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Acoustio- Optic Modulator(AOM)
Abstract
This research investigates how (AOM) work. It is to provide experience in
aligning of (AOM), and it is investigates how the intensity of laser beam
modulated in time, and it is illustrates the basic properties of the modulator
that is measured which include Bragg angle(6s), speed of sound, phase
measurement transfer function, and frequency response.[1]
The key results which is investigated in this research .
The speed of sound in the (AOM) medium is measured to be
(1035.5+26.04) m/s, and Bragg angle is (8.15+7.23) which has error
percentage about 7.23% error compared with (6g) in AOM manual, and the
phase measurement which modulation depth is found to be (93%). The
transfer function is found to be sine squared which is identical with
theoretical transfer function, and the frequency response of AOM in it is -
3dB is found to be *99kHz.

1- INTRODUCTION:

Acousto-optic modulator (AOM) is useful device that allow the frequency,
intensity and direction of a laser beam to be modulated. Within this device
incoming light Bragg diff racts off acoustic wave fronts which propagate
through a crystal. Modulation of this incoming light can be achieved by
varying the amplitude and frequency of the acoustic waves travelling
through the crystal.[6]

Acousto-optic modulator (AOM) allow the intensity of light to be controlled
and modulated at rates that far exceed mechanical shutters, even up to 70
MHz..

Acousto-optic modulator AOM is widely used to accomplish the frequency
control in laser cooling experiments. When the laser frequency is scanned
with an AOM, the angle of the first-order diffracted beam shifts as well,
since the beam diffraction angle is a function of modulation frequency[2],
[3]

Sound waves travelling through a crystal can be modelled as crests of
increased refractive index alternating with troughs of decreased refractive
index. Light incident on gradients in refractive index is scattered, therefore
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the light scatters from the acoustic wave fronts. In an AOM the light
scattered from successive wave fronts interferes constructively. Note that
only some of the light is scattered from these wavefronts. The optical and
acoustic wavelengths are denoted by AL and A respectively, while 01 and 6d
are the angles the incident and scattered light rays make with the acoustic
wavefronts respectively. The condition for constructive interference of the
scattered light is

nAL = A(sin0i +sinbd), (1) where n is an integer [5]

Fig(1) below shows an acousto-optic modulator:

Laser Beam AO Modulator with a

« Power cw [mW] Central Frequency [MHz]

+ Power pulsed [max pulse
energy, pulse duration and
repetition rate]

= Wavelength [nm]

Beam Rep. Rate [kHz, MHz] """~~~ e

Beam Diameter,
Aperture [mm] Rise Time / Beam Diameter

[ns/mm]

. RF Driver with @ Interaction Medium (Refractive
Carrier Frequency [MHz] | Index [1]/ GDD, max. Laser
Frequency Tuning Range (for application @ Sync Power [kW/cm?], Transmission

as frequency shifter) Range [nm])

Rise Time RF Driver (for
application as modulator) [ns]

Fig.1 acousto- optic modulator.
2-Research results, and Discussion:
2-1-Aligning the Acoustic-Optic Modulator:
Acoustic — optic modulator is aligned by maximising the laser power that is
different into first order m=+1, and by using large area photo diode to
measure diffraction efficiency into first order with adjustment the laser.
It is found to be (0.68v)—0.2x2.4=0.68v
And by setting the carrier balance to maximum, and signal generator output
to zero.
The first order diffraction is (0.56v)—0.2x2.8=0.56v.
The diffractions efficiency of the first order is

1st order efficiency —g' =0.82 =

82% at 633nm

By optimising the angle of AOM include the control of AOM itself, and
position of detector, and pinhole.

The diffraction efficiency (0.58volt)

/ ALQIRTASJURNAL N/ 44




Msc of Nanotechnology and Microsystems \

0.58

1st order efficiency Sy 0.85 = 85% at 633nm

Which is identical with value that is given in the coherent (304A°) operating
manual which illustrated that the maximum diffraction efficiency is 85%.
This value is compared with second order which is found to be 0.01v

Second order efficiency = 2—2; x 100 = 1.47%

The proportion of the original beam that remains un diffracted is 0.09VPs
0.01+0.58 = 0.59v

0.09

—x 100 = 13.5%
0.68

The effect of reducing (cg) is that leads to decrease in output power which
coupled into the first order diffraction because the output power contains
term that dependence only on (cs) setting which according to transfer
function.

P="Pcs+ PmaxSinz(%) [1]
3- Calculations:
3-1- Measurement of sound speed in AOM:

. A _AwR
sin6B = A _AWRT
2An 4mnv

Where o= 2nf—f=40MHz, A= 633nm, n= 1.5
tanx/y —y =49cm— = 490mm, x=4mm

O=tan"! — = 0.46
490

0.46x3.14 8.15 d
80 & mrad.

Due to operation manual of an AOM the value of 6g is (7.6£0.1)mrad
Error calculation percentage:

thoretical—expermental
Error%-=
thoretical

7'6;2'15x100 = 7.23%

The speed of sound:
Os= 2T — Y1035 5misec

- 4n0BTt 2n6B
Error calculation

x100

Error =

. X
sinf = 0 =—
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e + 790 - AGB = 0.205mrad

Av  A6B vxAOB

— = %E - Av = B 26.04m/sec

v = 1035.5 + 26.04m/sec
3-2-AOM transfer function:

By setting an oscilloscope photo diode input to Dc coupling, and signal
generator output to zero, and cg adjusted then the diffraction power 50%o0f

maximum value.

Thus by setting the signal generator to KHz.

The measurement of compared with theoretical transfer function.

P=Pcg+ PmaxSinz(?)

The fig(2) below shows theoretical measurement of output which is a

function of sin?(x).
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Fig.2 theoretical transfer function.
The fig(3) below shows an experimental measurement of output which

approximately like sin?(x) function.
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Fig.3 transfer function.
3-3- Phase measurement:
By setting the amplitude of signal generator, and with cg adjusted to

maximum, and by using the fast Bp x 65potodiode then:
Modulation depth = ZR&X=UR 82292 _ 93, 939,

vmax+vmin 6.2+0.2

3-4-Fregancy response of AOM:
The fig(4) below shows the log of frequency response of AOM.
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Fig.4 frequency response.
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4- Conclusion:

At the end of a research we can conclude that the research illustrated how
does an AOM work and, It provided an experience in aligning of (AOM),
and it investigated how the intensity of laser beam modulated in time, and it
is illustrated the basic properties of the modulator that is measured which
include Bragg angle(6s), speed of sound, phase measurement transfer
function, and frequency response.

The speed of sound in the (AOM) medium is measured to be

(1035.5+26.04) m/s, and Bragg angle is (8.15+7.23) which has error
percentage about 7.23% error compared with (6g) in AOM manual, and the
phase measurement which modulation depth is found to be (93%). The
transfer function is found to be sine squared which is identical with
theoretical transfer function, and the frequency response of AOM in it is -
3dB is found to be =*99kHz.
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