
From a  
Russian Source

Russia has traditionally been a large 
center for microwave activities.1,2 

This can be traced back to 1894 
when Alexander Popov built a device, 
called the “coherer,” that detected elec-
tromagnetic waves. Essentially, Popov’s 
device proved that radio communication 
was feasible by receiving radio waves. 
Since those days, Russian engineers and 
scientists have made major contributions 
to the microwave industry as recently rec-
ognized by the 2000 Nobel Prize in phys-
ics received by Zhores Alferov “for de-
veloping semiconductor heterostructures 
used in high-speed and opto-electronics.” 
More recently Andre Geim and Konstantin 
Novoselov (graduated from Moscow Insti-
tute of Physics and Technology and then 
worked at the University of Manchester) 
received the 2010 Nobel Prize in phys-
ics “for groundbreaking experiments 

regarding the two-dimen-
sional material graphene.”

 Signal generation 
is a key area that tradi-

tionally has attracted 
engineering talents. 
Microwave oscil-
lators started with 
vacuum tubes in the 
1940s and ruled the 
field for more than 
three decades.3 Re-
flex klystrons were 
a common way to 

generate low to moderate power levels in 
those days. A typical klystron capable of 
generating tens of milliwatts of microwave 
power with its DC supply used to be the 
size of some test equipment today. Never-
theless, it provided a relatively clean signal 
due to the inherent high-Q cavity utilized. 
Higher output power levels were achieved 
with magnetrons using the interaction of 
a stream of electrons with magnetic field. 
Solid-state devices started playing a role 
in signal generation around 1970. Gunn 
and IMPATT diodes were early devices that 
were widely used to construct microwave 
oscillators up to 100 GHz. A Gunn oscillator 
utilizes a negative resistance effect created 
in a solid-state diode structure when a DC 
bias is applied. Gunn oscillators have the 
advantage of lower phase noise compared 
to IMPATT oscillators. On the other hand, 
IMPATT diode oscillators exhibit a higher 
output power and higher efficiency com-
pared to the Gunn. Further improvements 
were associated with a progress in transis-
tor devices. The extension of the bipolar 
transistors to microwave frequencies and 
the development of GaAs FET devices in 
the 1970s have made compact, cost-effec-
tive and low-noise sources for use in the 
microwave and millimeter-wave frequency 
ranges possible.
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Oscillator and Synthesizer Developments in Russia

There have been many recent developments in the Russian RF/microwave 
signal generation and test & measurement industry spurred by investments 
from the government. In keeping with this month’s ‘Microwaves 
International’ theme, Alexander Chenakin examines some of these recent 
developments in the Russian market. He highlights various new technology 
developments and introduces some of the leading Russian companies 
involved in the industry.
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CRYSTAL OSCILLATORS
Crystal oscillators have been 

the industry’s workhorse for the 
embeddable, precise timing base 
used in frequency synthesizers. 
Morion Inc. (www.morion.com.
ru) is a leading Russian supplier 
of quartz frequency control prod-
ucts such as crystal oscillators, 
filters and crystals themselves. 
They originated from a Siemens 
& Halske telegraph workshop es-
tablished around 1855 and started 
the production of quartz devices 
in the early 1930s. Since 1971, the 
company has been named Morion 
(which is a name of the natural dark 
colored quartz) and is a dedicated 
quartz devices manufacturer. With 
over 75 years of experience, Mori-
on has become a premier produc-
er of high-end quartz products. The 
company is located in Saint Peters-
burg employing about 500 people. 
It is currently lead by Dr. Yakov 
Vorokhovsky who received a pres-
tigious IEEE award in the quartz 
industry — C. B. Sawyer Memorial 
Award — “for outstanding entre-
preneurship in leading Morion Inc. 
to become a world class company” 
(see Figure 1). Under his leader-
ship, Morion became not only the 
main quartz manufacturer in Russia 
(over 70 percent of the market of 
precision devices) but also a well-
known name worldwide.

