o, =

-

h
|
¥ 9
L

Deputy PM sends
a positive message to MiG

© page 4

.y ’ e MK Military-Technical Co ti
airhorneiradar o g MenTecical Cooperaton

Phased-array radar:
), first time on Fulcrum
' e page 10




- —

Chairman

Deputy Chairmen:

Members:

Editor-in-Chief

m Secretary

= Photos:

1 Elektrichesky Pereulok, Moscow 123557, Russia
Phone/fax +7 495 253 65 22

E-mail: phazafzaha.ru

Web: vawvw. phazotron.com,
also read about Phazotron magazine at www.rosprom.govru
{ctficial website of the Federal Agency for Indusiry)

Information and Analytical Magazine
of the Phazotron-NIIR Corporation

Founder and Publisher - JSC Phazotron-NIIR Corporation

Editorial Board

* M.V. Korzhuev ~ Phazotron MIIR, director general
= fA.l. Kanashchenkov - Phazotron NIIR, deputy director general and designer general
« Yu.N. Guskov — Phazotron NIIR, deputy director general and deputy designer general

« |.G. Akopyan
= A.V. Aksenov
« V. Barkovsky
« D.A. Bazlev

— MNII Agat, director general

— FGUP Rosoboronexport, chief advisor to director general

- RAK MiG, deputy director general and deputy designer general

— Russian Air Force, Military Science Committee, chairman

» A.V. Vorobiev — Phazotron NiIR, deputy director general and master engineer

= ¥.Ya. Gyunter — JSC NPF Mikran, director general

 G.1. Dzhandzhgava - NPTs Tekhnokompleks, president; director general and designer general,
Ramenskoe Design Bureau

— Russian Air Force, deputy commander-in—chief (Aviation)

— Phazotron NIIR, deputy director general, Nil Rassvet director (Ryazan)

— Phazotron NIIR, deputy director general

— Phazotron NIIR, chief designer

— Phazotron NIR, chief designer

— Moscow Aviation Institute, chanceltor (full member of the Russian Academy of Sciences)

— Phazotron NIIR, chief designer

— JSC Takticheskoe Raketnoe Vooruzhenie, Corporation director general

— Phazotron NIIR, Information strategies department, director

— Phazotron NIIR, chief designer

— Almaz-Phazotron (Saratov), director

— Phazotron NIIR, advisor to director general (IT)

— FGUP GosNIIAS, academic supervisor (full member of the Russian Academy of Sciences)

« A.N. Zelin

« P.A. Kolodin

= V.V. Kopylov

= V.V. Kurilkin

= ¥.1. Kustov

+ A.M. Matveyenko
* A.S. Matyushin
«B.V. Obnosov

+ A.N. Osokin

« V.D. Ratner

+ E.A. Semyonoy
« V.¥. Smirnov

« E.A. Fedosov

* A.V. Fomin — Federal Service for Military-Technical Cooperation, deputy diractor

« V.V. Frantsev — Phazotron NIIR. chief designer

* A.F. Shcheglov — Federal Agency for Industry, Information and Public Relations Service, head manager
* 0.V. Kustov

* G.V. Aniskina

|» V.V. Svyatogorsky, ; Phazotron NIIR Information strategies department. RAK MiG. AKhK Sukhoi,
Federal Service for Military-Technical Cooperation

ap phazotron

Presstime:

Design. layout and pnnt - Maktsentr-izdatelstvo
+7 485230 64 64

Girculation 599 copies.

Signed for press: 12.01.2007

£ JSC Phazotron-NIIR Gorporation

All rights reserved, including the right to reproduce this magazine or portions thereo! in amy form or by any means without permission in writing from publisher. Reference to Phazotron Magazine in any
kind of reprinting requested. Incoming materials doesn™ reviewing or sending back by editorial stalf, Responsibility for published materials bear their authors.

CONTENTS )

Address to the Aero India 2007 organizers, participants
and guests by Viadislav Putilin, first deputy chairman,

Government Commission on Defence Industry . ......... 1
Sergei Sokuwt
Deputy PM sends a positive message to MiG .. ....... .. 4

Mikhail Dmitriev
Indo-Russian Military-Technical Cooperation .. .. ... ... 6

Viktar Komardin
Common Work Toward Common Goals ... ...... ... 8

Mikhail Korzhuev
Phased-array radar: first time in Russia, first time
onFulcrum ... ... ... e 10

Alexander Dolgachev
X-band active phased array: scope of work report .. .. .17

Edger Semyonov, Alexander Buterin, Andrei Kishchinsky,
Viadimir Radchenko

Compact amplitude/phase control module for X-band
active phased array transceivers ............... ... 22

Yury Guskov, ¥ladimir Frantsev
Phazotron single-basisradars ........... ... ... .. 27

ﬁ
m
|
|
|
|

Igor Viktorov, Yiadimir Frantsev
Phazotron radars as an upgrade opportunity for tactical
aircraft ... ... . ... e 29

Pyotr Kalodin, Sergei Zalkin

Phazotron radars for all-round-looking aircraft defense
SPSIBMS . o wimumesoe e e AN

A
|
|
|
|

Viadimir Kurilkin, Viadimir Merkulov
Mitlimeter-wave radar homers for air-to-surface
missiles ............ P 35

Yury Guskaov
Active-Phased-Array Radar:

Valery Ratner

Functionality and challenges of helicopter radars ... .. 36
Yury Bozin

Kopyo-A aircraft radar: a comprehensive data
management solution ...... ....... ... e 38

History and Progress Made ... .. . ................ 19
Alexander Dolgachev

Optimizing Active Phased Arrays .................... 14
® | phazotron

special issue




LD e 1T 0 ]| U R —
Deputy PM sends a positive message

to MiG

Sergei lvanov was the first top-level
government member to be shown the
cutting-edge MiG-35 fighter.

Deputy Prime Minister Sergei
Ivanov's trip to RAC MiG's production
site in Lukhovitsy on January 9 was ihe
first important event in the Russian
aerospace industry this year.

This visit cold qualify as a special
milestone on many counts. For the first
time, a lop-level government official
came to an aerospace production site
less in his political (deputy PM and
defense minister) than professional

Sergei Sokut — chief officer, RAC MiG Public Relations Department informatlon Genter

capacify. On Decemnber 12, 20086, Ivanov
was appointed board chairman of the
newly created United  Aircraft
Corporation, a government-owned entily
run by MiG's CED and designer general
Alexei Fedorov.

Ivanov did not waste fime to make
clear that he has a consistent vision for
the role of the new holding company:
“We vill be able to bring our corporation
back to the top league of the global
aviation indusiry.”

To achieve thal goal. he also
tormulated UAC's closest objectives: To
define the product lineup 1hal would be
compelitive and aligned with national
defense interests; to make full and
efficient use of modern financial
mechanisms for successful corparate
buildup and development.” His MiG visit
was an important step toward both
targets because MiG. though not yet part
of the UAC, will join in later this year,
which Ilvanov himself corroborated,
praising the company for “very good
pertormance in recent years.'

The Lukhovitsy site is MiG's key
production asset. In the future, il
will produce both military and
Civilian aircraft, the latter together
with international partners. It
perfectly matches the objectives set
out by the UAC Board Chairman,

phazotron special ssve L

vrhich probably explained his keen
personal interest.

During the visit, Ivanov again
reasserted both key targets, urging ihe
company to make use of the expertise
amassed in defense and transport aviation
to successfully introduce the commercial
praduction of civilian aircraft.”

Ivanov expressed confidence that the
MiG  facility could  successfully
accommodate both lines of business. an
attitude that is well exptained by what he
saw there. Some of the technologies and
equipment used in Lukhovitsy are
arguably the best in the industry. One
example is the wide use of most
advanced composites for MG aircratt.
The excellent product lineup is the best
proof of MiG's technological leadership
and dependability of its suppliers and
contractors. Ivanov was briefed into the
features and performance of the
corporation’s key products in the
assembly workshop, the most modern
facility of the kind across the nation.

The MiG-35, for the first time on
public display, was best oroof to Sergei
lvanov's previous remark: “our defense
aircraff industry s still in the global top
league.” Reporters werz deprived of
delailed information about the new
fighter but what they saw was clearly
enough to assess its technological

Zhuk-AE radar on the MiG-35 fighter

advantages. This is the first Russian
aircraft to carry a Generalion 5 active
phased array radar, the Zhuk-AE made
by Phazotron, MiG's key partner.

By making such an advanced radar,
Phazotron, represented in Lukhovitsy by
deputy CEQ Yury Guskov, proved 1o the
deputy PM that Russia could sustain its
leading positions in all sectors of the
industry independently, without outside
support.

The new MiG's radar is not

everything the aircratt touts. The optics

Sergei Ivanov is being looking into the design of the Zhuk-ME radar for the MiG-295MT

hghter

and electronics are a dramatic advance
compared to ihe previous Mi3-29
Fulcrum derivatives (MiG-29K and MiG-
29M2). Sergei Ivanovy was especially
interested to hear that the MiG-35 optics
and electronics suite for the first time
included systems developed by the
Precision Instrumentation Institute,
usually focused on space.

Nevs equipment was nol presented in
detail; some of it was even veiled.
Hoviever, an expert's eye could tell that it
would mark a great improvement in self-
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defense and
especially in air-to-
surface combat
capabilify.

The first MiG-35
is equipped only with
Russian systems but
another key point
about this aircratt is
that it can be adapted
to foreign equipment
as well, which will
bolster its prospects
on international
markets. Its list test is
due to come soon:
the Indian Air Force is
holding a major
tender for its MMRCA
program. Sergei
anov, in line with
the recently adopted
strategy. promised
comprehensive
government support.

*As India is going
to announce a tender for 2 large light
fighter fleet, Russia will present MiG's
bid very vigorously,” he said.

In fate January, Ivanov will co-chair
the Indo-Russian Commission on
Military-Technical Cooperation - a
majar opportunity to visit India and
discuss the MiG-35 issue with the
Indian partners.

In the civilian department. MiG is
going to confront more difficult
challenges. The UAC Board Chairman
sees 1wo ways to address 1hem:
imporling technology and expertise
from the military domain and
developing international ties. lvanov
said EADS had agreed to consider
Lukhovitsy as a production base for
cargo Airbuses.

The business session that came
after the MiG-35 presentation was
closed 1o the media. MiG Corp. came
with a short stalement, saying the
agenda included 2 range of issues on
MiG and UAC's future in the aerospace
business.

The constructive almosphere of the
visit and Sergei lvanov's clear interest
in the issues confronting the Russian
aerospace area have sent a strong
pasilive message 1o the industry and
beyond that the sector depuly prime
minister is now responsible for is
looking at a bright fulure. @




Common Work Toward Common Goals

Viktor Komardin — deputy Birector General, Rosoboronexport

These days mark the 44th anniversary
of the first six MiG-21F13 (Fishbed)
tactical fighters arriving in Bombay
{(Mumbai) to torm Squadron 28, the first
Fishbed-equipped Indian Air Force unit.
Several years later, the HAL factory in
Nasik began the production of the MiG-
21FL derivative especially for India.

The past four decades have radically
changed the political map, and fighting
forces have moved on with the times.
What is imporiant about the refationship
between our two countries, however, is
that we, in this pragmatic vrorld of ours,
have always relied on strategic
partnership and mutual irust that have
underlain ~ our  military-technical
cooperation.

In retrospect. we ought 10 ke proud
of the Russian scientific, designing. and
engineering role in the development of
the Indian armed forces and its defence
industry. This long-standing
cooperation has heiped to make the
Indian fighting force one of the strongest
around the globe, with a flexible,
responsive, comprehensive, and highly
efficient air capability.

As a major vehicle of Russia's
military-technical  policy.  FGUP
Rosoboronexport has always placed a
special emphasis on cooperation with its
Indian panners. In recent years. India —
largely its Air Force - has accounted for
more than 30% of demand for our
Rardware and services.

