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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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AHHOTaUuA

BBegeHue. MIHTepdepeHLNOHHBbIE CXeMbl aKyCTOOMTUYECKMX CMeKTPOoaHann3aTopoB 6bian paspaboTaHbl Ans
yBenn4eHusa AMHaMMYecKoro Amana3oHa 3a cHeT GOpPMUPOBaHNSA aMMIUTYAHOMO CrekTpa nccaesyemoro cur-
Hana BMeCTO CrekTpa MOLUHOCTW. MNpeanonaranock, YTO 3TO MO3BOANT YABOUTb ANHAMUYECKNIA ANana3oH, Bbl-
paxeHHbIM B geunbenax. B HacToswwel cTaTbe NOKa3aHo, YTO 3TO TeopeTnYeckn HEBO3MOXHO N OXUAAHUS,
CBA3aHHbIe C MepexoioM K MHTepdpepeHLMOHHbBIM CXeMaM, 3aBbILLeHbI.

Uenb pa6oTbl. AHanM3 LIYMOBbLIX XapaKTepUCTUK FOMOAMHHOMO akyCTOOMTUYeCcKoro crekTpoaHanvsatopa
(TAOCA), oueHKa OTHOLUEHWS CUTHAN/LWYM U ANHAaMMYeCcKoro AranasoHa Ha BbiXo4e YCTPONCTBa.

MaTepuanel n meTopapl. [peacTaBneHa MaTeMaTuyeckas Mogenb onucaHus pabotel FAOCA ¢ yyeTtom ¢op-
MUPOBAaHUS KBAAPATYPHbIX KOMMOHEHTOB 415 MOJlyYeHUNs aMMAUTYAHOrO CrekTpa BXOAHOro cMrHana. Mogens
YUNTbIBAET A4PO6OBLIE LWYMbI U LLYMbI, BO3HMKAaKOLLME NpU CHUTbIBAHUM 3apsaja.

Pe3synbTatbl. [10Ka3aHo, YTO UCMO/Ib30BaHNE NHTePPepOMETPUYECKON CXeMbl He MO3BOASET JOCTUYL ABY-
KpaTHOro BbIUrpbILLA (MPY M3MepeHUn B Jeumnbenax) B AMHAMUYECKOM Arana3oHe Nno CpaBHEHWIO C MPOCTOM
CXeMOW aKyCTOOMNTUYECKOro CnekTpoaHanm3aTopa C MPOCTPAHCTBEHHbLIM WHTerpupoBaHuem. KoappuumeHT
yBe/MYeHusa AMHaMNYeCckoro AnanasoHa coctaBnsieT He bonee 1.35 ab. C yyeToM crneundurki paboTbl akycTo-
ONTUYECKMX YCTPOICTB MOJYHEHO BblpaxeHune A5 OLeHKN AMHaMUYeckoro Amana3oHa cnekTpoaHanmsaTopa
MO VMHTEPMOAYNALMOHHBIM NCKAXEHUAM TpeTbero nopsgka. Onpegensowmm ¢akTopom rnpu 3TOM ABASETCS
HeNMHeMHOCTb akyCTOONTUYECKOro B3auMoAencTBUS. MNoka3aHo, YTO NPV TUNOBbLIX NapameTpax y3/10B YCTPOiA-
CTBa AVHAMUYeCcKNn AMana3oH Mo MHTEPMOAYNALUMOHHBIM UCKaXeHUSM BKAOYaeT B cebs OAHOCUMHaNbHbIN
AVHaMNYeCcKnii gnanasoH. NpeAcTaBneHo BblpaXeHe AN OLeHKN OTHOLLIEHUS CUTHAN/LWyM.

3akntoveHme. OgHOCUTHANbHBIN AnHamMuyecknin gnanaszoH FAOCA onpegensieTcs B MepByt0 odepesb YypoB-
HeM 3apsifa HacblleHnsa poTonpremMHumka. Npu MakeTMpoBaHUM HEOBXOAMMO peLuaTb BONPOC OMNTVMManbHOro
COOTHOLLEHNS 060MX NapaMeTpPoB C yHeTOM MOLLHOCTU UCTOYHMKA M3ayYeHus, 3GekTUBHOCTU Andpakumn B
aKyCTOOMTUYECKOM MOJAYNATOpe M 3apsfa HacbiweHua doTonpuemMHuka. NpeactaBneHHas CTaTUCTUYecKas
mogenb FTAOCA ¢ ¢oTONprMEMHUKOM C HakomnieHeM AaeT 6onee TOYHYHO OLeHKY AMHaMUYeCKoro gmnanasoHa ¢
ownbkon B 1 ab.

