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Abstract 
Introduction. Interferometric schemes of acousto-optic spectrum analyzers were intended for increasing their 
dynamic range. The application of these schemes was assumed to  provide a twofold increase in the dynamic 
range expressed in decibels. This article theoretically proves the impossibility of achieving this aim.  
Aim. To analyze the noise characteristics of a homodyne acousto-optic spectrum analyzer (HAOSA), as well as 
to estimate its signal-to-noise ratio and dynamic range. 
Materials and methods. A mathematical model describing the HAOSA work was compiled. This model consid-
ers the formation of quadrature components for obtaining an amplitude spectrum of an input signal, as well as 
takes into account the shot and readout noise. 
Results. In comparison with an acousto-optical power spectrum analyzer, the application of an interferometric 
scheme does not provide a twofold increase in the dynamic range. The achieved increase in the dynamic range 
did not exceed the level of 1.35 dB. Constant illumination led to a significant increase in the self-noise of the 
spectrum analyzer due to the shot noise, compared to which the thermal noise and the readout noise became 
insignificant. An expression for estimating the spurious-free dynamic range was obtained, with its value being 
primarily determined by acousto-optic interaction nonlinearity. Under standard parameters of analyzer blocks, 
the spurious-free dynamic range is shown to cover a single-signal dynamic range. An expression for estimating 
the signal-to-noise ratio was derived. 
Conclusion. The single-signal dynamic range of a homodyne acousto-optic spectrum analyzer is determined 
primarily by the photodetector saturation charge. When developing such systems, the question of an optimal 
ratio of these parameters should be solved, taking into account the light source power, the diffraction efficiency 
of the acousto-optical modulator and the photodetector saturation charge. The developed statistical HAOSA 
model provides a more accurate estimation of the dynamic range with an error of 1 dB. 
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Аннотация 
Введение. Интерференционные схемы акустооптических спектроанализаторов были разработаны для 
увеличения динамического диапазона за счет формирования амплитудного спектра исследуемого сиг-
нала вместо спектра мощности. Предполагалось, что это позволит удвоить динамический диапазон, вы-
раженный в децибелах. В настоящей статье показано, что это теоретически невозможно и ожидания, 
связанные с переходом к интерференционным схемам, завышены. 
Цель работы. Анализ шумовых характеристик гомодинного акустооптического спектроанализатора 
(ГАОСА), оценка отношения сигнал/шум и динамического диапазона на выходе устройства. 
Материалы и методы. Представлена математическая модель описания работы ГАОСА с учетом фор-
мирования квадратурных компонентов для получения амплитудного спектра входного сигнала. Модель 
учитывает дробовые шумы и шумы, возникающие при считывании заряда. 
Результаты. Показано, что использование интерферометрической схемы не позволяет достичь дву-
кратного выигрыша (при измерении в децибелах) в динамическом диапазоне по сравнению с простой 
схемой акустооптического спектроанализатора с пространственным интегрированием. Коэффициент 
увеличения динамического диапазона составляет не более 1.35 дБ. С учетом специфики работы акусто-
оптических устройств получено выражение для оценки динамического диапазона спектроанализатора 
по интермодуляционным искажениям третьего порядка. Определяющим фактором при этом является 
нелинейность акустооптического взаимодействия. Показано, что при типовых параметрах узлов устрой-
ства динамический диапазон по интермодуляционным искажениям включает в себя односигнальный 
динамический диапазон. Представлено выражение для оценки отношения сигнал/шум. 
Заключение. Односигнальный динамический диапазон ГАОСА определяется в первую очередь уров-
нем заряда насыщения фотоприемника. При макетировании необходимо решать вопрос оптимального 
соотношения обоих параметров с учетом мощности источника излучения, эффективности дифракции в 
акустооптическом модуляторе и заряда насыщения фотоприемника. Представленная статистическая 
модель ГАОСА с фотоприемником с накоплением дает более точную оценку динамического диапазона с 
ошибкой в 1 дБ. 