This explains our willingness 1o be
part of Aero India 2007. Naturally, we see
this air show as yet another chance 1o
demonstrate ihe advantages of Russian
atrcraft, but for us it is also a tribute to a
great tradition and an important sign of
continuity of the work we have Degi
doing together for decades - and of the
dialog with our friends in India on a wide
range of current and future projects. We
have highlighted the joint development
and production of medium-haul fixed-
and rolary-wing ulility aircraft — projecls
that are expected to determine new
approaches to future aerospace
cooperation,

Working as an equal partner in
designing and producing near-term
aircraft, India not only gets the prospect
of acquiring a unique air-fighting
capability, but aiso secures access o
cutting-edge aerospace technology.

On the fixed-wing utility aircraft
project. all the performances and
technical outlines have been agreed
upon, and a new fully prioritised
business pian is already in place. The
Russian Air Force is expected 1o order
100 such aircraft, the indian Air Foice
will buy 45. As soon as an
intergovernmental agreement is signed,
this project will leap ahead.

—% Rosoboronexport has accepted HAL
invitation to bid for the joint development
and production of 10-ton ulility aircraft
for the Indian defence and other
government institutions, Together with
Mil Helicopters, the leading Moscow
producer, we have come up with a bid
that includes the
transter of the
fatest knows-how
other bidders are
highly unlikely to
share. We are
aware that our bid

is competitive and

artractive and
believe thal the
tender committee
will appreciate it.

In a separate

tender,

Rosoboronexport
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and Kazan Helicopters are compeling for
the supplies of the Mi-17V5 (Hip) utifity
helicopters for the fndian Air Force.

Currently alt Indian medium-haul
military helicopters are of Russian
dasign (Mi-8 and Mi-17). They have
deimonstrated superhb performance in
Kargil in 1999 and in the alpine
environment of Siachen Glacier. The
Hips have wion high praise for successful
operation in adverse conditions. such as
powerful descending and ascending air
turbulence, extremely low temperatures,
and strong winds {up to 90 mph), which
makes us confident of their impeccable
reputation in this country and of the
bright prospects of our fulure
cooperation in this field.

As the Indian Air Force operates
several squadrons of the Su-30MKI
Flanker, HAL has already declared
readiness to produce more. Additional
supplies from Russia are also being
considered.

This Flanker already provides
unmatched air-to-air and air-to-surface
tirepovier, but there is always some
room for improvement il you knov
where to look. Russia and India have
been very successfully looking into the
BrahMos, a new air-launched missiie
thal will be compatible with the Flankers.

Technological and other
consultations are successfully moving
ahead on the joinl development and
production of Kaveri, 3 new jet engine for
the near-term Light Combat Aircraft. Qur
action plan based on the NPQO Saturn
technology suggests that Russian know-

- special issue - - e

MiG-29M2 performs a Pugachey Cobra

how will merge with India’s scientific and
production achieverments 1o make HAL's
Kaveri project as fast and cost-efficient
as possible.

India and Russia already have a long
record of success with aircraft engines.

_» One great example is the receni engine

replacement agreement for the MiG-27
{(Flogger), 1-76 (Candid), and f-78
(Midas) aircraft. HAL's Karaput unit is
expected to produce new RD-33 Series
3 engines for the MiG-29s {Fulcrum).
starting with a batch of 120 ready
engines and setting up a repairs service.

The production of deck-based MiG-
29K/KUB tighters for the Vikramaditya,
the new Indian aircraft carrier, is another
very important and very successful
project. Major Russian radar producer
Phazotron is equipping them with its
cutting-edge Zhuk-ME systems, equally
effective against surface as well as aerial
targets.

Project 636 Kilo Class submarine

T

RAC MG wiill
also present its new
30 thrust-vectoring
MiG-35  multiroie
fighter with a full
low-speed-high-
AQA capability,
critical to success in
air combat.

| also feel obliged
10 mention the recent
tensions on the
MRCA program,
including apparent
misperceptions  of
Russia's position as an attempt to exert
pressure on its Indian partners and
squeeze favourable concessions on direct

Su-3INMKI (AR

offsets and other rules of supplies. India
is a large importer of military hardware
and understandably needs to use its
purchasing power to develop naticnal
industrial capabitities and — which is the
underlying principle of direct offsets -
ensure reliable supplies of spare pa-s,
services, and upgrades for the operational
fleet.
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On our part, we intend to
dramatically improve the quality of post-
sales services by establishing joint
service centres locally, not only with
government-owned, but also private
government-approved Indian
companies.

Another great window of opporiunity
is seen in piloting and service training,
where Russia offers off-the-shelf
training facilitres and simulators. We are
sure that ouc offers on simulation
systemns for the 11-76, 11-78, Su-30MKI
and Mi-8/17, made fully in line with the
1AF requirements, will be aftractive
enough to be approved by our partners.
Russian ZAQ R.E.T. Kronshtad! offers a
comprehensive  helicopter  training
facility with simulators and computer
labs, where various liaison AF-Army,
IAF-Navy, and IAF-1AF sofutions can be
simulated. We are positive that the joini-
arms nature of modern and future
warfare requires equaily multifunctional
angd multi-tayer simulation facilities
integrated with automated C4l systems.

The list of activities mentioned in this
arlicle represents just the tip of a powerful
iceberg that fndo-Russian military-
technical cooperation is. It does face
many challenges that ocught to be
addressed on a joint basis, but what is
important is that there is mulval
understanding of our  common
overarching goals and v/ays to achieve
them. This gives us confidence of the
future growth and robustness of stralegic
partnership betvieen our nations. @
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Phased-array radar: first time
in Russia, first time on Fulerum

Mikhail Korzhuev — Director General, Phazotron NIIR Corporation

that knows about radars.

MIG is a well-known brand and a sign of quality and innovation for the global
aerospace community. Every time MIG comes up with a new aircraft. it means a leap ahead
in aerodynamics, power plant, and avionics for the global indusiry - while the MiGs become
ever simpler to operate and maintain. This is an integrated research-and-production
corporation which dates back to the Soviet Mikoyan Design Bureau and with ail its fong
history has demonstrated remarkable fiexibifity and business tafent in a free markel
environment. With a unique offer on the current marketpiace, the sky seems to be the limit.

The latest upgrade of the classical MiG-29 Fuicrum, the MiG-29M OVT, stunned
Farborough audiences last summer with exquisite thrust-vectoring aerobatics. The next
step to a fulf combat air domination is advanced avienics. including a phased-array radar.

The future MiG-29 derivative prepared for the Aero India 2007 will be equipped with
the Phazotron Zhuk-AE radar, the first Russian phased-array system ceveloped for the

Fulcrum family.

From the very start, the project was a risky venture. We had to persuade people that
those who dismissed Phazolron (as well as MiG itself) as obsolete and hopelessly lagging
behind the industry were very much erring on the pessimistic side. Part of the credit for the fact that we did it and then delivered on
all our promises fies with MiG's new management who came just in time to merge their exceptional technological, economic, financial
and managerial skills with bold vision and thoughtfui insight.

Radiating new confidence, they also helped us to build a new strong. innovative, and highly motivated Phazotron — a company

The Phazotron vision of phased-array radar technology was published in the previous issue of this magazine. This issue goes a
step further, telling our readers where we are today.

Active-Phased-Array Radar:
History and Progress Made

Yury Guskov — deputy Directos General and deputy Designer General, Phazotron NJIR Corporation

Technology

For decades, Phazotron has led
the industry in the development and
production of onboard radars.
Although it is not involved in
Russia's broad 5G fighter effort, we
have been working hard on an
airborne active-phased-array radar
and at this point are outperforming
the team working on it officially. for
several reasons.

First, all our products have been
designed in a classical comprehensive
way: basic research, R&D, experimental
production, commercia! production — the
only reasonabie vray 10 make a working
commercial product.

d pharotron -  special issue h

Second, Phazotron clearly runs the
best airborne radar research school in
this country.

Third, Phazotron's active-phased-
array radar effort has been focused on
the MiG fighters - first as an
ingependent venture program and
since recently as a joinl Phazotron-
MiG investment.

Below is a concise list of preliminary
projects we made as parl of the active-
phased-array radar design:

» making sure that active-phased-
array radars will really work better for
fighter jels than traditiona! radars;

« finding an optimal layout;

« finding pariners and subcontractors

PHAZOTRON AT AERO INDIA 2007

with relevant experience and
capabilities;

« spiitting the design into self-
sustained modules 1o launch a
massive research offensive in all
these areas simultangously;

= designing new production
technologies to make mass
production as cost-efficient as
possible;

» making and testing experimental
products.

Infrastructure

Technological progress is a spiral,
rather than a ladder: you cannot go from
one step to another all in one leap,
leaving the entire world behind. without
creating the necessary infrastructure
which comes only through very fine
steps with costly basic research
involved. In our case, thal meant new
microchips.

This step, however, is possible only
after the need for active phased arrays
has been undeniably established. Il was,
and here is a list of APA's most obvious
advantages:
= jt controls the beam elecironically;
= jts transmitter and receiver are

very close to the radialing

element, which means low power
losses;

s itoperates in a broad waveband which
makes il compatible with various
radiating elements, including those of
electronic countermeasures and even
wireless data transfer systems:

Transceiver power amplifier scting system

Viktor Gyunter. Mikran Director General, presents the transceiver to Russian girerafl industry

olficials

» and., most importantly, it is
more reliable than traditional
syslems.

An active phased array includes a
radiating element, a transmitter, and
a receiver. Transmitier is any
radar's most fragile element: it 10%
of about a thousand transce:vers in
a typical active-phased-array radar
tail, the whole system fails, while
theoretically, the aclive phased
array radar has a service life of
10,000 hours, comparable to that ot
the aircraft itself. This means thal
reliability in every point is crucial.

_ phazotron - specal ssue _

Active-phased-array radars creale a
new quality of air combat, which justifies
large investment.

Partners

We in Fhazotron analyzed our own
capabilities and the existing market in the
area and decided to outsource only the
transceiver production. Qf over a dozen
Russian (only Russian producers were
compared because of the sensitivity of
the lask) developers and producers
we selegted the  Semiconductor
Instrumentation Institute and NPF
Mikran. Tomsk. considering that Mikran,
relying on its impeccable credibility
record in microchip production and
convergence and on the scientific talent
base ol the Tomsk State Control
Electronics University, would develop
transceivers accarding to Phazotron's
specitications, and the SII would use its
production base to produce as many
microchips as Phazotron might need.

Layout

We decided first to make an active-
phased-array radar gul of a traditional
radar (it is the best oplion for the first
step because the array is the only thing
that is actually new) and anly ihen
proceed to new technologies and new
elements because, although they
promise higher performance. the risks
involved are too high, and the entire
pragram becomes too costly and time-
consuming.
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tage active-phased-arrav radar

Experimental production

Qur first aclive-phased-array
radar was in facl a derivative of the
previous traditional radar, with the
computing system (signal and dala
processing  unils), synchronized
master oscillator, and the receiver
(save the low naise amplifier and the
ALCC) taken from the previous designs
{see the figure).

The second siep will involve major
improvements in the computing system
and a broadband multi-functional
master oscillator.

An active phased array program is
bound to be expensive because many
things have to be new; all the
subsystems of fthe radar and its
environment need to be closely
monitored. and their performance
adequately interpreted, which requires a
qualilatively new pre- and in-operation
monitoring systems.

The array. the most sophisticated
thing in the whole effort, includes the
following subsystemns:

» the radiating curtain consisting of
array elements:

* transceivers, each connected 1o a
radiating element;

* acooling system;

* 3 power system;

+ 2 separate conirol systemn for each
transceiver,

an HF power distributor to amplify

and phase the single power flov/;

secondary power Sources;
a beam conlrol unit.

