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Abstract.

Objectives. The quality ofaradioreceiver preselectorlargely determinesits main characteristics, including sensitivity.
A preselector usually consists of linear elements: inductors, capacitors, low noise amplifiers, and switches. At high
frequencies, the components cannot be considered as ideal ones, since active and reactive parasitic parameters
significantly affect the frequency response of the components and, as a consequence, the network. Therefore,
simulation of the networks requires more sophisticated component models, which take into account parasitic
parameters. However, if refined components models are applied, it is still possible to obtain unsatisfactory results,
since interconnections and footprints pads also affect the frequency response. This is true even if short traces with a
length of about 5 mm are used at frequencies of about 100 MHz. These features must be taken into account for RF
network design. The purpose of the work is to ensure the required characteristics of the preselector in the design
process based on computer simulation.

Methods. Egor Gurov’s methodology for analog VHF LC-filters was applied to radio receiver preselector design. The
methodology contains the methods of discrete optimization, Monte-Carlo method, momentum analysis with Green’s
functions. Experimental results were obtained by prototype implementation and measurement with a vector network
analyzer.

Results. The article presents the preselector design process. The preselector contains two analog switches, an
analog band-pass filter, an analog high-pass filter, and a low-noise amplifier. Simulation and experimental results
with their comparison are presented in the article.

Conclusions. Satisfactory results were obtained. It means that the Egor Gurov’s method for analog filters design
can be applied for more complex networks design such as radio receiver preselectors.

Keywords: radio receiver, preselector, SPICE model, scattering matrix, mathematical modeling, electronic
component, microstrip line, frequency range, parasitic parameters
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Pesiome.

Llenu. KayecTBO npecenekropa pagMonpruemMHmka B 3Ha4MTENbHOM Mepe OnpeaensieT ero OCHOBHbIE XapakTepu-
CTWKW, B TOM YMCIe YyBCTBUTENLHOCTb. [TpecenekTop 06bIYHO COCTOUT U3 JIMHENHBIX 3NIEMEHTOB — KATYLLIEK UH-
DYKTMBHOCTU, KOHOEHCATOPOB, MasoWyMSLLNX YCUnUTenen n knodei. Mpn paboTe Ha BbICOKMX YaCTOTax HeNb3s
cynTaTb 9TU KOMMAOHEHTbI AEeaNbHbIMU, TaK KaK akTUBHbIE U PEaKTVBHbIE Mapas3uTHble NapamMeTpbl BHOCAT 3Ha-
YUTENbHbIM BKNAM, B YHAaCTOTHYIO XapakTepPUCTUKy Lenen. MNoatomy Ansg MooenvMpoBaHns BbICOKOHYACTOTHBIX CXEM
TpebyloTcs 6onee COXHbIE MOAENN KOMMOHEHTOB, YYUTbIBAKOLLME Napa3uTHble cocTasnsiowme. OgHako npu
NPYMEHEHNM A5 BCEX KOMMOHEHTOB YTOYHEHHbIX MOAenen nnm S-napamMeTpoB BEPOSATHOCTb NOSyYEHUsSI HEYA0B-
NIeTBOPUTESIbHbIX PE3Y/IbTATOB COXPAHSETCS, MOCKOJbKY COEAVHUTENbHBIE IMHUM N KOHTAKTHbIE NMIOLWAAKN TakxXe
BHOCSIT 3aMETHbIE MCKaXEHMS B YAaCTOTHYIO XapakTepucTuky. 3To HabnoaaeTcs U AN KOPOTKUX IMHUIA ANMHON
0KO0 5 MM, KOTOpPble OKa3blBalOT BAUSHME Ha YacToTax nopsaka 100 MIu. MoatoMy nogobHble siBNeHust Heob-
XOAMMO Y4nTbIBaTb Npu paspabdoTke. Llenb paboTbl — o6ecneyeHme TpedyeMbix XapakTepuUCcTUK NnpecesiekTopa B
npouecce ero aBTOMaTM3nNPOBAHHOIO CXEMOTEXHMNYECKOrO MPOEKTUPOBAHUS Ha OCHOBE KOMMbIOTEPHOrO MOAe-
NNPOBAHUS.