Ключевые слова: гомодинный акустооптический спектроанализатор, динамический диапазон, интер-
модуляционные искажения, отношение сигнал/шум 

Для цитирования: Аронов Л. А., Доброленский Ю. С., Кулак Г. В. Статистическая модель гомодинного 
акустооптического спектроанализатора // Изв. вузов России. Радиоэлектроника. 2020. Т. 23, № 1. С. 52–62. 
doi: 10.32603/1993-8985-2020-23-1-52-62 

Конфликт интересов. Авторы заявляют об отсутствии конфликта интересов. 

Статья поступила в редакцию 11.07.2019; принята к публикации после рецензирования 15.10.2019;  
опубликована онлайн 28.02.2020 

  



Статистическая модель гомодинного акустооптического спектроанализатора  
Statistic Model of Homodyne Acousto-Optic Spectrum Analyzer 

Известия вузов России. Радиоэлектроника. 2020. Т. 23, № 1. С. 52–62 
Journal of the Russian Universities. Radioelectronics. 2020, vol. 23, no. 1, pp. 52–62 

 

54 

Introduction. In comparison with conventional 
acousto-optic spectrum analyzers based on spatial in-
tegration [1, 2], homodyne acousto-optic spectrum 
analyzers (HAOSA) present interest in terms of hav-
ing a potentially twofold dynamic range [3–5]. 
HAOSA are composed of (Fig. 1) a source of mono-
chromatic radiation 1, a collimating lens 2, a two-
channel acousto-optical modulator (AOM) 3, the 
channels of which receive the analyzed signal ( )s t  
and the reference signal ( ) ,r t a spherical lens 4, and a 
photodetector (PD) 5. 

A spectrum analyzer with an instantaneous PD 
filter is described in [3], which present little practical 
interest, since the registration of spatial array distri-
bution requires a line of photodiodes, the output sig-
nal of which requires its own processing path. With 
the advent of matrix PDs with accumulation and nu-
merous cells, a HAOSA scheme with a CCD PD was 
proposed [6], and a theoretical estimate of the attain-
able dynamic range was given. At the same time, the 
authors of [3–5] omitted the fact that, in order to ob-
tain the amplitude spectrum of an input signal ( )s t , 
it is necessary to additionally form the quadrature 
component of the spectrum. Moreover, the empirical 
values of the dynamic range differed from the theo-
retical estimate by 4 dB only, thus being far from a 
twofold increase [6]. 

Statistical HAOSA model. This article proposes 
a statistical HAOSA model with a PD with accumu-
lation, which takes into account the formation of 
quadrature components of the spectrum. On the basis 
of this model, the estimation of an attainable dynam-
ic range is given. 

The HAOSA single-signal dynamic range is de-
fined as 

max

min
10lg ,s

s

P
DR

P
 

=  
 

 

where maxsP  and minsP  are the maximum and min-
imum powers of the input harmonic signal, respec-
tively, at which the operability of the device is en-
sured. The upper limit of the range is determined by 
two independent phenomena: the nonlinearity of the 
acousto-optic interaction and the saturation of the PD 
upon charge accumulation under the influence of radi-
ation. The lower limit is determined by the minimum 
SNR (signal-to-noise ratio) required by the device. 

The main source of HAOSA noise is the PD, 
which is in turn characterized by two noise types: 
dependent and independent of the signal level. The 
latter include thermal noise, which manifests itself as 
both a dark charge in PD cells and the noise of the 
electrical circuit forming the current at the PD output. 

The presence of photon noise leads to the fact 
that the charge accumulated by the PD cell under the 
influence of external radiation is a random variable 
obeying Poisson statistics. The average number of 
photoelectrons en  is determined as 

 e ph PD acc ,= hn n T  (1) 

where phn  is the average number of photons incident 

on the cell in 1 s; PDh  is the quantum efficiency of 

the PD; accT  is the accumulation time. The disper-
sion of the number of photoelectrons is 

 
 