The teams working on the project
split 1he work into the following fields,
starting the work simullaneously as part
of a troad research offensive;

aperture;
aperture elements;

lransceiver circuit engineering;
transceiver microchip design;

transceiver modular fayout;
transceiver heat control;

+ heat control efficiency and secondary
power sources design,

= transceiver control design;

= lransceiver secondary power system
design;

» distribution of HF power coming
from the master oscillator to 1he
transceivers.

The transceiver, prediclably.
caused more problems than any other
element. The array should work on 3-
cm waves at the beam deflection angle
of £70° without any parasitic sidelobes,
which is achieved at maximal
defleclion only if the dislance between
separate radiating elemenls is less
than half the wavelength, while alf the
elements have to be smail enough to
make a compact. easily cooled,
effectively controiled. and power-
efficient radar. This is one of the most
sensitive stages of the entire research
effort, so it deserves more detailed
consideration,

Transceivers must be as compact as
possible. Height and width are important
because there is little space behind the
radiator, but designers around the globe
also struggle with the length. This leaves
integrated microchips as the only option
for the elemeni base. As the integration
belween the SHF and digital parts ol lhe
transceiver becomes possible.
transceivers can become even more
compact.

Anolher crucial parameter is the
optimal power and efficiency of the
outpul SHF transistor, We eslimated it
should be between 6 W and 8 W {linear
amplificalion), given the amount of

First model ol active-phased-array radar (Zhuk-ME)
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Microchip crystal presorting contact device

power aircraft can spend on the radar.
Although transistors of this sort are
made using the well-known GaAs
technology, such high power would
reguire some innovative cooling solution
{double output power increases the
radar's operational range by anly 19%
while requires a very sophisticated
cooling system). Another issue is to use
innovative materials, which have yet to
be sufficiently investigated, in new

microchips that also need 10 be as
refiable (10,000 hours} as the array
itself.

While the amplifier efficiency can be
up to 50%, it is lower in the linear
mode (usually 22% to 25%) because of
the transistor. The saturalion mode can
raise it 10 35% to 40% but results in
nonlinearities  and,  accordingly,
parasitic components in the radiated
spectrum proventing efficient

HF-cannection contact device (part of transceiver)

_ phazotron - special issue é

teamwork of several aircraft in one
mission. So, if one is interested in a
caherent and clear spectrum, anything
but linear amplification is just out of the
guestion.

Configuration

The configuration was setected from
dozens of various designs, with all their
pluses and minuses.

For the transceiver, we selected
the 4-channel version. One-channel
transceivers were to0  poor-
performing and hard to make, while
multi-channe! ones turned out to be
better, and a system made of them
could be genuinely modular. This left
heat conirol the only major
roadblock. The most sensitive
etement here was the output
transislor. The effort resulted in an
experimental setup providing high
thermal conductivity and,
accordingly, high efficiency.

With the experimental active-
phased-array Zhuk-AE derivative, we
made sure that traditional radars can
be upgraded into active-phased-array
radars with a new acfive array, new
transmitter and receiver. This radar,
the first Russian 3-cm aclive-
phased-array radar conditianally
adopted for the MiG-29 Fulcrum




(ap ] PHAZOTRON AT AERO INDIA 2007

tactical fighter, was the basis of all
further sludies.

While the perfoermance of the first
Zhuk-AE proves that Phazotron has been
maving in the right direclion, it clearly
has much rcom for improvement to
make use of everything the aclive-
phased-array technology can offer. We
have thought of the following to-do list:
s fully automate the setting and

testing of all APA elements to

reduce research labor and time
costs;

*  produce unigue specialized
moniloring instrumentation for the

APA to simulate rea! operaticnal
conditions (see Fig. 2 for the
prototype of such an instrument for
pulsed monitoring of the SHF and
other array elements) and have it
properly certified;

* (esign new production equipment

(see Figs. 3, 4, 5 tor prolatypes);

s design a new test bench with the

possibility to add new simulated
operation modes;

= write more efficient firm- and

software for the radar computer;

= devise more efficient layouts, signal

processing melhods and beam

control sirategies for the existing and
future operation modes;

» develop a database to save and
manage information an all stages of
the radar lifecycle, provide statistical
support and data mining to propose
new research strategies.

While all this reguires major
investment, the potential benefil clearly
outwelghs the costs because we expect
that the produci will be less expensive,
We alsa expect this investmem to pay
back after the sale of first 10 off-the-
shell radars. e

Optimizing Active Phased Arrays

Alexander Dolgachey - head of section Pharotron NIIR Eorporation

Decisions taken in the process of
developing a radar are very often
compromises between what the
developer wanls, especially from the
sysiem as a whale, and whether these
re-quirements are realistic enough.
Important points here are 1o eslimate
the costs involved and get rid of openly
contradictive and poorly justified
requirements. This article highlights
some contradictions a developer ¢f an
electronically controlled beam radar
(for example, aclive-phased-array
radar) has to face and how to find
a reasonable compromise between

‘a system that fascinates and a syslem
that fulfils realistic functicns - in other
words, "a system that works.”

Bandwidth

An active phased array, works
better is the bang is broader. It this
requirement is crucial to some core-
tunctional im-provement (higher
resolution, belter signal processing
etc), the investment is justified. But
many are tempted to increase the
bandwidth to use the array agditionally
tor non-core purposes such as
electronic countermeasures,
surveillance, communications efc.
These people somehow tend to forget
that the radar would have to divide
operationai fime belween the detecting
and ranging system and others. An
active phased array simply canngt be
used in two modes simultaneously, and
whether the benefits are that cntical to
compromise the pilol's ability to see
the battlefield while his
communications system is working is
highly questionable.

Transceiver radiating power
Dn the one hand, il is understood
why people want to increase the output
power: 10 increase range. However,
doubling the power gives you just about
a 20% increase while this means that

phazotron - special ssue I

the radar takes double power from the
aircralt and emits two times as much
heatl. The povier-vs.-range curve in Fig.
1 was calculated for a powertul 5-W
baseline transceiver with hypolhelical
amplification from 1 W to 15 W. The
graph in Fig. 2 shows how the range
changes as power consumplion goes
up. The range gain drops as the
transceiver eats up more and more
power. The conclusion is that the
transceiver povrer per channel, as well
as the number of active transceivers
and the array aperture, should be
determined by whether the aircraft can
supply enough power and cool the
system effectively.

There is a belter way to increase
the effeclive range: by increasing
receiving gain. To do this, the receiver
in the transceiver module must be
active and the noise generated by the
amplifier should be mitigated. Figure 3
shows 1he range-vs -amplifier noise
curve (the gain rises as the noise
drops) which demonstrates that
dampening the noise 10 times gives
you plus 80% to the baseline effective
range, without any extra power
consumed or any extra heat emitted.
This also means that other aircrali
systems need nol be modified to
accommodate these extra power and
ceoling costs.
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Electronic scanning sector

Any electronic scanning device is
less effeclive vrnen the beam deflection
angle is large. This is a natural
phenomenon explained by the beam
broadening. The aperture efficiency drop
is proportignal to the cosine of the angle
between the perpendicular to the array
surface and the actual beam di-rect:on.

Directionality is necessarily going down
as the beam breoadens, even if you use
isotropic radialing elements. The curve
in Fig. 4 shows this dependence for an
aclive phased array with ideal isotropic
radiating elements. Apart from the loss
ol directionality, the direction-finding
curve steepness is also going down and
is distorted because the maxima of the
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dilference pattern are di'ferent (see. Fig.
5): as long as the beam deflection angle
IS no more than 60 degrees, this curve is
almost linear {which means it will be
corrected by the software without
compromising performance) but as soon
as it goes over 60, the curve becomes
clearly nonlinear and very hard to
correct. As a result, at large deflection
angles angular errors are bound 1o
increase.

The electronic scanning sector c¢an
also be broadened if the aclive phased
array is curved but that requires a larger
aperture, which is not always possible in
a space-critical environment of the
aircratt.

Several heams

Some functions - looking at
multiple targets efc - require scanning
by several independently conlrolled
beams. Phase synthesis seems a ready
- well-tested and proven - solution
but ils implication is that the gain in
each beam becomes lovser, which does
not work when the pilol needs to track,
for example, Iwao targets
simultaneously in a monopulse mode.
If the array generales two outgoing
beams, the power is lost and, more
importantly, the response signals from
both targets will nol be split because
sphtters use frequency and radiating
two beams al different frequencies is
impassible.

S0, the only way lo track two targets
simullanecusly is to make the tracking
signals,  strictly  speaking, non-
simullaneous. However, even in this
case the splitting will not be clean
because the incoming traffic on the
ransceiver would have to be first split
into two frequencies (losing power} and
then processed separately by separate
units: beo distribulars, two comparators.
two simultaneously working receivers
and two input ports and processing units
for simultaneous signal processing.
Sounds oo cumbersome.

There is a very promising option —
multi-channel digital processing of the
signal coming ifrom a modular active
phased array. This is a System with two-
level phasing: primary (module-leve!)
phasing by the transceiver in the
aperture and secondary (inter-module)
digital phasing. The idea is that there is
no loss dnring processing because the
signal is spit after it has been converted




PHAZOTRON AT AERO INDIA 2007

| o] ——
_ T ——)
.’-l‘lll';-l
T —
./
B / /
2
o
3
-y
£ AN
H
: N\
4
(5] .
5 AN
|
-6
-7 /
-8
o] 5 10 15 20 25 a0 kLY 0 45 50 55 €0 65 70 75 a0 85
Fig. 4. Gain drop vs. beam deflection angle
- _
35
3
2.5 _
T |
T
; y
: /
1.5 \
_ \\\
| 0.5 —_—
| -
0
0 5 10 15 20 25 3a 38 40 as 50 55 60 1 70 7h E0 8s an

¥ron oTENCHEMWA OT HODMANA {fpaj)

Fig. 5. Difference between directional pz2ttern maxima s, beam deflection angle

into a digial form. Digitized general
signals from each module come to the
digital inputs of the multi-channe!
processing unit. Here they are not yet
split, similar to primary processing
analog systems.

Admittedly, there are also many
challenges. All the array modules {sub-
arrays) must be of the same
configuration so that they all make equal
sections of the aperture, each of which is
connected t0 a transceiver group. The

distribution of UHF power inside the
modules should offer minimal loss
between the elements, and the gaps
between the sub-arrays must be as
narrow as possible. In such a system,
reference signal coherence and incoming
local oscillator signal become a problem;
the main lobe must also cover the whole
area in which the multiple targets are
located.

Yet, the end is realistic and does
justity the means. An additional benetit is
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that such a system can cut off jamming
in an adaptive manner, even il the
jamming source is located near the
target or even within the main maximum
of the directiona! pattern.

This method has been validated by
numerical simuiation and is currently
pending practical lests. We expect to
prove fhat a modular active phased array
with a muiti-channel digital receiver is
the largest intermediate step to a fully
digital array of the future. ®
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X-band active phased array:
scope of work report

Complicated and innovalive radio
systems — and actlive phased arrays for
onboard radars are one of the mos!
difficult — present many technical and
conceptual challenges that must be
properly addressed before the first
experimental radar can be built.
Therefore, our development strategy
relied on several basic principles:
= ook at the broad picture — try to see

how the system is going to work

throughout the radar's lifecycle;

* preserve  continuity in  the
deveiopment ot hard- and software —
try to make a radar that wil! be able to
fearn new functions;

« concentrate all resources on key
devefopment issues;

« use as much as possible from
traditional PA and radar technology.
Below we will consider these

guidelines in more detail in the context of

the main development milestones:

» the shape of each radiating element
and their accommodation on the
array;

+ radiating curtain contiguration;

» (ransceiver cooling;

» upgrade options and insight into
future radar technology.