MeTopabl. Vicnonb3oBaHa metoauka N'yposa E.B. ong npoekTnpoBaHnsa aHanorosbix GUbLTPOB AnanasoHa METPO-
BbIX BOJIH, HO MPVIMEHUTENBLHO K NPECENEKTOPY paamonpuemHmnka. OHa BkoYaeT B cebs MeToapbl AMCKPETHON or-
TUMN3aLMN, UMUTALMOHHOIO MoaenpoBaHms MoHTe-Kapno, Metog MOMEHTOB 4151 91EKTPOMArHUTHOrO MOAENM-
pOBaHWUSA C NCNOb30BaHNeM GyHKUMK puHa. SKCneprMeHTanbHble pe3ynbTaTbl NOAYyYEHbl MYTEM U3rOTOBAEHUS
OnbITHOro o6pasLa 1 N3MePEHUIA C MOMOLLbIO BEKTOPHOI0 aHanmusaTopa Lene.

PesynbTaTtsbl. peacraBneH npouecc NpoekTUPOBaHUSA NMpecenekTopa paguonpuemMHmka amanasoHa MeTpOoBbIX
BOJIH, COCTOSILLLEr0 13 ABYX @HANIOrOBbIX KJO4YEN, MOIOCOBOro dubTpa Ha COCPEAOTOHYEHHbBIX KOMMOHEHTAX, Maso-
LWYyMSLLEro ycunutens u eunbTpa BbICOKUX 4acToT. [MpuBeaeHbl pesynbtaTel MOAEAVNPOBAHUS U SKCNEPUMEHTAb-
Hbl€ Pe3ybTaTbl, X CPABHEHME.

BbiBoAbl. [1pOBEAEHHbIE YACEHHBIE N HATYPHbIE NCCNEA0BaHNS MO3BONASIOT FOBOPUTL O TOM, 4TO MeToauka ly-
posa E.B. ons npoekTnpoBaHus aHanoroBbix LC-dunbTpoB B Arana3oHe METPOBbLIX BOJIH NMpYMeHUMa 1 Ans 6onee
CNOXHbIX LLenewn, Takmx Kak NpecenekTop paganonprueMHMKa.

Kniouesble cnoea: paganonpmneMHUuK, npecenekTop, SP|CE-MO,EI,eJ'Ib, MaTpuua paccemnsaHnda, MmatemaTn4eckoe Mo-

aennpoBaHue, 3]'IeKTp0HHbII7I KOMIMOHEHT, MUKPOMOJIOCKOBAdA NNHUA, AMarna3oH 4aCToT, Napa3nTHbIe NnapamMeTpbl
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npOSpa'-IHOCTb cbvmaucoaoﬁ AeaTesibHOCTU: ABTOpr He NMetoT CI)I/IHHHCOBOVI 3anHTEpPeCOBaHHOCTW B nNpeacTaBieH-

HbIX MaTepunanax nnm Metogax.

ABTOPbI 3a59BNSI0T 06 OTCYTCTBUM KOHMIMKTA MHTEPECOB.

INTRODUCTION

The maximum sensitivity of a radio receiver is
determined by its noise level. Careful design of radio
receiver units is required to achieve high sensitivity
[1, 2]. The preselector is connected directly to the
antenna and has the greatest influence on the intrinsic
noise. This follows from the Friis formula for the noise
figure in the case of a series connection of several stages:

F—-1 F-1 F, -1

+——t. (1)

F, ,
G GG, GG,...G,

total — Fl +

where F, . is the total output noise; 7 is the number of
stages; F| is the noise figure of the first stage; G, is the
power gain of the first stage, etc. The values of the noise
coefficients and gains are dimensionless quantities.

It can be noted that the noise figure of the first stage
is completely presented in the total output noise, and the
noise figure of the second stage is divided by the gain
of the first stage [1]. Hence, for maximum sensitivity, it
is necessary to place a low-noise amplifier next to the
antenna. However, as it was shown in [3], this approach
does not always provide the minimum intrinsic noise
level. In an environment with a large number of
powerful emitting radio stations, such as large cities,
a wideband low-noise amplifier may produce higher
output noise than expected. The solution to this problem
is a bandpass filter installation before the low-noise
amplifier.

