USE OF THE EXTREMVELY H GH FREQUENCY BAND | N Al RBCRN\E ELECTRON C SYSTEMS

Forei gn speci ali sts consi der the devel opnent of new higher frequency bands to
be one of the nmost stable trends in the devel opment of military el ectronics.
This is explained by several pernanently operating factors. Above all there is
the increase in the nunber of electronic resources being used i n conducting
conbat actions, which causes an overload of al ready devel oped bands. In addition,

el ectromagnetic oscillations wth varyi ng wavel engths have varying and often
mutual | y suppl ementary properties. This all ows expanding the capabilities of

el ectroni c systens by using radi o waves of different bands. And finally, in
the opinion of foreign experts, the operation of electronic systens in a w de
area of the el ectromagnetic spectrum conplicates the eneny's el ectronic war-
fare.

The neter and centimeter wave bands were devel oped abroad i n successi on
following Wrld War 11, and the late 1970's and the 1980's are characteri zed
by the w de unfol ding of research and devel opnent ai med at creating el ectronic
systens in the mllineter band (this band includes el ectromagnetic oscilla-
tions with a wavel ength of 10-1 mm corresponding to the frequenci es of
30- 300 GHz).

The mllimeter band, which takes in the frequency range equal to 270 G, is
not uniformfromthe standpoint of the conditions for propagation of electro-
nagneti c waves. For exanple, with an increase in frequency the attenuation in
the band increases approximately on a linear basis, but there are three
regi ons corresponding to the resonance frequencies of oxygen and of water
vapors where absorption increases sharply (see figure). Regions of the mlli-
neter band with mninumattenuation, called radi o wi ndows, are used nost often
for the operation of radiotechnical equipnent, but a nunber of systens,
designed in particular to operate at short range, al so use regions of the
spectrumwi th high absorption. Table 1 gives the linmts of sub-bands



Table 1 - Millimeter Band
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allocated by the World Admnistrative Radi o Conference for the operation of

radi ot echni cal equipment, as well as the central frequencies (wavel engths) by
whi ch t hese sub-bands sonetines are denoted. The mllineter waves occupy an
internedi ate place on the overall scale of the el ectronagnetic spectrum
bet ween centi meter waves (the superhi gh frequency [sHRband) and the very far IR
area. This position largely deternmines both the properties of mllimeter
waves and the characteristics of electronic systens in this band.

The foreign mlitary press notes the foll owi ng advantages of mllineter band
[EHF] systens in conparison with SHFsystens:

--The opportunity of creating antennas with narrow radiation patterns. It has
been cal cul ated, for exanple, that with an antenna di ameter of 0.12 mthe
width of its radiation pattern at half power at a frequency of 94 GHzis18,
while at a frequency of 10 GHzit is 18°. This nmakes it possible to increase
the precision and security of the systens' operations and hanpers their jam
m ng.

--Broad bands of working frequencies being used: in four wndows of the mlli-
neter band of 35, 94, 140 and 230 GHzt he correspondi ng bands are 16, 23, 26
and 70 GHzi.e., any of the windows is larger than the entire sHFband pres-
ently being used. This provides for a reduction in nutual interference from
friendly equi pnent and conplicates the eneny's task of arranging el ectronic
countermeasures. It is believed additionally that an opportunity to increase
range resol ution appears in active systens, and the opportunity to increase
sensitivity appears in passive systens.

Meanwhile, it is noted that EHFradar systens are significantly inferior to
SHFsystems in operating range because of the considerable attenuation of
radi o waves in the atnosphere.