By ‘looking al the broad picture” we
defined the need 1o design this or that
feature, considering all manufacturing,
aperation, and forthcoming
maintenance issues. This means lhat
before formutating requirements
specifications for this or that
subsystem, we considered power
limitations, cooling opportunities.
possible transceiver/computer interface
settings, and built-in self-check (radar
and separate modules) capabilities.

To “concenirate resources on key
development issues,” one must
determine these issues first. This is
where our third principle - "use as much
as possible from traditional technoiogy’
- is at work. One needs to analyze
everything done so far in this line of
inquiry and concentrate only on
queslions that the existing technology
has yet to answer. This saves lime,
money, and effort and allows the team to

concentrate on what is really critical for
the new design. Anolher way to make the
designing process more cost—efficient
was the adoption of previously tested
design methodology and extensive use
of numerical simulation.

The adaptation of previously built
units can involve as much numerical —
and as little real — tests as possibie, but
this does not viork for new units that
have never been tried in practice. The
reasonable approach here is to begin real
tests from the early stages of design,
saving all information and results for
numerical analysis. As data pile up. their
amount becomes sufficient for numerical
tests at later stages, which means more
numerical simulation can be usad. with
all the benefits it implies.

The same approach applies 1o the
use of old and new elements in
designing a new system_in our case, we
took the distribution system, built on a
reliable radial waveguide distributor,
from the traditional radar. The other
element taken from the previous design
was the large-angle radiating element
providing electronic scanning of a 120-
degree cone. This saved us time and
effort, so that we could concentrate on
other issues, at the same time testing
alternative solutions improving the
operational bandwidth, the scanning
angle. and the UHF distributor
efficiency.

Considering the underlying principle
of radar upgradability and unification, we
needed a consislent vision of future
issues radars might face atter the first
off-the-shelf solutions enter operation.
This requires very special analysis and
results in lists of possible issues and
possible ways 1o address them. One
needs to be a practical as well as
theoretizal specialist to perform such
analysis because they also must
formulate, on the basis of theoretical
findings, nevs requirements to prablem-
solving equipment and methodology:
how will we test experimental
performance or change the seftings of
separate subsystems and of the system
as a whole? which methodology is best
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Alexander Delgachey — head of seclion,
Phazotron NIIR Corporation

t0 measure progress and compliance?

will the existing measurement equipment

and methods work or will we have (o

devise something completely new? This

is just the tip of the iceberg of questions
such an analyst conironts.

We started with the numerical
simulation of the entire system. Key to
it was the accommodation of radiating
elements inside the aperture. In the
first models, we played with one-
channel transceivers but later found
that four-channel transceivers with
longitudinai UHF signal distribution and
transverse heat exchange would be
more energy-efficient and easier to
cool and control. This is the most
effective canfiguration but it leaves fevs
options as to the aperture Structure
because monopulse larget location is
effective only when the aperture is
symmetric relative to the two
orthogonal axes. With traditional
triangular accommodation of radiating
elements, it undermined performance.

Although the new aperture structure
{see Fig. 1) was devised using numerical
models tested on the previous arravs,
Figs. 2 and 3 show graphically that the
directional pattern they have generated is
very efficient and meets all the key
requirements;

+ max level of the first sidelobes is -30
dB;

+ the average level of background
lobes is -50 dB;

» directivify drop with the beam at the
sector edge is -4 dB;

+ the diffraction lobe in the visible
range at any beam position within the
sgcanning sector is non-existent.

The numerical simulation of the
impact of amplilude/phase control
precision upon the pattern quality
suggested that a five-bit system wouid
do for the amplitude and a six-bit one for
the phase — perfectly realistic precision
adopted by most international active
phased array producers.

The transceivers in the radiating
curtain are being powered and controlled
linearly. the controlling codes and
commands atways go along the same
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Fig. 1. Radiating ¢lements accommodation

bus but contain the number ol the
destination transceiver, so that others
are nol affected by the command.
Meanwhile. HF signals are distributed by
a paraltel scheme built on a waveguide
distributor. This distributor consists of a
radial waveguide with a monopulse
output comparalor and a set of coax—
ial/wavequide switches whereby the
transceivers are connected 1o the
distributor.

The system powering the key
pulsed output transceiver cascades
was a particular problem. To secure
stable power voltage, a special

capacitor sits on the power distribytion
bus near each transceiver. With voltage
stability thus ensured, we can minimize
the transceiver power loss during the
pulse.

The transceivers are cooled by the
frame they are installed upon. Each
transceiver base is in fact a cold plate
with a liquid coolant inside. tightly
pressed to the transceiver. The plates
take the coolant from the input collector
and drive it into the output coliector on
the other end. During operation, a
temperature  sensor inside  each
transceiver sends signals continuously

to the computer, and if overheat is

determined, the computer turns the

transceiver off until it cools down to an
adequate temperature.

Currently adopted transceivers have
the follovsing parameters:

* radiating power per channel - 5 W

* Qutput gain — 34 dB

* input gain - 30 dB

¢ input noise - 2.5 dB;

» phase shift increment — 5.625%
amplitude shitt inérement - 0.7 dB:
amplitude control range — 24 dB;
output channel efficiency - 25%.
Fach  four-channel ftransceiver

module consists of four channels

controlled independently through a

common system that uses modu'e and

channel addresses. Channel
imperfections are hardyvrare-
compensated, which ensures that all
output amplituge-phase curves are
identical at any frequency and amplifier
temperature. The transceiver cooling
system has successfully passed ail tests
on thermal  mockups; later ils
performance wias confirmed by the
temperature sensors of live transceivers

{the sensor measures lhe mast critical

output cascade).

All transceiver channels are fully and
correctly controlled. so we can be
contident that there will be no problem
with the transmission/reception
amplitude-phase distribution over the
aperture. Thus, we can suggest thal
numerically  simulated  directional
patterns match with real ones precisely
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Fig. 4. Transceiver opened

enough (see Figs. 4, 5 for transceiver Alter this milestone, we developed  signal coming from the master osciltator
photos). the pre-amplitier. Its job is to amplify the  to ensure that the transceivers, via the
waveguide distributor. receive a signal
powerful enough not to be dislorted at
the oulput. The pre-amplitier includes as
many channels as there are in the
transceiver module, all of which feed
their signals to the common outpul
where pulsed oulput power (up 10 20 W)
is controiled. The amplifier has a buiit-in
cooling channel integrated into the radar
cooling system and is controlled through
the same interface and by the same
protocol as any of the Iransceivers. it is
powered through the same network as
lhe transceiver but the power voltage
comes through a separate port. and thus
does not affect its control circuits {see

Fig. 3. Transceiver with test adaptors

Py phazotron -  special issue |#! \e
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Fig. 6. Power amplifier opened (view fram ampli

Figs. 6, 7 for amplifier photas: Fig. 6 -
looking from the UHF amplitiers, Fig. 7 -
looking from the controlling chip).

Testing and settings also present very
special challenges. Many elements of an
active array cannot be tested in the same
Way as in previous passive arrays because
the transmission is pulsed and requires
appropriate measurement technigques.
Measuring the amplitude is easy because
it is generally linked to the average signal
level, but phase measurements are
impossible without a new generation of
instruments supporting continuous or
lang—period operation.

Tion asciades)

Currently a  special  pulsed
measurement set-up for pulses no
shorter than 200 nsec has been
completely tested, and the credibility of
its tindings is beyond question. It is a
PC-controlled monobloc {see Fig. 8 fora
photo) with a signal generalor, a
transceiver control emulator, and a set of
digital receivers. This multi-funclional
measurement suvite ¢an also test radio
devices within a certain waveband and
take the noise and speclrum curves of
UHF devices. The suite does not require
a highly qualified operator: al its
functions, including the processing of

the findings and automatic correction of
the transceiver's gain-phase patterns
(primary transceiver calipration), are
fully automated.

Figures 9-11 show the results of a
transceiver  channe!l  performance
correction: Fig. 9 demonstrates hov the
transceiver's phase errors have been
corrected, so that they do not exceed the
required three degrees, without changing
the attenuator's controiling code; Fig. 10
shows how the imperfection of the
controlled transceiver attenuator is
corrected  (phase dislortions are
compensated as the signal amplitude is
regulated); Fig. 11 demonstrates the
comprehensive cofrection (non-linearity
and atlenuator/phase inverter
imperfection), with the result shown as a
time graph in the polar reference system
over the {ull signal range (the amplitude
IS constant).

Measurements are also a problem
when the array is assembled and
undergoes final settings. which is
basically the measurement of initial
conditions for the antire set of
Lransceivers in the aperture.

Transmission amplitude-phase
distribution is the most difficult to
measure because the UHF signal is very
powerful (5 W per channel) and
therefore hazardous. Gperators are not
allowed into the room during
measurements in which the calibrated
signal comes in through the collective
input and the analysed signal is recorded
by the external sensor installed on the
normal line to the centre of the aperture
at the pre-determined distance from it
The transmission signal is generated by
only one measured channel, others are
silent. Remotely turning on one radiating
element after another and silencing
others, operators get transmission gain
measurements from each element,
combine them, recalculale with
additional spalial phase shitts, and thus
recover 1he true amplitude-phase
distribution.

This is direct measuremens. In an
alternative methodology, two elements
are turned on simultaneously, and the
sensor records their common signal.
Knowing thal the signals are anti-phase
and of the same amplitude, one can
change the controlling codes of one of
the channels o minimize (preferably
nullify) the resulting signal recorded by
the sensor. If one does the same for ail
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Fig. 8. Transceiver measurement set-up
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the channels, the result will be a
controlling code distribution ensuring
the perfect {with minimal error} phase
balance over the entire aperture. This
method has worked well with passive
arrays: the directional pattern matched
the one predicted in a numerical
experiment and the one recorded in a
direct measurement session; phase
errors were vyithin the tolerance.

All this suggests that Phazotron has
successfully developed a working active
phased array radar. Now that we know
such a radar is possible, however, s0
many new opportunilies are opening
up, which may so improve its
performance ({lhe limits of which,
frankly. have yet to be adequately
determined) and the operation of its
core modules, that it is crucial to look

g phazotron - special ssue A_

into them before making any choices as
to what to do next.

Also, we have yel to finalise a
coherent methodology of the designing
process for such radars. We need to
know how to assess performance
throughaut its lifecycle and must
explore other very promising options
concerning configuration, cooling, and
data processing. As to the latter, the
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tested radar used the firmware written
for the receiver of tne traditional
design and for mechanica! scanning,
while the APA radar uses a mul
channel receiver and electronic
scanning. This suggests thal more
advanced firmware applied to the same
experimental radar could critically
enhance performance due to greater
processing tlexibility.

We are also looking at systems wyith
electronic beam control, lesting a
passive array and creating a database for
future use with an active array. We
already have tesl findings for the large-
angle emitter, 1he distribution sysiem
with a monopulse comparator, and core
beam control algorithms ({including
ihose used to generate beams of specia!
shape), and are currently 1esling

Fig. 1. Comprehensive antenuator/phase
imerier correclion

polarization switching, automated radar
setting algorithms, and a methodology to
record directiona! patterns without a
need 1o use costly collimators and swivel
devices.

Other, more practical. algorithms,
such as target detection and tracking and
seamless operational mode interchange,
are being tested using in-line simulation.
Simuitaneously, the experimental radar
is undergaing flight tests. »

As Russian industries are increasingly advancing chipset technology for active phased arrays, Phazotron has led a new
research effort into packaged chips crucial for radars using APAs. Admittedly, these chips restrict the dimensions of the trans—
ceiver, a key element of an active phased array - and therefore compromise radar performance to an extent - but the production
expertise and procedures can be extensively used in future efforts to develop non-packaged chips.