Fig. 1. The Scheme of the Homodyne Acousto-Optic Spectrum Analyzer Based Young Interferometer 
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 2
e e ,nσ =  (2) 

which gives 2 2
e e e e ph PD accSNR n n n T= σ = = h  at 

the accumulation stage during acc.T  
The charge accumulated by each cell is displayed 

through the register in time clk ,T which gives an av-
erage current 

( )clk ei e T n=  

and its dispersion 

( )2
clk .i e T iσ =  

In this case, the SNR remains unchanged – 
eSNR SNR ,i =  while the signal is still subject to 

Poisson statistics. 
The presence of the thermal noise of the electri-

cal circuit increases the dispersion by a dimension-

less quantity 2
qσ . The physical meaning of this quan-

tity is the rms number of electrons of thermal noise 
over time clk .T  

In [7], the noise of the circuit for a field-effect 
transistor is estimated as 

PD 100,q Bσ ≈  

where PDB  is the working frequency bandwidth of 
the PD, MHz. Thus, an amplifier with a field-effect 
transistor has 500qσ ≈  at a frequency bandwidth of 

100 MHz to 2 GHz. 
The resulting SNR at the PD output is: 

2
e

PD 2
e

SNR .
q

n

n
=

+ σ
 

The charge accumulation in the PD is described 
by the expression [8] 

 

( ) ( ) ( )

( ) ( )
acc

2 acc 2 acc 2 acc

2 2
0

,  ,  ,  

2Re ,  ,  ,

s r
T

Q x T W x T W x T

S x t R x t dt∗

= + +
  +  
  
∫  

 
(3)

  

where ( )2 acc,sW x T  and ( )2 acc,rW x T  are the energy 
spectra of the analyzed and reference signals, respec-
tively, over time acc;T  ( )2,S x t  and ( )2,R x t  are the in-
stantaneous spectra of the analyzed and reference sig-
nals, respectively; ∗ is a symbol of complex pairing. 

Quadrature components can be formed using one 
of the methods proposed in [9]. 

In (3), the third term is alternating in sign. For 
the correct formation of the spectrum of the input 
signal, the uniform charge on the PD, which corre-
sponds to the energy spectrum of the reference signal 

( )r 2 acc,  W x T , should act as a mid-level signal. This 
means that, in the absence of an input signal, the ref-
erence signal should form an average charge in each 
PD cell max 2Q , where maxQ  is the maximum 

charge of the cell. The noise dispersion 2
r ,σ  corre-

sponding to such a number of electrons, according to 
(2) is equal to: 

2
r max 2,Qσ =  

which, taking into account the noise of the circuit, 
provides an estimate of the noise variance at the PD 
output in the absence of the analyzed signal 

2 2
PD0 max 2 .qQσ = + σ  

This estimate increases in the presence of an in-
put signal that increases the charge accumulated in 
the cell. 

In order to estimate the HAOSA intrinsic noise, 
let us assume that the average charge of each cell 
over the PD aperture is max 2,Q  . This allows the 
charge distribution in a row to be obtained without 
distortion according to (3). For modern PDs with ac-
cumulation, this value is large enough to approxi-
mate the charge distribution in the cell 
( )max max2,  2P Q Q  obeying the Poisson law by 

the Gaussian distribution ( )max max2,  2N Q Q  
with the required level of accuracy. After reading the 
charge, the noise dispersion increases due to the 
noise of the electrical circuit. As a result, the signal at 
the output of the PD has a distribution 

( )2
max max2,  2 .qN Q Q + σ  Following the selec-

tion of quadrature components, which corresponds to 
the elimination of ( )2 acc,  sW x T  and ( )r 2 acc,  W x T  
in (3), 2 signals are obtained. These signals also obey 
the normal law, but have a zero mathematical expec-

tation and a double dispersion: ( )2
max0,  2 .qN Q + σ  

Then, the signal at the HAOSA output calculated as 
the square root of the sum of squares of quadratures, 
is determined by a Rayleigh distribution with the 
dispersion 
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( )( )2 2
output0 max2 2 2σ = − p + σqQ  

and the average 

( )( )2
output0 max2 2 .qm Q= p + σ  

This distribution is not equal to zero and should 
be taken into account when determining the average 
distribution in the presence of a signal. 

