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The spatial-harmonic magnetrons with a cold secondary-emission cathode are promising oscillators
for various millimeter-wave radar systems. Experience in the development and application of the trans-
mitters on the basis of such magnetrons for coherent radar systems is summarized. Design approaches
to the development of highly efficient transmitters for the frequencies of 36 GHz and 95 GHz with the
power level of 30 kW and 4 kW, respectively, are discussed. Cloud Doppler radar systems based on
such transmitters are described as examples of the applications of such transmitters.

1. Introduction

There are two main approaches to the devel-
opment of coherent radar systems. The first of
them lies in building such systems according to
the so-called truly coherent scheme, where the
transmitter is based on an amplifier driven by a
highly stable oscillator. This oscillator is used
also as a reference source for the receiver, in
which case the measurement of the backscattered
signal phase is relatively easy. Such systems pro-
vide fairly good clutter suppression, a high Dop-
pler resolution, and give a possibility of intro-
ducing sophisticated methods of pulse compres-
sion. However, the lack of costs for an effective,
high-power millimeter wave amplifier, especial-
ly for the frequencies 95 GHz and higher, con-
strains essentially the development of such types
of radars intended for a long-distance operation.
In order to tackle this problem, the second ap-
proach based on the coherent receiver technique
can be used for the development of coherent sys-
tems. This approach deals with storing the values
of the phase of the RF pulses emitted by the trans-
mitter and comparing these values with those
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measured by the receiver. In this case, the trans-
mitter can be based on a self-running oscillator,
i. e. the magnetron. Besides, the recent advances
in microprocessor development and digital sig-
nal processing allow the development of the co-
herent receiver systems with the capabilities simi-
lar to those provided by truly coherent systems.

In this paper we summarize our experience
in the development of the millimeter-wave trans-
mitters for the coherent radar systems based on
the spatial-harmonic magnetrons with a cold sec-
ondary-emission cathode. Such magnetrons are
superior to the conventional millimeter-wave
magnetrons in such parameters as the lifetime,
the average output power, the weight, and di-
mensions [1, 2]. However, until recently such
magnetrons were used only in non-coherent sys-
tems [3, 4] and it was not clear whether they are
suitable for application in coherent systems. The
problem is that the quality factor of the magne-
trons is not high, in which case it is difficult to
achieve a high frequency stability. Next, the mag-
netrons with a cold cathode typically suffer from
pulse jitter. Our studies have shown that using
specially designed modulators one can success-
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fully solve these problems. This approach has
allowed us to develop the efficient 36-GHz and
95-GHz magnetron transmitters, which are prom-
ising for various coherent systems.

2. Magnetron transmitter design

We have found that among various possible
schemes of modulators the scheme with partial
discharge of the storage capacitor and the hard
tube as a high-voltage switch is the most suitable
for driving both 36 GHz and 95 GHz spatial-har-
monic magnetrons with a cold cathode. The trans-
mitter block diagram is shown in Fig. 1. The trans-
mitter includes the following main parts: a high-
voltage power supply, filament power supplies
for the magnetron and the modulator tube, a driv-
er for this tube and a controller. The low-voltage
power supplies were built by using resonant tech-
nique to provide a high efficiency and to sup-
press interference. The high-power supply utiliz-
es a flyback converter with a current feedback
along with a voltage multiplier. Such scheme al-
lows one to obtain the voltage ripple as low as
2 V with the output voltage of 20 kV and the

HV Power Supply

output power of 500 W. The output stage of the
hard tube driver is based on the two-pole scheme
and provides the voltage swing of 1500 V with
the rise and fall time less than 15 ns. All power
supplies in the modulator are synchronized at the
frequencies multiple to the pulse repetition fre-
quency of the transmitter.

3. Transmitter characteristics

The above solutions enabled us to obtain the
output transmitter pulses with a rather good shape
and a negligibly small jitter. The intrapulse phase
change during the high-power period of 200 ns
pulses is about 10° and 20°, and the pulse-to-
pulse frequency chirp is reproducible to about
100 Hz and 300 Hz for 36 and 95 GHz transmit-
ters, respectively.

Typical build-up of the RF pulses of 95 GHz
transmitters is shown in a photo in Fig. 2. This
photo was obtained by superposition of 20 000
successive pulses. It is easy to see that the pulse
jitter is less than 2 ns. The jitter occurs only at
the initial stage of the pulse formation. A pho-
to in Fig. 3 illustrates the power spectrum in
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Fig. 1. Block diagram of 36 and 95 GHz magnetron transmitters
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Fig. 2. Build-up of radio frequency pulses of a 95 GHz
transmitter

10 MHz ‘

Fig. 3. Power spectrum of a train of transmitted pulses

logarithmic scale for the train of pulses with
the same length. The level of the first “frequen-
cy sidelobe” is about —30 dB, and the spec-
trum width (between the two first minima) is
2/T, where T is the pulse duration.

The typical characteristics of the transmitters
developed for the 36 GHz and 95 GHz Doppler
radar systems are given in Table 1.

The operation of the transmitters is con-
trolled by a microprocessor, which provides a
smart mode of transmitter operation. In particu-
lar, pulse-to-pulse programmed control of the
pulse duration and pulse repetition frequency is
introduced. Local and remote control of the
transmitters is possible.