Yury Guskov - deputy CEO

and deputy designer general, Phazotron NIIR Corporation

Compact amplitude/phase control
module for X-band active phased
array transceivers

Edger Semycnov — Director General, ZAD NPTs Almaz-Phazotron

Alexander Buterin — Chief Designer, laberatory head, ZAQ NPTs Almaz-Phazotron
Andrei Kishchinsky — Chief Deslgner, ZA0 Mikrovolnovya Sistemy

Viadimir Radchenko — laboratory head, Berg Radio Engineering Institute {CNIRTI)

Active phased arrays creaie a new
approach to onboard radars, greatly
expanding their functionality and
making them adaptable to rapidly
changing tactical environment. In such
arrays, the directional pattern of the

transmitted and received beams IS
shaped by the right choice of
amplitude-phase distributions in the
radiating curtain. These distributions
are implemented by attenuators and
phase inverters. Bolh are part of a

_. phazotron - special ssue

digitally controlled transceiver with an
access time of several nanosec-onds.
These devices need to be. on the one
hand, advanced enaugh to shape quality
patterns and precisely set UHF signals,
and on the other, compact enough to
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install them in an aircratt, where space
is crilical.

In the modern world, only highly
integrated chips can provide such per-
formance. and the national development
of chipsets in Russia has for a long time
been a major headache for active
phased array radar producers and for
the national electronic sector as a
whole.

Almaz-Phazolron has been working
on the transceiver and its chipsets since
2000, completing a core element — the
multi-bit  digital attenu-ator/phase
inverter (APl} which compensates the
UHF signal loss to con-trol the array
patterns in 2006 - the first transceiver
chip of a fully Rus-sian design. The key
results are presented in the article below.

Purpose and configuration

The API wiorks as part of a ground-
or aircrall-based aclive phased array
radar transceiver. It is a 2-g
8x22.5x2.5-mm module with micro-
strip UHF input and oulput, protected by
a mono-bloc case (Fig. 1) which has
special ports for control signals and
power. The module is very easy to
install into a transceiver, which is
important, especially at the current
testing stage.

Fig. 1. APl module

Fig. 2. Crysial set

The funclionality includes five-bil
control of UHF insertion attenuation (0
dB to 31 dB); six-bit controi of the UHF
signal phase (0_ 10 360 _); and UHF loss
compensation in the controlled bits. it
provides the linear output powe- of 10
mW, enough 1o build up the pre-
amplifier in the fransceiver's transmitting
channel. The altenuator and phase
inverter are controlled by parallel 13-bit
binary code (0 V and -5 V¥, maximal
access time 6 ns).

The module includes a set of GaAs
crystals on metal substrates (Fig. 2).

In fact, the GaAs crystal set was the
most significani problem. Seven
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crystals of four types are at work: one
five-bit attenuator (increment 1 dB);
one four-bit phase inverter (increment
22.5%, one two-bit phase inverter
{increment 5.625-); and ilour buffer
amplifiers (Fig.2), connected to power
and control buses by intermediate GaAs
chips. The power circuits of buffer
amplifiers include ceramic chip
capacitors. All eiements are in-stailed
using conductive adhesive and gold
wire micro-welding.

The GaAs crystal
The attenuator is based on the
following basic elements:
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= the junior section (1 dB)
is of very simple design (a
resistor parailel to key
transistors);

= the senior section (16 dB)
consists of two sequential
3-dB subsections o
mitigate the attenuaior's
total vulnerability to the
imperfect match bebween
the parameters of resistive
films and transistors;

¢ the distributed thin-film
resistive attenuators have
a surface resistance of
50 Ohm/square;

= all topologies  are
analysed by 25 D
eleclrodynamic
simulation software
before production.
The attenuator is made on

a2.1x1 6x0.1-mm crystal with  Fig. 3. The lise-bir altenuator Gais crystal

50- to 300-mcm Schottky
transistors as key elements (Fig. 3).
Seclions are linked by micro-strip lines 10
mitigate the inpul/output voltage
standing-wave ratio. The resistors are
made of the 50 Ohm/square tantalum film.

According to the experimental
studies of crystal samples. the
attenuator controls the UHF signal
amplitude betyeen 4 GHz and 14 GHz
{(Fig. 4) with the root-mean-square
error of no more than 0.5 dB between 4
GHz and 11 GHz and the insertion loss
of 8 dB to 10 dB.

The phase inverter GaAs crystals

Most phase inverters on GaAs use
high- and low-frequency switched fil-
lers whose huge minus is the difficulty
o reafize the 180 and 90° bits. They
make less use of directional coupler-
based circuits and Lange couplers
because it is very difficult to produce
enough such couplers with the right
topology and ensure minimal insertion
loss there. We used a folded directional
coupler on a 100-mcm GaAs substrate.
It is smaller and has less loss than a
Lange-based system.

The phase inverter was designed
using the MIC Optimizer compuier
simulation package (with parametric
aptimisation) with fine-tuning elec-
trodynamic simufation in the {inal stage.

The phase inverter is made on two
crystals (Figs. 9, 6). The 4x2x0.1-mm
crystal of the four-bit phase inverter

includes the 22.5. 45. 90 and 180" bits,
teaving the 5.625% and 11.25" bits to the
2.5x2x0.1-mm crystal of the two-bit

phase inverter. The two-crystal scheme
is needed because of low cost efficiency
of large-area crystals.
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Fig. 4. Typical amplitude-Trequency response of the insertion loss of 1he various bits in a five -hit

attenuator Giths crvstal

Fig. 5. The GaAs crystil of the Tour-bit phase inverter (22,5, 45, 90, 1500) bits
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The MDM tapacitances in the arms
of the folded directional coupler are
made by gold spraying and cathodic
electradeposition, wit the 0.4 mkm Si0;
layer used as the dielectric. The key
elfements are 600-mcm  Schottky
transistors. To mitigale incidental
amplilude modulation, the phase inverter
has bypass resistors equalizing loss in
different phase states.

The advantage of such a phase
inverter is that it is far less sensitive to
crystal quaiity that traditional designs on
frequency filiers. which increased the
good-to-bad ratio, and uses umpolar
control, which makes the design much
simpler.

This phase inverter has been proven
experimentally to ensure reliable UHF
signal phase control belween 8 GHz and
11 GHz with the root-mean-square
error around 6°. Figure @ exemplifies by
the phase frequency response of the
GaAs crystal of the four-bit phase
inverter. The 180° bit has the highest
frequency irregularity; it is going to be
mitigated in an additional topology
improvement efforl. Qther planned
improvements include the UHF foss
reduction in the crystals from the
current about 2.5 dB per bitto 1.5dB to
2 dB per bit and of the root-mean-
square error to 2 to 3%, and broadening
of the bandwidth to 4 GHz
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Fig. 7. The typical phase {requency response ol 1he GaAs crvstal ol the four-hit phase inverter in

all phase states

This is a one-cascade amplifier on
a 1.3x2x0.1-mm crystal, with negative
teedback provided by a 30C-mcm
Schottky transistor. Between 8 GHz
and 11 GHz, the amplifier ach:eves the
gain of 7 dB to 9 dB and linear output
power about 10 mW while it consumes
maximum 20 mA at 5 V.

Key APl parameters

The APl module controls the UHF
signal insertion loss in 31 steps {Fig. 9)
and insertion phase shift in 63 steps
(Fig. 10). The typical measurad RMS
errors between 8 GHz and 11 GHz are
0.7 dB and 9° for the attenuator and
phase inverter,
respeclively.

The amplitude
and phase conirols

have shown
satisfactory
dynamic band,

discreteness, and
access time which
ensures the iequired
amplitude-phase
distributions in the
radiating curtain for
the main operationai
modes of ar active
phased array. The
system shapes a
directional pattern,
successlully

Fig. 6. The GaAs crystal of The lwo-bit phuse imerter (5,625 11.25)  sUppressing

The butfer amplifier GaAs crystal
The buffer amplifier compensates UHF
loss in the attenuator and phase inverter
crystals and helps align crystals in the chip
assembly and module in the transceiver.

[ =

sigelobes, ensures

spalial beam scanning etc, though there

is some room for improvement in the
phase inverter errors.

The module did not demonstrate as

precise attenuation settings as the

— - e 1
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Fig. & The bufler aruplifier Gats crystal

crystals  themselves:  while  the
altenuator performance hardly changed.
the tirst phase characteristics were
much worse than expected. This was
caused by the high sensitivity of the
phase frequency respanse to the chip
alignment quality affected by wire links,
the key deficiency of this production
technology.  Additional  elements
responsible for the alignment viould not
have helped because other difticuities
viould have arisen: ensuring alignment
within a broad bandwidth would have
required additional module setting
procedures. In commercial production,
this would have decreased the good-
to-bad ratio, driving up fabour and
overall costs dramatically.

This is a very typical example to
demonstrate the importance of the right
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packaging for GaAs crystals for
technological as well as economic
reasons. In the next stage, we pfan to
adopt LTCC n MCM-D packaging.

The incidental amplitude
modulation does nol exceed T dB for
the whole module thanks to special
solutions to egualize transmission gain
in different phase stales of the phase
inverter bils.

LTy 20
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[F1g.9. The APl insertion loss expenimental
characteristics in all 32 attenuator states (8
GHzwo 11 GHz)

The maximal incidenial phase
modulation of the attenualor bits at
1dB,2 dBand 4 dB is 5° between 8 GHz
and 11 GH:z (Fig. 11). The higher
attenuator bits {8 dB and 16 dB) do
not suppress insertion phase shift
well enough because of broader
transistor  gates and higher
resistances. These adverse effects can
be nullified by the appropriate
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Fig. 10. The APl insertion phase shift experimental charactenistics in all 64 phase inverter states

(8 Gllzwo 1 GHa

attenuator and phase inverter settings
for this or that amplitude-phase
distribution.

The temperature stability of both the
attenuator and the phase inverter is high,
with the RMS phase change in all the

phase inverler states no more than 0.6
between 20°C and 80°C and attenuator
insertion loss no more than 0.5 dB within
the operational heat range.

With four buffer amplifiers. each
module compensales UHF loss in the
attenuator and phase

_. e inverter crystals
M-! S E— betwween 8 GHz and
e papa 22t 11 GHz (23 dB 1o
R G — 25 dB) with the

et 1 LTE T - .
s additional UHF signal
W e i T amplificalion by 5 dB
to 10 dB and ensures
N | minimal output
power of 10 mW at
the 1dB compression
poinl. The total
wn consumed power

- [t} (] wt - - F.ITy
L does not exceed
Fig.11. The AP insertion phise shifl experimental charscteristics 80 mA.

Thus, a yroup of companies led by ZAO NPTs Almaz-Fazotron has developed the compact
gain/phase control module for active phased array transceivers. The module has heen pre-
pared for production; the first batch of quality modules has been produced for commercial

The module, based on GaAs microchips, is of fully Russian design. It is very insensitive to
inevitable imperfection of commercially produced items, which ensures high good-to-bad
ratio and low production cost.

The technologies and solutions involved form solid prospects for further research into key
devices of future air-, space-, land-, and sea-based active phased array radars.

phazotron - special issue L
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Phazotron single-basis radars

Yury Guskov - deputy Director General/deputy Designer general, Phazotron NHR Corporation

Vladimir Frantsey - Chief Designer, Phazotron NIIR Corporation

Combat fighter aircraft are a very
costly weapon, which explains why
industry has been considerably lagging
behind military planners’ requirements.
With very few new fighters currently
being developed worldwide, upgrade and
rearmament programs for the existing
fleets becomne crucial for high combat
performance. New smart weapons, how-
ever, require more modern onboard
radars than the ones originaily installed
in many aircraft.

In the L.S. Air Force, three best-
known such upgrade efforts are the
Block 60 program of the F-16 (the APG-
66 gave way to the ARG-68, which was
later replaced by 1the active—-phased-
array APG-80); and similar programs for
the F/A-18 {APG-65 to APG-73 to the
active-phased-array APG-79) and F-15
(APG-63 to APG-70 to the active-
phased-array APG-63V(2)).

