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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

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

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

Fig. 1. Block diagram of 36 and 95 GHz magnetron transmitters
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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.

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. It 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-

Fig. 2. Build-up of radio frequency pulses of a 95 GHz

transmitter

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

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

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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Ìàãíåòðîííûå ïåðåäàò÷èêè äëÿ

êîãåðåíòíûõ ðàäèîëîêàöèîííûõ

ñèñòåì ìèëëèìåòðîâîãî äèàïàçîíà

Ê. Øóíåìàíí, Á. Â. Òðóø,

Ä. Ì. Âàâðèâ, Â. À. Âîëêîâ

Ìàãíåòðîíû ïðîñòðàíñòâåííûõ ãàðìîíèê

ñ õîëîäíûì âòîðè÷íî-ýìèññèîííûì êàòîäîì

ïðèìåíÿþòñÿ â êà÷åñòâå ãåíåðàòîðîâ äëÿ ðà-

äèîëîêàöèîííûõ ñèñòåì ìèëëèìåòðîâîãî äè-

àïàçîíà äëèí âîëí. Ïîäâîäÿòñÿ èòîãè ðàçðà-

áîòîê ïåðåäàò÷èêîâ, áàçèðóþùèõñÿ íà òàêèõ

ìàãíåòðîíàõ, è ïðèìåíåíèÿ èõ äëÿ êîãåðåíò-

íûõ ðàäèîëîêàöèîííûõ ñèñòåì. Îáñóæäàþò-

ñÿ êîíñòðóêòèâíûå ðåøåíèÿ, ïðèíÿòûå äëÿ

ðàçðàáîòêè âûñîêîýôôåêòèâíûõ ïåðåäàò÷èêîâ

äèàïàçîíà ÷àñòîò 36 ÃÃö è 95 ÃÃö ñ óðîâíåì

èìïóëüñíîé ìîùíîñòè 30 êÂò è 4 êÂò ñîîò-

âåòñòâåííî. Â êà÷åñòâå ïðèìåðà ïðèìåíåíèÿ

îïèñûâàåìûõ ïåðåäàò÷èêîâ ðàññìàòðèâàþòñÿ

ìåòåîðîëîãè÷åñêèå äîïïëåðîâñêèå ðàäèîëîêà-

öèîííûå ñèñòåìû.

Ìàãíåòðîíí³ ïåðåäàâà÷³ äëÿ

êîãåðåíòíèõ ðàä³îëîêàö³éíèõ ñèñòåì

ì³ë³ìåòðîâîãî ä³àïàçîíó

Ê. Øóíåìàíí, Á. Â. Òðóø,

Ä. Ì. Âàâð³â, Â. À. Âîëêîâ

Ìàãíåòðîíè ïðîñòîðîâèõ ãàðìîí³ê ç õî-

ëîäíèì âòîðèííî-åì³ñ³éíèì êàòîäîì çàñòîñî-

âóþòüñÿ ÿê ãåíåðàòîðè äëÿ ðàä³îëîêàö³éíèõ

ñèñòåì ì³ë³ìåòðîâîãî ä³àïàçîíó äîâæèí

õâèëü. Ï³äáèâàþòüñÿ ï³äñóìêè ðîçðîáîê ïå-

ðåäàâà÷³â, ùî áàçóþòüñÿ íà öèõ ìàãíåòðîíàõ,

òà çàñòîñóâàííÿ ¿õ äëÿ êîãåðåíòíèõ ðàä³îëî-

êàö³éíèõ ñèñòåì. Îáãîâîðþþòüñÿ êîíñòðóê-

òèâí³ ð³øåííÿ, ïðèéíÿò³ äëÿ ðîçðîáêè âèñî-

êîåôåêòèâíèõ ïåðåäàâà÷³â ä³àïàçîíó ÷àñòîò

36 ÃÃö è 95 ÃÃö ç ð³âíåì ³ìïóëüñíî¿ ïîòóæ-

íîñòè 30 êÂò òà 4 êÂò â³äïîâ³äíî. ßê ïðè-

êëàä çàñòîñóâàííÿ ïîä³áíèõ ïåðåäàâà÷³â ðîç-

ãëÿäàþòüñÿ ìåòåîðîëîã³÷í³ äîïëåð³âñüê³ ðà-

ä³îëîêàö³éí³ ñèñòåìè.