Following similar reasoning, it can be shown 
that, in the presence of an input signal, the signal at 
the HAOSA output obeys the Rice distribution: 

( )
2 2

02 2 2exp ,
2N N N

s s sp s J
 + ν ν = −    σ σ σ   

 

where 2
Nσ  is the approximate value of the dispersion 

of the distributions of the quadrature components; ν 
is the parameter; ( )0J ⋅  is a modified Bessel function 
of the first kind of zero order. 

The dispersion of the distributions of quadrature 
components is estimated as 

2 22 2 2 ,N Wr Ws qQ Qσ = + + σ  

where WrQ  and WsQ  are the charge components de-
termined by the energies of the reference and ana-
lyzed signals, respectively. 

The parameter ν is equal to: 

 2,sQν =  (4) 

where 

( ) ( ) ( )
acc

2 2 2
0

2 ,  ,  
T

sQ x S x t R x t dt= ∫    

is the value of the useful, informational part of the 
charge in the cell. 

The average value of the signal at the HAOSA 
output, determined for the Rice distribution: 

2
output 2

2 2 2 2

2 202 2 1

4

2

exp
2

   1
2

,
4 4

N

N

N

N N N
I J

s ν
=

σ
      ν ν ν ν      
      σ σ σ σ     

 p
σ − × 

 


+
 



× +

 

where ( )1J ⋅  is the modified Bessel function of the 
first kind of the first order. The dispersion of the 
HAOSA output signal is 

2 2 2 2
output output2 .N sσ = σ + ν −  

Then the SNR at the HAOSA output is  

 
( )2output output0

output 2 2 2
output

SNR .
2 N

s m

s

−
=

σ + ν −
 (5) 

It is not possible to solve (5) relative to sQ ; 
therefore, the lower boundary of the dynamic range 

minoutputSNR  can be determined as the limit taking 

into account the smallness of ν: 

( )
min 2

2

2
output output0

output 2 2 2
output0

2

SNR lim
2

N

N

s m

sν
→

σ

−
= =

σ + ν −
 

( ) ( )
( )

22

2 2 2
2 2

,
2 2

N

N N

 p ν σ =
σ − p σ + ν

 

moreover, 

( )
2

2

2 2
max

0
2

lim 2 .

N

N qQ
ν

→
σ

σ = + σ  

Following mathematical transformations, a 

square equation relative to 2ν  is obtained, the posi-
tive root of which and (4) will give an estimate of 
the lower boundary of the dynamic range in the 
form of 

{min min

0.5

minmin

2
max

output

0.5
2

outputoutput

2
2SNR

4SNR 2 SNR 2 .
2

 + σ
= +

p
 p   + + p −       

q
s

Q
Q

(6)

 

This value determines the relative level of the 
HAOSA output signal, at which the specified mini-
mum SNR is achieved: 

minoutputSNR .  

The upper boundary of the dynamic range, deter-
mined by the capabilities of the PD, corresponds to 

max
,sQ  at which the charge of the PD cell reaches the 

maximum allowed value max .Q  Let us give an esti-
mate of 

maxsQ  provided that the charge accumulation 

of the cell is described by (3). The spatial carrier will 
not be taken into account, assuming that, at some 
point, the third term can reach a positive maximum: 

 ( )
max max 2 1 .sQ Q= −  (7) 
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Single-signal dynamic range. The ratio of (7) to 
(6) defines a single-signal dynamic range limited by 
the capabilities of the PD: 

 
( )

min

max(1)
PD

2 1
20log .

s

Q
DR

Q

 − 
=  

  
 (8) 

Let us evaluate (1)
PDDR  for the standard PD pa-

rameters: saturation charge 5
max 10  e ,Q −=  the 

noise of electric circuits 2 22 10 .qσ = ⋅  Under 

minoutputSNR 1= , the single-signal dynamic range 

of HAOSA, limited by the capabilities of the PD, 
will be 40 dB. This means an increase in the dynamic 
range of about 1.35 times instead of the expected 2 

times. The main limiter for (1)
PDDR  is the saturation 

charge of the PD, which determines both the upper 
and lower limits of the range. The dependence of 

(1)
PDDR  on maxQ  is presented in Fig. 2. 
Signal-to-noise ratio. Calculations according to 

(5) give an estimate of the SNR of the HAOSA out-
put signal for various values of sQ  (Fig. 3). 