Latest local armed conflicts have
underscored the role of fighter jets in
modern warfare as these traditionally
air-confined aircraft are increasingly
required to add ground assault 10 their
missions list. Thus, what used to be an
air superiority fighter turns more and
more into a mullirole aircraft.

In Russia, Phazotron, the leading
producer ol airborne radars, takes its
own business approach to the issue.

combining the supplies of single-basis
radars for newly built or modernized air-
craft with fifelong responsibility for their
operation.

The basic Phazotron radars for fixed-
wing aircraft, the Kopyo and Zhuk-ME,
are modular, open-architeclure. and
based on the same set of technological
solutions, which ensures maximum
cosi-effectiveness and minimum cost of
ownership.

QOriginally developed for the MiG-21
BIS UPG (Fishbed} currently in service
with the Indian Air Force, the Kopyo-I
radar made these otherwise old-fash-
ioned aircraft five to seven tmes as
effective in combat as before the
upgrade. Phazotron has already supplied
125 suzh radars to India. where they
have baen part of extensive upgrade
programs in key air wings. The mod-
ernised Fishbeds, renamed MiG-21BIS
UPG Bison, are now back in service with
the [AF.

One prominent offspring of the
family of single-basis Kopyo radars is
the Kopyo-25, the new radar suspend-
ed outside the airframe ol the Su-25TM
(Su-39) Frogfoot ground assault air-
craft. The radar offers the planc an all-
weather day/night capability against
stationary and mobile surface targets
and currently, with an already upgraded
computer, undergoes flight tests to
become the main Su-39 radar.

The Kopyo-M, another well-known
Kopyo derivative, has the same purpose
as its predecessor but is based ¢n a new
chipset and has a new processing unit,
thanks 1o which it is lighter. mo-e com-
pact, and more reliable than the previous
version; it detects aerial targets at 25%
longer range, and halves the radar map
formation time in the synthetic aperture
mode. This makes it suitable for light
assault aircraft and combat trainers. The
Su-39's Kopye-25 can also be repiaced
by the Kopyo-M to increase combat elfi-
ciency. The Kopyo-M is currentiy under-
going flight tests.

Kopyo-M's main units and technolo-
gy formed the backbone of the Kopyo-A

_ phazotron - special issue

and Arbalet radars for rotary-wing air-
craft.

Helicopter radars are a Righ priority
for Phazotron because here a better
radar gives much movre visible and cru-
cial advantages: modern radars, in fact,
create a new quality of helicopter warfare
in joint operations with ground forces
and navies, night-time operations, and
action in adverse weather and visibility
conditions.

The Kopyo-A is the main radar of
the deck-based Ka-28 (Ka-23M} Helix
helicopter. Within a circle of 360 in
radius, up to 250 km in range and up to
+25 in elevation. it detecis all aerial
objects and surface objects as small as
dinghies, fast-boats, or submarine
periscopes; identilies, continuously
locates, and tracks up to 10 targets; and
detects, locates and warns of danger-
ous meteorological formations.

The funclionality of the Arbalet ver-
sion installed on the Kamov Ka-52
Hokumn aftack helicopter includes terrain
mapping. detection and identification of
surface and aerial mobile and stationary
objects. incoming missie/proximity
warning, and detection/assessment ol
dangerous meteorological formations. It
also supporls terrain-following flight
(recognising such characteristic surface
objects as power transmission lines,
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Zhuk-ME airbarne radar

chimneys, towers etc) and gives rarget
designation to guided and unguided
weaponry in fypical combal missions
against such targets as armour and
mechanized infantry units, artillery and
self-propelled antitank and surlace-to-
air systems, grounded and airborne
assault and rotary-wing aircraft. and
tactical missile launchers.

The Arbalet is a two-band (KasL)
coherent-pulsed frequency-tuning
polanzation-switch radar. Customnized
off-the-shelf options are also 0 include
either only the Ka-band {Arbalet-K) or
the L~band {Arbalet-0) system.

The Arbalet-D radar is part of a
rotary-wing asrcratt avionics suite and
detects incoming aerial objects,
including other aircraft, projectiles, and
missiles. Such L-band radars as the
Artalet-D become increasingly
important in a world where widespread
counterterrorisl warfare implies a need
to protect helicopters from Stinger-class
Manpads, and should be included in
present and future upgrade and
development plans for utility as well as
attack helicoplers.

Both Kopyo-A and Arbalet have
successfully completed their ground
testing programs and are undergoing
flight tests.

The Zhuk family was designed for
tactical. sirategic, and naval aviation to
support  full all-weather day/night
navigation and combat capabilities
against all types of surface and aerial
targets. The family includes four radar
versions having 1the same radio

detection/ranging module and differing

only in the antennas:

¢ Zhuk-ME - 624-mm slot-array;

*  Zhuk-MSE - 950-mm slot-array;

+  Zhuk-MFE - 700-mm phased-array;

»  Zhuk-MSFE - 980-mm phased-
array.

The Zhuk-ME is the care of the
Fulerum MiG-29/MiG-29SMT upgrade
suite. With all ground and flight tests
compleled, it has earned a slem
reputation as part of the MIG-29SMT
fighter sold vrorldwide. A similar upgrade
program of the same producer,
RAC MiG, is currently nearing
completion; MiG-29 to MiG-29K. K™ in
the latter name stands tor "korabeinogo
bazirovaniya’, or ‘deck-based.” In

accordance with the aircraft's purpose,
the radar will be additionally fine-tuned
to ensure utmost efficisncy against high
sea environmenl and provide target
designation data for anti-ship missiles,
although its tesls at sea (as part of the
MiG-29SMT) with the Kh-31A (AS-17
Krypton) missile have already been
successful enough, with direct hits.

The Zhuk-MSE of the Su-30MK3
(Flanker) has successtully passed flight
tests. Its announced performance was
conlirmed in flight tests in 2004: the
Zhuk-MSE ensures efficient
employment of all operational and
near-term air-to-air and air-to-surface
Su-27/5u-30 weapons in any tactical
environment.

Zhuk-MFE airbome radar
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Phazolron also ofiers the phased-
array Zhuk-MSFE and Zhuk-MFE
versions with electronic beam control.
Phazotron's passive phased arrays with
non-equidistant  arrangement  of
radiating elements and optimal field
aperture distribution ensure a beam
deflection angle of +700 swithout
parasilic sidelobes.

The experimental Zhuk-MFE is
undergoing flight tests on a MiG-29. The
2huk-MSFE, developed specially for the
near-term naval fighter Su-27KUB and
already installed on an experimental
aircraff, has been in flight tests since
2003 and is also projected to be utterly
effective.

All the abovementioned versions of
the Zhuk radar tamily have passed many
ground and flight tests. They are based
on an open architecture, which means
that any upgrade programs of tactical
and naval aircraft in any country, if Zhuk
is involved, will be fast and very cost-
efficient.

Aware of its research and groduction
capabilities and having secured a
position in the top league of the industry,

Phazotron finds it advisable to suggest

the following forms of further military-
technical cooperation with its Indian
customers and prospects:
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Zhuk-AE airborne radar

» upgrade of the operational Russian-
anc Indian-made aircraff with the
Phazotron single-basis Generation
4+/4++ radars;

= adaptation, with subseguent supplies,
of Phazotron Generation 4+/4++
radars for new aircraft expected to be
developed in India in the near term;

* development ang production of
fulure, including Generation 5,
radars for Indian customers {entire
radar or certain parts of it, as the
customer may suggest);
development and production ol

components for other radars of Indian

design. @

Phazotron radars as an upgrade
opportunity for tactical aircraft

Igor Viktarov — deputy Director General, Phazotron NIR Corporation
¥iadimir Frantsev - chief designer, Phazotron NilR Corporation

Much of today's aircraff fleet in many
parts of the world is typically in service for
30 to 40 years. This is for a gocd reason:
aircraft is an expensive thing, which means
no air force can afford f{requent
replacements. However, all of them require
high combat efficiency across the scope of
missions through the entire lifecycle.

The solution is upgrade ~ not of the
entire aircraft, because it would slill be too
expensive, but mainly of the avionics. It
allowss air forces, at reasonable costs. o
step up their capabilities in response to
changes in contemporary reguirements,

The onboard radar. a key fire control
systemn, is typically the first element on the
upgrade waiting lisl. A replacement radar is

| phazotron - special issue _
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{for the R-27R1 (ER1)
missiles - radio
correction and target
illumination commands,
for the RW-AE active
radar homer missiles -
radio correction and
target designation
| commands, for the R-
2771 (ET1) and R-73

Zhuk-MSE airtborne radar | thermal homer missites

- ftarget designation

more economically viable i it is modutar,
open-architecture, commaonality-orient-
ed, and cheap and easy to maintain.

Phazotron offers its Zhuk-MSE radar
for the upgrade of Su-27 and Su-30
Flanker {leets.

This radar is based on the same main
module as MiG-29SMT Fuicrum's Zhuk-
ME. The key difference between the ME
and MSE versions is the size of the slot
array, 624 mm for the tormer and 960
mm for the latter. The Zhuk-ME has long
completed its ground and flight test pro-
grams, is produced commercially and
has earned a strong repufation in many
countries as part of the MiG-295MT.

The MSE derivative is installed on the
Su-30MK3 which completed producer’s
flight test program, certified by Sukhoi
Design Bureau CEOQ, on April 23, 2004,
and is positioned as a mullirole aircrafl
equally effective in air-to-air and air-to-
surface combat and adaptable 10 versatile
combat missions of today and possibly of
tomorrovs. [1s radar efficiently supports all
operational and near-term air-to-air and
air-to-surface munitions used by the
Flanker family in any tactical environment.

Flight tests have demonsirated the fol-
lowing features in its performance:

Air-to-air combat

The radar effectively scans the
airspace, detects, identities (incl. friend-
or-foe) and tracks up to 10 aerial targets
simultaneously, measuring their angutar
speed, speed relative 1o carrier, and
distance refative to carrier in both front-
and rear-looking hemispheres against the
background of terrain as well as in free
airspace. Of the 10 tracked targels, the
radar selects four most dangerous and
locks on them as the airspace is controlled
in search for new targels.

At along distance to a single target, the
radar calculates missile launch zones and
generales target designation commands

commands only.

At a long distance to multiple targets {up
to four targets can be engaged
simuftanepusly}, the radar calculates missile
lunch zones and generates radio correction
and target designation commands for the
RWW-AE missiles and target designation
commands only for the R-73 missiles. In
¢lose combat, the radar locks on a visible
target and inferacts with the thermal
direction finder through regular aircraft
optics and pilot's helmet-mounted sight.

The radar can also be used for
training. In this case. high-frequency
radiation is lurned off 1o extend lifecycle.

Air-to-surface combat

The radar praovides real-time mapping
of tefrain in low (real beam), medium
(Doppler), high (focused synthetic
aperture) resolution or in the ‘microplan’
mode. In all three resolution modes, the
map is stabilized relative to the aircraft. The
mapped area is moved in range and cross-
range automatically as the aircraft proceeds
and can be moved manually if required. In
the process, the radar detects, identities,
and locates stationary ground (on land) and
surface radar-visible (at sea) objects, helps
navigate the aircraft and generates larget
designation commands lor the Kh-31A
(AS-17 Krypton} missiles. The soffware-
corrected tracking of up to two surface

key to achieve air superiority. In air-to-
surface combat, the Zhuk-MSE
outpertorms international peers. With high
reliabilty, relatively light weight for its
class {280 kg) and low power
consumplion (12 kVA AC/1.5 kW DC). the
radar is remarkably easy to maintain.
Phazotron’s trademark maintenance
principle is that maintenance is to be done
only in response o operability decline (i.e.
no scheduled maintenance is required)
and using oniy the buill-in self-test
capability vthose job is to identify the faulty
unit that has to be replaced for the system
to operale normally.