Table 1. Parameters of the 36 GHz and 95 GHz
Transmitters

Frequency, GHz 36 95
Output power, kW 30 4

Pulse Duration, ns 50-500 50-400
Duty cycle, max 0.005 0.005
Cooling Water Water
Weight, kg 25 25
Power supply, V 220 AC 220 AC
Power consumption, W 700 500

In order to illustrate a high quality of the
magnetron transmitters introduced in a 36 GHz
radar system, a Doppler spectrum of the signal
reflected from a stationary ground-based target
located at the distance 12 km is shown in Fig. 4.
The delay time of 0.1 s and the pulse repetition
frequency of 5 kHz were used in the measure-
ments. [t appeared that the spectrum width around
zero frequency is 10 Hz, at level —3 dB, and
20 Hz at level —45 dB and it is determined by the
dwell time rather than by the phase instabilities
of the transmitted pulses. It can also be seen from
this figure that the power density in the vicinity
of zero frequency is 55 dB higher as compared to
that in the other spectral components.

The transmitters described above are used in
the recently developed 36 GHz and 95 GHz Dop-
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Fig. 4. Power spectrum of the signal reflected from a
stationary ground based target at a distance of 12 km
obtained with a 36 GHz Doppler radar
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pler cloud radars [5, 6]. These radars were dop-
plerized by using a digital coherent receiver tech-
nique. The radars were designed for unattended
operation, and they provide high-resolution, real-
time measurements of the profiles of reflectivity,
Doppler spectrum, mean radial velocity, and ve-
locity variance.

4. Conclusion

In this paper, we have made the first report on
the millimeter-wave transmitters based on the spa-
tial-harmonic magnetrons with a cold secondary-
emission cathode for applied coherent radar sys-
tems. The results demonstrate the advantages of
the transmitters such as a high quality of trans-
mitting pulses, including a high pulse-to-pulse fre-
quency stability, small intrapulse phase variation,
and negligibly small jitter. The transmitters for
the frequencies of 36 GHz and 95 GHz with the
power level of 30 kW and 4 kW, respectively,
have been developed and successfully implement-
ed in Doppler cloud profiling radars.
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MarHeTpoHHbIe TlepeIaTYNuKH JJIs1
KOTepPEeHTHBIX PaIHO0JIOKAIMOHHBIX
CHCTEeM MHJUIMMETPOBOIO THANA30HA

K. lllynemann, b. B. Tpym,
. M. Baspus, B. A. Boiikos

MarseTpoHbl IPOCTPAHCTBEHHBIX FAPMOHUK
C XOJOAHBIM BTOPUYHO-SMHCCHOHHBLIM KaTOJAOM
MPUMEHSIOTCS B KaUECTBE T€HEPaTOPOB JJIs pa-
JAUOJIOKAIIUOHHBIX CUCTEM MUJLIMMETPOBOI'O OU-
arnaszoHa JuuH BoiH. IlogBoasiTes utoru paspa-
OOTOK MepeNaTyNKoB, 0a3UPYIOIIUXCS Ha TaKUX
MAara€TpoHax, U IMMpUMCHCHHUA UX IJId KOT'CPECHT-
HBIX PaJUOJIOKAMOHHBIX cucTeM. OOCy)Iat0T-
Cd KOHCTPYKTHUBHBIC PCHICHUA, NPUHATHIC IJIA
pa3paboTKu BEICOKOA(PPEKTUBHBIX MTEPEAATIYHKOB
nuanazona yactotr 36 I'Tou 95 I'T'n ¢ ypoBHEM
uMmnyiascHoi MomHocTH 30 kBt 1 4 kBTt coot-
BETCTBEHHO. B kaduecTBe NpuMepa IpUMEHEHUS
OMHCBIBAEMBIX MEPEJATIYNKOB PACCMATPUBAIOTCS
METEOpPOIOrNUeCKHe AONIUIEPOBCKHE PaANOIOKa-
OUOHHBIC CUCTEMBI.

MarseTpoHHi nepexaBavi 1Jst
KOTepPeHTHUX PaJioIoKalliiHUX cCHCTeM
MLJIiMeTpPOBOro Aiana3oHy

K. lllynemann, b. B. Tpyu,
. M. Bagpis, B. A. BosikoB

MarseTpoHu TPOCTOPOBUX TapMOHIK 3 XO-
JIOJTHUM BTOPUHHO-EMIiCITHIM KaTOJIOM 3aCTOCO-
BYIOThCS SIK TEHEPATOPHU IS PajiojoKaIliiHuX
CHUCTEM MIUJIIMETPOBOTO Jiala3oHy JOBXUH
XBWJIb. [1i10MBarOTHCS MiACYMKH PO3pOOOK Tie-
penasauis, 1110 0a3yIOThCS HA [IMX MarHETPOHAX,
Ta 3aCTOCYBaHHS 1X JIsl KOTEPSHTHUX PaJIioio-
KaliiHuX cucreM. OOroBOPIOIOTHCS KOHCTPYK-
TUBHI pillIEHHS, TPUUHATI A pO3POOKU BHCO-
KOe(DeKTUBHUX TEpeaBadiB Jialla30Hy 4acToOT
36 Ty u 95 I'Tu 3 piBHEM IMITYJIBCHOT MOTYX-
Hoctu 30 kBt ta 4 kBt BignosigHo. Sk npu-
KJIaJ[ 3aCTOCYBaHHS MOJIOHUX IepeaBadiB po3-
[ISa0ThCS METEOPOJIOTIUHI JOIIEPIBChKI pa-
I1OJOKAILIfiHl CUCTEMHU.
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