plitude. Another key parameter of 
the synthesizer that impacts overall 
system performance is frequency 
switching speed. The time spent 
by the synthesizer transitioning 
between frequencies becomes 
increasingly valuable since it can-
not be used for data processing. 
Modern synthesizers tend to be 
faster due to the ongoing increase 
of the data rates of RF/microwave 
systems. Another challenge is cost 
reduction. These requirements — 
wide frequency coverage, small 
step size, fast switching speed, 
adequate spectral purity and low 
cost — are the key drivers in the 
development of modern frequency 
synthesizers.6

The Russian government re-
cently issued several programs 
for research, development and in-
novation in science, education and 
technologies. Not surprisingly, 
there are many new developments 
in the RF/microwave frequency 
generation area.7-17 This article 
provides an overview of micro-
wave oscillator and frequency 
synthesizer developments in Rus-
sia. It starts with crystal oscillators 
traditionally used as references 
and then progresses to chip-level 
and connectorized module devel-
opments. The review concludes 
with some more sophisticated in-
strument-level solutions.

The integration trend contin-
ued absorbing discrete devices 
into more complex and sophis-
ticated solutions. Eventually, fre-
quency synthesizer technologies 
gained in popularity. A frequency 
synthesizer is essentially a device 
that translates one (or more) input 
reference frequency (typically 
created with a crystal oscillator) 
to a number of output frequencies 
with desired characteristics. To-
day, the frequency synthesizer is 
a key component of virtually any 
test and measurement, communi-
cation and monitoring system. It 
generates a stimulus signal and 
is used as a local oscillator (LO) 
source in a variety of up- and 
down-conversion schemes.

Synthesizer designs utilize vari-
ous techniques and are almost as 
diverse as the number of their ap-
plications.4,5 Although all synthe-
sizers exhibit significant differenc-
es as a result of specific applica-
tions, they share basic fundamental 
design objectives. The ideal syn-
thesizer should be broadband with 
fine frequency resolution that al-
lows addressing a larger number 
of potential applications. Aside 
from frequency coverage and reso-
lution, phase noise and spurs are 
critical parameters that impose the 
ultimate limit in the system’s abil-
ity to resolve signals of small am-
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models (see Table 
2) bring tempera-
ture stability of 
±2×10-10 between 
-40° and +85°C at 
a 10 MHz output. 
These oscillators 
are being used 
in various time 
keeping applica-
tions. With more 
than 15 percent of 
revenues invested 
annually into R&D, 
Morion continu-
ously stays on top 
of precision crys-

tal oscillator developments.
Magic Xtal Ltd. (www. 

magicxtal.com) was founded in 
2001 as a research and produc-
tion enterprise entirely dedicated 
to development of advanced oven 
controlled crystal oscillators for 
both domestic and international 
markets. The company currently 
employs about 80 people and is 
located in Omsk, a large industrial 
center in western Siberia. Magic 
Xtal develops and manufactures 
OCXOs utilizing the unique in-
ternally heated resonator (IHR) 
technology. The IHR design incor-
porates the whole oven-controlled 
system integrated with the crystal 
plate inside a miniature TO-8 vac-
uum holder. This ensures extreme-

One of Morion’s core com-
petencies is in the field of ov-
en-controlled crystal oscilla-
tors (OCXO). Morion’s oscilla-
tors are certified for use in the 
Russian Federal Space Agency 
programs. For designers of 
frequency synthesizers, Morion 
has recently developed a new 
family of low phase noise OCXOs 
(MV317 and MV318) offering a 
noise floor down to –178 dBc/Hz 
and excellent aging characteris-
tics (see Table 1). These param-
eters are achieved using in-house 
proprietary technologies for the 
design and production of preci-
sion blanks in combination with 
advanced filtering methods incor-
porated into the OCXO design. In 
contrast, the MV200 and MV220 

Morion supports and continuous-
ly improves quality control based 
on Russian space and military stan-
dards as well as international stan-
dards. Since 1999, Morion has been 
ISO9001 certified. An advantage is 
that Morion controls the entire pro-
duction process from a quartz blank 
to finished quartz oscillators at one 
facility. This is one key advantage 
that has enabled Morion to be-
come a reliable supplier for many 
programs such as COSPAS/SAR-
SAT international space search and 
rescue system, spacecraft “Buran,” 
international space station “Alfa,” 
international space project “Sea 
Launch,” NASA’s project “Mars Od-
yssey 2001” and others.

s Fig. 1  In 2001, Dr. Vorokhovsky received 
an IEEE C. B. Sawyer Memorial Award.

