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" A
Introduction

The idea of phase locking the magnetron is as old
as magnetron itself. The concept of injection locking
was introduced in early 50’s.

A problem with the application of injection locking is
the requirement of a relatively high power and stable
frequency source thereby adding considerable cost.



Relative Cost of Magnetrons and Klystrons

Tube Power | Voltage Freq. Tube Power Total
Cost Supply | Cost per
Cost kKW

Klystron 250kW 50kV | 500MHz | £200,000 | £200,000 | £1600

10T 70kW 35kV | 500MHz | £60,000 | £40,000 £1430

Magnetron | 100kW 18kV | 900MHz | £30,000? | £40,0007? £700




A cost effective solution to magnetron phase
locking is desirable

1 to provide a low cost substitute for Klystrons
In certain particle accelerators applications.

2 to overcome load variation and moding
problems in industrial applications.

3 for space power transmission applications

4 for phased array radar



" J
Specification of Phase Stability for Particle
Accelerators

m The microwave power sources for particle accelerators
are required to have following phase stabilities,

Proton Accelerators 1 -- 2 Degrees

Electron Accelerators 0.1 — 0.2 Degrees
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PERFORMANCE GRAPH OF MAGNETRON
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" JEE
Pulling

m RIEKE DIAGRAM

Change in load reactance, changes the frequency. Change in frequency
depends upon amount of power reflected and its phase.
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" J
How Magnetron Can be Phase Locked

m 1- INJECTION LOCKING
m |Injected signal into output cavity

m 2- PHASE LOCKED LOOP

m Measure phase/frequency and then using
pushing and pulling characteristics to shift
frequency so that phase can be driven back to
correct point.



" J
Injection Locking

m The level of injection signal depends on spectral BW of magnetron
frequency. For a stabilized DC power supply, injection level equal to
2% of total output power is sufficient to lock.

fo:fi

magnetron | | circulator | load

fi

injection
signal 2% of total output power




Phase locked loop method

m Error voltage from phase detector controls current through
magnetron by changing Anode to cathode voltage.

magnetron
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Phase Locking by PWM Method
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"
Phase Locking by VCCS Method
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Work done by Kyoto University, Japan

Injection Locking
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"
Frequency spectrum (Locked)
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