In the frequency range from several tens of
megahertz to gigahertz, to obtain an arbitrary frequency
response (arbitrary bandwidth and stopband), it is
suitable to use passive inductor—capacitor (LC) filters.
The design process for such filters is fully automated at
the moment (for example, using Nuhertz Technologies
FilterSolutions® software). Here, the well-known
frequency response approximation method is used,
which provides an electrical circuit of the filter with
nominal values of the components, as well as a transfer
function [4-7].

This method assumes that ideal passive components
(inductors and capacitors) are applied and traces
between the components do not affect the transfer
function of the designed filter. However, at frequencies

above 10 MHz, non-ideal components and topology
on a printed circuit board have a noticeable influence
on the frequency response [8]. Nuhertz Technologies
FilterSolutions® software can take a quality factor
(Q-factor) of the components into account, and even
replace them with S-parameters. However, it is not
possible to take into account the printed circuit board
topology influence. Keysight Genesys software tried to
automate the filter design process, taking into account
both parasitic parameters of the components and printed
circuit board topology. The method for designing LC
filters in Keysight Genesys software is presented in
[9]. It takes into account parasitic parameters of the
components, their tolerances, and printed circuit board
topology.

A preselector of a radio receiver, besides the filter,
may contain a low-noise amplifier, which usually has an
uneven (slope-down) frequency response, and its input
and output impedances may differ from the standard
50 Ohm. It can also be used different bandpass filters
selectable by analog switches.

This article presents an example of a radio receiver
preselector design. The preselector consists of analog
switches that switch the bandpass filters, one bandpass
filter, a low-noise amplifier, and one high-pass filter.
Based on the simulation results, a prototype was
implemented. Experimental results were obtained with
a vector network analyzer [10]. The obtained data can
be considered as an application extension of the method
[9] for the synthesis of more complex circuits than LC
filters.

PROBLEM STATEMENT

The preselector for the superhetherodyne radio
receiver with an operating bandwidth of 114...122 MHz
is under consideration. The maximum sensitivity
is required at the frequency of 121.5 MHz, and an
intermediate frequency of 87 MHz on the radio
frequency (RF) input must be additionally suppressed.
It is supposed to use three sub-bands, but within
the framework of this article, only one sub-band is
considered taking into account the effect of the analog
switches. The block diagram of the preselector is shown
in Fig. 1.
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Fig. 1. Block diagram of the preselector:
(7) analog switch, (2) bandpass filter,
(3) low-noise amplifier, and (4) high-pass filter

Peregrine Semiconductor’s (USA) PE42430 radio
frequency switch was used for bandpass filter switching,
and Qorvo’s (USA) TQP3M9035 was used as a low-
noise amplifier. A high-pass filter is required to suppress
unwanted input signals at the intermediate frequency. It
also increases the slope and improves the suppression
of powerful broadcasting stations in the range of
88...108 MHz. The bandpass filter should also suppress
the image frequency by at least 50 dB.

Thus, the requirements for the entire network can be
described by the following expressions:

AL)> Agsr Foasst <1 < Srasss
A< Aggps [ < tips > I
K(f)>1,

B(f)>0.

2

where A(f) is the frequency response of the circuit
(gain vs. frequency); f is the frequency; A s is the
minimum allowable signal gain in the passband; Astop
is the maximum allowable signal gain in the stopband;
fpassl and j:)assz are the minimum and the maximum
frequencies of the passband respectively, fi. is the
intermediate frequency; ), , is the minimum frequency of
the image signal; K and B are the stability coefficients
that are described on the Keysight Knowledge Center
site!. Since the network has an active component, it is
also necessary to make sure that self-oscillation will
not occur; therefore, the extra stability requirements

1 URL: https://edadocs.software.keysight.com/genesys2018/
simulation/getting-started-with-genesys-simulation/getting-started-
with-measurements/stability-factor-and-measure. Accessed October
25,2021.

are imposed. Constraints on the stability coefficients
must be met at all the frequencies. Here, considering the
simulation frequencies only is enough, since there will
be no self-oscillations of the networks if no signal gain.
The stability coefficients application is limited by the
networks with only one active amplifier stage.