TABLE I
MORION’S OCXOS OFFER GOOD PHASE NOISE AND AGING 

CHARACTERISTICS

Model MV317 MV318

Frequency Range 48 to 125 MHz 48 to 125 MHz

Package Size 1"�1"�0.5" 2"�2"�0.5"

Temperature Stability ±5�10-8 ±5�10-8

Aging, per year ±1�10-7 ±1�10-7

Phase Noise at 100 MHz 
10 Hz 
100 Hz 
1 kHz 
10 kHz 
100 kHz

dBc/Hz 
-97 
-128 
-156 
-174 
-177

dBc/Hz 
-97 
-128 
-156 
-175 
-178

See us at IMS Booth 1505
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the device via a serial or paral-
lel interface. A high-speed 16-bit 
parallel interface enables high 
data rates for advanced modula-
tion schemes and fast reprogram-
ming. The two available channels 
can operate either independent-
ly or synchronously providing 
quadrature output signals for IQ 
modulators. A unique feature of 
the 1508PL8T is built-in correc-

ly low power con-
sumption, very 
small size and 
short warm-up 
time. Permanent 
improvements of 
the IHR design 
have yielded a 
family of OCXOs 
exhibiting high 
p e r f o r m a n c e 
characteristics. 
Table 3 shows 
the MXO37/8 
and MXO37/14 
models’ perfor-
mance featur-
ing the DIP8 and DIP14 compat-
ible sizes with less than 150 mW 
power consumption and 15 to 45 
seconds warm-up time. Despite 
the small sizes and low power 
consumption, these OCXOs have  
±5 ppb frequency stability (be-
tween –40° and +85°C), less than 
0.2 ppb/day aging and a phase 
noise floor of –173 dBc/Hz.

Besides the miniature low-
power OCXOs, the IHR technol-
ogy is successfully employed in 
new double-oven oscillators. The  
MXODR model provides excellent 
temperature and long-term fre-
quency stability of a double-oven 
design in a compact 20 × 20 × 13 
mm package (see Table 4). The 
MXODR oscillators are available at 
operating frequencies between 8 
and 100 MHz and can be used as a 
Rubidium reference replacement.

SYSTEM-ON-A-CHIP
Frequency synthesizers come 

in a variety of forms ranging 
from tiny chips and moderate-
size modules to bench-top signal 
generator instruments. The R&D 
Center ELVEES (www.elvees.ru) 
is situated in Zelenograd, Moscow 
region and focuses on system-on-
a-chip (SoC) technology. A good 
example is the 1508PL8T direct 
digital synthesizer (DDS) featur-
ing two 1 GSPS 10-bit DACs. This 
IC allows generating digitally pro-
grammable sinusoidal waveforms 
up to 400 MHz with fast frequency 
hopping and a fine tuning resolu-
tion of 48 bits. The frequency tun-
ing control words are loaded into 

TABLE II
MV200 AND MV220 MODELS EXHIBIT ±2X10-10 STABILITY 

(*AT A 10 MHz OUTPUT)

Model MV200 MV220

Frequency Range 10 to 40 MHz 10 to 40 MHz

Package Size 2"�2"�0.5" 2"�2"�0.5"

Temperature Stability* ±2�10-10 ±2�10-10

Aging, per year* ±2�10-8 ±2�10-8

Phase Noise* 
10 Hz 
100 Hz 
1 kHz 
10 kHz 
100 kHz

dBc/Hz 
-137 
-157 
-161 
-162 
-162

dBc/Hz 
-133 
-158 
-163 
-168 
-168

TABLE III
MXO37 OVEN CONTROLLED CRYSTAL 

OSCILLATORS FEATURE SMALL SIZE 
AND LOW POWER CONSUMPTION

Model MXO37

Frequency Range 8 to 150 MHz

Temperature Stability  
(-40˚ to +85˚C)

5 ppb

Aging (10 MHz), per 
day

0.2 ppb

Phase Noise at 100 
kHz offset

-173 dBc/Hz

Power Consumption  
(at 25˚C)

<150 mW

Warm-Up Time  
(to 0.1 ppm accuracy)

