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Overview – The AO Device

Topics:

 Acousto-Optic (AO) Device - an electrical-to-optical Transducer based on a photo-elastic crystal connected to an 

ultrasonic transducer driven by RF signal s(t) at the device center frequency.

 AO effect – interaction between a sound wave of a given speed and the incident light wave in the AO material 

that creates diffracted light with a Doppler shift, field amplitude value (diffracted optical irradiance value), light 

direction angle governed by the amplitude and frequency of the RF drive signal.

 The physical design of a crystal-based AO device including its parameters (acoustic wavelength, acoustic 

frequency, acoustic velocity) and their inter-dependent mathematical relation.

 The Bragg diffraction condition expressed via geometry and mathematics for the AO device to produce the 

diffracted (via positive interference) for a Bragg-angle incident plane wave of light at a given wavelength

 The AO Deflector -The mathematical relationship (dependent on various drive signal and AO device parameters) 

between the first order diffracted beam deflection angle with respect to the un-diffracted beam including 

deflection range and resolution and number of deflected spots given by device time-bandwidth product (TBWP).

 Definition of AO device Diffraction Efficiency (DE) in terms of incident and diffracted electric fields; sine square 

function of the drive voltage; Operation of AO Bragg cell operation in a voltage range that makes it a linear 

electrical voltage to-optical intensity modulator. Plot of DE versus AO cell drive voltage.

 Physical and mathematical conditions to operate the AO Bragg cell device as a fast on/off digital optical shutter 

switch
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Acousto-Optic Devices

An optical device that engages the interaction of sound and light waves is called an 
acousto-optic (AO) device. The dominant device structure consists of a bulk optical 
crystal, like glass with a bonded piezoelectric transducer. When an electrical radio-
frequency (RF) s(t) signal is applied to the transducer, sound waves travel along the 
crystal causing the material refractive index to be varied by the drive signal, s(t). 

Next if light is allowed to pass through the crystal volume undergoing mechanical and 
optical modulation, light-sound interaction occurs in the bulk medium causing the exiting 
light beam to be spatially and temporally modulated by the input s(t). 

Thus, the AO device provides an excellent mechanism for converting an electrical signal, 
s(t), into an optical signal imprinted with the same electrical signal, s(t). 

For example, AO devices can have RF drive-signal frequency ranging from 20 MHz to 6 
GHz, forming an excellent transduction platform for RF-to-optical conversion. This power 
also forms the basis for using AO devices for performing certain RF signal-processing 
functions
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AO Device (AOD) called an AO Bragg Cell 
(AOD operation in High Diffraction Efficiency Bragg Mode)

Bragg diffraction-interference condition for maximum light diffraction requires the input laser beam 
at freespace wavelength, λ, to satisfy:

n is the refractive index of the AO medium. 

The traveling acoustic-signal wavelength, speed, and drive 
frequency are Λa, va, and fa, respectively. 

Hereva = Λa fa. 
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Problem

1. Using the Figure 5.46 shown, prove the input beam Bragg angle diffraction

condition for maximum diffraction efficiency of output +1 order diffraction beam is:

sin qB = ( l/(nLa). Here La is the acoustic signal wavelength in the AO device.

Hint: For optical high diffraction efficiency beam generation, the extreme two rays consisting of

the +1 order Bragg diffraction should have travelled equal optical path lengths within a multiple

of optical wavelengths.

 

Figure 5.46 Bragg matched operation of an AO device.
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Solution
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AO Bragg Cell is an Electronically 
Controlled Optical Beam Deflector

The AO Bragg cell is commonly also called an AO deflector as the diffracted beam and straight or 
undiffracted beam are separated at Bragg condition by the deflection angle defined as:

θD = 2 θ = 2 θB

that can be varied by changing the device-drive frequency fa. 

Here sin θ = (λ fa)/(2va). 

Typically, each AO-device transducer has a center frequency, fc, with a given 3-dB bandwidth, B, 
so fa goes from -B/ 2 + fc to fc + B/ 2. 

Thus, we simply tune the RF to steer or deflect the input laser beam to different scan angles, θD, with a 
small angular ∆θ spread in freespace medium approximately given by:
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AO Bragg Cell as an On-Off Laser Beam Modulator in Time

The beam size–dependent temporal response of the AO device is given by T = d/va.
To enable fast temporal modulation, we should use a small d; 

The shortest time RF signal modulation that the AO device can respond to given beam size d is

T = d/va, giving a pulse-repetition frequency (PRF) of 1/ 2T, 

given an equal time on/off duration square-wave modulation signal, also known as a 50 percent duty 
cycle signal. 25/11/2019 N. A. Riza Lectures
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AO Device Diffraction Efficiency (DE)
A very important system-design parameter is system loss that is directly connected to an AO device 
parameter called diffraction efficiency (DE), characterized by

η = Pd / Pi

η = (Optical Power in the Diffracted Beam)/ (Optical Power in the Incident Beam). 

From coupled-mode theory of volume Bragg diffraction in isotropic AO medium, the ratio of the diffracted 
optical field amplitude Ed(V) to the incident optical field amplitude Ei(V) is given by

where C is a coupling constant per unit-applied voltage and coupling distance that depends on device 
parameters such as material photoelastic constant and piezoelectric coupling efficiency, V is the 
acoustic signal drive voltage in volts, and L is the device AO interaction length (typically the length of 
the transducer). As optical power is proportional to the magnitude square of the optical-field 
amplitude, Bragg cell DE is given by
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Linear-intensity Modulation mode of the Bragg cell

The bias voltage,VB, is adjusted to produce the half or η = 0.5 DE point that happens when CVL = π/4 rad. 
In this case, the drive voltage V = VB + Vs becomes linear with the Bragg-diffracted optical power varying 
from Pi(0.5 - ηs) to Pi(0.5 + ηs) for the condition VB >> VS providing a modulation mode called the linear-
intensity modulation mode of the Bragg cell. 
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