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Abstract—The paper proposes a variant of implementing a partial synthesizer with a small frequency
step and preserving a sufficient level of phase noise in the X-band frequency range, which provides high
frequency stability and low phase noise by combining 3 methods. A brief review of common methods for
constructing frequency synthesizers, such as phase-locked loop, digital signal synthesis (DDS), dielectric
resonator oscillator, is given. Their advantages and disadvantages were used and taken into account in
the development of a new method for constructing a frequency synthesizer. The article compares the
characteristics of the phase-locked loop frequency synthesizer on the ADF5355 chip with the developed
method. The proposed method, which includes all 3 proposed methods, is presented in the form of a
functional circuit containing two phase-locked loops and one DDS. The first PLL contains a dielectric
resonator oscillator with an output signal of 8 GHz and a working frequency bandwidth of 1 kHz with a
minimum phase noise equal to —132.85 dBc/Hz at a 1 kHz offset. The low-noise DDS signal is fed to the
second phase-locked loop. The output signal is in the range of 9-9.5 GHz with a phase noise of —
98.32 dBc/Hz at a 10 kHz offset.

Keywords—Dielectric resonator oscillator; digital signal synthesis; frequency range; frequency

synthesizer; functional circuit; phase noise; phase-locked loop.

I. INTRODUCTION

Almost all receiving and transmitting devices of
various types and purposes use frequency
synthesizers. Two commonly used methods of
building synthesizers are phase-locked loop (PLL)
and digital signal synthesis (DDS). The article
discusses some aspects of these methods. The
advantages of PLL synthesizers are their relative
simplicity of construction and versatility of use. The
general functional diagram (Fig. 1) contains a
reference oscillator, a phase detector and a low-pass
filter.
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Fig. 1. Functional diagram of the PLL frequency

synthesizer

The phase noise level is one of the main
parameters in frequency synthesizers. Physically, it is
the difference in power between the lowest signal and
the signal above 1 Hz. The phase noise level is one of
the main parameters in frequency synthesizers.
Physically, it is the difference in power between the
lowest signal and the signal above 1 Hz. There are
various ways to improve this parameter: frequency
multiplication instead of division, better reference
signal parameters, a different element base [2], [3].

II. PROBLEM STATEMENT

The negative effect of phase noise contributes to
the appearance of sidebands and harmonics that
degrade the frequency synthesizer spectrum, and the
ability to distinguish the carrier signal from the noise
signal is reduced. In communication systems, this
causes the reflected signal to be masked from the
target, making it difficult to detect it and obtain
accurate data on the target's speed and range [4] — [6].
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The frequency division ratio N increases as the
tuning step decreases. Therefore, by using a low-
pass filter and combinations of digital and analog
circuits, the N factor can be reduced.

Phase-locked loop frequency synthesizers exist
with both fractional and integer division of N.

The integer method is simple, while the fractional
method gives high speed of analog and digital PLLs.

A phase-locked loop frequency synthesizer
refers to an indirect DDS [7], [8]. There are
also direct digital frequency synthesizers that
consist of a digital-to-analog converter (DAC),
a phase accumulator, and a phase amplitude
converter (Fig. 2).
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Fig. 2. The DDS synthesizer structure

Digital signal synthesis are currently developing
rapidly and improving their performance. But
despite this, the highest frequency value of DDSs,
for example, from Analog Devices reaches only
12.3 GHz [9], which does not allow them to be used
in the X frequency band.

Therefore, the aim of the work is to use known
methods of building frequency synthesizers and
develop an improved frequency synthesizer on their
basis.

Having studied the method of building a PLL on
the example of the ADF5355 chip from Analog
Devices [10], the results were as follows. According
to the data sheet, the phase noise value at a 100 kHz
offset from the 10 GHz carrier signal is -
107 dBc/Hz. After modeling in the ADISimPLL
software environment, the results are shown in
(Fig. 3).

The results of empirical studies of the phase
noise of the ADF5355 are shown in Fig. 4.
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Fig. 3. Phase noise of the PLL on the basis of ADF5355
on frequency 10 GHz due to the results of mathematical
modeling in ADIsimPLL
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Fig. 4. The experimental study of the phase noise PLL
with ADF5355

III. PROBLEM SOLUTION

A component of phase noise is a quartz
oscillator, which contributes to its deterioration. You
can calculate phase noise using the following
formulas [2].

0/5N,; Gy (f)
flhe R

where, N . phase noise of the reference oscilator
the closed; Gloop

; )

out_ref
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frequency division factor of the reference frequency.
A phase detector also contributes to the phase
noise of the output signal.
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detector. Another major source of phase noise is the
voltage-controlled oscillator (VCO), whose value
depends on the frequency.
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where, £ (£)VCO operating frequency; G

is the open-loop gain.

Based on the work of Leeson [11], it is proved
that the oscillator circuit with high quality has lower
values of phase noise. And the best resonators with
high Q are DROs with Q values of 50-70 k and a
phase noise level at a 1 kHz shift of —165 dBc/Hz.

Also, low phase noise levels are reported in other
works [12], but the peculiarity is that such values
can be achieved only at the resonant frequency.

There are also YIR generators that are better in
terms of performance compared to DROs, but such
performance is achieved by increasing the

0_loop(/)
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complexity of the structure, weight, and overall
dimensions.

To confirm the low phase noise level of the
DRO, we took the PLDRO-10-7000-5P at 7 GHz to
be an example and programmed a mathematical
model in the ADIsimPLL software environment

(Fig. 5).

Dielectric resonant oscillators operate at a tuned
resonant frequency and have a narrow bandwidth
close to 1 kHz, which minimizes phase noise.