KntoueBble c/10Ba: rOMOANHHbIV aKyCTOONTUYECKNIA CNeKTPoaHanm3aTop, AMHaAMUYECKUA AnanasoH, UHTep-
MOJYNSILNOHHbIE MCKAXEHWs!, OTHOLLEHNE CUTHa/LLIYM

Ansa untmnposaHunsa: ApoHos J1. A., lobponeHckuii tO. C., Kynak I'. B. CTaTuctnyeckas Mogenb FOMOANHHOMO
aKyCTOOMTMYECKOro criekTpoaHanusatopa // M3e. By3os Poccnn. PagnoanektpoHuka. 2020. T. 23, Ne 1. C. 52-62.
doi: 10.32603/1993-8985-2020-23-1-52-62
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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].
HAQOSA 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

DR=1OI9(M],

smin

where Pypax and Pspin 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 Ny is determined as
N = ﬁpthDTacm 1)

where Ny is the average number of photons incident

on the cell in 1's; npp is the quantum efficiency of

the PD; T,ec is the accumulation time. The disper-
sion of the number of photoelectrons is
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e
. . =22 =
which gives SNR, =g /Ge =M =MphMppTacc at

the accumulation stage during Tec.

The charge accumulated by each cell is displayed
through the register in time Ty, which gives an av-
erage current

i= (e/TcIk )ﬁe

and its dispersion

2 -—
Oj =(6/Tc|k)l.
In this case, the SNR remains unchanged -

SNR; =SNRg, 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 cé . The physical meaning of this quan-
tity is the rms number of electrons of thermal noise
over time Tgk.

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

Gq ~+/Bpp /100,

where Bpp is the working frequency bandwidth of
the PD, MHz. Thus, an amplifier with a field-effect
transistor has o ~500 at a frequency bandwidth of
100 MHz to 2 GHz.

The resulting SNR at the PD output is:

e

SNRpp = 5
N + 0y

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

Q(XZ’ Tacc)zws(xz’ Tace) *Wr (X2, Tace ) +
TaCC

[ S(x, R (x, t)dt, ©)
0

+ 2Re

where W (X2, Taee) and Wi (X2, Taee ) are the energy
spectra of the analyzed and reference signals, respec-
tively, over time Tpee; S(Xo,t) and R(xp,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

Wi (X2, Tacc ), 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 Qmax/2, where Qmax is the maximum

charge of the cell. The noise dispersion c?, corre-

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

cYEZQmax/Z’

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
oPDo = Qmax /2 + G-

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 Qmax /2, . 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
P(Qmax /2, Qmax/2) obeying the Poisson law by
the Gaussian distribution N (Qmax /2, Qmax/2)
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

N (Qmax/z, Qmax/2+6c21)- Following the selec-
tion of quadrature components, which corresponds to
the elimination of W (Xp, Taee) and Wi (X, Taec)
in (3), 2 signals are obtained. These signals also obey
the normal law, but have a zero mathematical expec-
tation and a double dispersion: N (O, Qmax +2cs§).

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
Soutputo = (2 TE/Z)(QmaX +20y )
and the average
2
Moutputd = \/(R/Z)(Qmax +204 )

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
S s°+ S
p(s)=—-exp| ———— Jo| = |,
ON 2(SN ON
where c|2\1 is the approximate value of the dispersion

of the distributions of the quadrature components; v
is the parameter; Jg (-) is a modified Bessel function

of the first kind of zero order.
The dispersion of the distributions of quadrature
components is estimated as

SR = 2Qur +2Qus + 205,

where Qu, and Qps are the charge components de-

termined by the energies of the reference and ana-
lyzed signals, respectively.
The parameter v is equal to:

v=0Qsv2, ()

where

Tacc

Qs (122 [ 8 VR0 ]
0

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:

S \/;(5 exp v? X
tput =4/ 5°N -
outpu 5 4(5%'
2 2 2 2
x| | =+ lo| o [+t = ||
ZGN 4GN ZGN 4GN

where J;(-) is the modified Bessel function of the

first kind of the first order. The dispersion of the
HAOSA output signal is

CraTtucTtHueckasi MOAeJIb TOMOAVMHHOT0 aKyCTOONITHYECKOT0 CIEKTPOAHAJIN3ATOPA

Then the SNR at the HAOSA output is

(goutput ~ Moutputo )2

2 2 2 '
26 + V" —Soutput

SNRoutput = ()