The radar needs only pre-flight and
pre-repeated-1lighl preparation. sched-
uled inspeclions, and repairs if required.

In flight, the radar operation is moni-
tored continuously, with the parameters
recorded onto a hard memory disc.
Removable modutes can be repaired at the
airfield using special MRO control Hoards.

Phazotron consistently perfects its
maintenance philosophy to help customers
mitigate time and cost of maintenance for
the radar and for the carrier aircraft. In
addition to its open architecture and mod-
ufar design advantages, the Zhuk-MSE is
fully commercialised, which means that
upgraded Su-27/30 Flanker fieets in any
country are facing minimal expenses, and
upgrade is going to take minimal time.

While the Zhuk-MSE is steadily
strengthening its international record,
Phazotron is nearing completion of an
R&D effort on the rext phased-array
version Zhuk-MSFE. So far, flight tests
have fully confirmed the effectiveness of
the chosen aperture and key declared
performances. In the future, the Flanker
family will receive a new active phased
array radar of the same family. So far,
research in this department has been
remarkably successful. @

targets is supported.

The radar also supports
the map freeze® mode in which
transmitter operation is inter-
rupted, the map is frozen in the
screen, and a spot depicting
the carrier aircratt is moved !
across it instead. The radar
detects mobile ground (SNDTs
mode) and sea surface
{MP1/MP2 modos) targets.

Together with modern
smart missiles, the radar
makes the Su-30MK3 part of a

_ Zhuk-MSFE airborne radar

powerful multirole capabitity,
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Phazotron radars for all-round-looking
aircraft defense systems

Pyotr Kolodin — deputy Director General

The broader 1ask of protecting an
aircraft against surface-to-air or air-
lo-air missiles includes the detection
of the incoming 1hreai, the

Phazotron NIIR Corporation, NIl Rassvet Director
Sergei Zaikin — Chief Designer, NIl Rassvet

delermination of its trajectory and
level of danger, and counteraztion.

Though various countermeasures
systems are already on offer across the
globe, the function of warning about
the approaching missile threal,
irrespeclive of the mode of flight, is
performed by an integrated missile
warning radar, which independently
delecls and selects the most
dangerous incoming object, providing
respeclive commands to the onboard
(infrared or other) counlermeasures
system and sending a message to the
flight control otficer or other
respective ground-based air traffic
control authority.

Phazotron was the first Russian
producer 10 develop a large-angle
onboard radar with a fuli splt-second
missile detection and warning capability.
It was inlegrated with an earfy Su-27
Flanker version in the late 198(s.

Since those times, Phazotron has
chosen decimeter waves for radars of
this purpose because such systems
can - unlike those operating in

_ phazotron - special issue
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Transmission module

cenlimeter and millimeter waves —be on top the main rolor (mirror-type  machine, or flat aerials attached to the
equally effective when placed in parabolic phased-array aenals) or fuselage. The core of the radar is the
various parts of the aircraft, including inside the blades in a rotary-wing same for all aircrait, only cases and

The Arbalet-D onboard aircraft radar

Purpose

The Arbalet-D onboard aircraft radar is intended for use with attack and utility helicopters in solo or team
military operations.

The ail-weather day/night interference/jamming-resistant radar is installed as part of the avionics suite
and fulfils the following functions:

- detects and measures incoming aerial objects, including Stinger-class surface-to-air missiles;

- provides the data to the flight computer to generate an appropriate defensive solution, to the crew, to
ground-based flight control authorities, and to the flight recorder;

- provides data support to optical, optoelectronic, and other integrated threat warning systems.
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Antenna modules

architecture differ. The system is also
highly versatile in the configuration of
the array because its transmitter has
parallel transistors, which increases
reliability.

In 20 years since the first rear-
looking missile warning radar, the
world has changed profoundly. The
primary threat now comes from
man-portable surface-to-air missile
systems, or Manpads, many of which
are believed to be in the possession
of terrorist groups worldwide. In the
past teso years alone, western media
have documented scores of cases of
firing man-portable missiles at
commerctal airliners. In a world
plagued by the growing number of
local armed conflicts and increasing
international terrorist activities,
missile warning becomes egually
important for civilian as well as
military aircraft.

Phazotron analyzed the targets and
challenges of aircraft missile defense

and determined what a near-term

onboard missile approach warning

system (MAWS) should look like. The
main requirements seem to be as

{oilows:

» fast detection and short system
response time;

» compatibility with operational
and near-term avionics systems
of all rotary- and fixed-wing
airerafl;

» fast preparation for use and ease ol
operation;

= low cost and reliability;

« compactness.

The latter requirement was seen
as especially important because the
producer will never know which
aircratt this system would be
integrated with and whether the
aircraft will have enough extra space
and lifting capacity to accommodate
it. Accordingly, a system -easily
integrated with as many types of
aircraft as possible must be made

\_ phazotron - $pecial issue _

up of interchangeable modules and

be based on an open architecture.

With the best places near the nose

traditionally secured for forward-

looking radars, additional
all-round-looking radars have to
be accommodated elsewhere.

Interchangeable ‘click-in" modules

make it possible to arrange the

elements of such a system across
the inner space even in well-packed
aircraft.

The decimeter-wave Phazotron
radar for helicopters is the Arbalet-D.
Its main features are:

* reliable parallel-transistor
transmitters:;

» adaptive architecture for
easy inlegralion with various
aircratt;

= highly integrated programmable
microchips;

= solid-state compact frequency
synthesizers;

= fast processing units.
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| Millimeter-wave radar homers
for air-to-surface missiles
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Viadimir Kurilkin - Ghief Designer, Phazotron NIIR Corparation
Viadimir Merkulov ~ lahoratory head, Phazotron NIIR Corporation

Analop-to-digital processor module

Architecture

The system includes a set of modules and an instatlation
package 1o connect the modules to one another and to aircraft
systems.

The transmission/reception modules are designed to be
placed inside, while the four antenna modules outside Lhe aircraft.

All modules include built-in air cooling systems, which
means the system does not require liquid cooling.

Operational characteristics
The initial readiness time, including the switch-on built-
in seif-test (also performed continuously during opera-
tion), is 4 min.

Reliability characteristics

In the 1990s, multi-functional
onboard aircraft radars received well-

Theoretical issues included
trajectory control algorithms to get
aperture synthesis, necessary for extra-
high cross range finear resofution and
successful guidance to small surface
targets. The irony is that aperture
synthesis, crucial to high-resolution
mapping, is effective only when the
aircraft is moving at some ang'e to the
target area, while effeclive engagement
requires a direct hit, This means that a
trajectory cantrol algorithm should
equally successfully serve w0 masters:
provide high cross range resolution and
low circular error. As the missile
trajectory is curvilinear, cross range
resolution is critical at the boosting
stage (when the missile is necessarily
moving af an angle to the aiming axis),

refiably locked-an. It is also a ta!l order
hecause the target's radar image is

The system is powered by three-phase aiternating (200 V TBF {on land + in flight) 500 hours tested air-to-surface modes for high-  while the hit probability depends upon  overshadowed by reflections from the
400 Hz, max 2kVA) and direct {27 V, max 0.5 kW) current. Turnaround time 5.000 hours resolution surface mapping and  high-precision guidance at the ierminal  surface. The solution was found in
The maximal weight is 40 kg. which makes this lightweight Service life 25 years identification of small and mobile  stage. More importantly, this guidance  carrelating extremities® - selecting

system compatible with operational as weil as near-term
rotary-wing aircratt.

Basic characteristics

Maintenance characteristics

potential  targets. However, the
engagement of these targets was for a
long time non-achievable because of
the lack of truly all-weather day/night
guided munitiors.

system should consume as liltle power
as possible hecause evasive maneuvers
might cause a surge in overall power
consumption. And ali this should be
done under crushing g-loads.

several high-contrast small objects
near the target as references. As soon
as the problem of air-to-surface
guidance with the aid of virtual high-
contrast reference objecis was lirsl

Type coherent-pulse radio Type of maintenance determined by operability To leap ahead of the trend, Clearly, traditional technology could  solved theoreticaily, and then confirmed

detection and ranging system. Number of maintenance levels 2 Phazotron set up a special unit to devise  not address these very contradictory  practically, the truly all-weather

Waveband 2 Maintenance means a compact coherent millimeter-wave  challenges. A solution was found thanks  day/night smart weapon capability
Field of view/detection: Level 1 buiit-in self-test homer for air-to-surface missiles, 10 the statistical theory of optimal  became reality.

azimuth 360° Level 2 MRO control panel which would select small surface  control. In all optians that wwere on the However, the broader problem vsas

elevation - 30° to +30° targets and guide the missile to them to  table, we saw several similarilies. far from solved. The aircraft which

Azimuth scan speed 1.8007/sec
Minimal eftective detection range
Stinger-class missile 3.5km
ground assault aircraft 10 km
Approach speed range 25 mps to 1,000 mps;

Level 1 “field-and-fast” mainienance uses the built-in
self-test system, with the following performance:

a high precision. This was a tall order,
given that the team faced very
complicated and closely linked
theoretical. procedural, and design
issues. many of which had never been

First is that prioritization s key 10
the understanding of such flight
conirgl. Af the boosting Stage (the
distance to the target is long, the aiming
axis anqular speed is low). cross range

launches the missile needs to be safe
from enemy air defenses, which means
firing off at a longer distance from the
target. For such stand-off missiles,
combined guidance systems -

Maximal detection- Test credibility 095 addressed before. resolution has the highest priority, but  autonomous, without contact with the
to-tracking time 1 sec Failure search depth 09 Lack of efficient cooperation with  then gradually gives way to the target. at the boosting stage and with
Number of simultaneously Test time 5 min research, production subcontractors guidance componenl as the misstle  synihetic aperture at the terminal stage
tracked targets 4 Repair time 25 min and educational centers was alsoahuge  closes in and the aiming axis angular - were devised, in which the "go-it-

Roll, pitch, heading, altack, and glide angles, and the
ground speed components are taken from the onboard inertial
navigation system; lingar accelerations and angular speeds are
taken from the respective Sensors.

Repair method
Data recording target

LRU replacement
aircraft test systam

Phazotron has a capabillty 1o adapt the Arbalet-0

to any type ol light and heawy civilian and mijilary
aircraft.

\_ phazotron

roadblock. In the course of the project,
many problems were successfully
solved because of close cooperation
between our institute, the Zhukovsky Air
Force Engineers Academy, and Central
Instilute 30 of the Russian Defense
Ministry.

L 2

_ pharotron - specil issue _

speed increases. Our  findings,
protected by several patenls, have
ensured our priority in this area.

To make these algorithms vrork, the
system needs to know the right relative
bearing and distance to the target,
which implies that the target has been

alone® algorithms of the boosting stage
could smoothly transter cantrol to the
‘homing’ ones at the terminal s1age and
the guidance system could estimate the
refative bearing and distance to the
target while making a synthetic
aperture.
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The task was split along the
following lines:

+ to devise compact lovi-noise stable
millimeter-wave UHF devices;

+ 1o develop digitally controlled
heading-, pitch-, and roll-
stabilizing servodrives;

+ 1o make the array compatible with
navigation sensors;

¢« o make synchronizers re-
programmable, so that the whole
system could adapt to the tlight
environment and be easy to
upgrade.

One should remember that all these
devices had to be very compact. light
and very robust. Ultrahigh-precision

millimeter waveguide and transceiver
elements were made. thanks to which
Phazotron, in close cooperation wih
MNII Agat (CEQ losil Akopyan), made
the Ka-band monopulse waveguide-
slot array with high directivity and
relatively silent sidelobes(-25 d8),
which is critical in air-to-surface
warfare,

Qur coherent signal processing
techniques also became a breakthrough
into adjacent lines of scientific inquiry.
One has resuited in new trajeciory control
algorithms with semi-active synthetic
aperture, capahbie of selecting single
aerial targets in a dense group, adapt to
various modes of the onboard radar, and

to various weapons. This was also key to
the development of ultra-compact
radars, including those for low-altitude
flight control, and to a new generation of
light but powerful millimeter-wave
equipment (multiple-beam klystrons,
travelling-wave tubes, synchronized
magneirons etc), including low-noise
{no more than 4dB) UHF receivers,
already produced commercially. We
introduced an innovative waveguide-slot
array technology and rendered crucial
momentum to the development of Ka-
band radio-transparent materials used in
nacelies.