To assess the radiation intensity I, forming in 
time accT  the average charge Q  in a cell with an ar-

ea cellS , the relation (1) can be used to obtain: 

e

cell PD acc cell PD acc
,

nQI
eS T S T

ωω
= =

h h


  

where   is Planck's constant; ω is the frequency of 
the light wave; e is the electron charge. 

Then the radiation intensity in the reference 
channel, which will provide a charge max 2Q  in 
each cell, should be  

max

cell AG acc
.

2R
Q

I
eS T

ω
=

h
  

To form a charge ,sQ  containing information 
about the spectrum of the input signal, it is necessary 
to ensure the intensity in the signal channel 

2

max cell PD acc

2
.s

S
Q

I
Q eS T

ω
=

h
  

The radiation powers necessary for the formation 
of the required charge in celln  cells of the PD in the 
reference and signal channels will be: 

max
cell

PD acc
;

2rr
Q

P n
e T

ω
=

h
  

2
cell

max PD acc

2
.

s
s

s
Q

P n
Q e T

ω
=

h
  

The number of cells in the signal channel accs
n  

when determining a single-signal dynamic range 
must correspond to one spectral resolution element, 
while the number of cells in the reference channel 

accr
n  must correspond to the total number res.el.N  of 

resolution elements in the spectrum. Provided that 
three lines of the PD aperture should be read and se-
lecting 3 cells on the main PD lobe, let us take 

cell 9
s

n =  and cell res.el.9 .
r

n N=  

The light intensity in the first diffraction order 
1I±  in the Bragg mode is related to the intensity 

incI  of the radiation that is incident on the AOM by 
the relation [10] 

( )1 2 2 sw
B sw

B
sin ,

cos 2 п п
M P l

I I P I
b

±  p
= = h  l θ 

(9) 

where λ is the wavelength of light; Bθ  is the Bragg 

angle for the reference channel AOM; 2M  is the dif-

fraction quality of the AOM material; swP  is the 
sound wave power; l  is the length of the acousto-

 Fig. 2. 1dB Compression Dynamic Range 

410  510  610  max ,  еQ −  
30 

40 

50 

60 

( )1
PD,  dBDR  

 

Fig. 3. Signal-to-Noise Ratio Versus Signal Component  
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optical interaction; b  is the width of the AOM pie-
zoelectric transducer; Bh  is the diffraction efficiency 
in the Bragg mode. 

Multiplying the left and right sides of (9) by the 
longitudinal sectional area of the acoustic beam, let 
us turn to the calculation of powers and determine 
the radiation level required for exposure to the refer-
ence and signal channels: 

( ) ( )r
max

inc cell
B sw PD acc B sw

;
2r

r r r r

r QPP n
P e T P

ω
= =
h h h

  

( ) ( )
2

inc cell
B sw max PD acc B sw

2
,

ω
= =
h h hs s

s s s s

s sP Q
P n

P Q e T P
  (10) 

where ( )B swr r
Ph  and ( )B звs s

Ph  are the depend-

encies of the diffraction efficiency in the Bragg mode 
on the sound power in the reference and signal chan-
nels of the AOM, respectively. Thus, the required 
charge level can be ensured by both sw ,P  i.e. the 
level of the AOM input signal, and the laser radiation 
power. 