SIMULATION OF THE PRESELECTOR

The preselector simulation was carried out in the
Keysight Genesys 2018 software. The models of the RF
switches and low-noise amplifier were downloaded from
the manufacturer’s official websites. The software allows
network simulation with S-parameters, SPICE models,
carrying out electromagnetic analysis of the printed circuit
board topology using the method of moments. Thus, both
the parasitic parameters of the components and the printed
circuit board topology are taken into account.

The functional diagram of the preselector is shown
in Fig. 2. To minimize the size of the preselector and
meet the conditions (2), a third-order bandpass filter
was applied. A signal with the intermediate frequency
is suppressed using the LC-shunt connected between the
capacitors at the output of the low-noise amplifier.

All the capacitors are of standard size of 0402,
inductors are of the standard size of 0603 or 1206. Blocking
capacitors C1 and C6 have a capacitance of 0.01 puF.

As the next step, the schematic and topology were
set up in the Keysight Genesys environment. All the
components were connected with microstrip lines.
The topological model is shown in Fig. 3. In addition
to metallization and contact pads, it also contains the
contours of the components on the silkscreen layer.

Fig. 3. The topology of the preselector
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Fig. 2. Functional diagram of the preselector
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Table. Preselector bill of components
Components Nominal value Part number Manufacturer
Cl, C6, C9 0.01 pF 5% GRM1555C1E103JEO1 Murata (Japan)
C2 39+0.1 pF GIM1555C1H3R9BB01 Murata
C3,C4,C8 43 pF 2% GIM1555C1H430GB01 Murata
Cs 3.3+0.05pF GIM1555C1IH3R3WBO01 Murata
Cc7 33 pF 5% GIM1555C1H330JB01 Murata
DAI, DA2 - PE42430 Peregrine (USA)
DA3 - TQP3M9035 Qorvo (USA)
L1 390 nH 2% 1206CS-391XGEB Coilcraft (USA)
L2 75 nH 2% LQWI18AN75NG80 Murata
L3 8.2+0.2nH LQWI18ANSN2C80 Murata
L4 470 nH 2% 1206CS-470XGEB Coilcraft
L5 47 nH 5% LQW18AN47NJ80 Murata
L6 82 nH 2% LQWI18AN82NG80 Murata

The models with Q-factor were initially chosen as
the models of inductors and capacitors. The Q-factor
model consists of an ideal capacitor or ideal inductor
(for a capacitor and inductor, respectively) with a series
connection of an ideal resistor (i.e., active resistance),
it is also known as equivalent series resistance (ESR).
This allows tuning the nominal values of the component,
which may not be possible for the more complex and
accurate models. Different components have different
ESR values. At the current stage, it was assumed that the
ESR is constant during the variation of the component’s
nominal values® 3 [11, 12]. The initial values of the
components were obtained using the Keysight Genesys
built-in automatic filter synthesis tools.

The nominal values of the components were
calculated by optimization in accordance with the
methodology [9]. This methodology first employs
simple component models and selects component
values. After the optimization, sensitivity analysis is
conducted and the least sensitive component is replaced
with the more complex model, which does not allow
freely changing the value of the main parameter in a
wide range. Then the optimization must be repeated.
And so on until all the components are replaced with
more complex models.

2 Ceramic capacitors MLCC: application features. URL:
https://www.compel.ru/lib/56541. Accessed October 25, 2021. (in
Russ.).

3 The physical meaning of the group delay of the filter.
Digital filters with a linear phase-frequency characteristic. Theory
and practice of digital signal processing. URL: http://www.dsplib.
ru/content/filters/linphase/linphase.html. Accessed October 25,
2021. (in Russ.).

Asaresult, all models of the inductors and capacitors
were replaced with the corresponding S-parameters
provided by the manufacturers. The boundary conditions
(2) were set up in the Keysight Genesys software, as
shown in Fig. 4. Weights have been introduced to get
the desired shape of the frequency response. Initially,
they were all equal to 1 but then were manually
changed during the optimization process. The criterion
error was multiplied by the corresponding weight. The
optimization goal was to minimize the total error.