Based on the results of the study, the following
structural diagram of the frequency synthesizer
(Fig. 6) was developed and proposed.
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Fig. 6. The functional diagram of the X band frequency

synthesizer
The block diagram is being drawn up:
e DDS;
e two PLLs;

o phase detector (HMC440);

e low-pass filter of 1 kHz on a low-noise
operational amplifier ADR797AR;

e DR;
phase shifter;

HMC434 divider by 8;
low-pass filter for 1000 MHz;
splitter.

Phase-Locked Dielectric Resonator Oscillator
(PLDRO), which is configured for 8 GHz, has an
output signal with a low phase noise level equal to —
133 dBc/Hz at a 1 kHz offset from the carrier signal,
and close to the X band. This, in turn, makes it

possible to avoid significant frequency division
factors that affect the increase in the phase noise of
the output signal of the frequency synthesizer

But since the PLDRO bandwidth is narrow,
around 1 kHz, for this reason, the AD9912 DDS
generator with a 14-bit DAC is used. It provides a
tuning step in the operating range of the frequency
synthesizer and a low-noise signal, with a step of
200 Hz.

A low-pass filter consists of two filters, a low-
pass filter and a high-pass filter, to produce the
required bandwidth (Fig. 7).
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Fig. 7. Frequency responses of passband filter. Left axis
shows filter attenuation in dB and right axis — standing
wave ratio by voltage (VSWR)

HMC2208BMS which is used in the second PLL
as a dual balanced mixer. It outputs a 9 ... 9.5 GHz
VCO oscillation to the HMC1161. A low-pass filter
removes the 1...1.5 GHz spurs and feeds them to a
divider with a division factor of N = 5, which also
serves as a phase detector for the second loop. The
last part of the second circuit is a low-pass filter
operating at 1 MHz and an AD898AR power
suppressor. The frequency response of the low-pass
filter is shown in (Fig. 8).
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Fig. 8. Frequency responses of attenuation and
VSWR LPF

As a result of the implementation of the prototype
of the microwave frequency synthesizer according to
the functional diagram (see Fig. 6), it was possible to
achieve a phase noise level of — 101.89 dBc/Hz at a
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100 kHz offset (Fig. 9), which is much better than the
first version on the ADF5355 chip.
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Fig. 9. Phase noise response of frequency oscillator
on 9 GHz

IV. CONCLUSIONS

As a result of the research and development of
the microwave frequency synthesizer, all known and
existing methods of construction were realized, a
new method was implemented that covered the
advantages of other methods and combined them in
one. The new method of construction uses PLDRPO
which has a bandwidth of 1 kHz and a tuning
bandwidth of 10 MHz with an output frequency of
8 GHz. An important advantage and reason for using
the PLDRO as a reference oscillator is its 8 GHz
output signal, which is stable and with low phase
noise, which is used in the second stage. With the
help of DDS in the frequency synthesizer, the
second component, namely the tuning step, can be
achieved.

The digital signal synthesis bandwidth is
200...300 MHz and the tuning step is 200 Hz, and its
output signal also provides a low level of phase
noise.
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S1. B. I'puues. IIpo ¢azoBuii mrym cuHTE3aTOPIB 4acTOTH

VY craTTi 3ampoNOHOBAaHO BapiaHT peaii3ailii YacTKOBOTO CHHTE3aTopa 3 MajM KPOKOM 3MIiHM YacTOTH Ta
30epeKEeHHSIM JIOCTaTHHOTO piBHS (pa30BOro Imymy B X-Iiama3oHi yacToT. HaBeqeHO KOPOTKME OrJIsA MOMIMPEHHX
METOIIB MOOYJOBM CHHTE3aTOPIB YaCTOTH, TaKMX SK MeTdst (a30BOrO aBTOMIJCTPOIOBAHHS YacTOTH, TE€HEPaTop
npsiMoro 1U(GPOBOTO CHHTE3Y, JAiCNEKTPUYHUN PE30HATOPHUI reHepaTop. 3alporoHOBaHUI METOA NPEICTaBICHUH Y
BUTJISIII (DYHKITIOHANBHOI CXEMH, IO MICTHUTh JIBi MeTi (ha30BOr0 aBTOIIICTPOIOBAHHS YacCTOTU 1 OAMH TE€HEpaTop
npsiMmoro nudpoBoro cuHredy. Ilepma merist (a3oBOro aBTOMIJACTPOIOBAHHS YACTOTH MICTHTh JI€JIEKTPUYHUHN
pe3oHaTopHuUil TeHeparop 3 BuXigHuM curraioM 8 [T, 3 ¢azoBum mrymom — 132,85 nbe/I' mpu 3cyBi 1 k['u. Curnan
DDS 3 HU3bKMM piBHEM IIyMy IOJA€ThCA HA APYTHMH (DUIBTP HH3BKHX 4acTOT BHXiHHI CHIHAI 3HAXOZUTHCS B
mianmaszoni 9-9,5 I'Ti 3 ¢asoum mymom — 98,32 nbe/I'm mpu 3cysi 10 x['m. PesymbraTét gocmimkeHHs Oyiau
BHUKOPHUCTAaHI JUIs PAIiONOKAIIFHOT CTaHIIIT 3aBal, Ta YCHIIIHO BUKOHYIOTh CBOIO (DYHKITIIO.

Karuosi cioBa: (a3zoBuil mrym; CHHTE3aTOp 4acTOT; YaCTOTHUH Jiana3oH; (yHKI[IOHaJbHA cXeMa; (a30aMILTiTyIHa
TiICTpOlKa YacTOTH; U(POBUIT CHHTE3aTOP YaCTOTH; FEHEPATOP Ha JiaJeKTPUIHOMY PE30HATOPI.
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