15 to 45 s

TABLE IV
THE MXODR OSCILLATOR 

INCORPORATES A DOUBLE-OVEN 
STRUCTURE FOR BETTER THERMAL 

STABILITY

Model MXODR

Frequency Range 8 to 100 MHz

Temperature Stability  
(-10˚ to +60˚C)

0.2 ppb

Aging (10 MHz), per day 0.2 ppb

Allan Variance, 1 s 3�10-12

Package Size (mm) 20�20�13
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controls synthesizer components. 
The synthesizer is programmed 
via a parallel interface; USB, SPI 
and LAN options are available as 
well. The design is implemented 
in a compact metal housing that is 
110 × 75 × 20 mm in size.

The research and production 
company Micran (www.micran.
ru) was founded in 1991 in Tomsk 
(western Siberia). Today Micran is 
a large enterprise employing more 
than 1100 people that develop and 
manufacture complex RF/micro-
wave equipment for the test and 
measurement and related markets. 
Micran’s products include vec-
tor and scalar network analyzers, 
spectrum analyzers, noise figure 
analyzers and signal sources up to 
60 GHz. New developments and re-
search activities are carried out in 
close cooperation with Tomsk State 
University of Control Systems and 
Radioelectronics. Recent develop-

tion of phase, amplitude and DC 
offset. Being properly applied, 
this correction allows suppress-
ing the LO leakage and unwanted 
sideband in IQ modulators. It also 
supports a user defined linear 
sweep, linear FM, up/down ramp 
at different rates, optional phase 
reset and mute. The IC is speci-
fied to operate between –60° and 
+85°C. Applications include agile 
frequency synthesizers, program-
mable clock generators, FM chirp 
sources for radars and test and 
measurement equipment.

MODULES
Synthesizer modules are devel-

oped by many Russian companies. 
Spectran (www.spectran.org) was 
founded in 2004 in Saratov. The 
company collaborates with the 
Central Research Institute of Mea-
surement Equipment developing 
various frequency synthesizer 
products. One of the new designs 
is a low-cost 20 GHz synthesizer 
module presented in Table 5. This 
is a phase-lock-loop (PLL) design 
that integrates a DDS for fine fre-
quency resolution. The module 
provides 9 kHz to 20 GHz frequen-
cy coverage with fast switching 
speed and a resolution of 0.01 Hz. 
Phase noise performance is shown 
in Figure 2. The spur level is man-
aged by simultaneously changing 
the DDS clock frequency and PLL 
division ratio. Optimal DDS clock 
frequencies and division ratios 
are stored in an internal memory 
and then fetched by an FPGA that 

s Fig. 2  Spectran’s synthesizer phase noise performance at 20 GHz.
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TABLE V
 A FAST-SWITCHING SYNTHESIZER 

MODULE DEVELOPED BY SPECTRAN

Frequency Range 9 kHz to 20 GHz

Frequency 
Resolution

0.01 Hz

Switching Time 3 µs

Output Power -10 to +10 dBm

Phase Noise at 10 
kHz Offset

-98 dBc/Hz  
at 20 GHz

Spurs -64 dBc 

Dimensions 110�75�20 mm

Weight 250 g
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Another interesting Micran de-
sign is its compact, dual-output 
microwave synthesizer, shown in 
Figure 3. It consists of two inde-
pendent channels that utilize ce-
ramic coaxial resonator oscillators 
(CRO) running at 1 and 3.5 GHz, 
respectively. Both CROs are locked 
to an external reference supplied 
via an MCX connector. A frequen-
cy offset PLL architecture is utilized 
in both synthesizers to minimize 
noise. The phase noise at 100 kHz 
offset is about –140 and –128 dBc/
Hz at 1 and 3.5 GHz, respectively. 
This module can be used in vari-
ous double-conversion receiver 
schemes where two independent 
low-noise LO signals are required.