It is believed that EHF systens are | ess subject to the influence of weat her
conditions in conparison with electro-optical equi pment. They operate satis-
factorily in fog and with cloud cover, and only precipitation in the form of
rain substantially reduces their operating range. For exanple, in dense fog
(with visibility of 100 nj) attenuation in the IR and visible optical bands

i ncreases to 100 db/kmor nore, while the attenuation of mllinmeter waves is
not over several decibels per kiloneter.. In the opinion of foreign special -
ists, BEH- systens will have advantages over el ectro-optical systens under real
conbat conditions. For exanple, the FRG conducted conparative tests of target
detection characteristics with EHF systens (94 G4) and el ectro-optical systens
under conditions of shellbursts along the target's line of sight. Results
of the experinents showed the insignificant effect of weapons on the propagation
of millimeter waves: signal attenuation was 15 db for 0.9 seconds after the
shel | burst, and then the target was agai h detected despite dust and snoke. In
this instance the el ectro-optical systens were disabled for over 20 seconds.
The resol uti on of EHF systens, however, is belowthat of electrooptical
systens.

In giving a general assessnent of the mllineter band, western experts note

that this region of the el ectronagnetic spectrumis a conpromse area, as it
were. Hectronic systens can be created here having hi gh accuracy near that
of electro-optical equiprent, and at the sane tine providing all-weather capa-

bility and around-the-cl ock use, typical of equiprent in the SH- band.

The interest in systens of the EH- band appeared back in the early 1940's, but
the first series-produced el enent - base conponents were nade al nost 30 years
later. Foreign specialists believe the reasons for this delay to be the
insufficient study of conditions for the propagation of mllinmeter waves and
the difficulty of developing a reliable elenent base. Wiile the first of

t hese reasons has been practically elimnated at the present tine, resol ution
of the second problemw |l require many nore efforts. It is believed that the
greatest difficulties lie in creating powerful generator devices. The foreign
press reported devel opnent of Qinn di odes and nagnetrons operating at frequen-
cies up to 100 GHz, and about klystrons and | MPATT di odes (an aval anche-
transit diode in the transit node) which can be used at frequencies of 200 and
300 GHz respectively. The power |evels and efficiencies achi eved by these
devi ces, however, do not yet satisfy devel opers of EHF systens.
Necessary systemout put usual ly is achi eved by addi ng the out puts of several
gener at or devi ces. For exanple, there was a report about the devel opnent of a
transmtter with | MPATT diodes in the 95 GH# band whi ch provi des an out put of
40 watts in a pul se node when the outputs of four diodes are added. Over the
next fewyears it is planned to increase the outputs of generators and power
adders by 3 db and 10 db respectively. Cnhe of the latest trends is a shift
fromthe use of microstrip elenents to nonolithic integrated circuits. The

exi sting receivers cover broad instantaneous pass bands, such as from26.5 to
40 GH and from75 to 110 G. Judging fromwestern press reports, prinary
efforts presently are directed at creating systens operating in the 26-40 Gi
band.



These advantages and deficiencies of mllineter waves were deciding factors in
determ ning the areas of application of EHF el ectronic equi pnent. Radar,
navi gat i on, weapon control, conmmunications and EWsystens are regarded as the
principal areas of application of EHF systenms in the avionics of the United
States and ot her NATO countri es.

Al RBORNE RADAR AND NAVI GATI ON SYSTEMS. They include in particular the WK-50
radar of the Anerican firm of Westinghouse, which has undergone flight tests
aboard the TA-4J and OV-10 aircraft and the UH- 1N helicopter. The possibility
of its installation aboard the A-10 attack aircraft (see color insert [col or
insert not reproduced]) is being studied. The WK-50 noncoherent 8-nmm radar
provi des for operation in the followi ng modes: terrain avoi dance and
nap-of -the-earth flight; detection and sel ection of noving ground targets;
ground mappi ng; neasurenment of flight altitude; and direction-finding of
sources of em ssion (the principal characteristics of this and other radars
are given in Table 2).