Nonlinearity of acousto-optical interaction. 
For further consideration, let us represent (9) in the 
form of 

( )1 2
АОМ sw incsin ,I C P I± =  

where АОМC  is a constant. AOM can be character-
ized by the diffraction efficiency 

effBh  per 1 W of 

acoustic power, which ranges from fractions to tens 
of percent. Then, for the constant,  

( )efАОМ Barcsin .C = h  

Let us consider the dependence ( )B swPh  at 

efB 0.5 %h =  (Fig. 4). A 1-dB deviation of the de-

pendence on the linear law (dashed line) is observed 
at a sound power of 21 dB/W, which can be consid-
ered the upper limit for the input signal level when 
considering the nonlinearity of the acousto-optical 
interaction. The diffraction efficiency 

maxBh  in this 

case is more than 60%. Calculations show that a 10-
fold decrease in 

efBh  raises the upper bound by 

about 9 dB. 
Let us estimate incr

P  for the following parame-

ters, which can be considered standard: 
‒ diffraction efficiency per 1 W of sound power 

efB 0.5 %;h =  

‒ power of the acoustic signal sw 1 W;
r

P =  

‒ the saturation charge of the PD 5
max 10  eQ −=  

[11, 12]; 
‒ quantum efficiency of the PD PD 0.5h =  [11, 12]; 
‒ time of charge accumulation at the PD 

acc 1 µs00 =T  [11, 12];  
‒ the number of cells of the PD in three rows 

cell 9000.
r

n =  

Calculations show that the charge max 2Q  in 
9000 cells can be provided by the power 

inc 0.55 mW.
r

P ≅  This value is lower than the upper 

linearity limit of acousto-optic interaction by more 
than 20 dB. Assuming for simplicity inc inc ,

r s
P P= , 

the sound power in the signal channel can be deter-
mined, at which the PD is saturated, i.e., the upper 

limit ( )1
PDDR  is reached. For a harmonic signal, this 

value will be sw 0.69 mW.
s

P ≅  In this case, the effi-

ciency of diffraction in the signal channel comprises 

B 0.0034 %.
s

h ≅  

When assessing the laser radiation power lasP , it 
is necessary to take into account the losses associated 
with the inefficiency of beam focusing, light scatter-
ing in the optical path, etc. Assuming the laser utili-
zation factor equal to 1%, las 100 mW.P ≈  In this 
mode, the single-signal dynamic range of the 
HAOSA is determined exclusively by the capabilities 
of the PD and is calculated according to (8). 

Two-signal dynamic range. Let us evaluate the 
level of intermodulation distortions of the third order. 
In a HAOSA, the nonlinearity determining the two-

signal dynamic range (2)
HAOSADR  is associated with 

 

Fig. 4. Bragg Diffraction Efficiency Versus  
Acoustic Signal Power 

–50 

–100 

–150 

B,  dBh  

–60 –40 –20 0 20 SW ,
dBW
P  



Статистическая модель гомодинного акустооптического спектроанализатора  
Statistic Model of Homodyne Acousto-Optic Spectrum Analyzer 

Известия вузов России. Радиоэлектроника. 2020. Т. 23, № 1. С. 52–62 
Journal of the Russian Universities. Radioelectronics. 2020, vol. 23, no. 1, pp. 52–62 

 

59 

acousto-optical interaction. Let us express 
( )B sws s
Ph  from (10): 

 ( )
2

cell
B sw

max PD acc inc

2
s

s s
s

sQ n
P

Q e T P

ω
h =

h



 (11) 

and use the fact that ( )B sws s
Ph =

( )2
АОМ swsin .

s
C P=  Extracting the root from the 

right and left sides of (11),  

( ) cell
АОМ sw

max PD acc inc

2
sin .s

s
s

s
n

C P Q
Q e T P

ω
=

h



 

Let us expand the sine function on the left side of 
the equality in a Taylor series, leaving the first 2 
terms in the record: 

 

( )3АОМ sw
АОМ sw

cell

max PD acc inc

...
6

2
.

s
s

s

s
s

C P
C P

n
Q

Q e T P

− + =

ω
=

h



 

(12)

  

In this expression, the first term on the left de-
termines the linear component of the signal, and the 
second is the third-order intermodulation products. 
To determine the lower boundary of the two-signal 
dynamic range in (12), it is necessary to leave the first 
term on the left and substitute sQ  on the right with 

minsQ , which is defined according to (6). As a result 
of mathematical transformations, an expression for the 
input signal level sw mins