It is not possible to solve (5) relative to Qg;
therefore, the lower boundary of the dynamic range
SNRoutput,,;, an be determined as the limit taking

into account the smallness of v:

— 2
SNR i (Soutput — Moutputo ) B
outputiy =AM T 52 <2
50 N output

moreover,

Following mathematical transformations, a

square equation relative to v2 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

2
Qmax + 26q
QSmin =[ T {ZSNROUtpUtmin +

05])°°
2 )|
{4SNRoutputmin+2nSNR0utputmm(2—Eﬂ }J .(6)

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

The upper boundary of the dynamic range, deter-
mined by the capabilities of the PD, corresponds to
QSmax’ at which the charge of the PD cell reaches the

maximum allowed value Qp,x. Let us give an esti-
mate of QSmaX 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:

Qs =Qmax (vV2-1). (7)

Statistic Model of Homodyne Acousto-Optic Spectrum Analyzer



W3Bectus By30oB Poccun. Pagnosnexrponnka. 2020. T. 23, Ne 1. C. 52-62
Journal of the Russian Universities. Radioelectronics. 2020, vol. 23, no. 1, pp. 52-62

DRY, dB
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40—
30 | |
104 10° 108 Qmax» €

Fig. 2. 1dB Compression Dynamic Range

Single-signal dynamic range. The ratio of (7) to
(6) defines a single-signal dynamic range limited by
the capabilities of the PD:

Qmax (\/E _1)

Smin

DRY = 2010g )

Let us evaluate DRé,ll)D for the standard PD pa-
rameters: saturation charge Quax =10° e, the

noise of electric circuits Gf21 =2.10°.  Under
SNRoutput,,,, =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 DRF(,lt)) is the saturation
charge of the PD, which determines both the upper
and lower limits of the range. The dependence of
DR,S% on Qmax 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 Qg (Fig. 3).

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

SNRoutputldB 5
Qmax =10 €
g =210

40

30—

20—

10—

ea Sgey , the relation (1) can be used to obtain:
__ Qo _
eScelMPDTacc  ScelNPD Tace |

| [N 0]

where £ is Planck’s constant; o 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 Qnax/2 in
each cell, should be

Qmax 1

g = —<max'®
2eSceMAG Tace

To form a charge Qg, containing information

about the spectrum of the input signal, it is necessary
to ensure the intensity in the signal channel

Q¢
Qmax©€ScelMpD Tacc

Is

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

Qmax/'®
" 2enppTacc

2Q2hw

r el * Qmax€NpD Tace

Ps = Ncell

The number of cells in the signal channel nyec

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

Nacc, Must correspond to the total number Nygg g, 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
Neell, =9 and Negyp - =N peg g

The light intensity in the first diffraction order

1= in the Bragg mode is related to the intensity

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

1 _gin2| . ® [MaRy!
AcosOg 2b

Jln =nB(PSW)Inl(9)

where A is the wavelength of light; 6g is the Bragg
angle for the reference channel AOM; M, is the dif-

5.102 103 5.10% 10% 5.10° Q,,e-  fraction quality of the AOM material; B, is the

Fig. 3. Signal-to-Noise Ratio Versus Signal Component sound wave power; | is the length of the acousto-
Charge Level
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optical interaction; b is the width of the AOM pie-
zoelectric transducer; mg 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:

Rinc, = S S Neell Omax /1
" g, (Pswr) " 2enpp TaccNB, (Pswr)
2
P 202h
I:]lncs: ° : , (10)

=n,
T]BS( Pow, ) cell Qmax€NpDTaccB, ( Pow, )

where mg (P, ) and mp_(Pss, ) 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 Ry, , 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

|il :smz (CAOM\/E) linc

where Cpop s @ constant. AOM can be character-
ized by the diffraction efficiency nB,, Per 1 W of

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

CaoM = arcsin(\/g).