In the terrain avoi dance and nap-of-the
Table 2 - Principal Charac- earth flight node the radar sends to a
teristics of EHF Radars di splay the
contour lines of the relief section
| ocated up to 5 km ahead of the aircraft,

=
§ whi ch gives the pilot an opportunity to
2 | S ¢« | 88 fly the plane at a height of around 60 m
;-' ﬁ 1 =2 ¢ The scanning sector is 12° in azimuth in
the terrain avoi dance node. The radar
Frequency,.GHy 85| 3451 35 | 95 5 oyjdes an indication of ground targets
Peak power,kw | 100 | 25 7 2 noving at a speed of at |east 5 kmihr.
Pulse length, ' Eneny helicopters and tanks can be detected
nanoseconds | 200 | 250 | 200 | 20 5 gistances up to 16 km
Prf'mz' , 2 4 . s In the node for direction-finding of
Width, antenna emtting sources the radar can detect and
radiation pat- det erm ne coordinates of high-priority
tern, degrees| 15 . 13 943 onitting targets 043 and i ssue
Weight, kg 64 ] 53 . data on their azinmuth to the weapon
Volume, m? 0.07 - . : control system because of the broad ba_nd
of the antenna reflector. In the mapping

node the radar display shows terrain
sectors at distances of 9, 18, 27 or 50
km ahead of the aircraft. The scanning
sector is 70° in azimuth for nmapping.

The radar is equipped with a scanning cassegrain antenna with a di aneter of
0.38 m The scan rate is 60 degrees per second. The radar can be installed
in the aircraft nose or in a belly pod; in the latter case its weight is
approximately 132 kg. The WKX-50 has a nodul ar design, it is nade in the form
of six interchangeable units, and it is equipped with a built-in functional
check system The nean tine between failures is 300 hours. The novi ng ground
target indication node is supported by an additional processor.

The foreign press notes that flight tests of the radar aboard the A-10 attack
aircraft revealed ,a nunber of its deficiencies. In particular, the nmoving

target indication was ineffective. In addition, during operation in the
nap-of -t he-earth flight node the need arose to increase the fields of viewin
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azimuth and el evation, and when flying over a surface with poor radar reflection
the radar has to operate only together with the radio altineter.

The experinental AN APQ 137 radar of the firmof Ererson Hectric is a pul se-
doppl er radar designed to detect ground targets. It has a 40° field of view
in the search node. The radar provides an indication of targets noving at a
speed of 3-30 kmihr. Information is displayed on a screen 130 mmin di arreter.

The Sai ga radar was devel oped by the French firm of E ectronique Narcel
Dassault for installation in helicopters for terrain avoi dance and nap-of -t he-
earth flight under adverse weather conditions and at night. The radar has a
t80° field of viewin azimith in the forward and rear hem spheres and +£10° in
elevation relative to the velocity vector. Its operating range is 5 kmand it
has a range resolution of 30 m According to foreign press reports, flight
tests have shown that the radar detects obstacles such as trees at a distance
of 3 km and high-voltage lines at a distance of up to 1.5 km

The AN APQ 122 radar was devel oped by Texas Instrunents on order fromthe
US Ar Force and designed for installation in mlitary transport aircraft to
support airborne delivery under adverse weather conditions. In its dual-
frequency nodification the radar functions in the 8-10 and 35 G+ bands. The
radar provides the follow ng di stances when operating in the centineter band:
370 kmfor mapping, 277 kmfor obtaining weather information, and 445 kmin
t he beacon nmode. The nillimeter band is used when the radar operates at short
ranges for determ ning ground target coordi nates and for high-resolution dis-
play of a radar terrain nmap for identifying reference points and for aerial
delivery. It is reported in parti6ular that the radar can detect targets with
a radar cross-section of 50 nfinarainwth an intensity of 4 nmhr.

The AN APQ 122 dual -frequency radar presently is being installed in sone
C- 130, RC-135 and KC-135 aircraft.