P  corresponding to the lower 

boundary of the dynamic range can be obtained: 

min

2
cell

sw min 2
max PD acc inc АОМ

2
.s

s
s

sQ n
P

Q e T P C

ω
=

h



 

In order to determine the upper boundary of the 
two-signal dynamic range in (12), it is necessary to 
leave the second term on the left without taking into 
account the sign, and to substitute sQ  on the right 
with 

min
.sQ  After mathematical transformations, an 

expression for the input signal level sw maxs
P  corre-

sponding to the upper boundary of the two-signal 
dynamic range is obtained as: 

min

2
cell

3
max PD acc inc

sw max 2
АОМ

72

.

s

s
s

sQ n

Q e T P
P

C

ω

h
=



 

The relation sw maxs
P  to sw mins

P  defines a 

two-signal dynamic range. On a logarithmic scale, 
this quantity is defined as 

( )

min

max PD acc inc2
HAOSA 2

cell

10 20log9 log .
3 3

s

ss

Q e T P
DR

Q n

h
= +

ω
 

Let us estimate ( )2
HAOSADR  for the following pa-

rameters: 
‒ radiation power incident on the AOM signal 

channel inc 0.55 mW;
s

P =  

‒ saturation charge of the PD 5
max 10  e ;Q −=  

‒ the noise parameter of the PD scheme 
2 22 10 ,qσ = ⋅  which gives 

min
383 esQ −=  at 

minoutputSNR 1;=  

‒ quantum efficiency of the PD PD 0.5;h =  
‒ time of charge accumulation on the PD 

acc 10 s0 ;µ=T  
‒ the number of cells of the PD per 2 resolution 

elements cell 18.
s

n =  

The estimated value ( )2
HAOSA 66.73 dB.DR =  

Given that 1W
Br 0.5 %h = , let us estimate the maxi-

mum input signal level sw max 552 mW.
s

P =  Here, 

( )2
HAOSADR  includes a single-signal dynamic range 
( )1
HAOSADR  with a common lower limit. 

Let us take 
minoutputSNR 1=  and analyze ex-

pression (6) by squaring the expression: 

min

2
max2 2

2 4 2 2 .
2

q
s

Q
Q

 + σ p = + + p −  p    
 

At 2
max 2 ,qQ σ2  which is true for all cases pre-

senting practical interest, 
min

2
max .sQ Q∝  Then 

( )2
HAOSADR  does not depend on max ,Q  and is deter-

mined by the extent and duration of accumulation of 
the signal spectrum in the PD. It was previously 
mentioned that the necessary charge can be formed 
by both achieving the required level of the input sig-
nal and using the power of the laser and efficiently. 
In other words, by increasing inc ,

s
P  it is possible to 

lower the level of the input signal, while maintaining 
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the charge. In this case, a more linear character of the 
acousto-optical interaction corresponds to lower val-
ues of incs

P  (see Fig. 4). Fig. 5 shows the depend-

ence of ( )2
HAOSADR  on the laser radiation power with 

a radiation utilization factor of 1%. The calculations 
were conducted using the previously defined parame-

ters. The equality of ( )2
HAOSADR  and ( )1

HAOSADR  is 

achieved when the radiation power 

las 19 dB mWP = −  for 5
max 10  e ,Q −=  which can 

be provided by both a semiconductor [13, 14] and a 
gas laser [13, 15]. 

A longer accumulation period corresponds to a 
larger charge under the constant power at the AOM 
input, which also extends the two-signal dynamic 
range. Thus, the duration of accumulation can also be 
used to expand the two-signal dynamic range. 

Conclusion. When substituting the parameters 
specified in [6], the developed statistical HAOSA 
model with a PD with accumulation provides a more 
accurate estimate of the dynamic range with an error 
of 1 dB compared to 4 dB obtained by the authors. 
The model also demonstrates the impossibility of a 
twofold increase (in decibels) in the dynamic range 
for interferometric circuits compared to power spec-
trum analyzers. This is determined by the necessity 
to provide a relatively high level of reference illumi-
nation in the spectral plane, which significantly in-
creases the HAOSA intrinsic noise level. 
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