Microwave Engineering

Unit-3



Traveling Wave Tube

» Traveling Wave Tube (TWT) is the most versatile
microwave RF power amplifiers.

»The main virtue of the TWT is its extremely wide band
width of operation.
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Basic structure of a Traveling
Wave Tube (TWT)
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Basic structure

» The basic structure of a TWT consists of a cathode and filament
heater plus an anode that is biased positively to accelerate the
electron beam forward and to focus it into a narrow beam.

» The electrons are attracted by a positive plate called the
collector, which has given a high dc voltage.

» The length of the tube is usually many wavelengths at the
operating frequency.

» Surrounding the tube are either permanent magnets or
electromagnets that keep the electrons tightly focused into a
narrow beam.




Features

» The unique feature of the TWT is a helix or coil that
surrounds the length of the tube and the electron beam
passes through the centre or axis of the helix.

» The microwave signal to be amplified is applied to the end of
the helix near the cathode and the output is taken from the
end of the helix near the collector.

» The purpose of the helix is to provide path for RF signal.

» The propagation of the RF signal along the helix is made
approximately equal to the velocity of the electron beam
from the cathode to the collector




Functioning

» The passage of the microwave signal down the helix
produces electric and magnetic fields that will interact
with the electron beam.

» The electromagnetic field produced by the helix
causes the electrons to be speeded up and slowed
down, this produces velocity modulation of the beam
which produces density modulation.

» Density modulation causes bunches of electrons to
group together one wavelength apart and. these
bunch of electrons travel down the length of the tube
toward the collector.




Functioning

» The electron bunches induce voltages into the helix
which reinforce the voltage already present there. Due
to that the strength of the electromagnetic field on the
helix increases as the wave travels down the tube
towards the collector.

» At the end of the helix, the signal is considerably
amplified. Coaxial cable or waveguide structures are
used to extract the energy from the helix.



Advantages

TWT has extremely wide bandwidth. Hence, it can

be made to amplify signals from UHF to hundreds of
gigahertz.

Most of the TWT's have a frequency range of

approximately 2:1 in the desired segment of the
microwave region to be amplified.

The TWT’s can be used in both continuous and
pulsed modes of operation with power levels up to
several thousands watts.



Performance characteristics

1.
2.

3.

Frequency of operation : 0.5 GHz — 95 GHz
Power outputs:
5 mW (10 — 40 GHz — low power TWT)
250 kW (CW) at 3 GHz (high power TWT)
10 MW (pulsed) at 3 GHz
Efficiency : 5—20 % ( 30 % with depressed
collector)
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Applications of TWT

Low noise RF amplifier in broad band microwave receivers.

Repeater amplifier in wide band communication links and
long distance telephony.

Due to long tube life (50,000 hours against Y%th for other
types), TWT is power output tube in communication
satellite.

Continuous wave high power TWT'’s are used in

troposcatter links (due to larger power and larger
bandwidths).

Used in Air borne and ship borne pulsed high power radars.