The British P391 side-looking radar operates in the 8-mmband and is nmade in a
pod version. Two antennas each are used for reception and transmssion, wth
each antenna consisting of 12 vertical wavegui des. There is an alternate
switching of the right and left antennas with a frequency of 237.5 Hz to
obtain images on both sides of the aircraft. The radar data is recorded on
127-mm film

The D ana radar is being devel oped by the Vst German firmof Senens; it pro-
vides for navigation and ground mappi ng and operates at a frequency of 35 G.
A magnetron is used in the transmtter's output stage. The radar's wavegui desl ot
ant enna i ncl udes t hree wavegui des situated one above the other: the cen-

tral waveguide is used as the transmtter antenna and the upper and | ower
wavegui des as the receiver antenna. The width of the antenna radi ati on pat -
ternis 0.7° and 70° in azimuth and el evati on respectively, and scanning in
the horizontal plane is in a +£30° sector. In the mappi ng node, coordinates of
ground points are determ ned based on an anal ysis of doppler shifts of the
radar frequency. There is a display of the surface bei ng mapped on a col or
indicator, with ground sectors located up to 1,000 mfromthe aircraft dis-

pl ayed in green, those 1, 000-4,000 maway in yellow and those 4,000 mor nore
away in bl ue.



The TALONS (Tactical Avionics for LowLevel Navigation and Strike) radar dev-

el oped by the Arerican firmof Norden Systens is designed for the navigation
of flying craft and delivery of lowaltitude attacks agai nst ground targets.
The foreign press notes that TALONS is the first NATOradar in the 3-nm band
whi ch has undergone flight testing. During the tests it was planned to eval u-
ate the radar's operation in the nmodes of ground mappi ng, terrain avoi dance,
terrain foll owing, and on-board weapon control under adverse weather conditions,
as well as in the presence of centers of fire and snoke on the battlefield.
During the tests the radar was placed aboard a T-39 aircraft in a belly pod,
with the radar processor, control and indicator panel, as well as signal
processor for evaluating radar characteristics installed in the cockpit.

A drone (BPLA) radar is proposed for use for battlefield reconnai ssance and
target designation. It has a +20° field of view, a 50 degrees per second scan
rate, and a tank detection range of 3 kmin clear weather in 2 kminrain with
an intensity of 4 nm hr.

CONTRCLLABLE WEAPON GUJ DANCE SYSTEMS. Judging from foreign press reports,
such advantages of electronic systens inthe mllineter band as snall size of
input circuits and the possibility of use in adverse weather conditions are
especially attractive to devel opers of airborne gui ded weapons. Information
on sel ected systens of this type is given bel ow
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head all owing the possibility of target |ock-on on the flight path without
addi tional target designation. Such | eading Anerican firns as Hughes, Boeing,
Rockwel | and Honeywel | took part in this work on a conpetitive basis, with
their efforts concentrated on creating a mllineter-band radar hom ng head.

The US Ar Force coomand chose the Hughes homng head, operating in the 3-mm
band, based on results of conpetition. It is believed that an increase in
signal attenuation in the atnosphere in the 3-mmband conpared with the 8-mm
band is conpensated by an increase in antenna gain. At the same tine, a solu-
tion to the problemof detecting the target signal agai nst the background of
reflections fromthe underlying surface is facilitated because of the higher
spatial resolution in the 3-nmband. The Hughes homi ng head transnitter uses
an | MPATT diode, with a Qunn diode in the heterodyne. The honing head has a
cassegrain antenna with conical scan.

The honming head functions in two nodes: active and passive. In the active
node it operates as a conventional pul se-doppler radar. Search and target
detection are acconplished at ranges of 3-5 km depending on weather condi-
tions. In the termnal guidance | eg, when distance to the target is

300-500 m the homng head shifts to the passi ve node and operates on the tar-
get's natural emissions. It is reported in particular that the shift to a
passi ve node was necessary to increase gui dance accuracy. Wen the mssile
approaches the target, the mrror reflection fromso-called "glitter points"
causes anplitude and angul ar fluctuations in the gui dance system whi ch nay
lead to an increase in error. The use of a passive broadband recei ver nakes
it possible to reduce the influence of this effect.