Optimization Properties

General Goals  Variables Method

Default Dataset or Equations: |Momentum1_Prototype_Data

Use Measurement Op Target Tl::'r‘gi'zt Weight Min Max Units
] |S521 > |245 dB 4 12 125 MHz
M [521 > |26 dB 5 18 124 MHz
] |s21 < |-29 dB 1 80 MHz
M [521 < |-42 db 1 255 MHz
M [s21 < |-39 dB 2 80 89 MHz
] [S22 < |-20 dB 1 12 125 (MHz)
M |s11 < |12 dB 1 12 125 (MHz)
] < None None

Fig. 4. Boundary conditions for the optimization

The simulation results are presented below.
Figure 5 shows the frequency response (S21) and the
return losses (S11, S22). The shaded areas display the
boundary conditions indicated in Fig. 4. Figure 6 shows
the stability coefficients (K, B1) and the group delay
(GD) of the entire network?. In this case, there were no
requirements imposed for the GD, and it is noted just for
information.

The applied components for the simulation are listed
in Table.
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Fig. 5. Frequency response and return losses of the preselector:
(7) frequency response, (2) return losses (S11),
and (3) return losses (S22)
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Fig. 6. Stability coefficients and GD of the preselector:
(7) stability coefficient K (must be greater than 1), (2) GD,
and (3) stability coefficient B1 (must be greater than 0)

EXPERIMENTAL RESULTS

The preselector was implemented on the 4-layer
printed circuit board made of FR-4 fiberglass. The
topology in Fig. 3 was performed on the top layer,
the nearest inner layer was a solid polygon connected
to the “ground” reference layer [8]. The input signal
was delivered from the SMA connector mounted on
the printed circuit board, the output signal was taken
through the U.FL-R-SMT connector. The frequency
response was obtained using Rohde and Schwarz ZVAS
vector network analyzer.

The capacitors of the GRM series were installed
on the prototype instead of the GJM series capacitors
because the right capacitors had not been purchased
at that moment. GRM series capacitors have the
status “not recommended for new designs.” These
capacitors have a lower Q-factor; therefore, it

could be expected more attenuation in the passband
rather than in the simulation results, but without
significant distortion of the frequency response
curve.

The experimental results and their comparison to
the simulated ones are presented in Fig. 7. The figure
shows only the frequency response (S21). Return losses
(S11 and S22), as well as stability factors, satisfied the
required values.

The passband gain in the experimental curve was
about 1 dB lower than in the simulation results, as was
expected due to the lower Q-factor of the capacitors. In
general, both results are in good agreement, especially
at low frequencies. In the method [9], it is noted that
a better frequency response can be achieved by tuning
(i.e., replacing with another one with different nominal
value) the most sensitive components on the prototype.
It has not been done here, since the frequency response
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Fig. 7. Frequency response of the preselector:
(7) simulation and (2) experimental data

of the preselector meets the specified requirements.
Careful selection of components can be useful as part of
a release device.

CONCLUSIONS

Theradioreceiver preselector is the most important
part since it significantly affects its sensitivity. The
article describes the design process of the radio
receiver preselector in the very high frequency (VHF)
range. The preselector consists of analog switches,
one bandpass filter, a low-noise amplifier, and an
additional high-pass filter. The design takes into
account input and output impedances and slope-down
frequency response of the analog switches and low-
noise amplifier.

The designed preselector was implemented in the
prototype, and the experimental data was obtained
with the vector network analyzer. The simulated and
experimental results are in good agreement. This
is shown in Fig. 7. The discrepancy between the
gain in the passband of about 1 dB is caused by the
capacitors on the prototype with the lower Q-factor
than in the model since the capacitors in the model

were not available at the time of printed circuit board
assembly. In addition, the frequency response can be
improved by selecting the most sensitive components
directly on the prototype. This operation has not been
done, because it was only the prototype, and such
selection is reasonable in the release device device.

In [9] it is shown that in the VHF range the
frequency response of analog filters is significantly
affected by parasitic parameters of the components and
interconnection on the printed circuit board topology.

Following the LC-filter design method [9], the
radio receiver preselector has been designed. It is
shown that the method also allows taking into account
the frequency responses of analog switches and low-
noise amplifiers, as well as checking the stability of
amplifying cascades.

In conclusion, the results presented in the article
extend the applicability of the analog LC-filters design
method of Egor Gurov for analog filters design [9]. It
also allows the design of more complex networks, which
can include active components as well.
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