Let us consider the dependence mg(Pyy) at
NBy =0.5% (Fig. 4). A 1-dB deviation of the de-

ng, dB
| | | -
60 40 20 0 5\ P
dBW
_50_
-100—
-150

Fig. 4. Bragg Diffraction Efficiency Versus
Acoustic Signal Power
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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 ng __in this

case is more than 60%. Calculations show that a 10-
fold decrease in NB, raises the upper bound by

about 9 dB.

Let us estimate Rpnc for the following parame-
ters, which can be considered standard:

— diffraction efficiency per 1 W of sound power
nBef =0.5 %;

— power of the acoustic signal Py, =1W;

— the saturation charge of the PD Qqax =10° e~
[11, 12];

—quantum efficiency of the PD npp =0.5 [11, 12];

— time of charge accumulation at the PD
Tacc =100 ps [11, 12];

— the number of cells of the PD in three rows
nce”r =9000.

Calculations show that the charge Qmax/2 in

9000 cells can be provided by the power
Fnc, =0.55 mW. This value is lower than the upper

linearity limit of acousto-optic interaction by more

than 20 dB. Assuming for simplicity Rnc = Rpnc, ..

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

limit DR&% is reached. For a harmonic signal, this
value will be PSWS =0.69 mW. In this case, the effi-

ciency of diffraction in the signal channel comprises
ng, =0.0034 %.

When assessing the laser radiation power PFq, 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%, Rag =100 mW. 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 DR&&OS A Is associated with
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acousto-optical  interaction. Let us express
TlB( )from (10):
2
2Qg5 hoNcey
ng, (Pow, ) = . (11)
QmaxeNpp TaccRinc,
and use the fact that mg (R, )=

:sinz(CAOM /PSWS ) Extracting the root from the
right and left sides of (11),

Sin(CAOMM):QS\/

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:
(CAOM \/ Pew )

Caomy/Pow,

2hon
=%J o @

Qmax€npD Tacc Aine,

2ho)nce||s

QmaxeMpPD Tacc Rne, .

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 Qg on the right with

Qsmin » Which is defined according to (6). As a result

of mathematical transformations, an expression for the
input signal level Py min corresponding to the lower

boundary of the dynamic range can be obtained:

2
Qsmin 2hongey

F)sws min ~ 2 :
Qmax®MpD Tacc Anc, CAoMm

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 Qg on the right

with Qsmm. After mathematical transformations, an

expression for the input signal level Py mayx cOITe-

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

The relation Py max 0 Py min defines a

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

QmaxeNpp TaccRne,
5 .
Qsmin hoNggy),

(2) 10 20
DRYAOSA = Elog9 +?Iog

Let us estimate DR'2)

Haosa for the following pa-

rameters:
— radiation power incident on the AOM signal
channel Rpc = 0.55 mW;

— saturation charge of the PD Qpax =10° e~

— the noise parameter of the PD scheme
og =210, ~383¢” at
SNRoytput,.. =1

min

which  gives Qs

— quantum efficiency of the PD npp =0.5;

— time of charge accumulation on the PD
Tacc =100 ps;

— the number of cells of the PD per 2 resolution

elements Neell, =18.
: (2)
The estimated value DRyja0sA =66.73 dB.

Given that nlBVrV =0.5%, let us estimate the maxi-
mum input signal level Py, max =552 mW. Here,

DR,&ZA)\OSA includes a single-signal dynamic range

D
DRy AOSA with a common lower limit.

Let us take SNRgyepyt,, =1 and analyze ex-

pression (6) by squaring the expression:

+ 262
Q? =M[2+ /4+2n(2—ﬁﬂ.
Smin T 2

At Qmax > 255, which is true for all cases pre-

senting practical interest, QSZ o Qmax. Then
min
DR,(fA)\OSA does not depend on Qpax. 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

72Q52  hoNgg| by both achieving the required level of the input sig-

3 min s nal and using the power of the laser and efficiently.

Pow, s = QmaxenZPDTaCCP'”Cs . In other words, by increasing Ry, it is possible to

Caom lower the level of the input signal, while maintaining
e o
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Fig. 5. Spurious Free Dynamic Range

the charge. In this case, a more linear character of the
acousto-optical interaction corresponds to lower val-
ues of PmCs (see Fig. 4). Fig. 5 shows the depend-
(2)

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

ence of DR on the laser radiation power with

Plas = 19 dB/mMW for Qqay =10° €, 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-

; (2) @ ;
ters. The equality of DRijaosA and DRijaosA 18 creases the HAOSA intrinsic noise level.
achieved when the radiation power
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