The maj ority of gui dance systens under devel opnent use 8-mmand 3- nm band hom ng
heads (their basic characteristics are given in Table 4). Meanwhile, foreign
specialists do not preclude the possibility of creating short-range weapon
gui dance systens in the 5-mmband. In their opinion, the heavy attenuation of
radio waves in this band will nmake it difficult for the eneny to perform

el ectronic intelligence operati ons and jam 5-nm band resources. There were
reports, for exanple, of the devel opnment of a 5-mm honming head with a Qunn
diode for artillery guided projectiles allowng the detection of a snall ground
target at a distance of 300 m On the whole, judging fromforeign press

reports, Anerican firns' experience in creating mllineter-band radar
hom ng heads showed the possibility of devel opi ng honi ng heads wei ghi ng
4.5-6.5 kg which are 30-40 cmlong and have a diameter of 10-18 cm

RADI O COVUNI CATI ONS SYSTEMS. The Pent agon pl aces constant enphasis on i nprov-
ing satellite comunications systenms inasmuch as up to 70 percent of the traffic
over long-range military communications is transmtted over satellite
channel s. Anerican experts believe that existing satellite comrunication
lines have insufficient ECCM capability and are subject to the effects of

nucl ear bursts. In their opinion, the introduction of mllineter-band com

nmuni cation lines is one of the directions for inproving the effectiveness of
operati ons.

The Whited States has been conducting experinents in this direction since the
latter half of the 1960's. For exanpl e, conditions for propagation of radio
waves in the 8-nmmband were studied using the ATS-5 satellite. The ATS- 6, the
first satellite with mllimeter-band receiver-transmtter equi pment, was



M1 1ineter-Band Hom ng Heads Tests to
establish contact with aircraft and

ships at frequencies of 20 and 30 GHz were
conducted for two years. The work of
creating a satellite conmunications system

Table 4 = Characteristics of
Millimeter-Band Homing Heads
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US nilitary specialists believe that M| star
wi Il provide higher ECCM capability and sur-
vivability than existing satellite coliununications systenms. It is noted in
particular that use of the millimeter band in the MIlstar systemw |l permt
shortening its tinme for returning to nornal operation follow ng high-altitude
nucl ear bursts.

The MIstar systemw |l include seven operating satellites and one reserve
satellite. Four satellites are to be in a geostationary orbit over the Indian
Ccean, the Eastern and Western Pacific and the Atlantic Ocean. It is planned
to maintain communications for facilities located in high geographic |atitudes
via three satellites placed in highly elliptical polar orbits.

It is planned to communicate in the systemin two bands: mllineter and centi -
meter. The earth-satellite channel will operate at a frequency of 44 GHz and
the satellite-earth channel at 20 GHz. Each satellite will have 50 mllineter
and four decineter channels for relaying data and tel ephone nessages at rates

*For nore detail about experiments with the LES-8 and LES-9 satellites see
ZARUBEZHNOYE VOYENNOYE OBCOZREN YE, No 3, 1985 pp 18- 20-- Ed.



of 2.4 kilobits per second and 75 bits per second. To increase the EQOM capa-
bility it is planned to use broadband signal s and pseudorandomretuni ng of the
carrier frequency within 2 G limts. It is planned to use a multipl e-beam
phased antenna array as the satellite antenna. The belief is that it wll
all ow an automatic change in the radiation pattern's position in space if
eneny jammng is detected so that its mninuns are directed toward the source
of jammng. In the opinion of Anerican mlitary specialists, it will take a
one negawatt gyrotron generator with an antenna of some 10 min dianeter to
jamsatellite channel s in which such ECCM neasures are taken. Autononous
on-board systens for orientation and nmaneuvering in orbit are to provide for
the satellite' s planned ten-year service life. Launch of the first satellite
of the MIstar systemis planned for 1988. The U S. Air Force command pro-
poses to use the MIstar systemto provide comunications for strategic bonb-
ers, airborne command posts, tanker aircraft and AWACS aircraft both anong

t hensel ves and wi th ground and shi pboard conmand posts.

