π(∆νs) /vs in the magnitude of the sound wave vector.  Since  
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the angle of incidence remains the same and the magnitude of the diffracted k vector is unchanged, its tip 
is constrained to the circle locus shown in Fig.2, we can no longer close the momentum diagram and thus 
momentum is no longer strictly conserved.  The beam will be diffracted along the direction that least 
violates the momentum conservation.  This takes place along the direction OB, causing a deflection of the 
beam by ∆θ.  Since the angles θ and ∆θ are all small and that ks = 2πνs/vs, we obtain 
 

s
s

s

k
k nv

λθ ν∆
∆ = = ∆                                  (9) 

 
so that the change of the deflection angle is proportional to the change of the sound frequency. 
 

  Circle of radius k  
     centered on O

 
 

Fig. 2.  Momentum diagram illustrating how the change in sound frequency  
from νs to νs + ∆νs deflects the diffracted light beam from θ to θ + ∆θ. 

 
 
(d)  Number of resolvable spots.  The diffraction angle of a gaussian beam is 
 

4
d nd

λθ
π

=       (10) 

     
where D is the gaussian spot diameter.   
 
The number of resolvable spots is defined as 
 

      
4 s
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= = ∆      (11) 

 where τ = D/vs is the time it takes the sound to cross the optical beam diameter. 
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EXPERIMENTAL PROCEDURE. 
 

PART I.    AOM characteristics. 
 
Set up acousto-optic modulator with an unfocused He-Ne laser beam and measure the 
relationships between the following parameters: 
a) Diffraction efficiency vs. angle of incidence 
b) Diffraction efficiency vs. frequency of drive power 
c) Diffraction efficiency vs. drive power  
 
Before taking measurements check that 0-minute mark on the rotational mount with AOM 
corresponds to the normal beam incidence. Set input beam at Iin = 15mW. 
 

a1)  Sweep through the angles to find the Bragg angle (rotate AOM clockwise): 
1. FREQ: 80MHz 
2. VOLT: 1000mV (amplitude) 
3. MINS: Sweep from 0 to 60 minutes in increments of 5 mins 
4. Plot the diffraction efficiency (η = I(+1)/Iin) as function of incident angle.  
      

a2) Repeat measurements as in a1) for the -1st diffraction order (rotate AOM 
counterclockwise).  
 

b)   Once you have found the Bragg angle sweep through the frequency:  
1. MINS: stay at Bragg angle (+1st order)   
2. VOLT:1000mV (keep it constant when change frequency) 
3. FREQ: Sweep from 50 to 100MHz in increments of 5MHz (take more 

measurements around optimum (central) frequency)   
      Note: The Bragg angle varies with frequency, so you will need adjust the   
      photodetector position.  
4. Plot the diffraction efficiency as function of frequency. 
5.   Find the central frequency and calculate the RF bandwidth on 3db level.  
 

c)   On optimum frequency sweep through the voltage input 
1. FREQ: optimum 
2. MINS: stay at Bragg angle (may need adjustment) 
3. VOLT: Sweep from 1V to 11V. (Check appearance of high diffraction orders) 
4. Plot the diffraction efficiency as function of voltage. 
 

PART II.  Spectral Analysis. 
 
AOM are often used for RF and micro wave spectral analysis. Here we will use an AOM to 
determine frequency components of RF signals. 
 
1. Set up a screen with ruled graph paper at least 2m from the AO cell. (To increase a distance 
between 1st and 0 order spots you may use mirror to reflect them and observe on the wall.) 
 



 

 
 
 
Set output frequency of AOM driver at optimum value and amplitude of 500mV. Observe 0 
order and diffracted (+1st) order spots on the screen. Measure the distance from AO cell and 
+1st order spot. Measure the distance between +1st and 0 order spots. Calculate the Bragg angle 
and period of the grating inside the AO cell. 
Find acoustic wave velocity propagating in the AO cell and compare with the velocity given in 
AOM specification.  

 
2. To simulate RF signal of unknown frequency use functional generator and RF mixer. 
Set the function generator on 10MHz sine wave with the amplitude of 500mV and connect it to 
L-input of RF Mixer. Connect AOM driver output to R-input of RF Mixer. 
Connect RF Mixer output to AO cell input. If done correctly, there should be zero order spot 
and two more bright spots observed on the screen.  
Measure the distances from the centers of these spots and zero order spot.  
Determine frequency components of RF signal applied to AO cell. 
 
 
PART III.  Modulation of Laser Beam. 
 
1. Set the amplitude of AOM driver signal to 1500mV at optimum frequency.  Set the 
amplitude of function generator to 100mV at 1kHz sine wave. Connect the output of function 
generator to Analog In of AOM driver. Observe 1kHZ modulated RF signal on the 
oscilloscope. Apply this signal to AO cell.  
Observe the +1st order spot. To observe amplitude modulation of intensity in this spot take 
signal from the power meter Analog Output and apply it to oscilloscope. 
Check the frequency of modulated signal. 
 
2. Use the output from audio player to modulate the signal applied to AO cell.   
Observe audio signal transmitted by laser beam on the oscilloscope.  You can also hear it if 
you connect headphones to the power meter output. 
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