The work to produce an off-the-
shell all-weather day/night millimeter-
wave homer is well on track. The first
stage of ground tests has confirmed
that we have been moving in the right
direction; we are also very optimistic
about other forthcoming tests.

What has been done is important
not only for practical purposes — clearly,
having air-to-air and air-to-surface
missiles with all-weather day/night
homing capability is a good thing — but
aiso as one of the first insights ever into
hovs things work above the well-studied
radio frequency range. @

Functionality and challenges
of helicopter radars

Valery Ratner ~ Chief Designer. Phezotron MIIR Corporation

Phazotron NIIR has long been
developing and producing commercial
radars and fire control systems for
tactical and muitirole fighters.
Phazotron's millimeter, centimeter,
and decimeter radars, including dual-
vraveband (X/L} monopulsed phased-
array radars and coherent synthefic
aperture radars for rotary- as well as
{ixed-wing aircraft are in service with
the Russian Air Force and over 30
other countries.

The corporate effort 10 develop
radars equally matching the needs of
different lypes of helicopters started
years ago. Nalurally. helicopter radars
turned out to be very different from
those instailed in fixed-wing aircraft.
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Qualily has become a major concern
for Russian companies who were
increasing their international opera-
tions and therefore had to maintain
superior quality or face lost contracts
and revenues as radars gained an
increasing role in empowering heli-
copters as a formidable and highly
mobile all-weather day/night weapon
and vehicle.

A helicopter with a radar is far more
formidable on the batflefield than a heli-
copter without one. A radar increases
range and efficiency, adds a capability to
navigate in adverse visibility conditions
and find fanding pads on difficult terrain,
helps avoid collision in low-altitude
flight, and facilitates blind landing.
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In the military, 3 radar also raises
the helicopler to a tolally new level of
combat power, reducing the time opti-
cal and electronic sights need to find
the target. creating a genuine stand-
oft capability, and improving surviv-
ability by warning about approaching
surface-to-air missiles and selecting
the right time of use and amount of
counfermeasures.

Unlike radars for fixed-wing aircratt,
there is, basically, little difference
between radars for civilian and military
helicopters. This is because civilian hel-
icopters also perfarm versatile func-
tions like border moniloring and detec-
tion of smugglers: monitoring of Arctic
and other oil-producing areas; search
for lish in high seas; determinalion of
gravity of environmental disasters (oil
spills, forests prone to fire etc.); and
support of search-and-rescue and dis-
aster relief operations in any outside
conditions.

Features of helicopter operation
and the scope of its missions called
for new radars for rotary-wing vehi-
cles but ruled out the option of devel-
oping a special type of radar for each
type of helicopter. Special air-to-sur-
face assault or search-and-rescue
radars have been developed previous-
fy but have never been commercial-
ized and remained on paper for
decades.

Phazatron's family of helicopter
radars is largely derived from the
Kopyo radar that earned a strong
international reputation on the back of
Indian Air Force's major upgrade pro-
gram for its fleet of MiG-21BiS UPG
Fulcrum fighter jets. With its stan-

Single-waveband compaci Gukol-7 radar

dardized functionalities and interfaces,
moduiar design, open architecfure,
and a powerful computer, this radar
was easy 10 develop into various ather
kinds of radars for helicopters of dit-
ferent use.

The family's mosi prominent com-
mon feature i3 a full all-weather capa-
bility because all radars can operate in
several wavebands. An X/Ka/L combi-
nation makes ground objects radar-
visible in any weather, raises the res-
elution and positioning accuracy, cre-
ates an ail-round warning field, and
increases the detection and lock-on
range for aerial as well as ground tar-
gets.

In mititary applications, helicopters
carrying advance parties or commando
teams into action need to covertly
approach the area, release the men,
provide them effective fire support if
necessary, collect them and return to
base as silently as possible.

Dual-waveband ¢ompact Gukol- 10 radar

Often such missions have 1o

| be carried out in poor visi-

| bility conditions when opti-

| cal and eleclronic means
fail by definition. This is

_ where a cross-functional

| radar comes in.

‘ The three wavebands for
aircraft radars are most

_ etfeclively used in different

| missions:

|

| Ka-band

A The Ka-band is the best

for tire support functions

_ ol attack helicopters as it

| well suits the purposes of

| phazotron - special issue

supporting low-altitude flight, detect-
ing meleorologically hazardous zones,
and following the maneuvers ot aerial
targets like ground assault aircraft in
the forward hemisphere. Gne promi-
nent example is AH-64D Apache's
Longbow Fire Contro! System.

L-band
The L-band (one example is
Dassault's DAV) is the best solution for
missile warning and heiicopter defense
all-round-looking radars  tracing
incoming missiles and enemy aircraft,
Typically the antenna is mast-mounted,
which eliminales ambiguity in the range
and speed measurements and reduces
the response time as the system detects
an incoming threat. Alternatively, the
all-round-looking capability may be
built by placing several scanning anten-

nas around the fuseiage.

X-band

The X-band is typically reserved lor
long-range surveillance, reconnais-
sance, and weather monitoring, X-band
systems transfer target designation
inforrmation up the chain of command.
The X-band is characteristic for many
helicopter radars like the APS-143/147
or APS-784 and is the basic waveband
for deck- or share-based naval helicop-
ters.

A radar working in two of the three or
in all three of these bands should be able
to perform all the above {unctions.
Modular designs can be customized
depending on ihe purpose and type of
lthe carrier aircrafi. It the system is based
on the open architecture, it is good for




the customer as various configurations
are possible on the aircraft of the same
design, as well as for the producer who
benefits from cutting design, production,
manufacturing, and logistics costs to
come up with a new model - working,
reliable and maintainable — as fast and
cheap as possible.

Phazotron has developed a com-
mon platform for radars covering the
full scope of missions modern heli-

PHAZOTRON AT AERO INDIA 2007

copters are assigned. In military
applicalions. a radar can increase
combal efiectiveness by up 10 25% fo
30%. while dramatically improving
survivability under intensive enemy
fire. Only the antennas and transmit-
ters need to be adapted to customer's
fiect and purpose: other analog parts
are modular and differ only because of
different operational wavebands. Open
computing architecture and standard

Functionality

interfaces make a Phazoiron radar
flexible, upgradable and intercon-
nectable with helicopter's original
avionics.

All Phazotron's solutions have
passed necessary tests and checks,
which means that the Carporation can
Cdevelop a fully customized radio
deteclion and ranging solution for any
type of helicopter within 18 to 24
months.

Tagether with other onboard systems, the all-weather day/night interference/jamming-immune onboard

radar’s functionality includes:

* terrain scanning and mapping,

* surrounding airspace scanning;

= detection, positioning,

» detection of ground obstacles and landscape mapping for low

changing the angle and scale of view if required;

identification, and prioritization of ground, sea, and aerial objects;

« data support for optica! and electronic sights;

= detection of meteorologically hazardous areas;

» correction of the navigation system if necessary;

+ control over guided and unguided weapons:

* friend-or-foe identification.

altitude flights;

Kopyo-A aircraft radar: a comprehensive
data management solution

Since 2002, Phazotron has heen
repfacing Ka-28's (Helix) Osminog radar
by Kopyo. a more powerful radar that can
serve as a basis of a new data manage-
ment system enhancing helicopter's
combat performance.

Primarily designed for the Ka-28,
this radar can also be installed on other
manned fixed- and rotary-wing aircraft
as vrell. It includes several fully detached
units. In a helicopter, il is responsible for
the navigator's data environment:

» detecting and classifying single sur-
face or aerial objects or groups of
objects;
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Yury Bazin - deputy chief designer,
Phazotron NIIR Corporation

s driving the helicopter or a group of

helicopters along the path prescribed
by the flight mission;

* scanning the tactical environment

and making a tactical map;

* transmitting tactical data 1o upper-

level stationary and mobile com-
mand-and-control ¢enters;

+ firing stand-oft anti-ship missiles

like the Kh-35 (SS-N-25
Swilchblade) at surface fargets;

« controlling sound buoy setting,

searching for popped-up sub-
marines, indicating preliminary
enemy submarine data and supplying

-»

PHAZOTRON AT AERO INDIA 2007

them to anti-submarine combat

support syslems;

» indicating “weapons-ready com-
mands and recommended launch
zones in anti-submarine carried out
by a team of helicopters:

* driving the helicopter back to the
host ship or point of departure.

The data management system
includes an onboard radar, an electronic
signal monitoring station. a friend-or-
foe transponder, and a radio modem.
The system ¢ooperates with the naviga-
tion, weapons control, and anti-subma-
rine surveiltance systems.

The operational modes are updated
as the helicopter follows the flight mis-
sion angd are affected by the helicopter

airworthiness data. A crew training mode
is also available. All modes can be
selected by the navigator manually. The
navigalor aiso has soft keys which can
be programmed to run this or that sub-
system and re-programmed if neces-
sary.

Radar functions include:

+ all-round scanning of air and sea
surface environment;

+ directional scanning in a cerlain sec-
tor;

+ manual or automatic {(according to
current altitude) switching of maxi-
mal scanning range hetween 260 km.
130 km, 65 km, and 10 km;

* built-in seff-test;

+ {light mission amendment;

« training mode;

» detection of surface and aerial
objects and selection of mobile ones;

= coastline detection and high-resolu-
tion terrain mapping:

» radar mapping by the inverse-syn-
thesized aperture method;

» track-while-scan of up to ten surface
targets;

+ detection and ranging of meteoro-
logically hazardous areas {thunder-
storms, downpours etc.).

The radar automatically classifies
all detected objects, locks on and
tracks the objects while scanning.
Meteorologically hazardous areas are
shown on the display automaticaily as

Kopyo-A airborne radar
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Maximal effective range

Average scanning power

Waveband

Carrier band

Consumed electric power
ght

Cooling

Basic characteristics

Tactical performance

250 km
400W
450 MHz
X

5 kVA
130 kg
air-cooled

Effective detection range (sea conditions Force 3):

Target radar crass section, [m2]

1

3

6]

10
100
1000

Range, [km]
42
56
63
77

Hi-res terrain mapping resolution
Inverse-scanning aperture resolution

In both inverse-scanning aperture and hi-res terrain mapping

they emerge. The operalor can manu-
ally caontra! the scanning sector and
range.

The operator ¢an also use the control
slick to select the lracked target or to
switch on the inverse-synthesized aper-
ture mode or high-resolution terrain
mapping mode.

The color liquid-crystal display
shows navigation, flight mission, battle-

field data, and the radar and topograph-
ical maps. Importantly for team missions
where 1t is of crucial importance to make
full use of all system capabilities, any
radar can also process information
received from other helicopters in the
team with adaptation to the real tactical
enviranment.

In both inverse-scanning aperture
and hi-res terrain mapping modes, the

des, the display shows a s

hesized 5 km x 5 km map.

display shovis a synthesized 5 km x S km
map.

In effect, the Kopyo-A
greatly increases the scope of
radar use with Helix and other
aircraft, providing whal is in
effect a comprehensive all-round
250-km air ironment monitoring
capab

In both inverse-scanning aperture and hi-res terrain mapping modes, the display shows
a synthesized 5 km x 5 km map.

In effect, the Kopyo-A greatly increases the scope of radar use with Helix and other aircraft,
providing what is in effect a comprehensive all-round 250-km air environment monitoring

capability.
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