ELECTRONI C WARFARE SYSTEMS. The foreign press notes that the creation of
mlitary electronic systens operating in new bands inevitably leads to the
devel opnent of el ectroni ¢ counterneasures [ ECM equi pnent for the correspond-
ing frequencies. It is believed that features of mllimeter band systens are
causi ng the appearance of a multitude of new probl ens for the devel opers of
ECQM equi prrent and at the sane tine nmake it easier to create neans and net hods
for radar ECOM These features include narrow antenna radi ation patterns, a
broad worki ng frequency sel ection band, and the possibility of using broadband
pseudorandom signals. MIlineter wave antennas have a higher ratio of the
nain lobe of the radiation pattern to the side | obe than SH- antennas, and so
jammng the side | obes is nmore conplicated. The jamm ng of nissile hom ng
heads operating in a passive node al so presents a serious problem

Many ECM systens are designed purely for energy suppression, but powerful
mllimeter wave generators have a | ow efficiency, which conplicates the cool -
ing system Al though gyrotrons have a rather high efficiency, they are |arge.
The high-power mllimeter wave generators usually are short-lived and require
a voltage on the order of 20-100 kilovolts. The western press reports that
the United States presently has created a traveling wave tube for an 8-nm band
ECM systemwith around 10 watts of output in a continuous node.

ECM systens of nodul ar desi gn bei ng devel oped in the Lhited States provide for
the possibility of building up units to allow for jammng i n new frequency
bands. For exanple, the AN ALQ 165 ECM system desi gned for installation in
the F-14, F-18, EA-6B, A-8B, F-111, F-16 and certain other aircraft is to
include an 8-mmband transnmtter. There is also a report that work has been
done to create mllineter-band on-board warni ng receivers.

The effectiveness of enpl oyi ng passive EQM equi prent in the millineter band is
droppi ng since the narrow radi ati on patterns of electronic systens provide
smal | resol ution volunes. The foreign press has noted the ineffective use of
chaff in the formof half-wave or quarter-wave oscillators nmade of al um num
for jamm ng systens operating at frequenci es above 20-35 GH. Experinents are
bei ng perforned wth various aerosols to create passive EOMresources in the
hi gher frequency bands.



I N ASSESSI NG THE STATUS AND PRCSPECTS FCR DEVELCGPMENT GF THE M LLI METER BAND,
foreign experts note that the el ectronic systens in this band are finding
increasingly wide use in the air forces of NATO countries. Their adoption is
connected with a new stage in the devel opnent of precision weapons, inhasnuch
as high demands are bei ng pl aced not only on accuracy, but al so on the extent
of around-the-clock and al | -weat her operation of such weapons. Judgi ng from
western press reports, there presently are several 8-mmband el ectronic systens
inthe foreign inventory, but the devel opnent of systens operating in the short-
wave portion of the mllineter band is bei ng del ayed because of the |ack of a
reliable el ement base. For exanple, several experinental 3-nmband systens
have been nmade and two of them have undergone the flight test phase (the TALONS
radar and the Wasp gui ded-mssile homng head). Only | aboratory research is
bei ng done for nowin the 2-nmand 1-mmbands. It is also reported that the
Pent agon does not plan to fully replace existing el ectroopti cal and SHF

equi pnrent with mllineter band systens. Consideration is being given only
to variants of the rational joint use and integration of systens under

devel opnent with those already in the inventory.

COPYRI GHT: " Zar ubezhnoye voyennoye obozreniye", in Russian No 9, Sep 85,
pp 46-52

10