Micran also develops various 
oscillator products based on LC, 
quartz, SAW, YIG and sapphire 
resonators.17 They manufacture a 

resolution, phase noise of –130 
dBc/Hz at 10 kHz from the 4 GHz 
carrier and fast frequency settling 
of 500 µs. These high performance 
characteristics are in a compact 
250 × 112 × 45 mm module that 
includes multiple interfaces. The 
module also incorporates a built-
in YIG preselector driver that can 
be conveniently used in spectrum 
analyzer instruments.

ments include a 3 to 8 GHz YIG-
based synthesizer for embedded 
applications (see Table 6). The 
synthesizer utilizes a high-frequen-
cy sampler that provides frequency 
conversion within a PLL feedback 
to ensure low phase noise and low 
spurious characteristics. A DDS is 
used as a PLL reference for small 
frequency steps. The synthesizer 
provides less than 1 Hz frequency 

TABLE VI
A 3 TO 8 GHz YIG-BASED SYNTHESIZER 

MODULE DEVELOPED BY MICRAN

Frequency Range 3 to 8 GHz

Frequency Resolution 1 Hz

Switching Time 500 µs

Phase Noise at
10 kHz/4 GHz

-130 dBc/Hz

Spurious -70 dBc 

Dimensions 250�112�45 
mm

Weight 1200 g

s Fig. 3  Micran’s low noise CRO synthe-
sizer provides two signal outputs.
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a well-known Russian expert in 
the frequency synthesis field. The 
company’s staff includes 25 full-
time employees and also collabo-
rates with R&D teams from MTUCI 
and Moscow Power Engineering 
Institute (MPEI). An interesting 
recent development is the compa-
ny’s 6 GHz frequency synthesizer, 
SLFM-RC-2500, that is capable of 
generating precise linear FM sig-
nals with up to 600 MHz frequency 
deviation. The modulation is re-
alized by utilizing a two-channel 
DDS and IQ-modulator. The syn-
thesizer is available as a compact 
module measuring 112 × 57 × 21 
mm in dimensions.

Special Technological Cen-
ter (STC) in Saint Petersburg 
(www.stc-spb.ru) was founded in 
2001 as a design, development 
and manufacturing company 
specializing in test and measure-
ment equipment for radio-mon-
itoring and frequency manage-
ment. The company’s product 
lines include multi-channel mea-
suring receivers, RF/microwave 
direction finders, various types 
of antennas and other monitor-
ing systems from 10 kHz to 40 
GHz. The company uses frequen-
cy synthesizers widely in their 

lows achieving remarkable phase 
noise performance that is close to 
–140 dBc/Hz at 10 kHz offset from 
4 GHz carrier.

Radiocomp LLC (www.
radiocomp.ru) was started in 1995 
in collaboration with Moscow 
Technical University of Commu-
nication and Informatics (MTUCI). 
The company is located in Mos-
cow and is led by Dr. Kochemasov, 

4 GHz ultra low-noise dielectric 
resonator oscillator (DRO) shown 
in Figure 4. The design utilizes a 
high-Q dielectric resonator (Q < 
8000) as well as a silicon bipolar 
transistor with low flicker noise. 
The resonator is placed into a rel-
atively large metal chamber (the 
distance from the chamber walls 
is 3 to 5 times greater than the 
dielectric puck radius). This al-

s Fig. 4  A 4 GHz low noise DRO exhibits 
about –140 dBc/Hz at 10 kHz offset.
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facturer, ELVIRA Production 
Co. Ltd. (www.elvira.ru) offers 
spectrum analyzers and synthe-
sized signal generators up to 40 
GHz. Elvira is a private company 
founded in 1993 and is located 
in Zheleznodorozhny, Moscow re-
gion. Since its founding, the com-
pany has committed to designing 
the most advanced instruments 
for communications, scientific and 
aerospace applications. A good 
example is SK4-BELAN, a 40 GHz 
spectrum analyzer (shown in Fig-
ure 6) that displays the highest 
level of performance offered by 
the Russian industry today. The 
model offers analysis bandwidths 
of 30 MHz and optionally 160 MHz, 
phase noise of –125 dBc/Hz at 10 
kHz offset from 10 GHz carrier, 
TOI of +20 dBm and –150 dBm/Hz 
DANL across the entire frequency 
range. An optional preamplifier 
further improves DANL down to 
-165 dBm/Hz at 40 GHz.

porates a DDS for fine resolution 
(see Figure 5b).

INSTRUMENTS
Broadband operation, fine fre-

quency resolution, low spurious 
and low phase noise are the key 
specifications for test and mea-
surement signal generator instru-
ments. As a dedicated test and 
measurement equipment manu-

internal developments and also 
offers them as stand-alone mod-
ules such as presented in Fig-
ure 5. The 24 GHz fast-switching 
synthesizer provides a 200 MHz 
step size with –105 dBc/Hz phase 
noise and incorporates an inte-
ger-N PLL with high phase de-
tector comparison frequency for 
fast switching (see Figure 5a). A 
1.4 to 2.8 GHz synthesizer incor-

s Fig. 5  A 24 GHz fast-switching synthe-
sizer (a) and 1.4 to 2.8 GHz synthesizer (b).

s Fig. 6  SK4-BELAN is a 40 GHz spectrum 
analyzer.

See us at IMS Booth 1621
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considered as a new breed of 
frequency synthesizers in terms 
of spectrum quality. Rather than 
being built around a traditional 
100 MHz OCXO, it uses an ultra-
low noise sapphire loaded cav-
ity oscillator. This synthesizer is 
intended to provide a significant 
improvement in terms of phase 
noise performance. The proto-
types demonstrate phase noise of 
–140 dBc/Hz at 10 kHz offset from 
18 GHz carrier (see Figure 8) with 
a potential for further improve-
ments. This new synthesizer core 
can also be used in novel phase 
noise measurement systems to 
boost the raw sensitivity of phase 
noise measurements.

Founded in 2004, Advantex LLC 
(www.advantexrf.com) is located 
in Moscow and develops vari-
ous RF/microwave modules such 
as frequency synthesizers, up/
downconverters, modulators, de-
modulators and transceivers for 
digital communications, radar and 
other applications. Since 2010, 
Advantex also develops test and 
measurement instruments such 
as the SG8 bench-top signal gen-
erator shown in Figure 9. The gen-
erator provides 10 MHz to 8 GHz 
frequency coverage with 0.001 
Hz resolution, –65 dBc spurs and 
output power up to +28 dBm. This 
high output level enables various 

dBm, additional harmonic rejec-
tion, built-in modulation sources 
and other important functions. The 
two channels can be synchronized 
or tuned independently, essential-
ly offering two independent gen-
erators in one box.

Future developments include 
a new synthesizer, SAPSYNTH, 
which is only available as a pro-
totype at this point. This can be 

ELVIRA also has two lines of 
signal generator instruments. The 
BELSYNTH bench-top generator 
(see Figure 7) utilizes two Phase 
Matrix QuickSyn synthesizer 
modules featuring excellent spec-
tral purity and fast tuning speeds 
inherent to the QuickSyn tech-
nology. The BELSYNTH also adds 
low-frequency extension, step at-
tenuator, high output power of +28 

s Fig. 7  BELSYNTH signal generator pro-
vides two independent signal outputs from 10 
MHz to 20 GHz.

s Fig. 8  Elvira utilizes a sapphire loaded 
cavity oscillator for further phase noise 
improvements.
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Frequency
Generation
Products

Frequency
Generation
Products

Frequency
Generation
Products
Synthesizer Features:
• Frequency Coverage from VHF up to Ka-Band
• Single and Multi-Loop designs for Frequency

Agility and Low phase noise
• Ultra low Phase Noise during Vibration
• Phase locked loop designs with step sizes from 1 kHz
• Narrow band and Multi-Octave designs
• Multiple user interfaces available*
• Modular and instrument style packaging

Oscillator Features:
• Frequency coverage from 10 MHz to 40 GHz
• Crystal, Dielectric and Coaxial resonator types
• Temperature compensated
• Phase Locked or Free Running
• Modular and Surface mount packages

General Features:
• 100% Burn-in and temperature testing on all Sources
• High Reliability and Space flight legacy designs

available
• Internal or external references

*MITEQ Synthesizer Software downloads at:
www.miteq.com/page.php?ID=27&Z=
Frequency+Synthesizers
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work analyzers. These VNAs are 
designed for operation with an 
external computer (such as the 
804/1 model shown in Figure 11). 
Fast-switching synthesizers are in-
tegrated to provide the required 
frequency coverage with minimal 
acquisition time. These analyzers 
are an excellent value solution for 
performing the full range of mag-
nitude and phase measurements 
over the frequency range of 20 
kHz to 8 GHz.
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